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Sempozyumu

ONSOZ

Teknolojik, sosyolojik ve ekonomik farkindaligin gelistigi ve rekabet baskisini her gegen giin daha
fazla hissettigimiz diinyada tilke ve toplum olarak gelecegimizi garanti almanin en &nemli yolu
bilimsel ¢alismalara verilen onemden ge¢mektedir. Bilimsel anlamda diizenlenen kongreler,
sempozyumlar, paneller bilim insanlarmin seslerini duyurduklar1 en énemli platformlardir. Ilki 2004
yilinda TUBITAK BUTAL Bursa Tesisleri’nde gergeklestirilen Ulusal Jeokimya Sempozyumu bu
tarihten itibaren iki yilda bir diizenlenmektedir. Baslangicta jeokimya, maden yataklari ve petroloji-
petrojenez alanlarinda calismalarin agirlikli olarak 6ne ¢iktigi sempozyum konularina jeokimya
disiplininin baslica ¢6ziim ve uygulama aract olarak kullanildigi hidrojeoloji, jeotermal sistemler,
endiistriyel ve enerji hammaddeleri, teknolojik ve kritik elementler, paleoiklim, ¢evresel jeoloji, tibbi
jeoloji, arkeometri vb. gibi alanlar dahil edilmistir.

Yillara gore gitgide artan bir katilimla diizenlenen Jeokimya Sempozyumu Tiirkiye’den ve diinyadan
yerbilimcilerin katildig:r yerbilimleri alaninda prestijli, sistematik ve uluslararast katilimli bir
organizasyon halini almistir. Bir gelenek haline gelen jeokimya sempozyumlari, bilim insanlarinin
caligmalarim1 bilim camiasina sunup tartismaya agtiklart ve bu konular {izerinde ¢alisan bilim
insanlarini, aragtirmacilari, Ogrencileri ve dis paydaslar1 bir araya getirerek, en giincel bilimsel
bulgular ve gelismelerin degerlendirildigi akademik paylasim ortami olugsmasini saglamistir. Bu amag
ve kapsam dogrultusunda Uluslararas1 Katilimli Jeokimya Sempozyumunun Onuncusu Aksaray
Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii ev sahipliginde diizenlenmis ve
Sempozyumda sunulan bildi 6zetleri bu kitapta derlenmistir.

Diizenleme Kurulu adina, Sempozyuma bilimsel c¢alismalariyla ve katilimlariyla degerli katkilarini
esirgemeyen tiim katilimcilara, 6zetlerin degerlendirilmesinde zaman ayiran hakemlere ve maddi ve
manevi desteklerini esirgemeyen Aksaray Universitesi, TUBITAK, Ankara Universitesi Yer Bilimleri
Uygulama ve Arastirma Merkezi (YEBIM) ve sponsorlarimiza en icten siikranlarimizi sunarim.

Saygilarimla...

Diizenleme Kurulu Adina
Doc. Dr. Bahattin GULLU
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PREFACE

In a world where technological, sociological, and economic awareness is developing and competitive
pressures are felt more intensely each day, the most important way to ensure our country’s and
nation’s future is to attach great importance to science and scientific research. Scientific congresses,
symposiums, and panels are the most important platforms where scientists make their voices heard.
The first National Geochemistry Symposium was held in 2004 at the TUBITAK BUTAL Bursa
Facilities and has been organized every two years since then. Initially, the symposium focused on
studies in the fields of geochemistry, mineral deposits, and petrology-petrogenesis. Over time, topics
such as hydrogeology, geothermal systems, industrial and energy raw materials, technological and
critical elements, paleoclimate, environmental geology, medical geology, archaeometry, etc., as a
primary tool for solutions and applications, were included.

The Geochemistry Symposium, which has been organized with increasing participation over the years,
has become a prestigious, systematic, and internationally attended organization in the field of
geosciences, attracting earth scientists from Turkey and around the world. These symposia, which
have become a tradition, provide an academic platform where scientists present and discuss their
studies with the scientific community and bring together scientists, researchers, students, and external
stakeholders working on these topics, enabling the evaluation of the most up-to-date scientific findings
and developments. In line with these goals and scope, the 10th Geochemistry Symposium with
international participation was hosted by the Department of Geological Engineering of the Faculty of
Engineering at Aksaray University, and the abstracts presented at the Symposium have been compiled
in this book.

On behalf of the Organizing Committee, | would like to express our sincere gratitude to all
participants for their valuable contributions through their scientific work and attendance at the
Symposium, to the reviewers for their time in evaluating the abstracts, and to Aksaray University,
TUBITAK, Ankara University Earth Sciences Application and Research Center (YEBIM), and our
sponsors for their financial and moral support.

Sincerely...

On behalf of the Organizing Committee
Assoc. Prof. Dr. Bahattin GULLU
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Bati Anadolu Andezitleri - Dogu Anadolu Bazaltlar1. Volkanizma Tektonik
Iliskileri (a) Bati Anadolu

Western Anatolian Andesite vs Eastern Anatolian Basalts. Volcanism Tectonic Relations - (a)
Western Anatolia

Mehmet Yilmaz Savas¢in', Murat Tokcaer 2

1Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Béliimii, Izmir
(yilmaz.savascin@deu.edu.tr

Ozet

Bat1 Anadolu, Alt — Orta Miyosen yasli, potasyumca zengin, ilk yay ardi, kalk — alkali (21-16 Ma),
dalan dilim baglantili sosonitik — alkali trakitik (18 — 10 Ma), ultra potasik — sosonitik / lamproitik,
intraplate (16.7 — 16.3 Ma) ve OIB tiirii volkanik kayalarin yer aldigi Kula Volkanizmasi (2 — 0 Ma)
gibi farkliliklar sunar. Cok genis alanlara yayilan en yash kalk — alkali kayalar, genlesme tektonigi
iiriini, biiyiik havzalardaki karasal sedimantasyon ile ardalanmalidir (Graben Volkanizmasi). Dalan
dilimdeki gii¢lii dehidrasyonunun katkis1 ile daha diisiik ergime 1sis1 kazanan bu kalk — alkali ve
sosonitik kayalar, manto kamasi metasomatizmasi sonucu alt kabuk - litosferik mantodaki boliimsel
ergimelerin iiriinleridirler. Yiikselen magma odas1 ufak bir sarsintida gazini yitirdigi i¢in ergime 1s1s1
artacagindan yiizlekleyemeden skarnli derinlik kayalar1 olarak katilagirlar.

Dogu Anadolu’daki Avrasya — Arap Plakasi ¢arpismasi sonucu Anadolu’nun batiya kayis hizim
gosteren GPS vektorleri normal durumun tersine Batiya dogru yavaslamayarak hizlanirlar. Bunun bir
baska jeolojik olay ile agiklanmasi gerekir. Ege Denizi, Yunanistan ve Bulgaristan’in KD uzanimli
dalan dilim tiizerinde, Afrika’ya B. Anadolu’dan daha farkli sikisma hizlariyla yaklagsmalar1 B.
Anadolu’nun 6zgiin genlesmesinin nedenidir. Bu genlesme siirecinde, KD yiiniinde dalan dilime dik
KB uzanimli yeni grabenlerin olugsmasi ile (Neo tektonik) ilk kez dilim baglantili, sosonitik - alkali
graben volkanizmasi1 Foga, Karaburun, Ayvalik ve Midilli de izlenir. Bu yeni alkali iiriinler
kapsaminda Urla — Ovacik ve Foga’da gdzlenen havaitik kayalar (10 Ma) birka¢ milyon yil sonra,
Kula’da yirtilan dilimin altindan tiireyecek Intraplate — OIB (Kulaitler 2 — 0 Ma) iiriinlerin ilk
isaretleridirler.

Anahtar Kelimeler: Bati Anadolu Andezitleri, Dogu Anadolu Bazaltlari, Volkanizma
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Abstract

Western Anatolia includes Lower - Middle Miocene age, potassium-rich, back-arc calc-alkaline (21-
16 Ma), subducting related shosonitic - alkaline trachytic (18 - 10 Ma), ultra-potassic - shosonitic /
lamproitic, intraplate (16.7 — 16.3 Ma) and OIB type Kula Volcanism (2 — 0 Ma). The oldest calc-
alkali rocks, spread over very wide areas, are products of extensional tectonics and intercalated with
terrestrial sedimentation in large basins (Graben Volcanism). These calc-alkali and shosonitic rocks
are the products of partial melting in the lower crust - lithospheric mantle because of mantle wedge
metasomatism. As the rising magma chamber loses its gas in a small earthquake or volcanic explosion,
the melting temperature will increase and they solidify as plutonic rocks with skarns before they can
surface.

Because of the Eurasia-Arabian Plate collision in Eastern Anatolia, GPS vectors showing the
westward shift speed of Anatolia, unlike the normal situation, do not slow down towards the West but
accelerate. This must be explained by another geological phenomenon. The fact that the Aegean Sea,
Greece and Bulgaria, on the NE-trending subducting slice, approach Africa with different compression
velocities than Western Anatolia is the reason for the unique expansion of Western Anatolia. During
this expansion process, with the formation of new NW-trending grabens perpendicular to the
subducting slice in the NE direction (Neo tectonics), subduction related shosonitic - alkaline graben
volcanism is observed for the first time in Foca, Karaburun, Ayvalik and Lesvos. Within the scope of
these new alkaline products, the hawaitic rocks (10 Ma) observed in Urla - Ovacik and Foca are the
first signs of Intraplate - OIB (Kulaites 2 - 0 Ma) products that will be derived from under the ruptured
slice in Kula, a few million years later.

Key Words: Western Anatolian Andesites, Eastern Anatolian Basalts, VVolcanism
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Bati Anadolu Andezitleri - Dogu Anadolu Bazaltlari. Volkanizma tektonik
iliskileri (b) Dogu Anadolu

Western Anatolian Andesite vs Eastern Anatolian Basalts. Volcanism - Tectonic Relations.
(b) Eastern Anatolia

Mehmet Yilmaz Savascin', Murat Tokc¢aer!

1Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Béliimii, Izmir
(yilmaz.savascin@deu.edu.tr)

Ozet

Orta ve Dogu Anadolu, son 12 Milyon yildir faaliyet gosteren dogrultu atimli faylarin egemen oldugu
bolgesel tektonik rejim (KAF, BKB, 12 Ma ve DAF, KD, 6 Ma) ile farkli kimyasal bilesimlere sahip
magmatik aktivitesi arasindaki iliskinin anlagilmas1 i¢in dnemli bir bolgedir. Bolgede yaygin olan geng
donem volkanizmanin stratigrafik, petrografik ve jeokimyasal Ozgiinliikkleri esasinda Bingdl —
Karliova’da kesisen bu iki ana fayin yapisalligi ile baglantilidir. Dogrultu atimli tektonigin
egemenliginde intersismik kayma egrilerinin yakinlasma ve uzaklagsma konumlarinin, gerinim
degerlerini yavaglatarak makaslamay1 engellemesi veya tam tersi volkanik aktivitenin varligin
belirleyicidir.

Kayseri, Kapadokya, Hasan Dag Tunceli — Bing6l gibi yorelerde volkanik patlama {iriinii piroklastitler
¢ok kalin istifler sunarlar. Bu ayn1 zamanda magma odasinin asir1 gaz fazi (uguskan) yitirmesi ve buna
bagli ergime 1sisiin yiikselmesi sonucu yiizlekleyemeden sig derinliklerde katilasmasi anlamindir.
Dogu Anadolu’daki porfiri kayalarin ve bunlarla iliskili porfiri bakir, altin, glimils yataklarinin
yayginlig1 bu savi destekler.

Tunceli — Bingdl ¢evresinde yaygin olan bu porfiritik kayalar kendilerinde ¢ok daha geng olan KAF ve
DAF uzantili faylar boyunca yiikselmiglerdir. Ayni ydrede dogrultu atimh faylarin diisey
parametrelerinin varligi da bilinmektedir. Tektonik rejim degisikligi olmaksizin gelisen bu normal
faylar, yanal degisim sunmayan, yaklagik 200 m bir kot farki olusturmuslardir. Genis bir alanda gok
yaygin olarak yiizlekleyen bu porfiritik kayalar ve daha geng¢ olan son alkali volkanizmanin arazideki
yayilimi, s1g derinliklerde katilagsmis olan porfiri kayalarin izleyen alkalilerin yiikselimini bloke ettigi
izlenimi sunarlar.

Anahtar Kelimeler: Bati Anadolu Andezitleri, Dogu Anadolu Bazaltlari, Volkanizma
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Abstract

Eastern Anatolia represents an important region to understand the association between a regional
tectonic regime, mainly dominated by strike-slip faults operating at least in the last 12 Ma (NAF,
WNW, 12 Ma and EAF, NE, 6 Ma) and magmatism activity with diverse chemical compositions. The
stratigraphic, petrographic and geochemical specificities of the young period volcanism common in
the region are essentially linked to the structural structure of these two main faults that intersect in
Bingol - Karliova. Under the dominance of strike-slip tectonics, the convergence and divergence
positions of interseismic slip curves slow down the strain values and prevent shearing, or vice versa, is
a determinant of the presence of volcanic activity.

In regions such as Kayseri, Cappadocia, Hasan Dag Tunceli - Bingol, pyroclastic products of volcanic
eruption present very thick layering. This also means that the magma chamber loses excessive gas
phase (volatile) and solidifies at shallow depths without being able to surface as a result of the increase
in the melting temperature. The prevalence of porphyry rocks and associated porphyry copper, gold
and silver deposits in Eastern Anatolia supports this claim.

These porphyritic rocks, which are common around Tunceli - Bingdl, were uplifted along the NAF
and EAF related faults, which are much younger themselves. The existence of vertical parameters of
strike-slip faults in the same region is also known. These normal faults, which developed without any
change in tectonic regime, created an elevation difference of approximately 200 m without any lateral
change. These porphyritic rocks, which are widely exposed in a large area, and the spread of the last
younger alkaline volcanism in the field, give the impression that porphyry rocks solidified at shallow
depths blocked the rise of subsequent alkalis.

Key Words: Western Anatolian Andesites, Eastern Anatolian Basalts, VVolcanism
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Uckapili Granitinin Giimiisler Metamorfik Kayalarla liskisi: Nigde, Orta
Anadolu

Relationship of Uckapili Granite with Giimiisler Metamorphic rocks: Nigde, Central Anatolia
Meral Giirel!, Yusuf Kagan Kadioglu®

"Maden Tetkik ve Arama Genel Miidiirligii, Jeoloji Etiitleri Dairesi, Tiirkiye
2Ankara Universitesi Miihendislik Fak. Jeo. Miih. Bol. Ankara
2Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi (YEBIM), Ankara
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Ozet

Orta Anadolu Kristalen Kompleksi (OAKK), Neotetis yitim kusaginin kapanmasiyla Ge¢ Kretase-
Erken Paleosen donemlerinde farkli tektonik olaylara bagh gelisen kalkalkalen karakterden, sosonitik
ve alkalen karaktere kadar degisen farkli bilesimde felsik ve mafik kayalarin olusmasina neden
olmustur. Bu kapanma, Geg¢ Kretase-Erken Paleosen donemlerinde cesitli tektonik olaylar nedeniyle
meydana gelmistir. Bu farkliliklar gerek metalik gerekse endiistriyel hammadde cevherlesmeleri
acisindan 6nemli rol oynamuslardir. OAKK ait intriizif kayalar granitik, monzonitik ve siyenitik
bilesimli olup farkli alanlarda yayilim gostermektedirler. Bu farkli karakter ve magmatik bilesimdeki
kayalar, birgok metalojenik kusagin olusumuna neden olmus ve sokulum yaptiklar1 birimleri sicak
dokanakla keserek kontakt metasomatik (skarn) gelisimlere neden olmustur. Bununla birlikte kontakt
metamorfizmaya bagli olarak bolgede cevher elementi mobilizasyon siiregleri gergeklesmistir. Nigde
masifi igerisindeki Ugkapili granitleri Giimiisler metamorfik kayalarina sokulum yaparak kontakt
metasomatik olusumlara neden olmustur. Uckapili graniti her ne kadar “S” tipi alkalen karakterli
magmatik kayalar smifina dahil edilse de bdolgedeki jeolojik yayilim, dokusal ve mineralojik
bilesimlerin yanmi sira jeokimyasal davramis agisindan kalkalkalen karakterli magma {irinii olan
carpisma sonrasi granitlere ait veriler sundugu belirlenmistir. Ugkapili granitlerinin Rb’a kars1 Y+Nb
tektonik ortam ayirtman diyagraminda, daha ¢ok g¢arpigsma ile es yash ve volkanik yay alanlarinda
yogunlastig1 belirlenmistir. Ugkapili granitlerinden ayiklanan zirkon mineralleri U-Pb yontemlerine
gbre 82.3 +0.53 My oldugu belirlenmistir. Sonug olarak; Ugkapili granitlerinin c¢arpisma sonrasi
derinlerden yiikselen ve kitasal kabuga sokularak yiikselmesi ile iist kabuktaki kismi ergimeler sonucu
kismen “S” tipi ve daha derinlerden sokulan granitik magmalarin ise “I” tipi magmatik kokenli
granitleri temsil ettigi ortaya konulmustur.

Anahtar Kelimeler: Orta Anadolu, Nigde, Ugkapili Graniti, U-Pb yaslandirma
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Abstract

The formation of felsic and mafic rocks with different compositions, ranging from calc-alkaline to
shoshonitic and alkaline characters, was caused by the Central Anatolian Crystalline Complex
(CACC) as a result of the closure of the Neotethys ocean. This closure occurred due to various
tectonic events during the Late Cretaceous-Early Paleocene periods. These differences played an
important role in terms of both metallic and industrial raw material mineralization. Intrusive rocks
belonging to the CACC have granitic, monzonitic, and syenitic compositions and are distributed in
different areas. These rocks with varying characters and magmatic compositions caused the formation
of numerous metallogenic belts and initiated contact metasomatic (skarn) developments by
intersecting the units they intruded with hot contact. However, ore element mobilization processes
occurred in the region due to contact metamorphism. The Ugkapili granites within the Nigde massif
intruded into Gimiisler metamorphic rocks and caused contact metasomatic formations. Although
Uckapili granite plot on the category of "S" type alkaline character magmatic rocks, it has been
observed that it provides data on post-collision granites, which are products of calc-alkaline magma, in
terms of geological distribution, textural and mineralogical compositions in the region, as well as
geochemical behavior. The Rb versus Y+Nb tectonic environment separation diagram of Ugkapili
granites, was determined that they were mostly concentrated in Syn-Colg and VAG areas. Zircon
extracted from Uckapili granites was determined to be 82.3 £0.53 Ma according the U-Pb methods. As
a result; it has been revealed that Ugkapili granites represent partly "S" type granites due to partial
melting rising from depths after the collision and being intruded to the upper continental crust,
whereas granitic magmas intruded from deeper layers represent "I" type granites of magmatic origin.

Keywords: Central Anatolia, Nigde, Uckapili Granite, U-Pb dating
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Kismi Ergimeye Ugramis Kayalarda Bulunan Granatlarin Raman
Karakteristikleri

Raman Characteristics of Garnets in Partially Melted Rocks

Aslhihan Korkmaz Eryillmaz !, Yusuf Kagan Kadioglu !, Bilgehan Kirmanh'

! Ankara Universitesi, Jeoloji Miihendisligi Béliimii, Ankara, Tiirkiye-06830
(aslikorkmaz@ankara.edu.tr)

Ozet

Kismi ergimeye ugramis kayalarda ilksel bilesimlerine bagli olarak, basing ve sicaklik etkisi ile granat
mineralleri olusabilmektedir. Bu granatlar metamorfizmanin etkisiyle olusabilecegi gibi, ilksel
kayanin kalint1 granatlar1 da olabilir. Sikismaya bagl olarak yiiksek sicaklik etkisi altinda kalan granat
minerallerinin Raman karakteristiklerini arastirabilmek amaciyla Shengush (Himalayalar),
Akdagmadeni (Yozgat) ve Ugkapili (Nigde) bolgelerinden kaya drnekleri toplanarak Konfokal Raman
Spektroskopisi (KRS) caligsmalar1 gerceklestirilmistir. Akdagmadeni’nden alinan, metapsemitik
kokenli migmatit 6rnekleri intriizyon etkisi ile olusmustur. Kuvars, plajiyoklaz, skapolit, piroksen,
amfibol, titanit, kalsit, granat mineral parajenezine sahiptir ve granat mineralinin tiirii Grossular olarak
tespit edilmistir. Uckapili’daki granitoidler bolgede bulunan metamorfiklere sokulum yapmaktadir. Bu
granitoidlerde intriizyonun i¢ kisimlarindan ve kismi ergimeye ugramis ksenolitlerden ornekleme
yapilmigtir. Kuvars, plajiyoklaz, mika, granat mineral bilesimine sahip kayalarda granat minerali
Almandin-Spessartin olarak tespit edilmistir. Tetis Okyanusu’nun kapanmasi sirasinda gergeklesen
dalma-batmanin kayitlarinin izlenebildigi Himalaya dag kusaginda metabazik kokenli, yiiksek
metamorfizma derecesine sahip, kismi ergime siirecinin baglangicini temsil eden epidot amfibol gnays
kayalarindan 6rnekleme yapilmistir. Amfibol, epidot, plajiyoklaz, kuvars, K-feldispat, granat ve opak
mineral parajenezine sahip kayalarda, granat minerali Pirop olarak tespit edilmistir. Kashmir White
olarak da bilinen, migmatitten S-tipi granite dontismiis 6rnek ise karsilastirilanlar arasindaki en yiiksek
sicakligl isaret etmektedir.

Granat minerallerinin genel formiilii X3Y2 (SiO4)s olarak bilinmektedir. Olgiilen Raman spektrumlart
SiO4 tetrahedrasinin i¢ modlarina, 6teleme ve donme modlarina, ayrica X bolgesindeki iki degerlikli
katyonlarin (Ca®", Mg?', Fe?*, Mn?") 6teleme hareketine baghdir. Fe-Al granat serisi (pirop, almandin,
spessartin) i¢in gerilme ve déonme modlari, iki kenar1 paylasarak SiOs tetrahedrasi ile baglanan, X
bolgesinde bulunan katyonlardan kaynaklanmakta olup; Ca-Fe granat serisiyle (grossular, andradit,
uvarovit) karsilagtirildiginda bariz Raman kaymalar1 gosterebilmektedir. Her iki serideki tiyelerin
Raman kaymalari, Fe-Al granat serisi igin X bdlgesindeki (~240 ¢cm™) ve Ca-Fe granat serisi igin Y
bolgesindeki (A%, Fe¥, Cr¥*, V¥ | Zr®") katyonlarin dzelliklerine baghdir, Y bolgesinde Raman aktif
titresim goriilmemektedir. Sonu¢ olarak granat olusumlarinda sicaklifin artmasina bagli olarak,
ozellikle Si-O gerilme titresimlerinden kaynaklanan ~920 cm™ civarinda goriilmesi beklenen piklerde
Raman kaymalarinin daha fazla oldugu gbzlenmistir ve buna bagli olarak olusan granatlarin Raman
kayma degerlerini kullanarak ortamdaki sicaklik hakkinda bilgi sahibi olmanin miimkiin oldugu tespit
edilmistir.

Anahtar Kelimeler: Kismi ergime, Konfokal Raman Spektrometresi, Granat
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Abstract

Depending on their primary composition, garnets can form in partially melted rocks under the
influence of pressure and temperature. These garnets may be formed by the effect of metamorphism,
or they may be remnant garnets of the primary rock. In order to investigate the Raman characteristics
of garnet minerals under the influence of high temperature due to compression, Confocal Raman
Spectroscopy studies were carried out on samples were collected from Shengus (Himalayas),
Akdagmadeni (Yozgat) and Ugkapili (Nigde) regions. Metapsammitic migmatite samples taken from
Akdagmadeni were formed by the intrusion. It has quartz, plagioclase, scapolite, pyroxene, amphibole,
titanite, calcite and garnet mineral paragenesis, and the type of garnet is Grossular. Granitoids in
Uckapili intrude into the metamorphics in the region. In these granitoids, partially melted xenolith
samples were taken. Rocks have quartz, plagioclase, mica and garnet mineral composition, the garnets
detected as Almandine-Spessartin. Epidote amphibole gneiss rocks of metabasic origin, representing
the beginning of the partial melting process, were sampled in the Himalayas, where can be observed
the records of subduction during the closure of the Tethys Ocean. The garnet mineral Pyrope was
detected in rocks with amphibole, epidote, plagioclase, quartz, K-feldspar and opagque minerals. The
sample transformed from migmatite to S-type granite, also known as Kashmir White, indicates the
highest temperature among those compared.

The general formula of garnets is X3Y2 (SiO4)3. The measured Raman spectra depend on the internal
modes of the SiO4 tetrahedra, the translational and rotatory modes, as well as the translational motion
of divalent cations (Ca2+, Mg2+, Fe2+, Mn2+) in the X region (~240 cm-1). The stretch and rotary
modes for the Fe-Al garnet series (pyrope, almandine, spessartine) are due to the cations located in the
X region, which are bonded with SiO4 tetrahedra; show obvious Raman shifts as compared with those
for the Ca-Fe garnets (grossular, andradite, uvarovite). The Raman shifts of members in both series are
attributed to the properties of the cations in the X region for the Fe-Al garnet series and in the Y region
(AlI3+, Fe3+, Cr3+, V3+, Zr3+) for the Ca-Fe garnet series, the Y-site does not produce Raman active
vibrations. As a result, it has been observed that Raman shifts around ~920 cm-1 are greater due to the
increase in temperature in garnet formations, and accordingly, it is possible to obtain information
about the temperature of the environment via the Raman shift values.

Keywords: Partial melting, Confocal Raman Spectrometry, Garnet
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Olusum Ortamlarina Gore Farkh Kuvars Minerallerinin Konfokal Raman
Spektrometresi Ile Incelenmesi

Examination of Different Quartz Minerals According to Their Formation Environments with
Confocal Raman Spectrometry

Bilgehan Kirmanh!, Yusuf Kagan Kadioglu', Ashihan Korkmaz Eryillmaz’

Y4nkara Universitesi, Jeoloji Miihendisligi Boliimii, Ankara
(bkirmanli@ankara.edu.tr)

Ozet

Kuvars minerali, magmatik, metamorfik ve sedimanter kayalarin en Onemli kayac¢ yapici
bilegenlerinden birini temsil etmektedir. Bu mineraller, farkli kosullarda olugsmalarindan kaynakli
makroskobik ve mikroskobik olarak olusum ortamlarina 6zgii davraniglar sergilemektedirler. Ancak
spektroskopik ol¢iim yontemlerine gore kuvars tipi minerallerin 6zgiin ayrim yapilabilecek sinirlt
sayida c¢aligma yapilmistir. Bu ¢alismanin amaci olusumlari ve kdkenlerine gére magmatik, sedimanter
ve metamorfik olmak iizere li¢ ayr1 grupta bulunan kayalarin icerisindeki farkli kuvars minerallerinin
Konfokal Raman Spektrometresi (KRS) ile saptanan kaymalar {izerindeki Raman karakteristiklerini
belirlemektir.

Bu calismada, magmatik kokenli kuvars Ornegi granodiyorit ve dasit kayalarindan, metamorfik
kokenli kayalardan kuvarsit, sedimanter kokenli kayalardan kuvars arenit ve hidrotermal kokenli
olarak ise ametist kuvars 6rneklerinden Raman dl¢iimleri yapilmustir.

Kuvarsin Raman spektrumu, kristal kafesin simetrisi ve bilesimi hakkinda bilgi saglayabilir, 6rnekte
bulunan herhangi bir safsizlig1 belirleyebilir. Kuvars tipik olarak belirli Raman kaymalarinda, 6rnegin
464 cm (Si-O simetrik gerilme modu) ve 798 cm™? (Si-O biikiilme modu) civarinda belirgin Raman
pikleri gosterir. Elde edilen Raman spektrumlarinda granodiyorit ve dasit kayalarma ait kuvars
minerallerinin ana Raman pikleri sirasiyla 472,88 cm™ ve 470,94 cm™ olarak tespit edilmistir. Genel
olarak Pliitonik kayaya ait kuvars mineralinin Raman kaymalarinin, volkanik olanla kiyaslandiginda
daha fazla kayma degerine sahiptir. Metamorfik kuvarsit 6rnegine ait kuvars mineralinin ana Raman
kayma piki 471,33 cm™ olarak tespit edilmistir. Sedimanter kayalara ait kuvars minerallerinde 471,59
cm?® ve 466,84 cm? iki ana Raman kayama piki son olarak hidrotermal kokenli ametist kuvars
mineralinde ise 468,63 cm™ ana Raman pikleri saptanmustir. Yapilan incelemelerde genel olarak
kuvars minerallerinin kristallesmesinde sicakligin uzun siire ortamda etkin olmasi ile daha yiiksek
Raman kayma degerleri gosterdigi ve dolayisiyla magmatik ortamda daha yiiksek Raman kaymalari
tespit edilmistir. Kuvarsin Raman spektrumunu karakterize etmek; numunenin sergiledigi belirli
Raman pikleri veya bantlarim1 belirlemeyi igerir. Sonug¢ olarak Raman piklerinin konumlarinin,
kuvarsin farkli polimorflarimi ayirt etmekte kullanilabilecegi, ayni1 zamanda tiir ve olusum ortami
hakkinda karakteristik 6zellikler sergiledigi belirlenmistir.

Anahtar Kelimeler: Kuvars, Konfokal Raman Spektrometresi, Ametist
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Abstract

Quartz mineral represents one of the most important rock-forming components of igneous,
metamorphic and sedimentary rocks. These minerals exhibit macroscopic and microscopic behaviors
specific to their formation environments due to their formation under different conditions. However, a
limited number of studies have been carried out to differentiate quartz-type minerals according to
spectroscopic measurement methods. The aim of this study is to determine the Raman characteristics
of different quartz minerals in three different groups, igneous, sedimentary and metamorphic,
according to their formation and origin, on the shifts detected by Confocal Raman Spectrometry
(CRS).

In this study, Raman measurements were performed on quartz samples of igneous origin from
granodiorite and dacite rocks, quartzite from metamorphic origin rocks, quartz arenite from
sedimentary origin rocks and amethyst quartz from hydrothermal origin.

The Raman spectrum of quartz can provide information about the symmetry and composition of the
crystal lattice and identify any impurities or defects present in the sample. Quartz typically shows
prominent Raman peaks at certain Raman shift wavelengths, for example around 464 cm”-1 (Si-O
symmetric stretching mode) and 798 cm”-1 (Si-O bending mode). In the obtained Raman spectra, the
main Raman peaks of quartz minerals belonging to granodiorite and dacite rocks were determined as
472.88 cm-1 and 470.94 cm-1, respectively. Generally, the Raman shifts of the quartz mineral
belonging to the plutonic rock have a higher shift value than the volcanic one. The main Raman shift
peak of the quartz mineral belonging to the metamorphic quartzite sample was 471.33 cm-1. Two
main Raman shift peaks of 471.59 cm-1 and 466.84 cm-1 were detected in quartz minerals belonging
to sedimentary rocks, and finally, 468.63 cm-1 main Raman peaks were detected in the amethyst
quartz mineral of hydrothermal origin. In the studies carried out, it was determined that quartz
minerals generally show higher Raman shift values as the temperature is effective in the environment
for a long-time during crystallization and therefore show higher Raman shifts in the magmatic
environment. Characterizing the Raman spectrum of quartz involves identifying specific Raman peaks
or bands exhibited by the sample. As a result, it was determined that the positions of the Raman peaks
can be used to distinguish different polymorphs of quartz and also exhibit characteristic features about
the species and formation environment.

Keywords: Quartz, Confocal Raman Spectrometry, Amethyst
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Biyotitin Kokeninin Raman Karakteristiklerine Gore Degerlendirilmesi:
11k Bulgular

Evaluation of the Origin of Biotite According to Raman Characteristics: Preliminary Results

Musa Avni AKCE?, Yusuf Kagan KADIOGLU?®

Nevsehir Hact Bektas Veli Universitesi Jeoloji Miihendisligi Boliimii, 50300-Nevsehir
2Ankara Universitesi Jeoloji Miihendisligi Boliimii, 06830 Golbasi-Ankara
SAnkara Universitesi Yer Bilimleri Uygulama ve Arastirma Merkezi (YEBIM), 06830 Gélbasi-Ankara
(akce@nevsehir.edu.tr)

Ozet

Biyotit, fillosilikatlar ya da diger adiyla levha silikatlar grubuna ait 6nemli bir mika mineralidir.
Trioktahedral fillosilikatlardan biri olan biyotit siyah mika olarak da bilinmektedir. Magmatik,
metamorfik ve sedimanter siireclerle olusabilen biyotitler uygun kosullar altinda farkli bilesim ve
tipteki kayalar igerisinde bulunabilmektedir. Asidik magmatik kayalarda 6zellikle granitik bilesimli
kayalarda ana mafik mineral olarak gozlenen biyotitler, metamorfik kayalarda ise genelde yesilsist
fasiyesindeki sist ve gnayslar ile epidot amfibolit ve amfibolit fasiyesindeki gnayslar igerisinde yer
almaktadirlar. Bilindigi iizere fillosilikatlar, degisken yapilara ve karmagik bir kimyaya sahiptirler. Bu
nedenle farkli fillosilikat minerallerinin Raman kaymalarinda spektral agidan bazi farkliliklar gozlenir.
Magmatik kristalizasyon-diferansiyasyon siireclerine bagli degisimler veya metamorfizma sirasinda
etkili olan sicaklik-basing kosullarindaki farkliliklar da bu minerallerin Raman spektrumlarinin
siddetini ve dalga sayisimi etkileyebilmektedir. Yapilan bu ¢alisma kapsaminda Orta Anadolu’dan
alman magmatik ve metamorfik kayalar icerisindeki biyotitlerin Raman spektralar1 karsilastirilmas,
elde edilen ilk bulgular 15181nda farkli kokene sahip biyotitlerin Raman spektrumlarinda gozlenen
farkliliklar ve pik kaymalari irdelenmis olup aralarindaki ayrim ortaya konulmaya galigilmistir.

Anahtar Kelimeler: Raman spektroskopisi, Biyotit, S-tipi granitler, Yesilsist fasiyesi kayalar
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Abstract

Biotite is an important mica mineral belonging to the group of phyllosilicates, or sheet silicates.
Biotite, one of the trioctahedral phyllosilicates, is also known as black mica. Biotites, which can be
formed by igneous, metamorphic and sedimentary processes, can be found in rocks of different
compositions and types under suitable conditions. In acidic igneous rocks, biotites are observed as the
main mafic mineral, especially in granitic rocks. In metamorphic rocks, they are generally found in
schists and gneisses in the greenschist facies and gneisses in the epidote amphibolite and amphibolite
facies. As is known, phyllosilicates have variable structures and complex chemistry. Therefore, some
spectral differences are observed in the Raman shifts of different phyllosilicate minerals. Changes due
to igneous crystallization-differentiation processes or differences in temperature-pressure conditions
during metamorphism can also affect the intensity and wave number of the Raman spectra of these
minerals. Within the scope of this study, the Raman spectra of biotites in igneous and metamorphic
rocks from Central Anatolia were compared and the differences and peak shifts observed in the Raman
spectra of biotites of different origins were examined in the light of the preliminary findings obtained
and the distinction between them was tried to be revealed.

Keywords: Raman spectroscopy, Biotite, S-type granites, Greenschist facies rocks
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Doganyurt Kastamonu Grafitlerinin Kristal Yapilarimin ve Safsizhiklarinin
Spektroskopik Yontemlerle Belirlenmesi

Determination of Crystal Structures and Impurities of Doganyurt Kastamonu Graphites by
Spectroscopic Methods

Giildane Akilli, Yusuf Kagan Kadioglu?3
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Ozet

Calisma alam, Kastamonu iline baghh Doganyurt ilgesinin giineydogusunda ve Inebolu ilgesinin
giineybatisinda ve Kuzey pontidlerin dogusunda bulunmakta olup alt zonlarinda Kiire Kompleksi yer
almaktadir. Calisma alani; Akgdl Formasyonu, Kastamonu Granitoyidi, Inalti Kirectasi, Ulus
Formasyonu ile Gok¢eaga¢ Formasyonlarindan olusmaktadir. Calisma alaninda; gnays, amfibolit ve
mermer gibi yiiksek dereceli metamorfik kayalar ile magmatik kayaglar (granit, granodiyorit, diyorit
vb.) yiizeylenmektedir. Bolgedeki grafitler daha ¢ok magmatik kayalar (Kastamonu Pliitonu) ile gnays
amfibolit bilesimindeki metamorfik kayalarin dokanaginda kontakt zonlarda gelismistir. Grafitin
kristal yapis1 ve igerisindeki safsizliklar grafitin fiziksel ve kimyasal 6zelliklerini dogrudan etkiledigi
icin grafitin kullanim alanlarma ydnelik uygunlugunu belirlemektedir. Bu calismada Doganyurt-
Kastamonu sahasindan alinan grafit 6rnegi lizerinde yapilan minerolojik, petrografik ve spektroskopik
(Konfokal Raman Spektroskopisi (KRS), X-Isinlar1 Fluoresans Spektrometresi (XRF)) analizler ile
grafitin tane boyutlar, kristal yapisi, safsizlik igerikleri, olusum kosullari, jeokimyas: ve karbon
miktarlan tespit edilerek, ug {iriin uygulamalarinda degerlendirilmesi amaglanmistir. Konfokal Raman
Spektroskopi (KRS) analizi ile grafitin karakteristik bantlar1 olan; D Band1 (yaklasik 1350 cm™ 1), G
Bandi (yaklagik 1580 cm™ ') ve 2D Bandi (yaklasik 2700 cm™ ') referans degerleri ile olgiilen
spektrum degerleri karsilastirilarak, genellikle pik pozisyonlart ve yogunluklari gibi kriterlere
bakilarak Doganyurt Kastamonu grafitinin safsizliklari, kristal yapisi ve olusum ortamlar
degerlendirilmistir. Yapilan analizde grafitin karakteristik bantlarina karsilik gelen pikler D Bandi
1339.84 cm™ !, G Band1 1586.66 cm™ ! ve 2D Bandi 2688.75 cm™ ! olarak 6l¢iilmiis ve bu degerler
grafit igerisindeki safsizliklarin (Si, Al gibi) nispeten az oldugunu, yaklasik 460-540°C sicaklikta orta-
yiiksek dereceli metamorfizma sartlarinda olustugunu ve endiistriyel hammadde olarak kullaniminda
kaliteli kristal yapisina sahip oldugunu gostermektedir. Diizgiin ve Kaliteli kristal yapisina sahip
grafitler giinlimiizde oOzellikle sarj edilebilir bataryalar, giines pilleri, niikleer enerji ve hidrojen
depolama gibi alanlarda verimliligi ve dayanikliligi artirmak amaciyla tercih edilen stratejik bir
hammaddedir.

Anahtar Kelimeler: Doganyurt, Grafit, Raman Spektroskopi.
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The study area is located in the southeastern part of Doganyurt district in Kastamonu province and the
southeastern part of inebolu district, situated in the eastern section of the Northern Pontides, within the
Kiire Complex tectonic zone. The study area is composed of the Akgdl Formation, Kastamonu
Granite, Inalt1 Limestone, Ulus Formation, and Gokegaga¢ Formation. Within the study area, graphites
have developed in contact zones between high-grade metamorphic rocks such as gneiss, amphibolite
and marble and igneous rocks (granite, granodiorite, diorite, etc.). The graphites in the region have
formed in contact zones between metamorphic rocks in amphibolite facies and magmatic rocks
(Kastamonu Pluton). The physical and chemical properties of graphite, which are directly influenced
by its crystal structure and impurities, are critical for determining its suitability for various
applications. In this study, mineralogical, petrographic, and spectroscopic analyses (Confocal Raman
Spectroscopy (CRS), X-Ray Fluorescence Spectrometry (XRF)) were conducted on graphite samples
from the Doganyurt-Kastamonu region to evaluate their grain size, crystal structure, impurity content,
formation conditions, geochemistry, and carbon content. The CRS analysis compared the
characteristic bands of graphite (D Band, approximately 1350 cm™ !; G Band, approximately 1580
cm™ '; and 2D Band, approximately 2700 cm™ ') with reference values, assessing factors such as peak
positions and intensities. The results indicate that the graphite from Kastamonu has relatively low
impurity levels (e.g., Si, Al), and the characteristic peaks were measured as D Band 1339.84 cm™ ', G
Band 1586.66 cm™ !, and 2D Band 2688.75 cm™ !. These findings suggest that the graphites formed
under moderate to high-grade metamorphism at temperatures of approximately 460-540°C, resulting
in a high-quality crystal structure suitable for use as an industrial raw material. Graphites with a
uniform and high-quality crystal structure are now considered strategic raw materials, particularly in
applications such as rechargeable batteries, solar cells, nuclear energy, and hydrogen storage, where
they are used to enhance efficiency and durability.

Keywords: Doganyurt, Graphite, Raman Spectroscopy.
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Toros mikrokitasindaki Ofiyolitlere ve Pindos—Huglu Birimlerine ait
Jeokimyasal ve Jeokronolojik Bulgular, Tiirkiye ve Mesozoyik Pindos ile I¢
Torid Okyanus Havzalar1 Arasindaki Baglantiya Iliskin Cikarimlar

Geochemical and Geochronological Findings on the Ophiolites and Huglu-Pindos Units of
the Tauride Ribbon Continent, Tiirkiye, and Implications for the Connection between the
Mesozoic Pindos & Inner Tauride Ocean Basins
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Ozet

Toros mikrokitasindaki Bozkir biriminde gozlenen Hatip—Cayirbagi and Dipsizgdl ofiyolitleri baglica
iist manto peridotitleri, daha az ultramafik kiimiilatlar ve yer yer peridotitleri kesen mikrogabro ve
diayabaz dayklarindan olusur. Hatip—Cayirbagi ve Dipsizgol ofiyolitlerine ait bazaltik kayaclar
genellikle N-MORB, P-MORB ve OIB jeokimyasal Ozellikleri gosterirler. Bu genis jeokimyasal
yelpaze i¢indeki petrolojik 6zellikler, sorguc tipi manto ile litosferik manto etkilesiminden itibaren
olugan magma kaynagindan kismi ergimeyi isaret ederek, yay-gerisi okyanusal basenlerde iiretilen
lavlarin bilesimine benzerlik sunmaktadir. Bazik kayalardan elde edilen Rb-Sr tiim kaya izokron yas1
183469 Ma olup, Ge¢ Permiyen ile erken Geg Kretase araliginda bir okyanusun varligina isaret eder.
Huglu Birimi, Orta—Ust Triyas bazalt, piroklastik kaya, Triyas’tan Ust Kretase’ye kadar pelajik—
neritik Kiregtasi ve radyolarit megabloklarini igermektedir. Hatip—Cayirbagi and Dipsizg6l ofiyolitleri
Dinarid—Hellenid mikrokitasi ile Pelagonya Platformu arasinda Geg Triyas’ta agilan Pindos yay-gerisi
okyanusal basenine ait ofiyolitlere benzerlik sunarken, Huglu Birligine ait kaya birimleri, kaotik yapisi
ve yas araligi bakimindan Orta-Ust Triyas’dan Kretase'ye kadar mevcut olan ve Mesozoyik Pindos
Okyanusunun (PO) dogudaki eslenigini temsil eden Giiney I¢ Torid Okyanusunun (GITO) Toros
mikrokitasi igerisinde Orta—Ust Triyas’da agilmus kitasal bir yay-gerisi ortaminm ilk iiriinleridir. Toros
mikrokitasina ait Permiyen kirectaslarin1 kesen lamprofir dayklarindan elde edilen 65+6 Ma Rb-Sr
biyotit izokron yaslari, Ge¢ Kretase—Erken Paleosen’de GITO’nun kapandigimi ve Toros
mikrokitasinin birlikleri olan Torid ve Anatolid platformlarinin bir araya geldigini gostermektedir.
Anatolidler’in okyanusal yay-gerisi ortamindan yay-onii ortamina kadar jeokimyasal oOzellikler
sergileyen Yunak, Cesmelisebil ve Altinekin ofiyolitleri, Mesozoyik’de varligm siirdiiren Kuzey I¢
Torid Okyanusunu (KITO) temsil etmektedir. Altinekin ofiyolitik mélanjim kesen sosonitik karakterli
bir bazik daykin zirkon kristallerinden 85-70 Ma izotop U-Pb yasi elde edilmistir. Bu intruzyonlar
olgunlagsmamus bir volkanik yaymn ilk magmatik {riinlerini temsil ederler. Neotetis okyanusunun geg
Permiyen’de agilmasi ile Dinarid—Hellenid—Toros karbonat platformlarini igeren Apulya mikrokitasi,
Gondvana kitasindan kopmustur. Bu okyanusun bir kolunu temsil eden PO baseni Apulya mikrokitasi
icinde muhtemelen erken? Triyas’da acilmis olup, Pindos—Huglu birimlerini olusturmus ve Geg
Kretase—Erken Paleosen’de kapanmustir.

Anahtar Kelimeler: Toros Mikrokitasi, Dipsizg6l ofiyoliti, Pindos—Huglu birimleri, Altinekin
ofiyoliti, Yay gerisi-yayonii
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Abstract

Hatip—Cayirbagi and Dipsizgol ophiolites within the Bozkir tectonic unit of the Tauride ribbon
continent consist mainly of upper mantle peridotites, rare ultramafic cumulates, and microgabbro—
dolerite dykes that locally crosscut the peridotites. Basaltic rocks of the Hatip—Cayirbagi and
Dipsizgol ophiolites display N-MORB, P-MORB, and OIB geochemical affinities, suggesting that
their magmas were produced by partial melting of both plume and lithospheric mantle sources. We
have obtained a Rb—Sr whole-rock isochron age of 183+69 Ma from mafic rocks. The Huglu Unit
contains Middle-Upper Triassic basalt, pyroclastic rocks, pelagic-neritic limestone, and mega-blocks
of Triassic to Upper Cretaceous radiolarites. The Hatip—Cayirbagi and Dipsizgdl ophiolites are
geochemically similar to the ophiolites of the Pindos back-arc basin, which opened between the
Dinaride—Hellenide microcontinent and the Pelagonia Platform in the Late Triassic. We posit that the
Huglu Unit developed in a continental back-arc setting within the Tauride ribbon continent during
the Middle-Late Triassic—Cretaceous. This intra-continental back-arc basin was likely part of the
Southern Inner Tauride Ocean, which constituted the eastern equivalent of the Mesozoic Pindos Ocean
(PO) farther west. The 65+6 Ma Rb-Sr biotite isochron age obtained from lamprophyre dykes
crosscutting the Permian limestones in the Tauride platform indicate that the Tauride and Anatolide
platforms were amalgamated during the Late Cretaceous—Early Paleocene as the Southern Inner
Tauride Ocean was closed. Yunak, Cesmelisebil and Altinekin ophiolites in the Anatolides exhibit
geochemical characteristics of back-arc to fore-arc environments, and represent the remnants of the
Mesozoic Northern Inner Tauride Ocean. We have obtained a U-Pb zircon age of 85-70 Ma from a
shoshonitic mafic dyke that crosscuts the Altinekin ophiolitic mélange. We interpret this dyke as a
magmatic output of an immature volcanic arc.

With the opening of the Neotethys Ocean in the late Permian, the Apulian microcontinent, which
comprised the Dinaride—Hellenide—-Tauride carbonate platforms, broke away from the Gondwana
continent and drifted northwards. The Pindos basin was a separate seaway in Neotethys and opened
within the Apulian microcontinent in the Permo-Triassic and closed in the Late Cretaceous—Early
Paleocene.

Keywords: Taurus terrane, Dipsizgdl ophiolite, Pindos—Huglu units, Altinekin ophiolite, Backarc-
forearc
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Abstract

Baddeleyite (ZrO,) is one the most important datable mineral compared with zircon for sensitive U-Pb
(TIMS) and LA-ICP-MS dating. From Archaean (AR) to Palaeozoic (PZ) time baddeleyite was
separated from BIF, PGE and multimetal Co-Cu-Ni, Cr-Ti-Mg-V deposits et set from Fennoscandian
Baltic shield. Baddeleyite may originate from plume and subduction related tectonic settings. In
continental crust (AR and PR) time baddeleyite grains were founded inside in the zircon and in the
other rock-forming minerals. In subduction zone, baddeleyite crystals - are mostly twinned and
reflected presence of 2¥!Pa as discordances in U-Pb concordia diagram due to exceeded *’Pb
(Bayanova et al., 2022). The Kovdor Ti-Mg and baddeleyite ores is a most important PZ massif so it’s
the second within the world deposit of baddeleyite after the Phalaborwa (S. Africa). With the new U-
Pb (TIMS) with artificial 2Pb/?®U spike and LA-ICP-MS measurements made in different
laboratories (Russia-Turkey-Australia), an age of 380+0.5 Ma was obtained from the Kovdor
baddeleyite, and this value proves that it can be used as a new international natural reference material
for laboratories using TIMS and LA-ICP-MS instruments. The Paleozoic Kola LIP (large igneous
provinces) includes more than 20 massifs, the largest of which are deposits of apatite-nepheline ores -
Khibiny, Lovozero, Ti-Mgt and baddeleyite ores — Kovdor. The new U-Pb and LA-ICP-MS data for
twinned baddeleyite crystals from Kovdor carbonatites reflect the intervals of LIP (Ernst, 2014) with
trap formation (Korchak et al., 2011) from 340 - 380 Ma. In the summary it can be noted that for U-Pb
and LA-ICP-MS dating on baddeleyite is a more reliable geochronometer than zircon and is found in
rocks of plume and subduction genesis.

All research is carried out within the framework of the programs by Scientific Research Contracts
FMEZ-2024-0004

Keywords: Baddeleyite, Fennoscandian shield, U-Pb (TIMS), LA-ICP-MS, #!Pa.
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Nevsehir (GQre) Bolgesi Miyosen-Kuvaterner Yash Volkanik Kayaclarda
Alterasyonla Iliskili Kil Mineral Olusumlarimin Mineralojisi ve Jeokimyasi

Mineralogy and Geochemistry of Alteration-Related Clay Mineral Formations in Miocene-
Quaternary Volcanic Rocks in Nevsehir (Gore Region)

Murat Ciflikli', Obaidullah Andar!
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Ozet

Nevsehir ili giineyinde Kapadokya Volkanik Bolgesi igerisinde yer alan ¢alisma alaninda, Miyosen-
Kuvaterner yasli volkanik kompleksler ile iliskili ignimbritlerin alterasyonuyla iliskili endiistriyel
onem tasiyan kil mineral olusumlar1 yer almaktadir. Bu calismada bolgede alterasyona ugramis
piroklastik kayaclarin mineralojik, dokusal ve jeokimyasal 6zelliklerinin incelenmesi hedeflenmistir.
Bu kapsamda killesme tiirii alterasyon iceren seviyelerden alinan 6rnekler iizerinde Optik Ve Taramali
Elektron Mikroskop (SEM), X-Isinlar1 Kirmimmi (XRD) ve X-Isinlar1 Fluoresans Spektrometresi
(XRF) incelemeleri gergeklestirilmistir. Alterasyon 6rneklerinde Katyon Degisim Kapasitesi (KDK)
yiiksek kil minerallerinin varliginin test edilmesi i¢in metilen mavisi deneyi de gerceklestirilmistir.
Inceleme yapilan drneklerde ana minerali simektit (% 95) olusturmakta, bu minerale eser miktarda
opal-CT, feldspat (Pilajiyoklaz), biyotit ve kuvars mineralleri eslik etmektedir. Saf simektitlerin ana
element oksit bilesimlerinden itibaren hesaplanan ortalama yapisal formiil (Cao20Nao.06Ko.04)
(AlL40Mgo.39F€0.15) (Siso0) O (OH)2 olup dioktahedral ve montmorillonit-baydelit bilesimini
yansitmaktadir. Ignimbiritler igerisindeki volkanik camdan itibaren sulu ortamlardaki (gdlsel veya
denizel) alterasyon siirecinde volkan cami-su etkilesimiyle ¢6zliinme ve ¢okelme (kil mineral olusumu)
sonucunda simektitler (bentonit) olusmustur. Bentonit seviyelerinden alinan 6rneklerin katyon degisim
kapasiteleri (KDK) metilen mavisi deneyi ile 32-60 meq/100g olarak belirlenmistir. Simektit i¢erigiyle
alakali olarak artig gosteren bu degerler bentonit endiistrisi i¢in kabul edilen limit degerin iistiinde
olup, endiistriyel hammadde kullanimi agisindan bolge igin dnemli bir potansiyel olusturmaktadir.
Bolgedeki simektit olusumlarinin bentonit hammaddesi 6zelligine sahip olduklari ilk kez bu ¢alismada
ortaya konulmustur.

Anahtar Kelimeler: Bentonit, ignimbirit, Katyon degisim kapasitesi, Simektit, Nevsehir
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Abstract

In the study area, located in the Cappadocia Volcanic Region in the south of Nevsehir province, there
are clay mineral formations of industrial importance associated with the alteration of ignimbrites
associated with Miocene-Quaternary volcanic complexes. This study aimed to investigate the
mineralogical, textural and geochemical properties of altered volcanogenic rocks in the region. In this
context, Optical And Scanning Electron Microscope (SEM), X-Ray Diffraction (XRD) and X-Ray
Fluorescence Spectrometry (XRF) examinations were carried out on samples taken from levels
containing clayey alteration. Methylene blue test was also carried out to test the presence of clay
minerals with high cation exchange capacity in the alteration samples. In the studied samples, the main
mineral is smectite (95%), accompanied by trace amounts of opal-CT, feldspar, mica and quartz
minerals. The average structural formula calculated from the major element oxide compositions of
pure smectites is (Cao20NaoosKoos) (Al1aoMgossFeos) (Siao) O (OH)2, which reflects the
dioctahedral and montmorillonite-beidellite composition. Smectites (bentonite) were formed as a
result of volcanic glass in ignimbrites, dissolution and precipitation (clay mineral formation) with the
interaction of volcanic glass and water in the alteration process in aqueous environments (lacustrine or
marine). The cation exchange capacities (CEC) of the samples taken from bentonite levels were
determined as 32-60 meq/100g by methylene blue test. These values, which increase in relation to
smectite content, are above the limit value accepted for the bentonite industry and constitute an
important potential for the region in terms of industrial raw material use. This study has demonstrated
for the first time that smectite formations in the region have bentonite raw material properties.

Keywords: Bentonite, Ignimbrite, Cation exchange capacity, Smectite, Nevsehir
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Kirath Bolgesi (Ipekyolu-Van) Cevresinde Gozlenen Mafik Kayaclarin
Jeokimyasal Ozellikleri

Geochemical Characteristics of Mafic Rocks Observed Around
Kiratl Region (Ipekyolu-Van)
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Ozet

Bu calisma, Van Goli’niin dogusunda, Kiratli Koyii civarinda yer alan mafik ve ultramafik kayaglarin
petrografik ve jeokimyasal olarak incelenmesi amaciyla gergeklestirilmistir. Calisma alani igerisinde
bulunan Bakisik Melanji harzburjit, dunit, serpantinit kayaglari ile ultramafik kayaclar1 kesen
piroksenit, gabro ve diyabaz dayklarindan olusmaktadir. Bolgede ayrica masif gabro orneklerine de
rastlanmaktadir. Bu birimin hemen iizerine Ust Paleosen — Alt Eosen yasli kirectaslar1 yerlesmistir.

Petrografik ¢alismalarda mikro gabro ve diyabaz dayklari plajiyoklaz+piroksen+olivin minerallerinden
olusmaktadir. Gabro 6rneklerinde genel olarak tanesel doku goézlenirken diyabazlarda ofitik doku
hakimdir. Mafik kayaclarda serisit ve klorit minerallerinin varligi bu kayaclarindan alterasyondan
etkilendiklerini isaret etmektedir. Gabro ve izole diyabaz dayklarindan olusan mafik kayaclarin, SiO;
degerlerinin  %42.35-%50.95 araliginda, Cr.O0z degerlerinin ise 0.004-0.308 degerleri arasinda
degistigi goriilmektedir (LOI degerleri %3.0-%14.5 araliginda). Ayn1 sekilde iz element verileri
incelendiginde Ni degerlerinin 22.4-1942.4 ppm araliginda, Co degerlerinin 24.2-98.7 ppm araliginda
degisim gosterdigi belirlenmistir. Bu degisken degerler kayaglarda daha sonra meydana gelen
alterasyonu ve/veya ikincil sulu ya da karbonat fazlarim isaret etmektedir. Jeokimyasal verilerisiginda
bolgede gozlenen mafik kayaglarin alkali ve kalkalkali toleyitik karakterde olduklari belirlenmistir.
Elide edilen veriler 1s181nda, mafik toletiyik bilesimdeki kayaclarin tiiketilmis bir magma kaynagindan
tiirediklerini ve yitim zonu iizerinde olustuklari, alkali mafik kayaglarin ise okyanusal adayayinda
olustuklar1 belirlenmistir.

Anahtar Kelimeler: Ofiyolit, Mafik, Diyabaz, Mikrogabro, Jeokimya
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Abstract

This study was conducted to investigate the petrographic and geochemical characteristics of mafic and
ultramafic rocks located east of Lake Van, near the village of Kiratli. The Bakisik Melange, found
within the study area, consists of harzburgite, dunite, serpentinite rocks, and pyroxenite, gabbro, and
diabase dykes that cut through the ultramafic rocks. Additionally, massive gabbro samples are also
encountered in the region. Upper Paleocene - Lower Eocene-aged limestones are situated directly
above this unit.

In petrographic studies, microgabbro and diabase dykes consist of plagioclase + pyroxene =+ olivine
minerals. While a granular texture is generally observed in gabbro samples, an ophitic texture
dominates in diabases. The presence of sericite and chlorite minerals in the mafic rocks indicates that
these rocks have been affected by alteration. It has been observed that the mafic rocks, composed of
gabbro and isolated diabase dykes, have SiO, values ranging from 42.35% to 50.95%, and Cr,O3
values between 0.004 and 0.308 (LOI values range from 3.0% to 14.5%). Similarly, when trace
element data are examined, Ni values vary between 22.4 and 1942.4 ppm, and Co values range from
24.2 to 98.7 ppm. These variable values indicate alteration and/or the presence of secondary aqueous
or carbonate phases that occurred in the rocks later. Based on geochemical data, it has been
determined that the mafic rocks observed in the region have alkaline and calc-alkaline tholeiitic
characteristics. In light of the data obtained, it has been determined that the mafic rocks of tholeiitic
composition derived from a depleted magma source and formed above a subduction zone, while the
alkaline mafic rocks formed in an oceanic island arc setting.

Keywords: Ophiolite; Mafic, Diabase, Microgabbro; Geochemistry
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Meke Maar1 (Orta Anadolu), Yiiksek Sicaklhik Hibrit Lavlarinda Zirkonun
Coziinmesi ve Hayatta Kalmasi

Dissolution and Survival of Zircon in High-Temperature Hybrid Lavas from Meke Maar,
Central Anatolia

Giilin Geng¢oglu Korkmaz

Konya Technical University, Department of Geological Engineering, Tiirkiye
(ggkorkmaz@ktun.edu.tr)

Ozet

Zirkon (ZrSi0O4), genellikle evrimlesmis magmatik kaya tiirlerinde bulunan ve kimyasal ve fiziksel
dayanikliliga sahip saglam bir aksesuar mineraldir. Nadir toprak elementleri ve U-Th gibi radyoaktif
elementleri barindirma yetenegi nedeniyle zirkon, Diinya'nin jeolojik tarihini anlama agisindan kilit bir
rol oynar.

Magmanin evrimi hakkinda 6nemli izler tasiyan, mafik-ultramafik sistemlerde zirkonlarin bulunmasi
oldukca zordur. Yiiksek sicaklik magmalarinda eser miktarda bulunabilen zirkonlar yiiksek
sicakliklara dayanamayarak bir siire sonra ¢oziinecektir. Bazi deneysel c¢alismalar, zirkonlarin kisa
stireli yliksek sicaklik ortamlarina maruz kalma yetenegini ortaya koymaktadir. Bu calismada da,
Karapinar Volkanik Alani'ndaki Meke Maar'inda bulunan bazaltik-andezitik bilesimli hibrit
kayalardaki zirkonlarin hayatta kalma ve magma konaklama siireleri arastirilmustir. Incelenen hibrit
kayalarm P-T kosullari, klinopiroksen-likit termobarometresi kullanilarak 900-950°C ve 110 - 150
MPa arasinda tahmin edilmistir. Sasirtic1 bir sekilde, bu yiiksek sicaklikli hibrit lavlarda bile zirkon
kristalleri korunabildigi gozlemlenmistir. Bu korunma, normal kosullar altinda beklenen zirkon
¢ozlinme hizlar1 goz Oniine alindiginda ilgingtir. Teorik hesaplamalar, zirkonlar i¢in 900°C'de yaklagsik
olarak 107-11 m/s ¢6ziinme hizlarim gostermektedir. Bu difuzyon hizi dikkate alinarak yapilan
inceleme alanindaki hesaplamalar Meke Maarinda bulunan bazaltik kayalardaki ortamala 50 um
capindaki bir zirkon kristalinin tipik olarak yaklasik 5 haftada ¢oziilecegini gostermektedir.Buna gore
dort farkli senaryo ortaya ¢ikmaktadir (1) Zirkonlar bolgedeki onceki evre fazlarina ait
ksenokristallerdir, (2) kabuk ksenokristalleridir, (3) zirkon kristalleri diger fenokristal fazlari i¢inde
inkliizyon olarak korunmustur, (4) karisim ve hibritlesme olaylar1 volkanik patlamadan kisa bir siire
once gerceklesmistir. Bu senaryolarin daha detayli incelenmesi, magma evriminin dinamikleri ve
hibrit volkanik kayalardaki zirkon kristallerinin korunma mekanizmalarina dair énemli iggoriiler
sunacaktir

Anahtar Kelimeler: Coziinme, hibrit kaya, Meke maari, yiiksek sicaklik, zirkon
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Zircon (ZrSiO4) is a robust accessory mineral commonly found in evolved igneous rock types, and has
both chemical and physical durability. Given its ability to host geochemically significant indicator
elements, such as rare earth elements (REE), and radioactive elements U-Th, zircon plays a crucial
role in understanding the geological history of the Earth.

The presence of zircons in mafic-ultramafic systems, which carry important traces of magma
evolution, is quite rare. Zircons, which can be found in trace amounts in high-temperature magmas,
will eventually dissolve due to their inability to withstand high temperatures for long periods.
However, some experimental studies demonstrate the ability of zircons to survive short-term high-
temperature environments. In this study, the survival and residence times of zircons in basaltic-
andesitic hybrid rocks found in the Meke Maar of the Karapinar Volcanic Field were investigated. The
P-T conditions of the examined hybrid rocks were estimated to be between 900-950°C and 110-150
MPa using clinopyroxene-liquid thermobarometry. Surprisingly, zircon crystals were observed to be
preserved even in these high-temperature hybrid lavas. This preservation is intriguing considering the
expected zircon dissolution rates under normal conditions. Theoretical calculations indicate
dissolution rates of approximately 10"-11 m/s for zircons at 900°C. Calculations in the study area,
taking into account this diffusion rate, suggest that a typical zircon crystal with a diameter of about 50
um in the basaltic rocks found in the Meke Maar would dissolve in approximately 5 weeks.
Consequently, four different scenarios emerge: (1) Zircons are xenocrystals from previous stages in
the region, (2) they are crustal xenocrystals, (3) zircon crystals are preserved as inclusions within other
phenocryst phases, (4) mixing and hybridization events occurred shortly before the volcanic eruption.
Further detailed investigation of these scenarios will provide important insights into the dynamics of
magma evolution and the preservation mechanisms of zircon crystals in hybrid volcanic rocks.

Keywords: Dissolution, high temperature, hybrid rock, Meke maar, zircon
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Metamorfik Kayagclar icindeki Granat Porfirablastlarinin Mineraojik-
Petrografik Karakteristikleri ve Metamorfizma Kosullarimin Coklu"Analiz
Yontemleriyle Belirlenmesi: Ekinozii (Kahramanmaras-Tiirkiye) Ornegi

Mineralogical-Petrographic Characteristics of Garnet Porphyroblasts Within Metamorphic
Rocks and Determination of Metamorphism Conditions Using Multiple Analysis Methods:
The Case of Ekinézii (Kahramanmaras-Turkey)

Ufuk Oren', Tamer Koralay?

YAydin Adnan Menderes Universitesi Karacasu Memnune Inci MYO PK: 09370, Aydin
2Pamukkale Universitesi Jeoloji Miihendisligi Boliimii PK: 20160, Denizli
(ufukoren@adu.edu.tr)

Ozet

Calisma konusu olan granat porfiroblastlar1 Ekindzli (Kahramanmaras) bolgesinde farkli mineralojik
bilesime sahip sistlerden olusan metamorfik kayaglar igerisinde bulunmaktadir. Pentagonal
dodekahedron formda kristallenmis olan granat porfiroblastlarinin boyutlar1 0.5 — 4 cm arasinda
degismekte olup koyu kirmizi, kirmizimsi siyah renkte camsi parlakliga sahiptirler. Mikroskop
incelemelerinde oldukga kirikli-gatlakli bir yapida olan granat porfiroblastlar1 kuvars, klorit ve ilmenit-
manyetit tlirl opak mineral kapanimlar1 igermektedir. Konfokal Raman spektroskopisi analizlerine
gbre granat porfiroblastlar1 almandin bilesimindedirler. Granat porfiroblastlarinin kimyasal yapi
formiilleri olarak belirlenmistir. Granat — Biyotit jeotermometre hesaplamalarina gore granatlarin
ortalama 4.5 kbar basing altinda ve 465.4 + 41.6 °C sicaklikta olustuklar1 degerlendirilmigtir. Alt ve
Ust Kita Kabuguna gore normalize edilmis ¢oklu element degisim diyagramlarinda Ekindzii granat
porfiroblastlarinin LIL elementleri (Sr, K, Rb ve Ba) bakimindan tiiketilme, HFS elementleri (Ta, P,
Zr, Hf ve Y) bakimindan zenginlesme gosterdikleri belirlenmistir Kondrit’e normalize edilmis ¢oklu
element degisim diyagramlarinda ise granat porfiroblastlarinin Nadir Toprak Element igerikleri
bakimindan 100 kata varan zenginlesmeler gosterdigi belirlenmistir (3 NTE: 162.1-284.9; ((La/Sm)N
= 1.65-3.62); ((Sm/Yb)N = 0,43-0,67). Mineralojik, jeokimyasal ve gemolojik incelemeler sonucunda
Ekindzii granat porfiroblastlariin yesilsist fasiyesine karsilik gelen metamorfizma sartlarinda
olustuklari, 6z sekilli kristal yapisina sahip olmasi ve koyu kirmizi renkte camsi parlaklik gostermesi
nedeniyle miicevheratta kullanilabilecegi degerlendirilmektedir.

Anahtar Kelimeler: Granat porfiroblastlari, Raman spektroskopisi, mineral kimyasi, gemoloji, siis
tasi
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Abstract

The garnet porphyroblasts, which are the subject of this study, are found within metamorphic rocks
composed of schists with different mineralogical compositions in the Ekindzii (Kahramanmaras)
region. These garnet porphyroblasts, crystallized in a pentagonal dodecahedron form, range in size
from 0.5 to 4 cm and exhibit a dark red to reddish-black color with a glassy luster. Microscopic
examinations reveal that the garnet porphyroblasts have a highly fractured and cracked structure,
containing inclusions of quartz, chlorite, and opaque minerals such as ilmenite-magnetite. According
to confocal Raman spectroscopy analyses, the garnet porphyroblasts are of almandine composition.
The chemical structure formulas of the garnet porphyroblasts are determined as Almoso-0.8sPrpo.or-
0.13Grs0.01-0.07SPS0.00-0.05. Based on garnet-biotite geothermometer calculations, it is estimated that the
garnets formed at an average pressure of 4.5 kbar and a temperature of 465.4 + 41.6 °C. In multi-
element variation diagrams normalized to the lower and upper continental crust, it is determined that
the Ekindzii garnet porphyroblasts show depletion in LIL elements (Sr, K, Rb, and Ba) and enrichment
in HFS elements (Ta, P, Zr, Hf, and Y). In multi-element variation diagrams normalized to chondrite,
the garnet porphyroblasts show enrichments up to 100 times in rare earth element contents (XREE:
162.1-284.9; (La/Sm)N = 1.65-3.62; (Sm/Yb)N = 0.43-0.67). As a result of mineralogical,
geochemical and gemological investigations, it is evaluated that Ekin6zii garnet porphyroblasts were
formed under metamorphism conditions corresponding to the greenschist facies and can be used in
jewelry due to their self-shaped crystal structure and dark red glassy luster.

Keywords: Garnet porphyroblasts, Raman spectroscopy, mineral chemistry, gemology, gemstone
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Karacam (Mihali¢cik-Eskisehir) lateritik Ni-Co Yataklarinda
Skandiyum I¢eriklerinin Arastirilmasi

Investigations on Scandium Contents of Kara¢am (Mihali¢cik-Eskigehir) Lateritic Ni-Co
Deposits

I. Sonmez Sayili%, Sinan Akiska?

'Fe-Ni Madencilik, Mustafa kemal Mah. 2129. Sok. No. 1/4 Cankaya-Ankara
2Ankara Uni. Miih. Fak. Jeoloji Miih. Boliimii, Ankara
(sonmez@fenimining.com,akiska@gmail.com)

Ozet

Diinyada skandiyum konsantrasyonlari, nikel laterit yataklarinda yapilan sondajlarla belirlenmeye
baslamigtir. Nikel laterit yataklari i¢in en onemli aragtirmalar Avustralya ve Yeni Kaledonya’ da
yapilmigtir. Bu bolgelerde 200 ppm ve iizeri tenorler elde edilmis ve Avustralya Nyngan laterit
yataginda ise 409 ppm’ e ¢ikan degerler saptanmistir. Tiirkiye’ de en bilinen ve isletilen nikel laterit
yataklar1 Eskisehir-Karacam, Manisa Gordes ile Caldag yataklaridir. Bu ¢alismada Karagam koyii
civarinda isletilmekte olan lateritik nikel yataginin serpantinit-gabro ve piroksenit yankayaclar ile
Adatepe i¢indeki cevherli zonlarda toplam 54 adet 6rnek analiz edilerek icindeki Sc element degerleri
belirlenmistir. Bu 6rneklerde piroksenitlerde 62 ppm, gabrolarda 35 ppm Sc degerleri bulunmustur.
Bazi laterit 6rneklerinde 137 ppm’ e varan degerler de saptanmustir. Ote yandan sahanm Sarnig
sektoriindeki bir sondajin (SR-06) 135. ile 151. metreleri arasindan her bir metreden alinan 37 6rnegin
ilk 27 metresinde ortalama 48 ppm’ e yakin degerler elde edilmistir. Peridotitler igindeki 2-3 metrelik
bazi zonlarin Sc degerlerinin 67 ppm civarina kadar yiikseldigi tespit edilmistir. Yapilan korelasyon
analizlerinde Al-Sc katsayis1 +0.80 iken Fe-Sc katsayisi -0.33 civarinda bulunmustur.

Sonug olarak Karacam lateritik nikel yataklarinda Sc degerlerinin ortalama 40-65 ppm aras1 degerler
sundugu belirlenmis ve ana kayaglarin, mineralojilerin ve alterasyonlarin arastirilmasinin daha
ayrintili olarak yapilmasi gerekliligi ortaya ¢ikmustir.

Anahtar Kelimeler: Karagam, Nikel laterit, Skandiyum, Jeokimya, Anomali
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Abstract

Scandium concentrations in nickel laterite deposits have begun to be determined by drillings in the
world. The most important researches for nickel laterite deposits are conducted in Australia and New
Caledonia. Grades of 200 ppm and above were obtained in these regions, and values up to 409 ppm
were detected in Nyngan-Australia laterite deposit. The most well-known and operating nickel laterite
deposits in Turkey are Eskisehir-Karacam, Manisa Gordes and Caldag deposits. In this study, 54
samples from the serpentinite-gabbro and pyroxenite rocks and the laterite ore zones in Adatepe
lateritic nickel deposit operated around Karacam village are analyzed and their Sc element contents
were determined. Sc values of 62 ppm in pyroxenites and 35 ppm in gabbros are determined. Values
up to 135 ppm are detected in some lateritic ore samples. On the other hand, in 37 samples taken
between 135.00 to 151.00 meters of a drilling (SR-06) in the Sarnic sector, average values close to 48
ppm were obtained in the first 27 meters. It has been determined that the Sc contents of some 2-3
meter long zones within the peridotites increase up to around 67 ppm. In the correlation analysis, the
Al-Sc coefficient is found to be +0.80, while the Fe-Sc coefficient to be around -0.33.

As a result, it was determined that Sc values in Karagam lateritic nickel deposits are 40-65 ppm as
average values and the rock and ore types, mineralogies and alterations needed to be investigated in
more detail.

Keywords: Karacam, Nickel laterites, Scandium, Geochemistry, Anomaly
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Triyas-Jura Yash Metamorfik Kayaclar icindeki Cevherlesme Bulgulari ve
Toprak Jeokimyasi Ozellikleri (Alatarla, Kastamonu)
Mineralization and Soil Geochemistry Characteristics of Triassic-Jurassic Metamorphic
Rocks in Alatarla, Kastamonu

Emre Osman Cingil*, Kurtulus Giinay', Gok¢ce Gamze Ersoy’, Bugra Cavdar!, Halim Mutlu?

Maden T etkik ve Arama Genel Miidiirligii, Maden Etiit ve Arama Dairesi, Ankara
2Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi, Ankara
(emreosman.cingil@mta.gov.tr)

Ozet

Orta Karadeniz, Anadolu cografyasinin kuzeyini temsil eden Pontid Orojenik Kusaginin merkezinde
yer alir. Bu zon, temelinde Permo-Karbonifer yasl meta-granitoidler ve Devrekani Metamorfiklerinin
bulundugu karmasik bir yapiya sahiptir. Orta Pontidlerde yaklasik dogu-bati uzanimh tektonik
dilimlerden meydana gelen, temel birimlerin Orta Jura ve Albiyen-Turoniyen bindirme-yigisim
kompleksleri tarafindan {izerlendigi genis bir alan, Orta Pontid Yapisal Kompleksi olarak bilinir. Bu
kompleks iginde yer alan Triyas-Jura yash olduklar diisiiniilen metamorfik birimler, cevherlesme
bulgulari tagir. Sedimanter ve volkanik kdkenli olan bu metamorfik kayaclar ile iligkili olarak goriilen
limonitlesme, hematitlesme, silislesme, boksvork yapilarinin yani sira masif ve saginimli dokularda
kiigiik lensler seklinde goriilen pirit yigmlari, ilk cevherlesme bulgulari olarak tespit edilmistir.
Metamorfik birimlerin foliasyon diizlemlerine yerlesen malahitli zonlar, ince taneli pirit mercekleri,
pirit iceren kirik-catlak dolgular1 ve metamorfik kuvarslar i¢inde goriilen kalkopirit mineralleri, bakir
cevherlesmesi agisindan énemli bulunmus, bu alanlarda toprak jeokimyasi ¢aligmalar1 yiiriitiilmiistiir.
Toprak jeokimyasi ¢alismalarinda, li¢ olmus A horizonundan kaynaklanan minerallerce zenginlesmis
B zonundan alinan 3489 adet toprak 6rnegi lizerinde 12 elementin analizi gerceklestirilmistir (Au, Ag,
Cu, Mo, Ni, Pb, Sb, V, Zn, As, Bi, Co). Hava ortaminda kurutulmus 2 kg 6rnegin 80-mesh elek alt1
kismi 200-300 gr olacak sekilde numunelendirilerek analizleri yapilmistir. Tanimlayici jeoistatistiksel
parametreleri ile degerlendirilen 6rneklerde normal dagilim gdézlenmediginden analizlenen her bir
element icin log olasilik grafikleri olusturularak anomali deger araliklari belirlenmistir. Kriging
metodu kullanilarak hazirlanan deger dagilim haritalar1 ile cevherlesme alanlari tizerinde potansiyel
cevherli bolgeler tespit edilmistir. Element dagilimlarinda Cu ve Zn elementinin arasindaki giiglii
pozitif korelasyona daha zayif oranda Sb, Pb, Co elementleri eslik etmektedir.

Anahtar Kelimeler: Orta Karadeniz, Metamorfizma, Jeokimya, Anomali
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Abstract

The Pontide Orogenic Belt forms the northen section of the Anatolian and, the central part of this belt
is known as the Central Black Sea zone. The basement of this zone shows a complex structure
consisting of Permo-Carboniferous meta-granitoids and Devrekani Metamorphics. The large area
known as the Central Pontide Structure Complex consists of Middle Jurassic and Albien-Turonien
aged thrust-accretionary complexes consisting of approximately east-west trending tectonic slices
overlying this basement. Metamorphic units in this complex, estimated to be Triassic-Jurassic in age,
shows some evidence of mineralization. Such these evidences can be listed as limonitization,
hematitization, silicification, and boxwork structures associated with metamorphic rocks of
sedimentary and volcanic origin, as well as the small lenses consisting of massive, semi-massive and
disseminated pyrite accumulations. In addition, malachite bearing zones observed on the foliations of
metamorphic units, fine grained pyrite lenses, pyrite bearing fracture filings and chlcopyrite in
metamorphic quartz are identified as imprortant findings related to copper mineralization, and soil
geochemistry studies were carried out in these locations. In soil geochemistry studies, analysis
containing 12 elements (Au, Ag, Cu, Mo, Ni, Pb, Sh, V, Zn, As, Bi, Co) was carried out on 3489 soil
samples taken from the B horizone, which was enriched in minerals originating from the leached A
horizon. Analyses were conducted on 200-300 g samples that obtained by sieving 2 kg air-dried
samples with 80 mesh sieves. Normal distribution was not observed in the samples evaluated with
descriptive geostatistical parameters, therefore, log probability graphs were created for each element
and anomaly intervals were determined on these graphs. Krigging Method was used to create
distribution maps. The strong positive correlation between Cu and Zn elements in element
distributions is accompanied by weaker amounts of Sh, Pb and Co elements.

Keywords: Central Black Sea, Metamorphism, Geochemistry, Anomaly
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Culfa Cukuru (Yenice/Canakkale) Pb-Zn Yatag Uzerine
Mikrotermometrik ve Radyometrik Yas Verileri

Microthermometric and Radiometric Age Data on the Culfa Cukuru (Yenice/Canakkale)
Pb-Zn Deposit

Goékhan Demirela’

lAksamy Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, 68100, Aksaray, Tiirkiye
(gdemirela@aksaray.edu.tr)

Ozet

Biga Yarimadasi’nin jeolojisi {izerine literatiirde ¢ok sayida ¢alisma mevcuttur. Bu ¢aligmalar 1s181nda
ozetle bolgenin temeli Tersiyer éncesi Permo-Triyas yasl metamorfik ve ofiyolitik kayaclar ile Ust
Kretase yasl ofiyolitik melanjlar ile temsil olunmaktadir. Yarimada, Tersiyer sirasinda Paleosen-
Eosen’den baglayarak Miyosen sonuna kadar siiregelen magmatizma ve volkanizma etkisinde kalmig
olup volkanizmayla es yash sedimantasyona da maruz kalmustir. Bolgede goézlenen pek ¢ok
cevherlesme (Mo, Fe, Cu, Pb-Zn, Au, Ag vb.) ¢cogu arastirmaci tarafindan Tersiyer magmatizmasi ve
volkanizmas1 ile kokensel olarak iligkilendirilmistir. Biga Yarimadasi’nda o6zellikle metamorfik
kayacglara ait karbonath litolojiler, volkanik kayaclar ile metamorfik kayaglar arasinda gelismis
alterasyon zonlar1 ve yogun faylanmali zonlar ile iligkili olarak ortaya ¢ikmis Pb ve Zn’ca baskin ¢ok
sayida polimetalik cevherlesme mevcuttur. Bugiline kadar Culfa Cukuru Pb-Zn yatagi dahil olmak
iizere bolge cevherlesmeleri iizerine bir takim problemleri tamimlamaya yonelik lokal ve bolgesel
Olcekte birgok calisma yiiriitiilmiistiir. Literatiirde Culfa Cukuru Pb-Zn cevherlesmesinin maden
jeolojisi, alterasyon minerallerinin kimyasi, yan kayacglarin jeokimyasal karakteristikleri, Pb ve S
izotop sistematiklerini ortaya koymaya yonelik ¢aligmalar mevcut olsa da cevherlesmelerin kokenini
aciklamaya yonelik tartismalar halen devam etmektedir. ilk kez bu ¢alisma ile cevherlesmelerin
olusumunda etkin rol oynayan kaynak ¢ozeltilerin kokenleri ve cevherlesme sirasinda ortamin
fizikokimyasal kosullar1 (homojenlesme sicakligi ve cozeltilerin tuzlulugu) hakkinda bazi kritik
bilgiler saglayan sivi kapanim calismalar ile birlikte mikrotermometrik veriler ortaya konmustur.
Sonugta kuvarslardan elde edilen homojenlesme sicaklik verilerinin genellikle yaklasik 230 °C ile 300
°C araliginda yogunlastigi, % NaCl esdegeri tuzluluk verilerinin ise yaklasik % 0,7 ile 6 arasinda
degistigi goriilmistiir. Yine ilk kez Ar-Ar radyometrik yaglandirma yontemiyle cevherlesmeler ile
mekansal iligskideki alterasyonlara ait serizit mineralinden yaklagik 25 milyon yillik alterasyon yasi
elde edilmistir.

Anahtar Kelimeler: Biga Yarimadasi, Culfa Cukuru, Pb-Zn, Sivi Kapanim, Ar-Ar Yas
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Abstract

There are numerous studies in the literature on the geology of the Biga Peninsula. In summary, based
on these studies, the basement of the region is represented by pre-Tertiary Permo-Triassic
metamorphic and ophiolitic rocks, as well as Upper Cretaceous ophiolitic melanges. The Peninsula
was influenced by magmatism and volcanism that began in the Paleocene-Eocene period and
continued until the end of the Miocene during the Tertiary. The region was also subjected to
sedimentation concurrent with volcanism. The majority of researchers have indicated that many of the
mineralizations observed in the region (Mo, Fe, Cu, Pb-Zn, Au, Ag, etc.) are the result of Tertiary
magmatism and volcanism. In the Biga Peninsula, there are numerous polymetallic mineralizations,
predominantly composed of Pb and Zn. These mineralizations are particularly associated with
carbonate lithologies of metamorphic rocks, alteration zones developed between volcanic and
metamorphic rocks, and zones of intense faulting. To date, a number of local and regional-scale
studies have been conducted with the objective of identifying specific issues related to the
mineralizations in the region, including the Culfa Cukuru Pb-Zn deposit. While studies exist in the
literature on the mineralogy of the Culfa Cukuru Pb-Zn mineralization, the chemistry of alteration
minerals, the geochemical characteristics of the host rocks, and the Pb and S isotope systematics,
discussions on the origin of these mineralizations are still ongoing.

For the first time in this study, microthermometric data, along with fluid inclusion studies, which
provide critical information on the origins of the source solutions and the physicochemical conditions
(homogenization temperature and salinity of the solutions) during the mineralization process, have
been presented. Consequently, homogenization temperature data of quartz crystals is generally
concentrated in the range of approximately 230 °C to 300 °C, and NaCl% equivalent salinity data
range between approximately 0.7% and 6%. Additionally, for the first time, an alteration age of
approximately 25 million years has been obtained from sericite minerals related to alterations spatially
associated with the mineralizations using the Ar-Ar radiometric dating method.

Keywords: Biga Peninsula, Culfa Cukuru, Pb-Zn, Fluid Inclusion, Ar-Ar Dating
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Konya Tip Alkali Siilfat (KTAS) Maden Yataklar

Alkali sulfate Deposits of Konya Type (KTAS)
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(nurdogan.sertel@mta.gov.tr)

Ozet

Konya Cihanbeyli, Karapmar-Eregli civarinda Ust Miyosen-Pliyosen yash andezitik karakterli
volkanizma, daha yash denizel-gblsel kokenli Oligo-Miyosen yasli evaporit birimlerdeki jips-
anhidritleri kesmektedir. Basing (P), hacim (V) ve sicaklik (T) degisimlerini iceren termodinamik
reaksiyonlar, Oligosen-Pliyosen yash denizel-golsel evaporitlerin igerisinde jips-anhidritlerdeki siilfati
(SO4) ornatir. Termodinamik kosullarda ornatilan denizel kokenli siilfat (SO4), kendisini kesen
andezitik volkanizmanin kontakt noktalarinda ve yapisindaki alkali feldspatlarla, Na’lu, K’lu feldispat
ve diger Mg’lu ve Fe’li minerallerle reaksiyonlara girerek, sodyum siilfat, potasyum siilfat,
magnezyum ve demir siilfatlar1 olusturur. Bolluk ve Tersakan Golleri ile Karapinar, Eregli (Konya),
Nigde Bor civarinda da potansiyel rezervi tespit edilen alkali siilfatlar, kimyanin temel kavramlarinda
normal sartlarda +2 degerli katyonlar ile (CaO, MgO, SrO), -2 degerli anyonlarin (SOs COj)
reaksiyona girmesi gerekir. +1 degerli katyonlarin (K20, Na,O, Li»0), -1 degerli anyonlarla (F, ClI,
OH) reaksiyonlara girmesi gerekir. Ancak burada +1 degerli katyonlar ile -2 degerli siilfat katyonlar
reaksiyona girmektedir. Burada olusan alkali siilfatlarin (Na;SO., K.SOs vb.) ¢ogunlugu Miyo-
Pliyosen yaglh gol seviyesinde ve daha fazlasi ise gol seviyesi altindaki ortamlarda, termodinamik
reaksiyon sartlarinda jips/anhidritlerdeki siilfat iyonlar1 ornatilarak, Miyo-Pliyosen yasli andezitlerin
yapisindaki alkali feldispatlarda yer alan (Na;O, K;O) alkaliler ile yeni iyonlar1 olusturmaktadir.
Gunimiiz tuzlalarinda ve daha yash tuz yataklarinda Na»SO4, K>SO4 gibi bilesikler bulunmamaktadir.
Olusan KTAS cevher ve yataklari ¢evresinde Miyo-Pliyosen yash andezitik volkanizma hakimdir.
KTAS cevher ve yataklarin olusum yas1 da Miyo-Pliyosen’dir. Kuzeyde, Tuz Golii havzasinda alkali
stilfat mineralleri gozlenememektedir. Cilinkii Tuz Golii havzasinin, Miyo-Pliyosen yasli andezitik
volkanitlerle iligkisi yoktur. Alkali siilfatlarda yapilan izotop analizleri SO4’iin denizel kokenli
oldugunu gostermektedir.

Konya Tipi Alkali Siilfat cevherlesmelerinde/yataklarinda; siilfat, denizel kdkenli jips/anhidritten
gelmektedir. Alkaliler ise Miyo-Pliyosen yasli andezitik volkanizmadaki alkali feldspatlardan
gelmektedir. Neticede sodyum-potasyum ve magnezyum silfatlar, denizel kokenden ziyade hibrit
cevherlesmelerdir/maden yataklaridir. Bu cevherlesmeler Konya ve yakin civarindaki Cihanbeyli
(Tersekan, Bolluk) isletmeleri ve Karapinar, Eregli civarinda bulundugu i¢in Konya Tipi Alkali Siilfat
(KTAS) veya ““Konya Tipi Evaporit (KTE) Maden yataklari’” diye adlandirilmustir.

Anahtar Kelimeler: Alkali siilfat, Andezitik volkanizma, Hibrit cevher, Konya tip, Ornatma
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Abstract

The Upper Miocene to Pliocene(Neogene) aged intermediate character andesitic volcanism cuts
through older marine-lacustrine sourced Oligo-Miocene aged evaporitic units containing gypsum-
anhydrite. Thermodynamic reactions occurring, such as pressure(P), volume(V), and temperature(T)
changes, adorn the SO. in gypsum-anhydrite within the Oligo-Miocene aged marine-lacustrine
evaporites. Under thermodynamic conditions, adorned marine-sourced SO, reacts with alkali feldspars
at the contact points of intersecting intermediate (andesitic) volcanisms and within them, as well as
with sodium(Na), potassium(K) feldspar, and other magnesium (Mg) and iron (Fe) minerals, to form
sodium sulfate, potassium sulfate, magnesium, and iron sulfates. The locations within the Bolluk and
Tersakan lakes, as well as the potential reserves identified near Karapinar, Eregli (Konya), and Nigde-
Bor, contain alkali sulfates, which, according to the basic principles of chemistry, should react with a
+2-valent cation(CaO, MgO, SrO) and a -2 valent anion(SO4, CO2) under normal conditions. A +1-
valent cation(K-0O, Na.O, Li»O) should react with a -1 valent anion(F, Cl, OH). However, +1 valent
anion(NazO, K;0) reacts with -2 valent cations. The alkali sulfates formed here(Na:SOs, K2SOs)
have mainly occurred below the Mio-Pliocene lake level, with small amounts also forming in
environments close to the lake level as a result of thermodynamic reactions(P, T, V) by replacing
sulfate ions in gypsum/anhydrite with alkalin(Na,O, K20) and other ions in alkali feldspars in Mio-
Pliocene andesites. In modern halit(NaCl) salt pans and older salt beds, sodium sulfate, potassium
sulfate, magnesium sulfates, etc., are not found. Konya-type alkali sulfate(KTAS) ores and deposits
are dominated by Mio-Pliocene andesitic volcanism in their surroundings. The formation age of KTAS
is also Mio-Pliocene. Alkaline sulfate cannot be observed in Tuz G6lii basin to the North. Because the
Tuz Golii basin has no relation with Miocene aged andesitic volcanism. This type of sodium sulfate,
potassium sulfate, and magnesium sulfate minerals have not been observed in salt beds far from
andesitic volcanism. Isotopic analyses of alkali sulfates indicate that SO, is of marine origin.

In KTAS mineralizations/deposits, SO. is from marine-derived gypsum/anhydrite, while the alkalinity
is of Mio-Pliocene aged volcanic origin. Consequently, sodium, potassium, and magnesium sulfates
are more of hybrid mineralizations/deposits rather than of marine origin. Since these mineralisations
found/observed in Konya(Terasakan and Bolluk in Cihanbeyli) and its surooundings (Karapinar,
Eregli), this type of deposits are named as Konya Type Alkaline Sulfate (KTAS) deposits.

Keywords: Alkali sulfate, Andesitic volcanism, Gypsum/anhydrite, Hybrid ore, Konya type,
Replacement
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Inler Yaylas1 Epitermal Pb-Zn-Cu (Ag-Au) Yatagimin Mineralojik ve
Jeokimyasal Karakteristikleri (Giresun, KD Tiirkiye)

Mineralogical and Geochemical Characteristics of Inler Yaylas: Epithermal Pb-Zn-Cu (Ag-
Au) Deposit (Giresun, NE Turkey)
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Nevsehir HBV Universitesi, Jeoloji Miihendisligi Boliimii, 50300, NEVSEHIR
2NESCO Maden Tic. ve San. A.S. 28400, GIRESUN
SAnkara Universitesi, Jeoloji Miihendisligi Boliimii, 06830, ANKARA
(ayse.orhan@nevsehir.edu.tr)

Ozet

Inler Yaylasi epitermal Pb-Zn-Cu (Ag-Au) yatagi Dogu Pontid Orojenik kusaginda yer alir.
Cevherlesme Ust Kretase yasli riyodasit/dasit ve andezitik kayaclar icerisinde KD-GB dogrultulu kirik
hatlar boyunca masif damar, mercek ve saginimli tipte gelismistir. Cevherlesmeye ev sahipligi yapan
Ust Kretase yash volkanik kayaglar sosonitik bilesime sahiptir. Ilksel mantoya gére kayaclar, bazi
BIYE (Rb, Ba, Th ve K) ve NTE’ce zenginlesmis desenler sergilerken YCAE’ce (Nb, Zr, Ti)
fakirlesmistir. Tektonik ayrim diyagramlarinda ise volkanik kayaclar normal yay alanma diiser. Inler
Yaylasi'ndaki alterasyon propililitlesme, serisitlesme ve silislesmeden olugmaktadir. Yatakta mineral
parajenez iligkilerine gore hidrotermal aktivite i¢in {i¢ evre belirlenmistir. Birinci evrede pirit,
kalkopirit, bornit, sfalerit, galenit ve az miktarda fahlerz, enarjit ve altin gelismistir. Ikinci evrede ise
sfalerit, galenit, pirit ve az miktarda kalkopirit, fahlerz ve altaitden olusur. Siilfid mineralizasyonuna
silislesme, serisitlesme alterasyonlar1 ve gang mineral olarak kuvars ve az miktarda barite eslik eder.
Uciincii evre, kovellin, malahit, azurit, smitsonit, limonit, kalsit ve kalsedon gibi siiperjen iiriinlerle
karakterize edilir.

Mineral kimyasi sonuglarina gore, piritlerin Fe ve S igerikleri %45.4-46.8 ve %48.8-54.3"dir.
Kalkopiritlerin Fe, Cu ve S icerikleri ise sirastyla %29.9-30.5, %28.0-31.9 ve %33.6-34.6
arasindadir. Galenitlerin Pb ve S igerikleri %83.5-87.9 ve %13.1-13.4°diir. Sfaleritler, %40.3-60.7
Zn, %25.2-33.1 S, %0.1-2.8 Fe ve %0.3-0.5 Cu igeriklerine ve 98.9-206.9 Zn/Cd oranlarina sahiptir.
Siilfid (sfalerit, galen, kalkopirit) minerallerinde 8**S oranlar1 %o-0.1 ve 2.5 (CDT) arasinda degisir ve
magmatik bir kokene isaret eder. Karbonat (kalsit, smitsonit) minerallerinin §2*C ve §'80 oranlar1 %o-
0.12 ila 6.22 (VPDB) ve %015.46 ila 18.67 (VSMOW) arasindadir. Siiperjen evreyi temsil eden
karbonat minerallerinin izotop oranlari meteorik suyun etkili oldugu karbonat ¢oziilme alanina diiser.
Mineral parajenezi, alterasyon tipleri ve sfaleritlerin diisiik-Fe icerigi Inler Yaylasi yatagmn orta
siilfidasyonlu epitermal bir cevherlesme oldugunu gosterir. Sfaleritlerin Zn/Cd igeriklerine gore
cevherlesmenin felsik magmatik aktiviteden kaynaklandigi sdylenebilir.

Anahtar Kelimeler: Epitermal cevherlesme, Mineral kimyas1, Kiikiirt ve karbon izotopu, Inler
Yaylasi, Dogu Pontid Orojenik kusagi
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Inler Yaylas1 epithermal Pb-Zn-Cu (Ag-Au) deposit is located in the Eastern Pontide Orogenic belt.
Mineralization developed as massive veins, lenses, and disseminated types along the NE-SW trending
fracture lines in the Upper Cretaceous rhyodacite/dacite and andesitic rocks. Upper Cretaceous
volcanic rocks, which host mineralization, have shoshonitic composition. According to the primitive
mantle, rocks display patterns that are enriched in some large ion lithophile (LIL; Rb, K, and Th) and
rare earth elements (REE), while depleted in HFSE (Nb, Zr, and Ti). In the tectonic discrimination
diagrams, volcanic rocks fall into the normal arc area. The alteration observed in Inler Yaylas1 deposit
consist of propylitization, sericitization and silicification. According to mineral paragenesis in
epithermal deposit, three phases were defined for hydrothermal activity. In the first phase, pyrite,
chalcopyrite, bornite, sphalerite, galena and minor fahlerz, enargite and gold developed. Second phase
composed of sphalerite, galena, pyrite, and to a lesser extent, chalcopyrite, fahlerz, and altaite. The
sulfide mineralization is accompanied by silicification, sericitization alterations, and quartz and minor
barite as gangue minerals. The final phase is characterized by supergene products such as covelline,
malachite, azurite, smithsonite, limonite, calcite and chalcedony.

According to mineral chemistry results, the Fe and S contents of pyrites are 45.4-46.8% and 48.8—
54.3%. Fe, Cu and S contents of chalcopyrite are between 29.9-30.5%, 28.0-31.9%, and 33.6-34.6%,
respectively. Pb and S contents of galena are 83.5-87.9% and 13.1-13.4%. Sphalerites have contents
of 40.3-60.7% Zn, 25.2-33.1% S, 0.1-2.8% Fe and 0.3-0.5% Cu and Zn/Cd ratios of 98.9-206.9%.
5%S ratios in sulfide (sphalerite, galena, chalcopyrite) minerals vary between -0.1 and 2.5%. (CDT),
indicating a magmatic origin. 8*C and &0 ratios of carbonate (calcite, smithsonite) minerals are
between -0.12 and 6.22%o (VPDB) and 15.46 and 18.67%o. (VSMOW). The isotope ratios of carbonate
minerals representing the supergene phase fall in the carbonate dissolution area where meteoric water
is effective. Mineral paragenesis, alteration types and low-Fe content of sphalerites indicate that the
Inler Yaylas1 deposit is an intermediate-sulfidation epithermal mineralization. According to the Zn/Cd
content of sphalerites, it can be said that mineralization occurred due to felsic magmatic activity.

Keywords: Epithermal mineralization, Mineral chemistry, Sulfur and carbon isotope, inler Yaylasi,
Eastern Pontide Orogenic belt
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Saplica (Sebinkarahisar-Giresun) Cevherlesmesinin Jeolojisi, Jeokimyasi ve
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Primary Findings on the Geology, Geochemistry and Origin of the Saplica (Sebinkarahisar-
Giresun) Mineralization
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Ozet

Tirkiye'nin tektonik gelisiminde ©Onemli bir rol oynayan Alp-Himalaya orojenezi siirecinde
sekillenmis olan Dogu Karadeniz Dag Kusagi, Ge¢ Kretase ve Eosen zaman araliklarinda cesitli
cevherlesmeler icermektedir. Bu c¢alisma, Giresun ili Sebinkarahisar ilgesi Saplica ydresindeki
cevherlesmenin olusum siireglerini aydinlatmay1 amaclamaktadir. Bu ydredeki cevherlesmeler,
genellikle Geg Kretase ve Eosen yaslh andezit-dasit-bazalt ve piroklastik kayaglar i¢inde epitermal
damar tipi cevherlesmeler olarak gelismistir. Cevherlesmeyi igeren andezit-bazalt ve piroklastik
birimlerden alinan 6rneklerden yapilan zirkon U-Pb tarihlendirme yontemi ile 44.36 + 0.45 My. yas
verisi elde edilmistir. Cevherlesmeyi igeren kayaclarin jeokimyasal ozelliklerine bakildiginda,
kalkalken-sosonitik gecis karakteri gosteren andezit-bazalt ve piroklastik kayag¢larin iz ve nadir toprak
element dagilimlarinin benzerlik gosterdigi ve HFS elementlerine gore LIL elementler bakimindan
zengin oldugu goriilmistiir. Ayrica, negatif Nb, Ta ve Ti anomalileri ile pozitif Pb anomalilerinin
varlig1, bu kayaclarin gelisiminde yitim ile iligkili yay magmatizmasinin etkili oldugunu isaret
etmektedir. Saha gozlemleri ve cevher mikroskop ¢alismalari, Saplica'daki cevherlesmenin damar tipi
cevherlesme yaninda saginimli ve bresik yapilarla karakterize oldugunu gdstermistir. Cevherlesmede
pirit, agik renkli sfalerit, galen, kalkopirit gibi siilfid mineralleri ile tennantit, tetrahedrit ve enarjit gibi
siilfotuzlarin yaygin oldugu, bu minerallere kuvars, serizit ve karbonat minerallerinin eslik ettigi
gozlemlenmistir. Kuvars ve sfalerit minerallerinden yapilan sivi kapanim ¢aligmalar1 sonucunda elde
edilen homojenlesme sicakliklar1 118 ila 357°C arasinda degisim gosterirken ortalama sicaklik
275°C’dir. Otektik sicakliklar ise -20 ila -34,4°C arasinda olup, cevherlesmeyi olusturan sivilarin
H,0O+NaCIl+KCI+MgCl; bilesiminde ve ¢ozelti tuzluluklarinin 3,4 ila 8,8 % ag. NaCl arasinda oldugu
tespit edilmistir. Sonug olarak, Saplica cevherlesmesinin epitermal damar tipi cevherlesme 6zelligi
tasidig1 ve cevher ¢okeliminin cevherlesmeyi olusturan sivinin yan kayaglarla temasi sonucu sogumasi
ve/veya meteorik kdkenli bir ¢ozelti ile karismasi sonucu gergeklestigi ileri siiriilebilir.

Anahtar Kelimeler: Epitermal, Damar tipi, Jeokimya, Sivi Kapanim, Dogu Karadeniz Dag Kusag1

Katk: Belirtme: Bu ¢alisma, TUBITAK tarafindan 120Y210 nolu proje ve KTU BAP tarafindan FBA-2024-
11232 nolu proje kapsam:nda desteklenmektedir
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The Eastern Black Sea Mountain Belt, shaped during the Alp-Himalayan orogeny playing a significant
role in Turkey's tectonic development, hosts several mineralizations from the Late Cretaceous to
Eocene. This study clarify the formation processes of mineralization in the Saplica area
(Sebinkarahisar, Giresun). The mineralizations in this region developed mainly as epithermal vein-
type deposits within andesite, dacite, basalt, and pyroclastic rocks from the Late Cretaceous to Eocene
periods. Zircon U-Pb dating on samples from ore-bearing andesite-basalt and pyroclastic units yielded
an age of 44.36 £ 0.45 million years. Geochemical analyses show that the ore-bearing andesite-basalt
and pyroclastic rocks exhibit a calc-alkaline to shoshonitic transitional character, displaying similar
distributions of trace and rare earth elements and enrichment in LIL elements relative to HFS
elements. Negative anomalies in Nb, Ta, and Ti, along with positive anomalies in Pb suggest that
subduction-related magmatism is efficient in petrological evolution of these rocks. Field observations
and ore microscopy studies indicate that Saplica mineralization is characterized not only by vein-type
deposits but also by disseminated and brecciated structures. Sulfide minerals such as pyrite, light-
colored sphalerite, galena, and chalcopyrite, along with sulfosalts like tennantite, tetrahedrite and
enargite, accompany quartz, sericite, and carbonate. Fluid inclusion studies on quartz and sphalerite
reveal homogenization temperatures of 118 to 357°C and average temperature of 275°C. Eutectic
temperatures range from -20 to -34.4°C, indicating that the fluids involved in mineralization have a
composition of H,O+NaCl+KCI+MgCl, and ore forming fluids have salinities between 3.4 and 8.8%
wt. NaCl equivalent. Consequently, the Saplica mineralization displays typical characteristics
associated with epithermal vein-type deposits and ore precipitation can occur as a result of the cooling
of the ore forming fluids upon contact with host rocks and/or mixing with a meteoric-derived solution.

Keywords: Epithermal, Vein-type, Geochemistry, Fluid Inclusion, Eastern Pontide Mountain Belt
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Abstract

The Alamkandi Fe skarn deposit, 105km northwest of Zanjan in northwestern Iran, hosted by
Paleozoic regionally metamorphosed rocks that were intruded by Oligocene Alamkandi granitoid
intrusion. This deposit has 150m length and 50m width and crops out in the northern margin of the
intrusion. The Alamkandi intrusion is characterized as high-K calc-alkaline and metaluminous I-type
granitoid that was formed in an active continental margin tectonic setting. Two skarn aureoles,
including exoskarn and endoskarn, can be distinguished at Alamkandi. The exoskarn subdivided into
garnet skarn, pyroxene skarn, epidote-pyroxene skarn, Serpentine skarn and ore skarn subzones.
Magnetite is the main ore mineral within the ore skarn subzone that is accompanied by pyrite and
chalcopyrite. The skarn minerals are predominantly consisting of garnet, clinopyroxene, olivine,
epidote, actinolite, serpentine, wolastonite, calcite, quartz and chlorite. Garnets with andradite-
grossular compositions (Adrgo.ss-100-Grse-s.53-PYpo-0.9-SpSo-0.34) present in contact with marble zone.
These garnets are Fe-rich and have high Fe/(Fe+Al) ratios (0.92-1). Clinopyroxene with diopside
composition (Ense.13-4257-FSs.68-13.71-W0us 465058) 1S generally homogenous and has particularly low
Fe/Fe+Mg ratios (0.14-0.25). Olivines with forsterite compositions (FOgs.13-9s5.27-Fas7357) present in
serpentine subzone. These olivines are Mg-rich and have high Mg/(Fe+Mg) ratios (0.94-0.95). Mineral
textures between Garnet, clinopyroxene and olivine minerals indicate that highest temperature for
olivine formation was about 600°C in XCO,=0.1 and pressure equal 1 kbar, near the contact of
granitoid within the dolomitic rocks, while garnets and clinopyroxenes were formed at temperatures
between 460°C and 550°C and LogfO, between 102 to 10-%. The garnet, clinopyroxene and olivine
compositions at the Alamkandi skarn, respectively, are as follows:
Ca(2.91-3.05)M7(0-0.023)MN(0.004-0.013) F€%* (0.46-0.58) F€®" (1.54-1.72) Al (0-0.17) T (0-0.006) Si (2.91-3.02) O12
Na(0-0.03)Ca(0.94-1.02) M(0.72-0.87) F€?* (0.15-0.27) Al (0 0.07) Ti (0-0.01) Si (1.93-1.99) O

Mg (1.88-1.96) F€% (0.09-0.12) Ti (0-0.01) Si (0.97-1.0) O

Keywords: Mineral Chemistry, Skarn, Fe deposit, Alamkandi, Zanjan.
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Abstract

Tashvir and Varmazyar epithermal base metal deposits are located in the Tarom-Hashtjin
Metallogenic Belt (THMB), NW Iran. In both deposits, ore veins, and breccias are hosted by Eocene
volcanic-volcaniclastic rocks of the Karaj Formation and are spatially associated with late Eocene
granitoid intrusions. The ore assemblages consist of pyrite, chalcopyrite, chalcocite, galena, and
sphalerite (Fe-poor), with lesser amounts of bornite and minor psilomelane and pyrolusite. The main
wall-rock alterations are silicification, intermediate argillic, carbonatization, chloritization, and
propylitic alteration. Microthermometric measurements from the Tashvir and Varmazyar deposits
show 182-287 °C and 194-285 °C formation temperatures and 2.7-7.9 and 2.6-6.4 wt.% NaCl
equivalent salinities, respectively. Minimum hydrostatic pressures are 10—69 and 14—68 bars, which
inferred minimum metallogenic paleodepths range from 103 to 706 m at Tashvir and 143 to 695 m at
Varmazyar. Oxygen isotopic data indicated that the ore-forming fluids evolved from magmatic-
hydrothermal fluids to dominantly meteoric waters. The sulfur isotopes and mineral assemblages
display that ore-forming materials and sulfur are sourced mainly from a mixture of magma and
surrounding sedimentary rocks. LA-ICP—MS zircon U-Pb dating of the granitoid intrusion at Tashvir
and Varmazyar, yielded a weighted mean age of 38.34-38.31 and 40.85 Ma, respectively, indicating
that epithermal mineralization developed between 40.85-38.31 Ma. Our data indicated that fluid
mixing along with some fluid boiling were the main drives for hydrothermal alteration and
mineralization at Tashvir and Varmazyar. All these characteristics suggested an intermediate-
sulfidation epithermal style of mineralization. The THMB is proposed to be prospective for precious
and base metal epithermal mineralization. Considering the extensional tectonic setting, and lack of
advanced argillic lithocaps and hypersaline fluid inclusions, the THMB possibly has less potential for
economically important porphyry mineralization.

Keywords: Intermediate-sulfidation; Fluid inclusions; Stable isotopes; Geochronology; NW Iran
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Ozet

Biga Yarimadasi, Tetis Avrasya Metalojenik Kusaginin bir parcasi olup, bir¢ok kiiciik ve biiylik
Olcekte baz metal yataklarina ve isletmelerine ev sahipligi yapmaktadir. Biga Yarimadasinda yapilan
son caligmalar 1s18inda kursun, ¢inko, antimon, altin ve glimiisce zengin cevherlesmeler ortaya
konulmustur. Cevherlesme potansiyeli yoniinden &nemli olan bdlgede yer alan Ivrindi antimon
zuhurlar1, Biga Yarimadasmin giineyinde, Ivrindi ilgesinin giiney ve giineydogusunda bulunmaktadir.
Global 6lcekte onemi artan antimon cevherlesmeleri hususunda, Ivrindi bolgesinde 1970’li yillardan
sonra bir calisma yapilmamis olup, bu c¢alisma kapsaminda Ivrindi bélgesindeki Gozliigayrr,
Susuzyayla, Yaglilar ve Kiigiikyenice antimon cevherlesmelerinin jenezi ortaya konulmaya
calisilmistir. Caligma alaninda Permiyen yash kirectaglari, Karakaya Formasyonuna ait tiif, seyl
birimleri, Oligosen-Alt Miyosen yaslhi volkanik kayaglar gozlenmektedir. Antimon cevherlesmeleri,
Oligosen-Alt Miyosen yasli andezit ve andezitik tiifler iginde kuvars ile stibnit minerali seklinde
gozlenmektedir. Cevherlesme diizenli bir geometriye sahip degildir ve daginik halde gézlenmektedir.
Cevher minerali olarak ¢ubuksu stibnit minerallerinin ve piritin gozlendigi ¢alisma alaninda yaygin
gang minerali olarak kuvars tespit edilmistir. Stibnit minerallerinin iz element 6zellikleri yatak tipine
gore degisiklik gostermesinden dolayr maden yataklarinin jenezinin ortaya ¢ikarilmasinda énemli bir
ara¢ olarak kullanilmaktadir. Altere olmamis stibnit ve stibnitler ile iligkili piritce zengin
numunelerden ince ve parlak kesitler yapilmis, EPMA ve ICP-MS analiz yontemleri ile stibnit ve
piritlerin iz element kompozisyonlar1 belirlenmis, Ivrindi antimon cevherlesmelerinin jenezine yonelik
yorumlar yapilmustir. Calismalar sonucunda Ivrindi antimon cevherlesmelerinin, Oligo-Miyosen yasl
andezitik volkanizmaya bagli, yapisal kontrollii epitermal tip cevherlesme oldugu ortaya konulmustur.

Anahtar Kelimeler: Biga Yarimadasi, Antimon, Mineral Kimyasi, Epitermal
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Abstract

The Biga Peninsula is part of the Tethys Eurasian Metallogenic Belt and hosts many small and large-
scale base metal deposits and operations. Recent studies in the Biga Peninsula have revealed lead,
zinc, antimony, gold, and silver-rich mineralizations. The Ivrindi antimony occurrences, significant in
terms of mineralization potential, are located in the south of the Biga Peninsula, to the south and
southeast of the Ivrindi district. Regarding antimony mineralizations which are gaining global
significance no studies have been conducted in the Ivrindi region since the 1970s. Within this study,
the genesis of the Gozliicayir, Susuzyayla, Yaglilar, and Kiigiikyenice antimony mineralizations in the
Ivrindi region was investigated. Permian-aged limestones, tuff, shale units belonging to the Karakaya
Formation, and Oligocene-Lower Miocene-aged volcanic rocks are observed in the study area.
Antimony mineralizations are observed as quartz and stibnite minerals within Oligocene-Lower
Miocene-aged andesite and andesitic tuffs. The mineralization does not show a regular geometry and
is observed as scattered. In the study area, stibnite minerals in rod form and pyrite are observed as ore
minerals, while quartz is identified as the most common gangue mineral. Since the trace element
characteristics of stibnite minerals vary according to the deposit type, the trace element chemistry of
stibnite minerals is an important tool used in elucidating the genesis of ore deposits. Thin and polished
sections were made from unaltered stibnite and pyrite-rich samples associated with stibnite, and the
trace element compositions of stibnite and pyrite were determined using EPMA and ICP-MS
analytical methods. Interpretations were made regarding the genesis of the Ivrindi antimony
mineralizations. As a result of the studies, it was revealed that the Ivrindi antimony mineralizations are
structural-controlled epithermal-type mineralizations associated with Oligo-Miocene-aged andesitic
volcanism.

Keywords: Biga Peninsula, Antimony, Mineral Chemistry, Epithermal
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Koseler Bolgesi (Gordes-Manisa) Plaser ilmenit—}(util Olusumlarinin
Jeolojik, Mineralojik ve Jeokimyasal Ozellikleri

Geological, Mineralogical and Geochemical Properties of Placer limenite-Rutile
Occurrences in the Koseler Region (Gordes-Manisa)

Kayhan Isik!, Oya Cengiz?

YAltingehir Mahallesi 317. Sokak No: 5/19 Niliifer / Bursa
2Siileyman Demirel Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii Isparta / Tiirkiye
(oyacengiz@sdu.edu.tr)

Ozet

Bu galigmada incelenen ilmenitli-rutil plaserleri Menderes Masifinin kuzeyinde, Gordes Asmasifi
icerisinde Kdseler kdyii ve cevresinde yer almaktadir. Arastirilan plaser ilmenit-rutil olusumlarinin
jeolojik, mineralojik ve jeokimyasal oOzelliklerini belirleyip, ilmenitli rutilin kokeninin ortaya
konulmasi amaglanmigtir. Sahadaki jeolojik birimler Paleozoyik yasli migmatit-gnays birimi,
Senozoyik yash granitler, Kretase yasli allokton ofiyolitik melanj ve Kuvaterner yasli aliivyal
birikintilerden olusmaktadir. Bu aliivyal birikintilerde ilmenitli rutiller milimetre ile maksimum 5
santimetre arasinda degisen fraksiyonlarda bulunmaktadir. Bu plaserlerin mineral parajenezi ilmenit,
rutil, kuvars, Klorit, biyotit, muskovit, plajioklas, ortoklas, turmalinden olusmaktadir. Cevher
mikroskopisi c¢alismalar1 ve EPMA (Elektron Microprob Analizi) sonuglarina goére ise; rutil
minerallerinin ilmenit ile birlikte bulundugu, ilmenitin rutil igerisine sonradan yerlestigi ve ilmenit
yerdegistirmelerinin rutil icinde siireksizlikler boyunca yer aldigi gdzlemlenmektedir. Ilmenitli
rutillerin major oksit igerikleri ortalama % 76.49 TiO», % 22.12 Fe;0s, % 0,98 SiO,, % 0.39 Al,Os, %
0.12 Cr203 ve % 0.24 MgO, iz element igerikleri ise ortalama 643.42 ppm Nb, 1145.42 ppm V, 410
ppm Cr, 66.14 ppm W, 48.57 ppm Ta, 71.28 ppm Zr, 37.71 ppm Sn ve 3.11 ppm Hf olarak
belirlenmistir. Bu degerler 1s18inda ilmenitli rutillerin hidrotermal kokeni temsil ettigi, mantodan
tiiremis oldugu ve yar1 kondritik Nb/Ta orani gosterdigi tespit edilmistir. Rutil igindeki Zr
termometresi ile ortalama 534+50°C ve 538+20°C'lik sicaklik degerleri tespit edilmistir. [lmenitli rutil
numuneleri diisiik nadir toprak elementi degerleri gostermektedir. Rutil ve kuvars ornekleri oksijen
izotop sonuglart rutil igin %o 1-1.4, kuvars i¢in %o -1.3 ile %o -2.6 arasinda degerlere sahiptir. Bu
degerler granitoyidlerle iligkili olup kuvars numunelerinin negatif degerleri yiiksek sicaklik kosullarim
ve/veya hidrotermal sivi etkilesimini temsil etmektedir. Tiim bu veriler 1s18inda ilmenitli rutillerin
gnays ve migmatitleri kesen Ust Oligosen-Alt Miyosen yasli granitlerle iliskili hidrotermal kuvars
damarlarindan kaynaklandigi ve ilmenitli rutil plaserlerini olusturdugu tespit edilmistir.

Anahtar Kelimeler: Plaser, Ilmenit-Rutil, Mineraloji, Jeokimya, Koken, Koseler-Gordes
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Abstract

The ilmenite-rutile placers investigated in this study are located in the north of the Menderes Massif,
within the Gordes Asmasif, around Koéseler village. The aim of the study is to determine the
geological, mineralogical and geochemical properties of the placer ilmenite-rutile formations and to
reveal the origin of ilmenite-rutile. The geological units in the area consist of Paleozoic migmatite-
gneiss unit, Cenozoic granites, Cretaceous allochthonous ophiolitic melange and Quaternary alluvial
deposits. These alluvial deposits contain millimeters to maximum 5 centimeters ilmenite-rutiles. The
mineral paragenesis of these placers consists of ilmenite, rutile, quartz, chlorite, biotite, muscovite,
plagioclase, orthoclase, tourmaline. According to the results of ore microscopy studies and EPMA
(Electron Microprobe Analysis); rutile minerals coexist with ilmenite, ilmenite is located later in rutile
and ilmenite displacements are located along the discontinuities in rutile. The avarage major oxide
contents of the ilmenite-rutiles were 76.49% TiO2, 22.12% Fe203, 0.98% SiO2, 0.12% Cr203, 39%
Al203, 0.12% Cr203 and 0.24% MgO, while trace element contents were 643.42 ppm Nb, 1145.42
ppm V, 410 ppm Cr, 66.14 ppm W, 48.57 ppm Ta, 71.28 ppm Zr, 37.71 ppm Sn and 3.11 ppm Hf. In
the light of these values, the ilmenite-rutiles represent hydrothermal origin, derived from the mantle
and show a semi-chondritic Nb/Ta ratio. Average temperatures of 534+500C and 538+200C were
determined by Zr in rutile thermometer. limenite-rutile samples show low rare earth element values.
The oxygen isotope results of rutile and quartz samples have values between %o 1-1.4 for rutile and %o
-1.3 to %o -2.6 for quartz. These values are associated with granitoids and the negative values of quartz
samples represent high temperature conditions and/or hydrothermal fluid interaction. In the light of all
these data, ilmenite-rutiles originated from hydrothermal quartz veins associated with Upper
Oligocene-Lower Miocene granites cutting gneisses and migmatites and formed ilmenite-rutile
placers.

Keywords: Placer, limenite-Rutile, Mineralogy, Geochemistry, Origin, Koseler-Gordes

45



17-19 Ekim 2024, Antalya, Tiirkiye

1&).Jeokimya 163 Geochemistry

Sempozyumu ‘ Symposium
17-19 October 2024, Antalya, Tiirkiye

Durmuslu (Akplnar—Klrse!lir) Manyetit Yatagmin Cu-Zn-Au Icerigi
Hakkinda On Jeokimyasal Calismalar

Preliminary Geochemical Studies on Cu-Zn-Au Content of Durmuslu (Akpinar-Kirsehir)
Magnetite Deposit

I. Sonmez Sayili*, Sinan Akiska?, Gokhan Demirela®

'Fe-Ni Madencilik, Mustafa kemal Mah. 2129. Sok. No. 1/4 Cankaya-Ankara
2Ankara Uni. Miih. Fak. Jeoloji Miih. Béliimii, Ankara
Sdksaray Uni. Miih. Fak. Jeoloji Miih. Bolimii, Aksaray
(sonmez@fenimining.com)

Ozet

Durmuslu (Akpinar-Kirsehir) koyiiniin kuzeyinde isletilmekte olan bir manyetit yataginin stok
sahasinda 2 adet manyetit cevher 6rnegi ile acik ocakta gozlenen siilfitli damarlardan alinan 11 adet
ornekte agirhikli olarak cevher mikroskobisi ve jeokimyasal analizleri igeren 0On ¢aligmalar
gerceklestirilmistir.

Manyetit 6rnekleri kuru manyetik seperatdrden gecirilmis iriinler olup tane boylar1 1.4 mm’ den
kiigiiktiir. Yapilan cevher mikroskobisi c¢aligmalari Orneklerde masif goriiniimlii manyetitlerin
kenarlar ve dilinimleri boyunca hematit ve gotit minerallerine doniistiikleri, az oranda pirit, markazit
ve psilomelan icerdikler, gdzlenmistir. Iki manyetit drneginin Fe degerleri % 45- ve % 50, SiO;
degerleri ise %18 ve % 21 olarak belirlenmistir. Bu 6rneklerde Zn % 0.31, Cu % 0.034’a kadar ve Au
ise 0.062 ppm’e kadar ¢ikmaktadir.

Siilfit damarlarmin parajenezinde kalkopirit, pirit, sfalerit, manyetit, hematit, gotit, kalkozin, malahit,
smitsonit, psilomelan ve piroluzit mineralleri saptanmustir. Orneklerden 3 tanesi manyetitce ve yer yer
Mn’ ca zengin zonlardan alinmis olup % 30-55 Fe ve % 0.1 -16 aras1 Mn degerleri icermektedir. Mn’
ca zengin ornekler % 0.4-1.52 Zn, % 0.04-0.26 Pb ve % 0.1-0.26 arasinda Cu degerlerine sahiptir. Bir
ornekte ise 0.1 ppm Au saptanmigtir. Diger 8 6rnekte; Fe % 2-25, Mn % 0.1-16 arasindadir. Cu % 4.5,
Zn % 2.7, Pb % 2, S % 3.2’lere ve Au’ da 0.53 ppm’lere kadar ¢ikan degerler gostermektedir.

Sonug olarak Durmuslu manyetit yatagi, Cu-Zn ve Au igerikleri agisindan da dikkati ¢ekici olup bu
elementler igin de detay calismalarin yapilmasi 6nerilir.

Anahtar Kelimeler: Manyetit, Cu-Zn ve Au, Jeokimya, Kirsehir-Durmuslu
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Abstract

In previous studies stated sulfide veins containing magnetite deposits in skarn formations related to
granitoids between Kaman-Hamit village and Akpinar district of Kirsehir.

In this study, ore microscopy, geochemical analyses are carried out on 2 magnetite ore samples and 11
samples taken from sulfide veins observed in this mine at the north of Durmuslu village.

Magnetite samples are products of dry magnetic separator with grain sizes of smaller than 1.4 mm.
The ore microscopy studies conducted has showed that massive magnetites in the samples were altered
to hematite and goethite minerals along the edges and cleavages, in addition pyrites, marcasites and
psilomelanes are also observed. In these two samples, Fe values are between 45-50% and SiO; values
are between 18-21%. In these samples, Zn is up to 0.31%, Cu up to 0.034% and Au values are up to
0.062 ppm.

In sulfide samples, chalcopyrite, pyrite, sphalerite, magnetite, hematite, goethite, chalcosine,
malachite, smithsonite, psilomelane and pyrolusite minerals are detected. In 3 samples, Fe is 30-55%
and Mn was 0.1-16% due to the fact that they were taken from magnetite zones and occasionally Mn
rich zones. In Mn rich samples, Zn is between 0.4-1.52%, Pb 0.04-0.26% and Cu 0.1-0.26%. 0.1 ppm
gold is detected in one sample. In the other 8 samples; Fe varies between 2-25%, Mn between 0.1-16
%. Cu up to 4.5%, Zn to 2.7%, Pb to 2%, S up to 3.2% and Au show values up to 0.53 ppm.

As a result, Durmuslu magnetite deposit should be investigated in detail for Cu-Zn and Au metallic
elements.

Keywords: Magnetite, Cu-Zn and Au, geochemistry, Kirsehir-Durmuslu
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Aladaglar Kurttepe (Yahyah-Kayseri) Arsenikce Zengin Oksitli Demir
Cevherlesmesinin Jeolojik ve Paleocevresel Etkileri

Geological and Paleoenvironmental implications of Aladag- Kurttepe (Yahyali-Kayseri)
Arsenic-Rich Oxidized Iron Mineralization

Ufuk Keskin!, Berna Yavuz Pehlivanl!

YYozgat Bozok Universitesi Miihendislik Mimarhk Fakiiltesi Jeoloji Miihendisligi Boliimii Yozgat, Turkiye,
ufukkeskin1972@gmail.com; berna.yavuz@yobu.edu.tr

Ozet

Aladag yoresi Devoniyen - Alt Kretase zaman araliginda ¢okelmis, napli yapili allokton Yahyali,
Siyah Aladag, Cataloturan, Kiigiiksu, Minaretepeler, Ust kusak ye Beyaz Aladag istifleri ile ofiyolitli
melanj, Tersiyer ¢okelleri ve morenlerden olusur. Bunlar i¢inde yalnizca Yahyali, Kiigiiksu, Minare
tepeler istifleri ve ofiyolitli melanj cevherlidir. Stokwork seklinde olusan, Aladag - Delikkaya yatagi
hari¢ karbonatli ¢inko - kursun cevherlesmeleri, ¢ogunlukla K - G ve KD -GB yonlii tektonik
kiriklarda yataklannustir. Inceleme alani gevresinde temel jeolojik incelemeler genel olarak yapilmis
ve yapilmaya devam etmektedir. Ancak Kurttepe (Yahyali-Kayseri) sahasinda yeni yapilan
arastirmalar ve sondajlar dikkate deger veriler sunmaktadir. Aladaglar Kurttepe sahasina ait
cevherlesmenin (Yahyali-Kayseri) kaynak ozellikleri ve birikim ortamlarina ait paleo kosullarin
kimyasal bilesimi; redoks ortami ve tektonik evrimi hakkinda temel bilgiler saglayabilir.

Bu calismada 6zellikle cevherlesmenin mineral icerigi (XRD ile), ana (XREF ile), iz ve nadir toprak
element (ICP-MS ile) jeokimyasina odaklanilmistir. Cevherli orneklerin element igerikleri baz
almarak; paleo-olusum sartlari, kimyasal bilesim, redoks ortami ve jeolojik sartlar
yorumlanabilmektedir. Aladag-Kurttepe (Yahyali-Kayseri) Arsenik Zengin Oksitlenmis Demir
yataginin mineral igerigi; Gotit, Kuvars, Haykokit, Jarosit, Vermikiilit (La-degisimli), Paragonit,
Kalsit ve Kaolinit gibi minerallerden olusur. Tiim 6rnekler PAAS, NASC, iist Kitasal kabuk (UCC)
ve ortalama seyle (S) normalize edildiginde, Agir Nadir Toprak Elemen (ANTE) Zenginlesmesi
gostermektedir. Genellikle benzer maden yataklarinda da; hafif nadir toprak elementlerinin tiiketildigi
ve La ve Y elementlerinde zenginlesmenin oldugu goriilmektedir. Negatif Ce aykirilig
karakteristiktir. Bu &zellik Fe yataklarinin olusumunda deniz suyu etkisinden kaynaklanmaktadir.
Diisiik (Pr/Yb)s oranlari, ortamin anoksik olduguna isaret etmektedir. Tb/Ca’a kars1 Tb/La grafiginde
ise; orneklerin hidrotermal alana diistigii goriilmektedir. Aladag-Kurttepe (Yahyali-Kayseri) Arsenik
Zengin Oksitlenmis Demir Mineralizasyonuna ait 6rneklerde Al igeriginin birka¢ 6rnek disinda tiim
orneklerin oldukga yiiksek degerlerde olmasi, kitasal kaynaklardan 6nemli bir katki oldugunu gosterir.

Tiim veriler birlikte degerlendirildiginde ise; énemli volkaniklastik girdiye sahiptir. Demir ve silika
olusumunda; esas olarak deniz suyu ile diisiik sicakliktaki hidrotermal sivilarin karisimi etkilidir.
Cevher ¢okelimi icin ayrica su alt1 volkanizmasi da olduga etkili olabilir.

Anahtar Kelimeler: Ana element, iz element, Nadir Toprak Elementler (NTE), XRD, ICP-MS ve
XRF
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Abstract

The Aladag region consists of napped allochthonous Yahyali, Black Aladag, Cataloturan, Kucuksu,
Minaretepeler, Upper Belt and White Aladag stacks, ophiolite mélange, Tertiary sediments and
moraines deposited in the Devonian - Lower Cretaceous time interval. Among these, only Yahyali,
Kiigiiksu, Minaretepeeler and ophiolitic mélange are ore bearing. Except for the Aladag - Delikkaya
deposit, carbonated zinc - lead mineralisations, which are formed in the form of stochwork, are
mostly deposited in N - S and NE - SW directional tectonic fractures. Basic geological investigations
have been and continue to be carried out in general around the study area. However, new research and
drillings in Kurttepe (Yahyali-Kayseri) field have remarkable data. This study particularly focused on
the mineral content (by XRD), major (by XRF), trace and rare earth element (by ICP-MS)
geochemistry of the mineralization. Based on the element contents of the ore samples; paleo-
formation conditions, chemical composition, redox environment and geological conditions can be
interpreted. The mineral content of the Aladag-Kurttepe (Yahyali-Kayseri) Arsenic Rich Oxidized
Iron deposit consists of minerals such as Goethite, Quartz, Haykokite, Jarosite, Vermiculite (La-
altered), Paragonite, Calcite and Kaolinite. All samples show Heavy Rare Earth Element (HRE)
Enrichment when normalized with PAAS, NASC, Upper Continental Crust (UCC) and Average Shale
(S). Generally, in similar ore deposits; it is observed that light rare earth elements are depleted and
there is enrichment in La and Y elements. Negative Ce anomaly is characteristic. This feature is due
to the effect of sea water in the formation of Fe deposits. Low (Pr/Yb)s ratios indicate that the
environment is anoxic. In the Th/Ca versus Th/La graph; it is seen that the samples fall into the
hydrothermal area. In the samples belonging to the Aladag-Kurttepe (Yahyali-Kayseri) Arsenic Rich
Oxidized Iron Mineralization, the Al content is quite high in all samples except a few, indicating a
significant contribution from continental sources. When all the data are evaluated together; it has
significant volcaniclastic input. The mixture of seawater and low temperature hydrothermal fluids is
mainly effective in the formation of iron and silica. Underwater volcanism can also be quite effective
for ore deposition.

Keywords: Major Element, Trace Element, Rare Earth Elements (REE), XRD, ICP-MS and XRF
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Orojenik Altin icerikli Kayalarin J eokimyasal Bilesimleri: Sevdigin,
Kirsehir Ornegi

Geochemical Compositions of Orogenic Gold-Bearing Rocks: Sevdigin, Kirsehir
Abdalbagi A.H. Hussien', Yusuf Kagan Kadioglu'

Ankara University, Department of Geological Engineering, Ankara, Tiirkiye
(abdalbagialmhadi7715@gmail.com)

Ozet

Orta Anadolu Kristalen Kompleksi temel metamorfik kayalar {izerine Neoteteis kalmntilar1 olan
ofiyolitik kayalar tarafindan tizerlenmistir. Her iki birimi felsik ve mafik bilesimili magmatik kayalar
tarafindan Geg Kretase doneminde kesilmistir. Calisma konusu temel metamorfik kayalar1 kesen felsik
intriiziflerin etkisi ile bolgede olusan Orojenik kusak icerindeki altin cevherlesme potasiyelini
arastirmaktir. Caligma alan1 Kirsehir giineyi Sevdigin ve Kalankadi bolgesindeki metamorfik kayalarin
mineralojik, petrografik, jeokimyasal karakteristiklerini ortaya koymaktir. Bu ¢aligmada bolgede
metamorfik ve dokanak kayasi olan magmatik kayalardan Ornekler alinarak ayrintili jeokimyasal
analizleri yapilmusgtir.

Calisma sahasindan toplanan metamorfik kaya ornekleri baslica kuvarsit, kuvars sist ve mika sist
bilesiminde oldugu belirlenmistir. Ornekler ayrintili olarak Konfokal Raman Spektroskopisi (KRS)
yontemi ile incelenmistir. Ornekler kuvars ve mika ana minerallerin yaninda pirit, barit ve grafit
mineralleri de tespit edilmistir. Orneklerin kimyasal bilesimlerini ve altin igeriklerini belirlemek igin
kuvars ve pirit minerallerinin kimyasal bilesimleri Elektron Prob Micro (EPMA) yardimi ile
gerceklesmistir.

Yapilan jeoloji, minearloji, petrografi, mineral ve kaya kimyasi analiz sonuglarina gore temel
metamorfik kayalara alkalen bilesimli siyenitik kayalarin sokulmasi sonucu metamorfik kaylarda Au
gibi baz1 kiymetli elementlerin mobilize edilerek kuvarsca zengin metamorfik kayalarda zenginlestigi
belirlenmistir. Bolgede yer alan metamorfik kayalar orojenik faaliyetlerin etkisi ile ekonomik
potansiyele sahip oldugu belirlenmistir.

Anahtar Kelimeler: Kirsehir, Orojenik altin, EPMA, Raman Spektroskopisi
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Abstract

The Central Anatolian Crystalline Complex is overlain by ophiolitic rocks, remnants of Neotethys,
which are found above the basement metamorphic rocks. Felsic and mafic magmatic rocks have
intruded on both units during the Late Cretaceous period. The focus of this study is to investigate the
gold mineralization potential within the orogenic belt, which has formed in the region due to the
influence of felsic intrusives cutting through the foundational metamorphic rocks. The study area is
located in the Sevdigin and Kalankadi regions south of Kirsehir. The paper aims to reveal the
mineralogical, petrographic, and geochemical characteristics of the metamorphic rocks in this area.

In this study, samples were collected from both metamorphic and magmatic rocks, which are also
present as dykes in the region, and detailed geochemical analyses were conducted. The metamorphic
rock samples collected from the study area were identified to be primarily composed of quartzite,
quartz schist, and mica schist. The samples were examined in detail using Confocal Raman
Spectroscopy (CRS). In addition to the main minerals of quartz and mica, minerals such as pyrite,
barite, and graphite were also identified. The chemical compositions of the quartz and pyrite minerals
were determined using Electron Probe Microanalysis (EPMA) to assess their chemical compositions
and gold content.

Based on the results of geological, mineralogical, petrographic, mineral, and rock chemistry analyses,
it has been determined that the intrusion of alkali syenitic rocks into the foundational metamorphic
rocks resulted in the mobilization of certain valuable elements, such as Au (gold), which then
concentrated in the quartz-rich metamorphic rocks. The metamorphic rocks in the region have been
determined to have economic potential due to the influence of orogenic activities.

Keywords: Kirsehir, Orogenic gold, EPMA, Raman Spectroscopy
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Kesikkoprii Demir Cevherlesmesinin Jeokimyasi ve Izotopik
Karakteristikleri

Geochemical and Isotopic Characteristics of Kesikkoprii Iron Mineralization

Mustafa Haydar Terzi', Erkan Yilmazer!
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Ozet

1960’11 yillardan itibaren isletilen Kesikkoprii demir yatagi, Orta Anadolu Kristalen Kompleksi’nin
kuzeybatisinda yer almaktadir. Yatak, granitoyidlerin mafik-ultramafik kayaclar ve mermerlerle
olusturdugu dokanaklar boyunca gelismistir. Esas olarak granat, piroksen, epidot ve filogopit tiirii kalk
silikat tiirii mineraller ile temsil olunan cevherlesmeler, hem endoskarn hem de ekzoskarn zonlarinda
gozlenir. Masif manyetit mercekleri iceren ekzoskarn zonlarindan yilda ortalama 0,3 milyon ton
iiretim gergeklestirilmektedir. Kesikkoprii granitoyidi diyorit, granodiyorit ve granit bilesiminde olup,
subalkali, kalkalkalen, sosonitik ve metaliimina-hafif peraliimina karakterdedir. Mafik-ultramafik
kayaclar esas olarak gabro bilesiminde olup, subalkalin, toleyitik ve metaliimina 6zelliklere sahiptir.
Granitoyidler, yiiksek alan enerjili elementlere gore biiylik iyon litofil elementlerce daha fazla
zenginlesmis olup, MORB’a gore Ti, Y ve P bakimindan tiiketilme gosterirler. Mafik-ultramafik
kayaglar ¢ogunlukla MORB’a paralel desenlere sahiptir. Nadir toprak elementleri agisindan yan
kayaglar gibi skarn ve cevher 6rneklerinin tamaminda hafif nadir toprak elementleri, agir nadir toprak
elementlerine gore zenginlesme gdstermektedir. Ayrica hafif nadir toprak elementlerdeki zenginlesme
derecesi granitoyidlerden endoskarn, mafik-ultramafik kayaglar, ekzoskarn ve cevher oOrneklerine
dogru azalmaktadir. Sr-Nd izotop sonuglari granitoyidlerin olusumunda kabuk kirlenmesi veya
metasomatizmaya ugramis bir manto kaynaginin varligina isaret etmekte, ayrica granitoyidler ile
cevherlesmeleri olusturan hidrotermal akiskanlar arasindaki kokensel iligkiyi vurgulamaktadir. Skarn
ve cevherli zonlara ait hem durayli izotop verileri (O, H, S ve C) hem de radyojenik izotop verileri
birbirleri ile uyumlu olarak cevherlesmeleri olusturan akiskanlarin baskin olarak magmatik kokenli
olabilecegini ortaya koymaktadir.

Anahtar Kelimeler: Kesikkoprii, skarn, demir, jeokimya, izotop

Katki Belirtme: Bu ¢alisma Aksaray Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan
desteklenmistir (Proje Numarasi: 2013-079; 2015-028; 2018-009).
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Abstract

The Kesikkoprii iron deposit, active since the 1960s, is situated in the northwest part of the Central
Anatolian Crystalline Complex. This deposit developed along the contacts of granitoid with mafic-
ultramafic rock and marble. Mineralization occurs in both the endoskarn and exoskarn zones and is
predominantly represented by garnet, pyroxene, epidote, and phlogopite-rich calc silicate minerals.
The average annual production from massive magnetite lenses in exoskarn zones is 0.3 million tons.
The Kesikkoprii granitoid is composed of diorite, granodiorite, and granite characterized by
subalkaline, calc-alkaline, shoshonitic, and metaluminous to weakly peraluminous compositions.
Mafic-ultramafic rocks are primarily gabbro, displaying subalkaline, tholeiitic, and metaluminous
characteristics. Granitoid exhibits a greater enrichment in large ion lithophile elements compared to
high field strength elements, alongside a relative depletion in Ti, Y, and P when compared to mid-
ocean ridge basalt (MORB). Mafic-ultramafic rocks largely exhibit trace element patterns parallel to
those of MORB. Regarding rare earth elements (REE), all skarn and ore samples, as well as the host
rocks, display enrichment in light rare earth elements (LREE) relative to heavy rare earth elements
(HREE). Additionally, a decreasing trend in LREE enrichment is observed from granitoids to
endoskarn, mafic-ultramafic rocks, exoskarn, and ore samples, respectively. The Sr-Nd isotopic
analysis results suggest a mantle source that has undergone crustal contamination or metasomatism
during the formation of granitoid and the genetic link between the granitoid and hydrothermal fluid.
The stable (O, H, S, and C) and radiogenic isotope data of the skarn and ore are consistent with each
other, supporting that the mineralizing fluid is predominantly of magmatic origin.

Keywords: Kesikkoprii, skarn, iron, geochemistry, isotope
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Giiney Neotetis'in Kapanma Zamanlamasi Uzerine Yeni Kanitlar;
Harmanh Bolgesi Ofiyoliti (Adiyaman, GD Anadolu) ve Ge¢ Kretase
Granitik Kayalarinin Jeokronolojisi ve Jeokimyasi

New Evidence on the Timing of the Closure of the Southern Neotethys: Geochronology and
Geochemistry of the Harmanli Region Ophiolite (Adyyaman, SE Anatolia) and Late
Cretaceous Granitic Rocks

Nusret Nurlu

Department of Geological Engineering, University of Cukurova, Adana
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Ozet

Harmanli bolgesindeki felsik-orta¢ intriizyonlar1 ve iliskili ofiyolitik kayalar, Tiirkiye'nin
giineydogusundaki Toros bindirme kusagina yakin bir konumda bulunmaktadir. Harmanli bdlgesinde
calisilan felsik-n6tr intriizif kayaglar ve bu kayaglarla iliskili ofiyolitik kayaglar, Ge¢ Kretase donemi
magmatik aktivitesinin anlagilmasi ve ortaya konulmasinda kritik bir role sahiptir. Ge¢ Kretase
doneminde Giineydogu Anadolu Orojenik Kusagimin jeolojik evrimine katki vermek amaciyla,
Harmanli Bolgesi ofiyolitlerini (HBO) keser vaziyette gozlenen granitik kayalarin saha gozlemleri,
tiim kayag jeokimyasi, detayli petrografik analizleri, U-Pb zirkon jeokronolojisi ve mineral kimyasi
verileri bu ¢alisma ile ortaya konulmustur. Harmanli ofiyolitini keser vaziyette gozlenen intriizyonlar,
Gilineydogu Anadolu Orojenik Kusaginin (GAOK) bir pargast olan felsik-ndtr derinlik/yar1 derinlik
kayaglar1 igermektedirler. Tonalit, granodiorit ve nadiren granit tiirii kayalar pliitonik fazini temsil
edilirken, yar1 derinlik faz1 ise granofir, aplit ve granit porfir ile temsil edilmektedir. Ayrica, HBO'nun
mafik pliitonik kayaclar1 genellikle diyorit ve gabrodan olusurken, yar1 derinlik fazi ise mikrodiyorit
Ve diyabazla karakterizedir. Bu ¢alisma ile ortaya konulan yeni yiiksek hassasiyetli LA-ICP-MS U-Pb
zirkon verileri, Harmanli ofiyolitinin (gabro) mafik kayaclarinin kristallesme yaslarimi 81.7 ila 83.8
Ma olarak vermektedir. Bu ofiyoliti keser halde gozlenen felsik intriizyonlarin (granodiorit)
kristallesme yaslar1 ise 79.5 ila 80.8 Ma arasinda degismektedir. Harmanli bolgesindeki intriizif
kayaglarm tim kaya¢ jeokimyasi verileri, granitten diyorite kadar genis bir spektrumda
gozlenmektedir ve metaliminden hafif peralimine, kalk-alkali, I-tipi volkanik yay granit
karakteristikleri gostermektedir. Kondrite gore normalize edilmis NTE diyagraminda, intriizif kayagclar
hafif negatif Eu anomalileri ile orta ila yiiksek derecede zenginlesme gostermektedirler. Analiz edilen
intriizif kayaclarm, ORG’ e gore normalize edilmis ¢oklu element diyagramlarmmda yiiksek alan
kuvveti (HFS) elementlerinde (Ta, Nb, Zr, Sm, Y, Hf) belirgin bir tiiketilme ve biiyiik iyon litofil
elementlerinde (LILE’s) (K20, Rb, Ba, Th) zenginlesme sergilemektedirler. HBO'mun mafik kayaglari,
(I) Nb ve Pr'de tiiketilme, (IT) LILE'lerde zenginlesme (Ce, Rb, K, ve Th) ve (III) N-MORB ile
karsilastirildiginda HFSE'lerin neredeyse yatay bir desen gostermesi gibi belirgin o6zellikler
sergilemektedirler. Intriizif kayaglarin biyotit jeokimyasi ile ORG’ gore normalize edilmis c¢oklu
element ve tektonomagmatik ayrim diyagramlari bu kayaclarin olusum ortaminin magmatik yay
ortami oldugunu desteklemektedir.

Anahtar Kelimeler: Ofiyolit, U-Pb jeokronoloji, Tiim kaya jeokimyasi, Mineral kimyasi, Granit,
Adiyaman
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Abstract

In order to contribute to the geological evolution of Southeast Anatolian Orogenic Belt during the Late
Cretaceous period, this study presents field observations, whole-rock geochemistry, detailed
petrographic analyses, U-Pb zircon geochronology, and mineral chemistry data of the Harmanl
Region ophiolites (HRO) and the cross-cutting granitic rocks. The intrusive rocks observed within the
Harmanli ophiolite represent felsic-intermediate plutonic rocks as part of the Southeast Anatolian
Orogenic Belt (SAOB). While tonalite, granodiorite, and occasionally granite represent the plutonic
phase, the sub-volcanic phase is represented by granophyre, aplite, and granite porphyry. Moreover,
the mafic plutonic rocks of the HBO mainly consist of diorite and gabbro, while the sub-volcanic
phase is characterized by microdiorite and diabase. The new high-precision LA-ICP-MS U-Pb zircon
data presented in this study provide crystallization ages for the mafic rocks of the Harmanli ophiolite
(gabbro) ranging from 81.7 to 83.8 Ma. The crystallization ages of the felsic intrusions (granodiorite)
observed in the ophiolite range from 79.5 to 80.8 Ma. The whole-rock geochemistry data of the
intrusive rocks in the Harmanli region exhibit a wide spectrum from granite to diorite, showing
metaluminous to slightly peraluminous, calc-alkaline, I-type volcanic arc granite characteristics. In the
chondrite-normalized REE diagram, the intrusive rocks exhibit moderate to high degrees of
enrichment with slight negative Eu anomalies. The analyzed intrusive rocks show significant depletion
in high field strength (HFS) elements (Ta, Nb, Zr, Sm, Y, Hf) and enrichment in large ion lithophile
elements (LILE2S/LILES) (K20, Rb, Ba, Th) in the multi-element diagrams normalized to ORG. The
mafic rocks of HBO exhibit distinct features such as (I) depletion in Nb and Pr, (1) enrichment in
LILEs (Ce, Rb, K, and Th), and (Il1) almost horizontal patterns of HFSE2s compared to N-MORB.
Biotite geochemistry of the intrusive rocks, along with multi-element and tectonomagmatic
discrimination diagrams normalized to ORG, supports a magmatic arc setting for the formation
environment of these rocks.

Keywords: Ophiolite, U-Pb geochronology, Whole-rock geochemistry, Mineral chemistry, Granite,
Adiyaman
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Hindistan-Avrasya Carpismasinin Bati Kenarindaki Zamanlamasi:
Pakistan'in Fort Munro Kesitindeki Senozoyik Dizinin Detritik Zirkon U-
Pb Yas Tarihlemesinden Elde Edilen Ongoriiler

The timing of India-Eurasia Collision Along Western Margin: Insights from the Detrital
Zircon U-Pb Age Dating of the Cenozoic Sequence, Fort Munro Section, Pakistan

Junaid Ashraf?, Yusuf Kagan Kadioglu'?
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Ozet

Himalaya, en biiyilik ve en taninmis orojenik sistemlerden biri olarak, Hindistan ve Avrasya kitalarinin
carpigsmalari sonucunda olusmus kalinlasan bir kusagi temsil etmektedir. Bu g¢arpigmalar, Diinya
ylizeyinin nasil Oonemli 6lgiide sekillendigini gostermektedir. Kohistan Adasi Yaylasi, Hindistan
Levhasi ile Karakoram Blogu arasinda sikigsmis olup, bu durum Bati Himalayalar'daki tartigmalarin
ana nedenidir. Hindistan-Avrasya ¢arpismasimin zamanlamasi hald tartisma konusudur. Pakistan’in
kuzeybati Himalayalar’inda, bu carpismalarin yasi, 65 ile 40 milyon yil arasinda degiskenlik
gosterdigi ileri siirtilmektedir.

Mevcut c¢alisma, Fort Munro kesitinde, dogu Sulaiman kivrim kusaginda ortaya ¢ikan Senozoyik
dizinin kumtag1 petrografisi ve detritik zirkon jeokronolojisini sunmaktadir. Bu ¢alisma, Hindistan
levhasinin bati kenarindaki Hindistan-Avrasya ¢arpismasinin kokenini ve ve olusum dénemini izah
eden jeolojik ve petrolojik verilerden olusmaktadir. Senozoyik’te olusan birimler; Paleosen Ranikot,
Dunghan ve Eosen Ghazij Formasyonlarindan olugmaktadir. Tiim bu birimlerin petrografisi ve detritik
zirkon jeokronolojisi, Ghazij Formasyonunun ist kisimlarinda ¢okel istifi gerceklesmis olabilir.
Bolgedeki kokensel degisim, Hindistan ve Avrasya levhalarinin ¢arpismasiyla iliskilendirilebilir. Bu
carpisma, Himalaya’nin giliney (Hindistan Kratonu) kismindan kuzey (Kohistan Adasi Yaylast ve
Karakoram Blogu) kismina dogru kaymasina neden olmustur. U-Pb jeokronolojisi, Ranikot, Dunghan
ve Ghazij Formasyonunun alt ve orta kisimlarindaki zirkon yaslarinin yaklagik 400-500 Ma arasinda
oldugu ve Eosen Ghazij Formasyonunun ise iist kisminda geng detritik zirkon yaglariin <100 Ma
oldugu elde edilmistir. Ghazij Formasyonunun iist yas sinir1 dikkate alarak, Hindistan-Avrasya
carpismasinin 50-45 Ma arasinda Hindistan levhasinin bati kenarindan itibaren gerceklesmis olabilir.
Bu o6neri, Hindistan levhasinin bati kenarinda c¢arpismanin, Tibet’in merkezi kisminda ¢arpismadan
sonra meydana geldigi belirlenmistir. Bu bulgular, Hindistan levhasinin bati kenarinda ¢arpismanin
Himalaya orojenezi’nin kuzey ve orta bolgelerinde elde edilen ¢arpigsma yaglarindan daha geng oldugu
sonucu ortaya konulmustur.

Anahtar Kelimeler: Detritik zirkon, U-Pb jeokronolojisi, Senozoyik dizi, Sulaiman kivrim-kusak
kusagi, bati kenar, Hindistan-Asya ¢arpismasi
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Abstract

The Himalayan, the largest well-known orogenic system is formed due to the collisions between the
two continents India and Eurasia, this shows how these collisions have notably shaped the Earth’s
surface. The Kohistan Island Arc is packed between the Indian Plate and Karakoram Block, whose
presence is the main reason behind the controversy, in the western Himalayas. The India-Eurasia
collision timing is still under argument. Even in the northwestern Himalayas of Pakistan, the age of
these collisions is doubtful as to fluctuates from 65 to 40 Ma.

The current study presents the sandstone petrography and detrital zircon geochronology of the
Cenozoic sequence exposed in the Fort Munro section, eastern Sulaiman fold belt to provide an insight
into the provenance and timing of India- Eurasia collision along the western margin of the Indian
plate. The Cenozoic sequence consists of Paleocene Ranikot, Dunghan and Eocene Ghazij Formation.
The integrated petrography and detrital zircon geochronology suggest that the provenance change
occurred during the deposition of the upper part of the Ghazij Formation. We attribute this provenance
change to the collision of the Indian and Eurasian plates that caused the provenance shift from the
southern (Indian Craton) sources to the northern (Kohistan Island arc and Karakoram block) sources.
U-Pb geochronology suggests that the age population of Ranikot, Dunghan and the lower and middle
part of the Ghazij Formation is between ~400-500Ma and a minor contribution of >500Ma as the
appearance of younger detrital zircon ages <100 in the upper part of Eocene Ghazij Formation.
Considering the upper age limit of the Ghazij Formation, we may propose that the India-Eurasia
collision occurred during the 50-45 Ma along the western margin of the Indian plate, which is younger
than the collision ages reported in the north and centre of the Himalayan orogeny. This suggestion
makes it clear that the Indian plate collided on the western margin after colliding in the central part of
Tibet.

Keywords: Detrital zircon, U-Pb geochronology, Cenozoic sequence, Sulaiman foldthrust belt,
western margin, India-Asia collision
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Misis-Andirin Karmasiginda Gézlenen Dalma-batma Iliskili Orta Eosen
Yash Felsik Volkaniklerin Jeokimyasi ve Jeokronolojisi

Geochemistry and geochronology of Middle Eocene subduction-related felsic volcanics in the
Misis-Andirin Complex
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Ozet

Misis-Andirin Karmasigi'nda yiizeyleyen (MAK) felsik volkanik kayalarindan LA-ICP-MS zirkon
jeokronolojisi ve jeokimyasi (tlim kaya ve mineral kimyasi) verileri bu galisma ile ortaya konulmustur.
MAK, Dogu Akdeniz bolgesinde Neotetis'in kuzey aktif kenarinda gozlenen magmatik, sedimanter ve
tektonik siiregleri kapsamaktadir. MAK, Engizek (KD), Andirin (merkez) ve Misis (GB) segmentlerini
iceren aktif bir kita kenan birligini temsil etmektedir. Felsik volkanikler, yiiksek yiiklii olan kalicilig1
yiiksek elementler (HFSE) bakimindan fakir, biiyiik iyon yarigapl elementler (LILE) bakimindan
zengin ve yataya yakin nadir toprak element (REE) desenlerine sahiptir; bu paternler ve yani sira
biyotit kimyas1 verileri de dalma-batma zonu tektonik ortamini dogrulamaktadir. incelenen volkanik
birim genellikle riyolit, dasit ve nadiren andezit kayalarindan olusmaktadir ve Bulgurkaya
Formasyonu ile yer yer arakatkili yer yer tektonik dokanakli gozlenmektedir. Bu felsik volkanik
kayalar, normal okyanus ortasi sirt1 bazaltlarina (N-MORB) normalize edilmis 6riimcek diyagraminda
Ti ve Nb bakimindan goreceli tiiketilme ve Cs, Rb, Ba ve Th bakimindan ise kismi zenginlesme
gosterirken, bu veriler ilgili kayalarin yitim ortamindan tiiredigini énermektedir. Andirin bolgesinden
analiz edilen tiim volkaniklerin La/Nb (1.92-2.33) ve Nb/Th (1.0-1.12) oranlar1 yaygin olarak yay
magmatizmasi veya kabuk kaynagindan kirlenmis volkanik kayalar benzerligi gosterir. Ayrica
incelenen volkaniklerin neredeyse yatay Ba/La oranlar1 ile goreceli olarak artan Th/Yb oranlari,
sedimanterlerden veya kabuk Kkirliliginden kaynaklanabilecegini diigiindiirmektedir. MAK'daki
volkanik kayalarin analiz edilen Mg-Fe amfibolleriden elde edilen Al-hornblend termobarometrisi
(2.04 ila 1.55 kbar), bu kayalarda incelenen amfibollerin orta ila s1g kabuk seviyesinde kristallesmesini
temsil etmektedir ve bu maksimum 6.7 km ve minimum 5.1 km derinlige isaret etmektedir. Fe-Ti oksit
dengesine dayanan ilmenit-magnetit termometresi, Andirin bélgesindeki felsik magmanin yaklasik
717°C'de ve yaklasik 2.16 log biriminde fO2 (+1.51 NNO) oldugunu goéstermektedir. Bu ¢alisma da
analizleri sunulan volkanik kayalar, Eosen donemi boyunca olustugu ve bu yeni U-Pb zirkon
tarihlemesi (47.13 £ 0.5 My), Andirin bolgesindeki volkanik aktivitenin ¢ogunlukla Liitesiyen yasin
ortaya koymaktadir.

Anahtar Kelimeler: Felsik volkanik, Misis-Andirin Kompleks, GD Anadolu, Ada yay1, U-Pb zirkon
yaslandirmasi
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LA-ICP-MS zircon geochronology and geochemistry (whole-rock & mineral chemistry) from the
Misis-Andirim  Complex (MAC) volcanic rocks are reported. The MAC records magmatic,
sedimentary, and tectonic processes operating at the northern active margin of the Neotethys (South
Tethys) in the eastern Mediterranean region. The MAC represents an association of an originally
active continental margin including the Engizek (in the NE), Andirin (central) and Misis (in the SW)
segments. The felsic extrusives are depleted in HFSE (high-field-strength elements), enriched in LILE
(large-ion lithophile elements) and have flat-type REE patterns; these trends and also biotite chemistry
verify their supra-subduction zone tectonic environment. The studied volcanic unit consists of mainly
rhyolite, dacite and rare andesite rocks, and is intercalated with Bulgurkaya Formation. These felsic
extrusive rocks show relative depletions in Ti and Nb, and partial enrichment in Cs, Rb, Ba, and Th in
the N-MORB (normal-mid ocean ridge basalt) normalized spider plot, suggesting their derivation from
a supra-subduction geodynamic environment. The La/Nb (1.92-2.33) and Nb/Th (1.0-1.12) ratios of
all the analysed extrusives from the Andirin region present arc magmas or volcanic rocks affinity that
could have been contributed by crustal source and also examined volcanics yield nearly flat Ba/La
ratios with relatively increasing Th/Yb, suggesting the contribution of sediments or crustal
contamination. The Al-in-hornblende thermobarometry (2.04 to 1.55 kbar) of Mg-Fe hornblende in the
volcanics of the MAC represents their crystallization of amphibole in the moderate to shallow crustal
level at a maximum 6.7 km to a minimum 5.1 km depth. The ilmenite-magnetite thermometer based
on Fe-Ti oxide equilibria shows that the Andirin area felsic magmas were at 717°C and at an fO, of
approximately 2.16 log units (+1.51 NNO). The MAC extrusive volcanic rocks were produced
throughout the Eocene period, and our new U-Pb zircon dating (47.13 + 0.5 Ma) confirmed mainly
younger Lutetian age of the volcanic activity in the Andirin area.

Keywords: Felsic volcanics, Misis-Andirin Complex, SE Anatolia, Island arc, U-Pb zircon dating
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Kiitahya Yoresindeki (Bati Apadolu, Tiirkiye) Kalislerin Paleoiklimsel
Kaydimin Kararh Izotop Analiziyle Arastirilmasi

Exploring The Paleoclimatic Record Of Calcretes in Kiitahya Region (Western Anatolia,
Tiirkiye) Through Stable Isotope Analysis

Ersel GOZ

Kiitahya Dumlupinar Universitesi Jeoloji Miihendisligi Bolimii, Evliva Celebi Yerleskesi, 43100, Kiitahya,
TURKIYE
(erselgoz@gmail.com)

Ozet

Bu caligmada Kiitahya ilindeki kaliglerin kararli karbon ve oksijen izotop analiz sonuglar
incelenmistir. Calisma alaninin temel kayaci, iizerine uyumlu olarak Permo-Triyas mermerlerinin
geldigi Paleozoik metamorfik kayaclardan olusmaktadir. Bu mermerler, tektonik olarak bir ofiyolitik
melanj tarafindan ustlenir. Ofiyolitik melanj ise, Neojen yasli volkanik kayaglar ve akarsu-gol
tortullar1 tarafindan uyumsuz bir sekilde ortiilmiistiir. Bu akarsu-gol tortullart; ¢akiltaslari, kumtaslari,
camurtaglari, kiltagi, komiir, marn ve kirectasindan meydana gelmistir ve bu tortullar tif ile lav
arakatmanlanmalidir. Kaligler, taskin diizliigii ¢okellerinde olusmus ¢amurtaglarinin iginde ve/veya
lizerinde bulunmakta olup, yumrulu, masif ve gatlak dolgu seklinde goriilmektedir. Kalislerin §3C ve
3180 degerleri sirastyla -3.88%o ile -5.29%o ve -7.98%o ile -8.40%o arasinda degismektedir. Bu izotopik
degerler, kaliglerin meteorik toprak suyu kokenli oldugunu gostermekte ve Kiitahya bolgesindeki iklim
kosullarin1 yansitmaktadir.

Anahtar Kelimeler: Durayli izotop analizleri, Paleoiklim, Kalis, Kiitahya, Neojen
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Abstract

In this study, the stable carbon and oxygen isotope analysis results of calcretes from the Kiitahya city
(Western Anatolia, Tiirkiye) have been investigated. The basement rock of the study area consists of
Paleozoic metamorphic rocks, which are conformably overlain by Permo-Triassic marbles. These
marbles are tectonically overlain by an ophiolitic mélange. The ophiolitic mélange is unconformably
overlain by Neogene volcanic rocks and fluviolacustrine sediments. These fluviolacustrine sediments
are composed of conglomerates, sandstones, mudstones, claystones, coal, marls, and limestones, with
interbedded tuffs and lavas. Calcretes are found within and/or on floodplain deposits of mudstones,
and occur in nodular, massive, and fracture infill forms. The §*3C and 60 values of the calcretes
range from -3.88%o to -5.29%0 and from -7.98%. to -8.40%o, respectively. These isotopic values
indicate that the calcretes have a meteoric soil-water origin and reflect the climatic conditions in the
Kiitahya region.

Keywords: Stable isotope analysis, Paleoclimate, Calcrete, Kiitahya, Neogene
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Petrography, Geochronology, and Petrochemistry of Posof Region (Ardahan, Tiirkiye)
Miocene Volcanic Rocks: Preliminary findings
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Ozet

Dogu Anadolu Bolgesi ¢arpisma ile iligkili volkanizmanin diinyada en iyi goriildiigli alanlardan biri
olarak kabul edilir ve bdlgenin jeodinamik gelisiminin agiklanmasi agisindan olduk¢a Onemlidir.
Miyosen’den Kuvaterner’e kadarki siirecte carpisma kokenli volkanik aktivitenin yaygin olarak
gozlendigi calisma alan1 Erzurum-Kars platosunun kuzeydogusunda, Ardahan ilinin kuzeyinde Damal
ve Posof ilgelerini kapsamaktadir. Bu ¢alismada yeni elde edilen yas verileri ile volkano-stratigrafik
gelisim ortaya koyulmus ve ana oksit, iz ve nadir toprak element jeokimyasal karakteristikleri
irdelenmistir.

Calisma sahasmin tabani kiltasi, silttagi, kumtagi ardalanmasi ile list seviyelere dogru kirectasi ve
cortlii kirectaslarindan olusur. Miyosen yagli bazaltik volkanik kayaclar ¢aligma sahasi iginde en genis
yayilim gosteren birim olup ¢ogunlukla koyu gri ve siyahtan agik kahveye kadar degisen renkler
sergilerler. “°Ar / ®Ar radyometrik yas verilerine gore inceleme alaninda yiizeyleme veren bazik
volkanik kayaglar Miyosen’e denk gelen 8.6 + 0.1 ile 7.3 £ 0.1 My arasinda degisen yaslar sergilerler.
Bazik ve ortag karakterli olan volkanik kayaglar plajiyoklas + klinopiroksen + olivin +opak
minerallerden olusup bazalt, bazaltik andezit ve andezit bilesimlidir. incelenen kayac¢ gruplarinda
mikrolitik porfirik, hyalo mikrolitik porfirik, intersertal doku yaygin olarak gozlenir. Ayrica kayaglarin
gelisiminde etkili olan magma karigiminin varligina isaret eden dengesizlik dokularindan elek dokusu,
kemirilme ve zonlu dokulara sik rastlanmaktadir. Miyosen yasl volkanik kayaglarin SiO icerikleri %
48.14 - 61.22, Al,Ozigerikleri % 14.81 — 16.86, MgO igerikleri % 3.01 - 8.13, TiO- igerikleri % 0.67 -
1.32 ve Mg# 34.9 - 51.3 arasindadir. Kalk-alkalen-sosonitik afiniteye sahip kayag¢larin ilksel mantoya
normalize Oriimcek diyagramlarinda yitim zonu zenginlesmesi ve/veya franksiyonel kristallenme-
kabuk asimilasyonu etkisini ifade eden BILE (Sr, K;0, Rb, Ba), Th ve Ce bakimindan zenginlesme,
yiiksek ¢ekim alanli elementler olan Zr, Y, Nb, Ta ve TiO’de tiiketilme gézlenmektedir. Elde edilen
veriler 1s1ginda, kayaglari olusturan magmalarin ekstansiyonel ortamda daha oOnceki bir yitimle
zenginlesmis bir manto kaynagindan tiiredigi ve magma karisimi ve/veya kabuk asimilasyonu gibi
magmatik islemlerle son halini aldig1 sGylenebilir.

Anahtar Kelimeler: Posof (Ardahan), Volkanik Kayaglar, “°Ar-**Ar yaslandirmasi, Miyosen, Tiirkiye

63



17-19 Ekim 2024, Antalya, Tiirkiye

1&.Jeokimya 1 Geochemistry

Sempozyumu Symposium
17-19 October 2024, Antalya, Tiirkiye

Abstract

The Eastern Anatolian Region is accepted as one of the best places in the world to observe collision-
related volcanism and, it is crucial to explain the geodynamic evolution of the region. The study field
that the collision-related volcanism observed from Miocene to Quaternary covers the Damal and Posof
towns in the north of Ardahan city, in the northeast of the Erzurum-Kars Plato. This study proposed
the volcano-stratigraphic evolution considering newly obtained geochronological data and examined
the major, trace, and rare earth element geochemical characteristics.

The base of the study area comprises claystone, siltstone, and sandstone alternation and passes to the
limestone and chert-bearing lime stones through to the upper levels. The Miocene volcanic rocks that
came up to these units show the widest propagation in the study area and their colors mostly vary from
dark gray to black and light brown. The basic volcanic rocks outcropped in the study field display ages
between 8.6 + 0.1 and 7.3 + 0.1 Ma corresponding to Late Miocene according to “°Ar / ¥Ar dating.
The volcanic rocks basic and intermediate in characters are composed of olivine, plagioclase,
clinopyroxene, and opaque minerals with microlithic porphyritic, hyalo-microlithic porphyritic, and
intersertal textures. Besides, the disequilibrium textures such as sieve texture, embayment, and zonings
indicating magma mixing in the evolution of the magmas of the volcanic rocks are encountered. The
Miocene volcanic rocks show % 48.14 - 61.22 wt. % SiO,, 14.81 — 16.86 wt.% Al,O3, 3.01 - 8.13
wt.% MgO, 0.67 - 1.32 wt.% TiO; and their Mg# vary between 34.9 and 51.3. The Primitive mantle
normalized spider patterns of the volcanic rocks in calc-alkaline-shoshonitic affinity show significant
enrichment of LILEs (Sr, K20, Rb, Ba), Th, and Ce and depletion in HFSEs like Zr, Y, Nb, Ta, and
TiO2 suggesting the influence of subduction processes and/or fractional crystallization-crustal
assimilation in forming these rocks. In light of all the obtained data, It may be asserted that the
magmas composing Late Miocene volcanic rocks were derived from enriched mantle sources
metasomatized by former subduction events and reached their final form by fractional crystallization,
magma mixing, and/or crustal assimilation processes.

Key Words: Posof (Ardahan), volcanic rocks, “°Ar-*Ar dating, Miocene, Tiirkiye
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Yukarikulaca (Giimiishane, Tiirkiye) Tersiyer Volkanik Kayac¢larin
Petrografisi, Jeokronolojisi ve Petrokimyasi

Petrography, Geochronology, and Petrochemistry of Tertiary Yukarikulaca (Giimiishane,
Tiirkiye) Volcanic Rocks
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Ozet

Dogu Pontid orojenik kusag icerisinde Eosen yasli volkanik kayaclar genis bir yayilim gdsterirken,
Miyosen yash kayaglar dar alanlarda ve smurli hacme sahiptirler. Tersiyer volkanik provensi
volkanizmanin petrokimyasal karakterine gore genellikle Kuzey zonda (Trabzon-Giresun yoreleri)
alkalen ve giliney zonda (Giimiishane-Kale, Siran, Alucra yoreleri) kalkalkalen olmak {izere iki farkli
alt provense ayrilmistir. Bu ¢alismada Dogu Pontid orojenik kusag giineyinde Yukarikulaca (Siran)
yoresinde yiizeylenen calisma konusu kayaglara ait yeni petrografik, jeokronolojik ve petrokimyasal
veriler sunulmustur.

Calisma alanindaki taban kayaclar1 olusturan Jura ve Geg¢ Kretase yash birimler tizerinde bulunan
andezitik kayaclar petrografik olarak kristalce zengin mikrolitik bir hamur igerisinde plajiyoklas,
amfibol, klinopiroksen fenokristalleri ve opak mineraller icerirken, andezitik kayaglar1 keserek
yerlesen obsidiyen ve riyolitler ise camsi hamur igerisinde plajiyoklas, biyotit ve kuvarstan
olusmaktadir. “°Ar-*Ar yaslandirma metodu petrografik olarak ayirtlanmis kaya¢ gruplar iizerinde
hamur ve volkanik cam fazlarinda gerceklestirilmistir. Andezitik kayaglar Eosen-Liitesiyen’e karsilik
gelen sirasiyla 46.1-44.0 My vermistirler. Obsidiyen ve riyolitlerden ise Orta Miyosen-Mesiniyen’e
denk gelen 5.9 My yaglar elde edilmistir. N-OOSB (tiiketilmis okyanus ortasi sirti bazalti)’ye
normalize iz element degisim diyagramlarinda hem Eosen yash andezitik kayaclar hem de Miyosen
yaslt obsidiyen ve riyolitler BILE (Sr, K20, Rb, Ba), Th ve Ce bakimindan zenginlesme, Zr, Y, Nb, Ta
ve TiO; bakimindan fakirlesme ile karakterize edilen yitim izine sahiptirler. Kondrite normalize NTE
degisim paternlerinde her iki grup kayag, paralel desenler sergilemesine ragmen Eosen yaslh kayaclar
N-OOSB’ye gore daha zenginlesmis NTE degerlerine sahiplerdir. Eosen yasl volkanik kayaglarin
Lan/Ybn oranlart 3.80-8.09 arasinda degisirken Miyosen yasli volkanik kayaglarin Lan/Ybn oranlart
10.71-15.72 arasindadir.

Sonug olarak tiim veriler 15181nda; Dogu Pontidler’in giineyinde Eosen ve Miyosen yasli volkanik
kayaclar1 olusturan magmalarin ekstansiyonel tektonik rejime bagh olarak, yitimle metazomatizmaya
ugramig litosferik manto kaynagindan tiiredigi, bu magmalarin kabukla zamansal ve mekansal olarak
etkilesimiyle son haline ulagtig1 sdylenebilir.

Anahtar Kelimeler: Tiirkiye, Dogu Pontid, obsidiyen, riyolit petrokimya, “°Ar-**Ar yaslandirmasi
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Abstract

The Tertiary volcanic rocks in the Eastern Pontide orogenic belt show wide distribution during the
Eocene epoch, while Miocene volcanic rocks are outcropped in restrained areas with limited volume.
The Tertiary Volcanic Province of the Eastern Pontides is subdivided into two different volcanic
subprovinces, the alkaline in northern (Trabzon-Giresun areas) and the calc-alkaline in southern
(Giimiishane-Kale and Siran-Alucra areas) zones according to the petrochemical character of the
volcanism. This study presents new petrographic, geochronologic, and petrochemical data of the
studied rocks that outcropped in Yukarikulaca (Siran), south of the Eastern Pontide orogenic belt.

The andesitic rocks come up to the basement rocks composed of Jura and Cretaceous in age
petrographically contain plagioclase, amphibole, clinopyroxene, and opaque minerals in the crystal-
rich matrix whereas the obsidian and rhyolites that intruded by cross-cutting andesitic rocks have
plagioclase, biotite and quartz in a glassy matrix.*’Ar-**Ar step-heating dating method was carried out
on the volcanic glass and groundmass fractions from the petrographically separated rock groups. The
andesitic rocks yielded 46.1-44.0 Ma corresponding to Middle Eocene-Lutetian. The obsidian and
rhyolites yielded 5.90 Ma indicating Middle Miocene-Messinian. In the N-MORB normalized trace
element diagrams, both Eocene andesitic rocks and Miocene obsidian and rhyolites have patterns that
reveal subduction fingerprints with enrichment in LILE (Sr, Kz0, Rb, Ba), Th, and Ce and depletion in
Zr, Y, Nb, Ta and TiO,. Although the Chondrite normalized REE patterns of the rock groups display
parallel patterns, Eocene volcanic rocks have more enriched REE contents about the N-MORB. The
Lan/Ybn ratio of the Eocene volcanic rocks varies between 3.80 and 8.09, and the Lan/Ybn ratio of the
Miocene volcanic rocks is between 10.71 and 15.72.

Conclusively, in light of all data, it may be suggested that the magmas of the Eocene and Miocene
volcanic rocks in the south of the Eastern Pontides evolved from subduction-induced metasomatized
lithospheric mantle source and these magmas reached their final form by spatially and temporally
depending on interactions of the lower crust in the extensional setting.

Key Words: Tiirkiye, Eastern Pontide, obsidian, rhyolite, petrochemistry, “°Ar-*Ar dating
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Teskuduk Ofiyoliti (Merkezi Kizilkum-Ozbekistan) Tiim Kayac, Mineral
Kimyasi ve Zirkon U-Pb Verileri: Giiney Tien Shan Orojenik Kusaginin
Bati Kismindaki SSZ Ofiyolitine Yoénelik Bir Cikarim

Whole Rock, Mineral Chemistry, and Zircon U-Pb Data of Teskuduk Ophiolite (Central
Kyzylkum-Uzbekistan): An implication for SSZ Ophiolite in the Western Part of the South
Tien Shan Orogenic Belt
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Ozet

Orta Asya Orojenik Kusagi’nin giiney boliimiinde yer alan Geg¢ Paleozoyik Tien Shan Orojenik
Kusag1 Kuzey, Orta ve Gliney Tien Shan tektonik birliklerine ayrilir. Giiney Tien Shan kusaginin en
bat1 boliimii Ozbekistan topraklarinda yer alir ve Diinyaca iinlii maden yataklarina (Ornegin Muruntau
altin), evsahipligi yapar. Bu kusak boyunca gozlenen ofiyolitler diizenli istiflerden ziyade yigisim
kompleksleri ve melanj karakterindedir. Bu galisma kapsaminda Teskuduk ofiyolitine ait ultamafik ve
mafik kayaglardan tim kayag¢, mineral kimyas1 ve zirkon U-Pb g¢aligmalan yiritilmiistiir. Calisma
alaninda, stratigrafik olarak en altta metasedimanter kayaclar ve metabazaltlar gozlenmektedir. Bu
birimlerin tizerinde tektonik dokanakla gelen serpantinlesmis dunit ve/veya lerzolit/harzburjit kayalari,
bunlarin da tizerinde tektonik dokanakla ultramafik kiimiilatlar (verlit, vebsterit, ortopiroksenit vb) ve
gabrolar bulunmaktadir. Serpantinitler yer yer diyabaz dayklar tarafindan kesilmistir. Gabrolarin
icerisinde plajiyogranit sokulumlar1 gozlenmektedir. Ultramafik kayaglar yogun serpantinlesmisken
mafik kayalarda da metamorfizma etkileri gozlenmektedir. Teskuduk Ofiyoliti’'ne ait harzburjitler
Al;03-CaO diyagraminda yay-6nii peridotit alani iginde yer almaktadir. Th/Yb ve Nb/Yb
diyagraminda, mafik ve ultramafik kayalar okyanus ortasi sirt1 bazalt-okyanus adas1 bazaltt (OOSB-
OAB) dizisinin lizerinde ve ¢ogunlukla volkanik yay bazaltlar1 alan iginde yer almaktadir. Biitiin
ornekler oldukga diisiik Ti igerikleriyle Volkanik Yay alanina diismektedir. Th elementinde pozitif ve
Nb elementinde negatif anomaliler gozlenmektedir. Ultramafik-mafik kiimiilatlar ve gabrolarin
klinopiroksen mineralleri ¢ogunlukla “diyopsit” bilesimindedir. Ultramafik kiimiilatlardaki
klinopiroksenler % 0,10-0,18 TiO, ve % 0,11-0,36 Na.O, % 2,79-4,89 Al,Os % 21,32-23,70 CaO
icerikleri ve yliksek Mg#(85,7-90,6 ) degerlerine sahiptir. Mafik kiimiilatlar ise kismen daha ytiksek
TiO2 (%0,03-0,37) ve Na.O (%0,05-0,71) benzer Al,Os (%1,23-5,22), CaO (%18,20-24,72) igerikleri
ve daha diisik Mg# (77,4-84,0) degerlerine sahiptir. Gabrolar ise %0,17-0,25 TiO, ve %0,10-0,20
Na,O, %2,09-2,97 Al;Os, %23,51-24,51 CaO igerikleri ve 84,9-87,8 Mg# degerlerine sahiptir. Bu
veriler yitim zonu istii ofiyolitleriyle uyumlu goziikmektedir. Gabrolarda gézlenen plajiyoklazlarin
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An igerikleri 98,8- 99,8 (anortit), kiimiilat gabrolarda 86,8- 73,2 (anortit-bitovnit) diyabaz dayklarinda
100- 76,6 (anortitten bitovnite) arasinda degismektedir. Buna gore mafik kiimiilat kayaclarinin
plajiyoklaslar1 Ca’ca zengindir.

Teskuduk ofiyolitine ait amfibol-gabro, gabro ve diyabazlardan sirasiyla 472,16+£2,39 My,
463,02+2,78 My, 456,76+3,67 My Zirkon U-Pb yaslari elde edilmistir. Tiim bu verilere gore Tiirkistan
Okyanusu’nun fiiriinleri olan Teskuduk ofiyolitleri Ge¢ Kambriyen-Ordovisyen araliinda olusmus
yitim zonu iistii ofiyolitlerdir.

Anahtar Kelimeler: Mineral kimyasi, Giiney Tien Shan, Teskuduk, SSZ, U-Pb

Katki Belirtme: Bu ¢alisma TUBITAK 119N747 no’lu proje tarafindan desteklenmistir.
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Abstract

The Late Palaeozoic Tien Shan Orogenic Belt, located in the southern part of the Central Asian
Orogenic Belt, is divided into North, Central and South Tien Shan tectonic units. The westernmost
part of the Southern Tien Shan belt is located within Uzbekistan and is hosted world-class mineral
deposits (e.g., Muruntau gold). The ophiolites observed along this belt are characterized by
accretionary complexes and mélange rather than regular stratified sequences. In this study, whole rock,
mineral chemistry, and zircon U-Pb age dating were conducted on ultramafic and mafic rocks
belonging to the Teskuduk ophiolite. In the study area, metasedimentary rocks and metabasalts are
observed at the base of the stratigraphy. These units are overlain by serpentinized dunite and/or
Iherzolite/harzburgite rocks, which are tectonically juxtaposed with ultramafic cumulates (wehrlite,
websterite, orthopyroxenite, etc.) and gabbros. The serpentinites are locally intruded by diabase dikes.
Within the gabbros, plagiogranite intrusions are observed. While the ultramafic rocks are highly
serpentinized, the mafic rocks also exhibit metamorphism effects. The harzburgites of the Teskuduk
Ophiolite are situated within the fore-arc peridotite field on the Al,O3 vs. CaO binary diagram. On the
Th/Yb vs. Nb/Yb diagram, both mafic and ultramafic rocks fall above the mid-ocean ridge basalt-
ocean island basalt (MORB-OIB) array, predominantly within the volcanic arc basalt field. All
samples fall within the volcanic arc field due to their very low Ti contents. Positive anomalies in Th
and negative anomalies in Nb are observed. The clinopyroxenes in ultramafic-mafic cumulates and
gabbros are mostly "diopside™ in composition. Clinopyroxenes in ultramafic cumulates contain 0.10-
0.18% TiO,, 0.11-0.36% Naz0O, 2.79-4.89% Al,Os, 21.32-23.70% CaO, and have high Mg# values
(85.7-90.6). Mafic cumulates have slightly higher TiO; (0.03-0.37%) and Na»O (0.05-0.71%) with
similar AlO; (1.23-5.22%) and CaO (18.20-24.72%) contents, and lower Mg# values (77.4-84.0).
Gabbros contain 0.17-0.25% TiO, 0.10-0.20% NaO, 2.09-2.97% Al,Os, 23.51-24.51% CaO, and
have Mg# values of 84.9-87.8. These data are consistent with supra-subduction zone ophiolites. The
plagioclases observed in gabbros have An contents ranging from 98.8-99.8 (anorthite), in cumulate
gabbros from 86.8-73.2 (anorthite-bytownite), and in diabase dikes from 100-76.6 (anorthite to
bytownite). This indicates that the plagioclases in mafic cumulates are rich in Ca.

Zircon U-Pb ages of 472.16+2.39 Ma for amphibole gabbro, 463.02+2.78 Ma for gabbro, and
456.76+3.67 Ma for diabase have been obtained for the Teskuduk ophiolite. Based on these data, the
Teskuduk ophiolites, products of the Turkistan Ocean, are supra-subduction zone ophiolites that
formed during the Late Cambrian to Ordovician period.

Keywords: Mineral chemistry, Southern Tien Shan, Teskuduk, SSZ, U-Pb
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Ozet

Kiitahya bolgesinde yiizeylemeler sunan Kinik Ofiyoliti baslica ultramafik-mafik kayacglar ve
metamorfik dilimden olusmakta olup Cogiirler melanji iizerinde tektonik dokanakla yeralmaktadir.
Ofiyolitik kayaclar Kinik Kdyii ¢evresinde peridotitler ve gabroyik kayaglarla, Kaynarca bolgesinde
ise peridotitler ve metamorfik dilim kayaglari ile temsil edilirler. Kinik Ofiyoliti’nin tabaninda yer alan
metamorfik kayaglar genel olarak kuvars sistler, amfibol sistler, amfibolitler ve granat amfibolitlerden
olugmaktadir. Metamorfik kayaglar deformasyona bagl olarak kivrimlanmis ve iyi geligsmis gistozite
sunmaktadir. Metamorfik kayaclar ile manto peridotitleri arasindaki dokanak iliskisi acik bir sekilde
gozlenebilmektedir. Metamorfik kayaglar igerisinde yaygin olarak gozlenen amfibolitler ve granath
amfibolitler nematoblastik ve nemato-granoblastik doku gostermektedir. Amfibol ve plajiyoklaz ana
mineral Dbilesenleri olup az miktarda kuvars, Fe-Ti-oksitler, titanit, apatit mineralleri de
gozlenmektedir. Ikincil mineral fazi olarak klorit ve epidot gozlemlenir. Granatli amfibolitlerde
granatlar yuvarlaklagmis porfiroblast seklinde ve kirikli yapida olup almandin ile temsil edilirler
Amfiboller kalsik bilesimli olup Mg- hornblend ve cermakitden olusur. Plajiyoklaslar ise albit
bilesimlidir. Amfibolitler magmatik kokenli (orto) olup klinopiroksen, plajiyoklaz ve Fe-Ti-oksitlerin
fraksiyonlanmasiyla olusan sub-alkalen bazalt ile toleyitik bazalt arasinda bir bilesime sahiptirler.
Amfibolitik kayaglarin N-MORB’a gére normalize edilmis ¢oklu element desenleri ve kondrite gore
normalize edilmis nadir toprak element desenleri bu kayaclarin genel olarak zenginlesmis okyanus
ortasi sirt1 bazaltlar1 (E-MORB) ve okyanus adasi bazaltlar1 (OIB) arasinda bir bilesime sahip
olduklart séylenebilir. Tiim bu ozellikler gbz Oniine alindiginda; amfibolitlerin kdken kayaglarinin
zenginlesmis bir manto kaynaginin degisik derecelerde kismi ergimesine bagli olarak olustuklar
sOylenebilir.

Metamorfik dilim kayaglarindan ayiklanan titanit mineral fazlar kullanilarak iki 6rnekte 98.5 £ 2.3
My ve 88.0 = 6.7 My U-Pb alt kesisim yaslar1 elde edilmigtir. Metamorfik dilim kayac¢larinin maruz
kaldig1 basing-sicaklik kosullarina yaklasimda bulunmak tizere Theriak-Domino yazilimsal metodu
kullanilarak P-T diyagrami hazirlanmistir. Buna gore bir amfibol sist 6rneginde; 5.75+1.15 kbar (P) ve
513£13°C (T) ilerleyen (alt amfibolit fasiyesi) ve 4.8+1 kbar (P) ve 402+20°C (T) gerileyen (alt
yesilsist fasiyesi) metamorfizma kosullari elde edilmistir.

Anahtar Kelimeler: Kinik ofiyoliti, Amfibolit, Jeokronoloji, Metamorfizma, Jeokimya
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Abstract

Kinik ophiolite cropping out in Kiitahya region mainly consists of ultramafic-mafic and related
metamorphic sole rocks that tectonically overlie the Cogiirler melange. Mantle peridotites and
gabbroic cumulates are seen at Kinik village. Whereas the Kaynarca region is represented by mantle
peridotites and metamorphic sole amphibolites. Metamorphic rocks at the base of the Kinik Ophiolite
generally consist of quartz schists, amphibole schists, amphibolites and garnet amphibolites.
Metamorphic rocks present folding and well-developed schistosity due to deformation. The contact
relationship between metamorphic rocks and mantle peridotites can be clearly observed.
Amphibolites and garnet amphibolites, which are commonly observed in metamorphic rocks, show
nematoblastic and nemato-granoblastic textures. Amphibole and plagioclase are the main mineral
components, and small amounts of quartz, Fe-Ti-oxides, titanite and apatite minerals are also
observed. Chlorite and epidote are observed as secondary mineral phases. In garnet-bearing
amphibolites, garnets are in the form of rounded porphyroblasts and they are highly fractured. The
garnets are characterized by almandine. Amphiboles have calcic composition and consist of Mg-
hornblende and chermakite. Plagioclases are albite in composition. Amphibolites are of magmatic
origin (ortho) and have a composition between sub-alkaline basalt and tholeiitic basalt, formed by the
fractionation of clinopyroxene, plagioclase and Fe-Ti-oxides. N-MORB normalized multi-element
patterns as well as chondrite-normalised rare earth element (REE) patterns of amphibolitic rocks
suggest that they generally have a composition between enriched mid-ocean ridge basalts (E-MORB)
and oceanic island basalts (OIB). This suggests that protholit of the amphibolites was derived from an
enriched mantle source by different degrees of partial melting.

Two samples from the metamorphic sole rocks yielded 98.5 + 2.3 Ma and 88.0 + 6.7 Ma titanite U-Pb
lower intercept ages. Theriak-Domino software method was used to in order to estimate pressure-
temperature conditions of the metamorphic sole rocks. Accordingly, in an amphibole schist sample; a
progressive (lower amphibolite facies) metamorphism conditions of 5.75+1.15 kbar (P) and 513+£13°C
(T) and a regressive (lower greenschist facies) of 4.8+1 kbar (P) and 402+20°C (T) were obtained.

Keywords: Kinik ophiolite, Amphibolite, Geochronology, Metamorhism, Geochemistry
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bearing Syenites
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Ozet

Neotetis’in kapanmasi I¢ Anadolu Kristalen Kompleksi’nde (IAKK) Geg Kratese-Erken Paleojen
boyunca kalkalkalenden alkalene kadar degisen felsik ve mafik magmatizmanin olusumuna neden
olmustur. Alkalen felsik iiriinlerin kdkeni iyi anlasiimasina ragmen, ézellikle I¢ Anadolu Bolgesi’nin
dogu kesimlerinde bulunan iiriinler ile bati kesimlerindeki eslenikleri ile karsilastirilmasina yonelik
yeterince veri bulunmamaktadir. Ozvatan siyenitleri gen¢ felsik magmatizmanmn I¢ Anadolu
Bolgesi’nin en dogu kesiminde gozlendigi yerdir. Bu kayalarin kokenini ve yayilimini ortaya koymak
amactyla ayrmtil petrografik, tiim kayag jeokimyasi ve Sr-Nd-O izotop calismalar1 yapilmistir ve ¢
Anadolu Bélgesi’ndeki eslenikleri ile karsilastirilmistir. Kayseri ili Ozvatan kasabasi civarinda yiizlek
veren foid igerikli siyenitler Paleozoyik metamorfik kayalarma sokulum yapmustir. Foid igerikli
siyenitler holokristalen hipidiyomorf dokulu olup nefelin, alkali feldispat, plajiyoklaz, mika, amfibol,
klinopiroksen, granat, kankrinit, sodalit ile az oranda sfen, zirkon, apatit, fluorit ve opak minerallerden
olugmaktadir. Mineral kimyas1 alkali feldispatlarin ortoklaz, plajiyoklazlarin bitovnit, piroksenlerin
cogunlukla diyopsit, amfibollerin hastingsit, kankrinitlerin visnevit, granatlarin melanit (andradit) ve
mikalarin annit ve filogopit bilesiminde oldugunu gdstermektedir. Klinopiroksen termobarometresi
foid igerikli siyenitler i¢in 963-1218°C ve 5.1-15.6 kbar vermektedir. Mika termobarometresi 618—
546°C ve 0-3.3 kbar i¢in 10-16.86-10-19.35 olan yiiksek oksijen fugasitesi gostermektedir. Detayli
mineralojik, petrografik ve mineral kimyasi calismalar1 Ozvatan siyenitlerinin tiiremis odugu ergiyigin
60 km’den daha derinden gelmis olabilecegini gostermektedir. Bunun yani sira, mika minerallerinin
mineral kimyasi Ozvatan siyenitlerinin kabuk-manto karisimindan kaynaklanan bir magmadan
olusgtuklarmi ve bdlgede Pb-Zn-Mo-Cu-Fe-Sn-W minerallesmesinin olusumunda rolii oldugunu
gostermektedir. Ozvatan siyenitlerinin yiiksek 87Sr/%6Sr (0.707822-0.710544) ve diisiik ***Nd/***Nd
(0.512300-0.512379) igerikleri kitasal kabuksal bilesenleri igeren manto kaynagini gdstermektedir.
Ozvatan siyenitlerinin nefelin oksijen izotop verilerinin ‘%0 degerleri +9.4 - +10.5%o araligindadir ve
manto-kabuk kdkeni i¢in Onerilen degerler ile uyumludur. Tiim izotop verileri bu intriizif kayalarin
Zengmlesmls manto kaynagindan kabuksal kirlenme ile fraksiyonel kristallestigini gostermektedir.
Ozvatan siyenitleri i¢ Anadolu Bélgesi’ndeki eslenikleri ile karsilastirildiginda ugucu bilesenlerce
daha zengin, kabuk etkisinin daha az oldugu bir kaynaktan tiiredigi ve daha derin bir kaynaktan geldigi
sOylenebilir.

Anahtar Kelimeler: Ozvatan nefelin siyeniti, jeotermobarometre, Sr-Nd-O izotop Jeokimyasi, I¢
Anadolu, Tiirkiye.
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Abstract

The closure of Neotethys induced from calcalkaline through alkaline felsic and mafic magmatism
within the Central Anatolia Crystalline Complex (CACC) during the Late Cretaceous-Early
Paleogene. Despite the genesis of alkaline felsic products are well understood, there is lack of data and
petrogenetic explanation about especially alkaline felsic products in the eastern part of the Central
Anatolia region and their relation between the equvalents in the western parts. Ozvatan syenites is the
area where these late felsic magmatism is observed at the most eastern part of Central Anatolia. In
accordance with reveal the origin and spread of these rocks, we have carried out detailed petrographic,
whole rock geochemical and Sr-Nd-O isotopic study in order to unravel all of these and compared
with the equvalents within the Central Anatolia Region. Foid bearing syenites, which outcrop near
Ozvatan town in the vicinity of Kayseri city, intruded into the Paleozoic metamorphic rocks. The foid
bearing syenites have holocrystalline hipidiomorph texture and contain nepheline, alkali feldspar,
plagioclase, mica, amphibole, clinopyroxene, garnet, cancrinite, sodalite with rare amount of sphene,
zircon, apatite, fluorite and opaque minerals. The mineral chemistry reveal that the alkali feldspars are
orthoclase, plagioclases are bytownite, the pyroxenes are mostly diopsite, amphiboles are hastingsite,
cancrinite are vishnevite, garnets are melanite (andradite), micas are annite and phlogopite in
compositions. The clinopyroxene thermobarometry yielded 963-1218°C and 5.1-15.6 kbar for foid
bearing syenites. Mica thermobarometry shows elevated oxygen fugacity varying from 10-16.86-10-
19.35 at 618-546°C and 0-3.3 kbar. The detail mineralogical, petrographical and the mineral
chemistry studies reveal that the melt from which Ozvatan syenites may derived from a depth over 60
km. On the other hand, the mineral chemistry of the mica reveals that Ozvatan syenites are generated
from the crust-mantle mixed source magma and acting in the formation of Pb-Zn-Mo-Cu-Fe-Sn-W
mineralization within the study area. The high #Sr/%Sr (0.707822-0.710544) and low *Nd/**Nd
(0.512300-0.512379) of Ozvatan syenites are indicative of mantle sources with large continental
crustal components. Nepheline oxygen isotope data from Ozvatan syenites have a range of 5'%0 values
+9.4 - +10.5%0 and are compatible with the values for mixed (mantle-crustal) origin. The all isotope
data suggest that these intrusive rocks have experienced fractional crystallisation coupled with crustal
assimilation with enriched mantle source. When Ozvatan syenites compared with the equvalens in the
Central Anatolia Region, Ozvatan syenites are derived from a source which is richer in volatile
components with less crustal contamination and comes from a deeper source.

Keywords: Ozvatan nepheline syenite, geothermobarometry, Sr-Nd-O Isotope Geochemistry, Central
Anatolia, Tiirkiye.
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Ozet

Bu ¢alismanin amaci, Orta Anadolu’da sicakliklari 20 — 95°C arasinda degisen Giimiiskent (GK),
Kogpmar (KP), Dertalan (DA), Terme (TE), Kozakli (KZ), Bayramhac1 (BH), Karakaya (KK),
Tuzlusu (TZ), Ziga (ZG), Narligdl (NG), Yesilhisar (YH) ve Kemerhisar (KH) jeotermal sularinin
hidrojeokimyasal 6zelliklerini su kimyast ve su izotoplar1 yardimiyla karsilastirmak ve kdkenlerini
degerlendirmektir. Fay kontrollii bu sularin akiferleri Paleozoyik yasli mermerler ve Eosen yash
kiregtaglart; ortli kayalari ise gegirimsiz birimlerdir. Bu sularin 1s1 iiretim sistemi geng volkanizma ve
granitik/siyenitik sokulumlarin yani sira radyojenik kaynaklara da bagl olabilir. Karbonatli, siilfatli ve
tuzlu bu sularin tipleri KP, GK, BH ve TE’de Ca-HCOs3; KZ’de Na-SO4; DA’da Ca-SO4; TZ, ZG, NG,
KH, KK ve YH’da Na-Cl seklindedir. Izotopik (5 *%0 ve & 2H) acidan meteorik kokenli olan bu sular
genelde derin dolasimli ve yavas akislidir. Bazi sularda meteorik su dogrusundan gézlenen sapmanin
asil nedeni buharlasmadir. Sicakligr diisiik KH, YH ve KK’da uzun siireli gaz-kayac-su etkilesimi
sonucu bu sularin mineralizasyonlar1 yiikselmistir. Na-Cl tipli sularda tuzlanmanin sebepleri halit
mineralinin ¢éziinmesi ile TZ ve ZG’de Tuzgolii, YH ve KK’da Orta Kizilirmak ve KH’da Ulukigla
havzalarimin kapanimi sirasinda derinlerde kalmis daha yash sularin bu sulara karigmasi olabilir. **C
(%oPDB) degerlerine gore sulardaki CO. gazinin kaynagi, jeojenik (mermer, denizel ve golsel
kiregtas1) ve/veya manto olabilir. 534S %ovcor degerlerine gore sulardaki siilfatin kaynagi KK, ZG, KZ,
TZ, KH’da evaporitik, diger sularda ise volkanik ve/veya karbonat kayaglar olabilir. Sularin *C
yaslar1 DA’da en diisiik (19.15 ka), KK’da en yiiksektir (45.10 ka: kilo annum). S6z konusu sularin
14C degerleri gogunlukla toplam ¢dziinmiis karbonat veya bikarbonattaki modern biyojenik karbonun
katkisinin Slgiimii oldugu igin hesaplanan yaslar goriiniirdiir. Bu baglamda, incelenen sular geg
Pleyistosen ve erken Holosen doneminde sisteme girmis yasl sular olabilir.

Anahtar Kelimeler: Jeotermal sular, Karbon ve siilfiir izotoplari, Hidrojeokimya, Koken, Orta
Anadolu
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Abstract

The aim of this study is to examine of Glimiiskent (GK), Kog¢pinar (KP), Dertalan (DA), Terme (TE),
Kozakli (KZ), Bayramhacit (BH), Karakaya (KK) geothermal waters in Central Anatolia, where
temperatures vary between 20 - 95°C. To compare the hydrogeochemical properties of Tuzlusu (TZ),
Ziga (ZG), Narligdl (NG), Yesilhisar (YH) and Kemerhisar (KH) geothermal waters with the help of
water chemistry and water isotopes and to evaluate their origins. The aquifers of these fault-controlled
waters are of Paleozoic marbles and Eocene limestones; cover rocks are impermeable units. The heat
production system of these waters may be due to young volcanism and granitic/syenitic intrusions as
well as radiogenic sources. The types of these carbonated, sulfated and salty waters are Ca-HCOs in
KP, GK, BH and TE; Na-SOs4 in KZ; Ca-SO4 in DA; Na-Cl in TZ, ZG, NG, KH, KK and YH,
respectively. These waters, which are of meteoric origin in terms of isotopic (5 20 ve & 2H), generally
have deep circulation and slow flow. The main reason for the deviation observed from the meteoric
water line in some waters is evaporation. In KH, YH and KK with low temperatures, the
mineralization of these waters increased as a result of long-term gas-rock-water interaction. The
reasons for salinization in Na-Cl type waters may be the dissolution of the halite mineral and the
mixing of older waters that remained deep during the closure of the Tuzgolii basins in TZ and ZG,
Orta Kizilirmak in YH and KK, and Ulukisla basins in KH. According to *C (%oPDB) values, the
sources of CO; gas in waters may be geogenic (marble, marine and lacustrine limestone) and/or
mantle. According to 3*S %oVCDT values, the source of sulfate in waters may be evaporitic rocks in
KK, ZG, KZ, TZ, KH, and volcanic and/or carbonate rocks in other waters. The “C ages of the waters
are lowest in DA (19.15 ka) and highest in KK (45.10 ka: kilo annum). The calculated ages are
apparent because the “C values of the waters in question are often a measure of the contribution of
modern biogenic carbon to the total dissolved carbonate or bicarbonate. In this context, the waters
examined may be old waters that entered the system during the late Pleistocene and early Holocene
periods.

Keywords: Geothermal waters, Carbon and sulfur isotopes, Hydrogeochemistry, Origin, Central
Anatolia
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Abstract

Groundwater is an important prerequisite for sustaining life in areas that lack surface water. Especially
in regions with arid to semi-arid climate. The quality of groundwater depends on the influence of
many factors, the most important of which are the type of the reservoir rocks, and the type of the rocks
and the soil on which the water flow and infiltrated into the groundwater.

The study area is located northwest of the Al-Jazera region in northern Irag, south of Mount Sinjar,
with a length of 60 km and a width of 30 km towards Al-Baaj town in the south. The rainfall in the
region is about 350 mm / year. Therefore, the southern side of Mount Sinjar represents the catchment
area that feed the underground water reservoirs in the region. The residents in the area depend mainly
on well water for domestic and agricultural uses due to the lack of surface water.

Chemical analyses and physical tests (Ca?*, Mg?*, Na*, K*, HCOs, SO+, Cl-, NOgs, EC and TDS)
were used to estimate the drinking water quality index (WQI) and water classification parameters for
irrigation (percentage of sodium adsorption, SAR; percentage of sodium, SSP; percentage of
magnesium, MAR; the Permeability Index, Pl and Kelly's Ratio, KR). The northern part of the studied
area represents underground water reservoir in limestone layers, they are classified as (good) for
drinking purposes, this encourages to establish many residential complexes in the region. While the
southern part represents groundwater reservoirs in the evaporites layers. In addition to the effect of
infiltrated water that contain the dissolving products of gypsum and carbonate rock fragments. They
classified (poor — unsuitable) for drinking. The most wells indicated that their water are suitable for
irrigation. This helps to revive agricultural activities in the region, whether in supplementary irrigation
or irrigation.

Keywords: Water assessment, Water index, Sinjar, Hydrogeochemistry, Sinjar Mount.
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Determination of Temperature-Time Evolution of Geothermal System by Microthermometric

and Geochronological Data: An Application from the Kizildere Geothermal Field, Saraykoy-
Denizli, Buharkent-Aydin, SW Turkey
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Ozet

Bu calismada, giinlimiiz 6ncesi olusmus hidrotermal karbonat minerallerinin sivi kapanim ve izotop
jeokimyasi verileri yardimiyla Biiyilk Menderes grabeninin dogusunda Saraykdy (Denizli) ve
Buharkent (Aydin) arasinda yer alan Kizildere jeotermal sisteminin sicaklik-zaman evrimi
belirlenmistir. Jeotermal kokenli karbonat minerallerinde (kalsit ve dolomit) sivi kapanim ve izotop
jeokimyast (83C, &80, U/Th ve U/Pb) incelemeleri gergeklestirilmistir. Yiizeyden ve farkli
derinliklerdeki sondaj kirintilarindan alian 6rneklerden ayirt edilen saf kalsit ve dolomitlerin U/Th ve
U/Pb yas verilerine gore, jeotermal karbonat mineralleri 10-20 bin yil (Ust Pleyistosen-Alt Holosen),
200-500 bin y1l (Orta Pleyistosen) ve 500 bin yil dnce (0.5-2.1 milyon yil, Alt Pleyistosen) olmak
tizere birbirini izleyen li¢ donemde ¢okelmistir. Farkli donemlerde ¢okelen hidrotermal kalsitlerde sivi
kapanim homojenlesme sicakliklar1 500 bin yildan dncekiler igin en diisiik (Thortatama = 140-150 °C),
buna karsin 10-20 bin yil dnce ¢okelenler icin en yliksek (Thortalama = 160-200 °C) degerlerdedir. Elde
edilen sicaklik ve yas verileri Kalsit-CO> ve dolomit-CO- i¢in hesaplanan izotopsal ayrimlagma egrileri
tizerinde degerlendirilmistir. Buna goére giiniimiiz-6ncesi karbonat minerallerini olugturan CO; izotop
bilesiminin giiniimiiz CO.’in bilesiminden daha yiiksek oldugu ve daha diisiik sicaklik kosullarim
yansittigi dogrulanmistir. Tiirkiye’de bir jeotermal bir sistemde ilk kez uygulanan mikrotermometrik
ve jeokronolojik incelemeler, Kizildere jeotermal sahasinda Alt Pleyistosen’den giiniimiize dogru
dereceli bir sicaklik artis1 oldugunu ortaya koymustur. Sivi kapanim incelemeleri yapilamayan sondaj
kirmntt 6rneklerindeki gliniimiiz-6ncesi hidrotermal karbonat minerallerinin kalsit-CO. ve dolomit-CO;
izotopsal ayrimlagma verilerinden itibaren belirlenen sicakliklarinin 200-230 °C arasinda degistigi
belirlenmistir. Hesaplanan bu sicaklik verileri, her bir kuyu i¢in dl¢iilen glinlimiiz rezervuar sicakligi
verilerine ¢ok yakin ve biraz daha diisiik oldugunu ve jeotermal karbonatlarin §*C ve 880 izotop
bilesimlerinin, fosil jeotermal faaliyetlerin sicakliklarinin belirlenmesinde yararli bir parametre
oldugunu gostermektedir.

Anahtar Kelimeler: Jeotermal, Hidrotermal Karbonat Cokelimi, Karbon-Oksijen izotop Jeokimyasi,
Sivi Kapanim, U/Th ve U/Pb Jeokronolojisi
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Abstract

In this study, we have determined the temperature-time evolution of the Kizildere geothermal system
by examining the fluid inclusion and isotope geochemistry of the fossil hydrothermal carbonate
formations. The geothermal system is located between Saraykdy (Denizli) and Buharkent (Aydin) in
the east of the Biiyiikk Menderes graben. Fluid inclusion and isotope geochemistry (8*3C, 580, U/Th
and U/PDb) determinations were carried out in carbonate minerals (calcite and dolomite) which have a
geothermal origin. According to U/Th and U/Pb age analyses from pure calcite and dolomite minerals
(extracted from the samples taken from the surface and drilling cuttings at different depths),
geothermal carbonates were precipitated in three successive periods: 10-20 thousand years ago (Upper
Pleistocene-Lower Holocene), 200-500 thousand years ago (Middle Pleistocene) and older than 500
thousand years (0.5-2.1 million years, Lower Pleistocene). Fluid inclusion homogenization
temperatures in hydrothermal calcites precipitated in different periods were measured, being lowest
for those older than 500 thousand years (average = 140-150 °C), whereas they are highest (average =
160-200 °C) for those deposited between 10-20 thousand years ago. The obtained temperature and age
data was evaluated on the isotopic differentiation curves calculated for calcite-CO, and dolomite-CO..
Accordingly, we can show that the CO, isotope composition of fossil carbonate minerals was higher
than the composition of present-day CO, and reflects lower temperature conditions.
Microthermometric and geochronological investigations, applied for the first time in a geothermal
system in Tiirkiye, have revealed that there has been a gradual increase in temperature in the Kizildere
geothermal field from the Lower Pleistocene to the present day. It has been determined that the
temperatures of fossil hydrothermal carbonate minerals in drilling cuttings samples, in which fluid
inclusion examinations could not be performed, varied between 200-230 °C, based on calcite-CO; and
dolomite-CO, isotopic fractionation data. These calculated temperature data indicate that they are
slightly lower and very close to the present-day reservoir temperature data measured for each well, and
show that the 3*3C and 880 isotope compositions of geothermal carbonates are a useful parameter in
determining temperatures of fossil geothermal activities.

Keywords: Geothermal, Hydrothermal Carbonate Precipitation, Carbon-Oxygen Isotope
Geochemistry, Fluid Inclusion, U/Th and U/Pb Geochronology
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Kizildere Jeotermal Sahasi (Saraykoy-Denizli, Buharkent-Aydin, GB
Tiirkiye) Hidrotermal Kalsit ve Kuvarslarin Sivi Kapanim
Karakteristikleri

Fluid Inclusion Characteristics of Hydrothermal Calcite and Quartz from the Kizildere
Geothermal Field (Saraykoy-Denizli, Buharkent-Aydin, SW Tiirkiye)
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Ozet

Bu ¢alismada, hidrotermal kalsit ve kuvarslarin sivi kapanim 6zellikleri kullanilarak Kizildere paleo-
jeotermal sisteminin sicaklik ve tuzlulugu belirlenmistir. Sivi kapanimlarin homojenlesme sicakliklari
ve tuzluluklar ile kimyasal bilesimlerinin (LA-ICP-MS) belirlenmesi amaciyla mikrotermometrik
incelemeler gergeklestirilmistir. Catlak/damar ve fay diizlemi dolgularinda ¢okelen Kalsit ve
kuvarslardaki sivi kapanimlar iki fazli (sivi + gaz), gazca ve sivica zengin kapanimlar seklinde
gozlenmistir. Baz1 6rneklerde tipik kaynama dokusunu olusturan kuvars minerallerince ornatilmig
bicaks1 ve kafes tipi kalsitler gozlenmistir. Kalsit kristalleri icerisinde sivica ve gazca zengin
kapanimlarin birlikte gdézlenmesi kaynama olaymnin bir baska kamitidir. Otektik sicakliklarin (Te)
yiksek negatif degerlere sahip olmasi hidrotermal akigkanlarin CaCl, ve NaCl igerdigini
gostermektedir. Kalsitlerdeki birincil ve ikincil kapanimlarin homojenlesme sicakliklar1 (Th) ortalama
199 ve 154 °C olup, erken evrede daha yiiksek, sonraki evrelerde ise daha diisiik sicakliklar1 isaret
etmektedir. Birincil ve ikincil kapanimlar, sirasiyla ortalama % 1.65 ve % 6.64 NaCl olmak iizere
farkli tuzluluklara sahiptir. Kuvarslardaki kapanimlarin homojenlesme sicakliklari ortalama 198 °C,
tuzluluklart ise ortalama % 4.29 (% NaCl) olup kalsitteki kapanimlara benzerdir. Sivi kapanim Th
verileri giinimiiz rezervuar sicakliklarina benzerdir. Derin kesimlerde yiiksek basing altinda sivi fazda
kalan akiskanlar daha si1g derinliklere ulastiklarinda fay veya catlaklar boyunca buhar fazina gegerek
kaynamis goziikmektedir. Sivi kapanimlarin ana elementlerini Na ve K ile eser miktarda As ve Li
olusturmaktadir. Ca/Na, Mg/Na, Fe/Na, Sr/Na ve B/Na oranlar1 arasindaki pozitif korelasyonlar
bunlarin tek bir kaynaktan (mermer, sist, gnays) tliredigini gostermektedir. Sr/Na ve B/Na oranlarinin
Ca/Na, Mg/Na ve Fe/Na oranlartyla anlamli pozitif korelasyonlar gdstermesi bu elementlerin
muhtemelen kirintili ve karbonatli ana kayaglarin ¢oziinmesinden tiiredigini diisiindiirmektedir.
Mikrotermometre verileri, paleo-jeotermal akigkanlarin ortalama 180 °C sicakliga, 14 bar basinca ve
0,9 g/cm3 yogunluga sahip oldugunu gostermektedir. Kaynama ~500 m derinlikte meydana gelmis
olup, kapanimlar s1g derinlikte (~200 m) ve diisik basing (maksimum 50 bar) kosullarinda
kapanlanmigtir.

Anahtar Kelimeler: Jeotermal, Hidrotermal Kalsit ve Kuvars, Mikrotermometre, Kaynama
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Abstract

In this study the temperature and salinity of the Kizildere paleo-geothermal system was determined
using the fluid inclusions in hydrothermal calcite and quartz. Microthermometric studies are carried
out to determine the homogenization temperatures and salinities of fluid inclusions and their chemical
compositions (LA-ICP-MS). Fluid inclusions in calcite and quartz were observed in cracks/veins and
fault plane fillings, as two-phase (liquid + gas), gas- and liquid-rich inclusions. In some samples,
blade-like and lattice-type calcite has been replaced by quartz, resulting in this typical boiling texture.
The observation of co-existing liquid- and vapor-rich inclusions within calcite crystals is further
evidence of a boiling event. The high negative values of the eutectic temperatures (Te) indicate that
hydrothermal fluids contain CaCl, and NaCl. The average homogenization temperatures (Th) of
primary and secondary inclusions in calcite are 199 and 154 °C, respectively, indicating higher
temperatures in the early stages and lower temperatures in the later stages. Primary and secondary
inclusions have different salinities, average 1.65% and 6.64% NaCl, respectively. The homogenization
temperatures and salinities of the inclusions in quartz are 198 °C and 4.29% NaCl, which is similar to
the inclusions in calcite. Fluid inclusion Th data are similar to current reservoir temperatures. The
fluids remaining in the liquid phase under high pressure in deep sections appear to boil by passing into
the vapor phase along faults or cracks when they reach shallower depths. The main elements of fluid
inclusions are Na and K and trace amounts of As and Li. Positive correlations between Ca/Na, Mg/Na,
Fe/Na, Sr/Na and B/Na ratios indicate that they are derived from a single source (marble, schist,
gneiss). The fact that Sr/Na and B/Na ratios show significant positive correlations with Ca/Na, Mg/Na
and Fe/Na ratios suggests that these elements are probably derived from the dissolution of clastic and
carbonate host rocks. The microthermometry data indicate the paleo-geothermal fluids had an average
temperature of 180 °C, a pressure of 14 bars, and a density of 0.9 g/cm®. The boiling occurred at a
depth of ~500 m, and the inclusions were trapped at shallow depth (~200 m) and low pressure
(maximum 50 bar) conditions.

Keywords: Geothermal, Hydrothermal Calcite and Quartz, Microthermometry, Boiling
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Tiirkiye’de S1 Jeotermal Enerji Sistemlerinin Gelistirilmesinin Oniindeki
Engellerin Tartisilmasi

Discussing Barriers to the Development of Shallow Geothermal Energy Systems in Tiirkiye
Ayse Ozdogan Délcek
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Ozet

S1g Jeotermal Enerji Sistemleri (SJEs), yer kabugunun iist katmanlarindaki (<400 m) sabit sicaklik
ortam sartlarindan faydalanarak enerji iireten sistemlerdir. Bu sistemler, jeotermal 1s1 pompalar
kullanarak 1sitma, sogutma ve sicak su temini gibi alanlarda verimli bir sekilde kullanilir ve daha ¢ok
bireysel konutlar ile ticari binalarda uygulanir. Tiirkiye, elverisli jeolojik kosullar nedeniyle SJE
kullanimi1 i¢in Onemli bir potansiyele sahiptir. Ancak, SJE sistemlerinin gelistirilmesi ve
benimsenmesinde c¢esitli zorluklarla karsilasilmaktadir. Bu ¢alisma, SJEs sektoriiniin biiylimesini
engelleyen temel faktorleri analiz etmektedir. Bu faktorler arasinda teknik sorunlar, yiiksek baslangig
maliyetleri, finansal tesviklerin eksikligi ve yetersiz yasal c¢erceve ile izin siiregleri yer almaktadir.
Ayrica, SJE teknolojileri hakkinda kamu bilinci ve yanlis anlamalar gibi sosyal faktorler ile potansiyel
yeralt1 suyu kirliligi ve indiiklenmis sismisite gibi ¢evresel kaygilar da incelenmektedir. Bu ¢aligsmada,
SJE sistemlerinin tasariminda yerin termal 6zelliklerini belirlemede kullanilan Termal Cevap Testi
(TCT) saha uygulamasi tizerinden 6rnek bir ¢aligma ile uygulama sirasinda karsilagilan problemler
sunulacaktir. Bu ¢alisma ile enerji giivenliginin artirilmasi, sera gazi emisyonlarinin azaltilmasi ve
iilkenin enerji doniisiimiiniin kolaylastirilmast acisindan biiylik dnem tasiyan SJEmin Tirkiye'de
biiylimesini tesvik etmek igin politika yapicilara, paydaslara ve arastirmacilara bilgi saglanmasi
amaclanmustir.

Anahtar Kelimeler: Sig jeotermal enerji sistemleri, Termal cevap testi, Jeotermal kaynakli 1s1
pompasi
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Abstract

Shallow Geothermal Energy Systems (SGES) generate energy by utilizing the constant temperature
conditions in the upper layers of the Earth's crust (<400 m). These systems are efficiently used in areas
such as heating, cooling, and hot water supply by utilizing geothermal heat pumps, and they are
primarily applied in residental houses and commercial buildings. Turkey has significant potential for
shallow geothermal energy (SGE) utilization due to favorable geological conditions. However, the
development and adoption of SGE systems face several challenges. This paper analyzes key barriers to
the SGE sector's growth, including technical issues related to resource exploration and system design,
economic challenges such as high initial costs and lack of financial incentives, and regulatory
obstacles stemming from an inadequate legal framework and permitting processes. Additionally,
social factors like public awareness and misconceptions about SGE technologies and environmental
concerns including potential groundwater contamination and induced seismicity are examined. In this
study, a case study will be presented through the field application of the Thermal Response Test
(TCT) used to determine the thermal properties of the ground in the design of SGE systems, along
with the problems encountered during the application. This study aims to provide information to
policymakers, stakeholders, and researchers to promote the growth of SGE in Turkey, which is of
great importance for enhancing energy security, reducing greenhouse gas emissions, and facilitating
the country's energy transition.

Keywords: Shallow geothermal energy systems, Thermal response test, Ground source heat pump
system
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Channels in AL-Muhalabia Area, Northwestern lraq
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Abstract

The current study location is for the water spring in Al-Muhalabia district, (40 km) west of Mosul city,
northwest of Iraq. The aim of the current study is to explore the cause of the dryness of the old water
spring several years ago by conducting a geophysical survey using the self-potential (SP) and
electrical resistivity methods and correlating this with the geological and structural situation of the
study area. Geologically, the surface and subsurface layers are gypsum rocks of the Al-Fatha
Formation, and the location of the water spring is near and adjacent to a major strike-slip fault between
the Sheikh Ibrahim and Adaya anticlinal folds.

High positive (SP) values in the vicinity of the water spring reflect the absence of subsurface water
feeding while the low negative values in a southwestern direction reflect the presence of sub-surface
groundwater recharge. Self- potential method also shows the effect of the presence of the major strike-
slip fault with low negative (SP) values at the beginning of some profiles and to the north and north-
west of the old water spring site.

Interpretation of the vertical electrical sounding points and the two-dimensional profile of the
resistivity method gave an evidence of the dryness and lack of sub-surface recharge of the present
water spring site and the presence of recharge in new sub-surface channels in the gypsum rock to the
south and south-west of the old spring site. The study area may be affected by the presence of the
major strike-slip fault, this led to the sliding of gypsum layers and the interruption of groundwater
recharge in the ancient subsurface channels and the drying up of the water spring and appearance of
feeding within other areas away from the spring site. In line with the results of the geophysical
surveys.

Keywords: Al-Muhalabia water spring, Self-potential, Resistivity
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Abstract

The Beckett method was used to study the thermodynamic parameters of the Q/I relationships of
manganese element for the purpose of evaluating the behavior of this element in the soils of Atrush
forest and Zawita forest in Dohuk governorate, northern Irag. The study was conducted on twelve soil
samples located in two pedon in the Atrush forest (pine and oak) and two pedon in Zawita forest (pine
and oak) and divided each pedon into three depths. The results of the study indicated that all soils had
a neutral to basic reaction degree of 7.30 to 8.45, the soil content of total carbonate 195 to 465 gm.kg"
1 and the active carbonate ranged between 80 to 115 gm.Kg™l. Activity manganese ratios at
equilibrium ARwmn ranged from (0.001 x 10%) to (1.720 x 10®) mol.L*2 , Mn-labile from -28.698 to
12.997 (Cmol. kg*). The potential buffering capacity of manganese (PBCwn) ranged from 7534.3 to
97381 (Cmol.kg/mol.L-H)Y2, the values of the Gapon coefficient ranged between 377.7 to 6588.7 ,
and the free energy of manganese AG at equilibrium from 3.76 to 8.42. The path of the exchange
process showed that there are two distinct parts that differ in degrees of inclination for (Q/I) curves, as
the straight part expresses the reciprocal ion that is liberated from the sites where the binding energy is
low, and the curved part refers to the ion that is liberated from the sites that are held more strongly,
these sites are called specific sites.

Keywords: Quantity and intensity of manganese, Free energy of manganese
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Effect of Wetting and Drying on Some Soil Properties Irrigated With
Water of Different Salinity Concentration

Abd Al-kader A. Alhadede?, Khalid Ekhlayef N. Alhadidi?

Abstract

The study included the selection of five sites within the Nineveh Governorate in northern Iraq on the
basis of the variation in texture. Surface soil samples were taken from them to a depth of (0-20) cm,
and chemical and physical analysis were conducted on them, as well as soil columns in their natural
state to a depth of (20) cm and treated with well water with different salt concentrations. There are ten
cycles of wetting and drying, each cycle lasting ten days. After the tenth cycle, the soil is left to dry
and then samples are taken from it to conduct chemical analysis in order to identify the effect of the
wetting and drying processes on the chemical properties of the soil by comparing it with the properties
of the soil before treating it with water. The results showed that the soil is exposed to wetting and
drying cycles using well water with different salt concentrations lead to a direct increase in the
electrical conductivity values of the soil samples with an increase in the salt concentration of the water
used, a decrease in the values of the soil (pH) of the soil samples, an increase in the values of cation
and anion ions, a decrease in the values of calcium carbonate, no change in the values of organic
matter, and an increase. In the values of the cation exchange capacity and an increase in the values of
the Cation Ratio of Soil Structural Stability.

Keywords: Wetting, Drying, Salt concentration, Dispersion
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Denizli Tavas Bolgesi (Tiirkiye) Tarim Topraklarinda Agir Metallerin
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Heavy Metals Availability of Agricultural Soils in Tavas-Denizli Province (Tiirkiye)
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Ozet

Bu ¢alismada Sark tipi tiitiin (Nicotiana tabacum L.) yetistiriciligi yapilan topraklarda alinabilir agir
metal iceriklerinin belirlenmesi hedeflenmistir. Bu amagla Akdeniz iklim kosullarinin hakim oldugu
Denizli ili Tavas Bolgesinde (Tiirkiye) yer alan 28 tarladan alinan toprak orneklerinde (0-20 cm)
toplam ve alinabilir agir metal (Pb, Co, Cd, Ni) igerikleri dl¢climlenmistir.

Elde edilen bulgulara gore, toplam Ni, Pb, Co ve Cd igeriklerinin (mg/kg) sirasiyla 0,08-42,11; 0,55-
36,55; 0,05-106,63;0,27-1,54 arasinda; alinabilir formdaki Ni, Pb, Co ve Cd igeriklerinin (mg/kg) ise
yine strastyla 0,22-2,62; 0,45-0,99; 0,07-1,08 ve 0,06-0,35 arasinda degisim gosterdigi bulunmustur.
Ayrica, toprak pH’si ile alinabilir Cd ve Ni arasinda 6nemli diizeyde iligkiler belirlenmistir. Benzer
sekilde topraklarin kum igerikleri ile alinabilir formlardaki Pb, Ni, Cd ve Co igerikleri arasinda kimi
onemli iliskiler de belirlenmistir.

Sonug olarak toprak verimliligi agisindan temel kriterler arasinda yer alan toprak pH’s1 ve biinye gibi
temel 6zelliklerin topraklardaki agir metallerin alinabilirligine etki ettigi sdylenebilir

Anahtar Kelimeler: Alinabilirlik, Agir metal, Toprak
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Abstract

The objective of this study was to determine the concentrations of available haeavy metals in Orient
type tobacco (Nicotiana tabacum L.) grown soils. For this purpose, heavy metal (Pb, Co, Cd, Ni)
concentrations in total and available forms were measured in soils collected from 28 fields (0-20 cm
depth) in Tavas region of Denizli province (Tiirkiye) where Mediteranean climate is dominant.

Regarding to findings, it is seen that total Ni, Pb, Co and Cd concentrations (mg/kg) vary in the range
of 0,08-42,11; 0,55-36,55; 0,05-106,63;0,27-1,54 respectively while available forms of Ni, Pb, Co ve
Cd concentration vary respectively in the range of 0,22-2,62; 0,45-0,99; 0,07-1,08 ve 0,06-0,35.

Moreoever, significant correlations were found between soil pH and available Cd and Ni. Similarly,
significant correlations were found between sand and available Pb, Ni, Cd and Co concentrations of
soils as well.

As a result, it can be said that basic properties of soils such as soil pH and texture those are among
basic criteria regarding to soil fertility may affect the availability of heavy metals.

Keywords: Availability, Heavy metal, Soil
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Geyve (Sakarya, Tirkiye) Dere Sedimanlarindaki Agir Metal
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Ozet

Bu ¢alisma da Geyve (Sakarya) smirlari igerisinde belirlenen ve yaklasik 46 km?’lik bir alan kapsayan
calisma alanindaki dere sedimanlarinin jeokimyasal olarak agir metal igeriklerinin belirlenmesi, agir
metaller agisindan zenginlesme/kirlenme anomalisi gosteren alanlarin tespit edilmesi ve bunlarin
olusum nedenlerinin arastirilmast amaglanmigtir. Bu kapsamda alinan 133 adet 6rnek {izerinde arsenik
(As), kobalt (Co), bakir (Cu), nikel (Ni), kursun (Pb), vanadyum (V) ve ¢inko (Zn) elementleri analiz
edilmistir. Analiz sonuglarina gore en yiiksek agir metal igerikleri As i¢in 9 ppm, Co igin 51 ppm, Cu
icin 106 ppm, Ni i¢in 750 ppm, Pb i¢in 37 ppm, V i¢in 61 ppm ve Zn i¢in 170 ppm’dir. Dere sedimani
ornekleri iizerinde agir metallerin neden olmus olabilecegi zenginlesme/kirlenmenin boyutunu
degerlendirmek igin jeobirikim, kirlenme derecesi, modifiye edilmis kirlenme derecesi, ekolojik
toprak kirlilik ve kirlilik yiik indeksleri hesaplanmigtir. Hesaplanan indeks sonuglarina gore
olusturulan dagilim haritalar1 mekansal olarak ¢aligma alanindaki jeojenik ve antropojenik kokenli
olas1 kaynaklar ile iligskilendirilerek degerlendirilmistir. Elde edilen veriler ¢aligma alanindaki Co ve
Ni zenginlesmelerinin serpantinit, Pb zenginlesmelerinin granit ve cevherli zonlardan ayrisma ile
jeojenik olarak tiiredigi, Cu ve Zn zenginlesmelerinin ise biiylik cogunlukla tarimsal faaliyetlere bagh
olarak antropojenik kokenli olarak tiiredigi belirlenmistir. Bununla birlikte baz1 6rneklerde jeojenik
etkilere ek olarak Ni zenginlesmelerinde tarimsal faaliyetlerin etkisinin oldugu ortaya konarken, V
agisindan 6nemli bir zenginlesme giinliimiiz igin belirlenememistir.

Anahtar Kelimeler: Agir Metal, Dere Sediman, Kirlilik indeksleri, Zenginlesme, Geyve, Sakarya
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Abstract

The objective of this study is to determine the heavy metal contents of stream sediments in the study
area, which covers an area of approximately 46 km? within the borders of Geyve (Sakarya), to identify
regions exhibiting anomalies of enrichment or contamination with respect to heavy metals, and to
investigate the underlying causes of such occurrences. In this context, the concentrations of arsenic
(As), cobalt (Co), copper (Cu), nickel (Ni), lead (Pb), vanadium (V), and zinc (Zn) were analyzed in
133 samples. The highest concentrations of heavy metals were determined to be 9 ppm for As, 51 ppm
for Co, 106 ppm for Cu, 750 ppm for Ni, 37 ppm for Pb, 61 ppm for V, and 170 ppm for Zn. To assess
the extent of enrichment/contamination potentially attributable to heavy metals in the stream sediment
samples, a series of calculations were conducted to determine the geoaccumulation, degree of
contamination, modified degree of contamination, ecological soil pollution, and pollution load
indexes. The spatial distribution maps, created in accordance with the calculated index results, were
evaluated through a spatial association with potential sources of geogenic and anthropogenic origin in
the study area. The data obtained indicated that the enrichments of Co and Ni in the study area were
geogenically derived from the weathering of serpentinite, while the enrichments of Pb originated from
the weathering of granite and ore zones. Additionally, the enrichments of Cu and Zn were derived
from anthropogenic sources, predominantly agricultural activities. However, the agricultural activities
were also observed to have an influence on the Ni enrichment in some samples. No significant
enrichment in terms of V has been determined for today in the study area.

Keywords: Heavy Metal, Stream Sediment, Pollution Index, Enrichment, Geyve, Sakarya
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Comparison of Clay Minerals Under Different Forest Tree Densities and
Uncultivated Soils

Mohammed Ali Fayyadh?, Mariam Isaac Yako?

1.230il and Water Sciences Dept. College of Agricultural Engineering Sciences, University of Duhok, Duhok
City, Iraq

Abstract

The study area was at Zawita district in Duhok province, Iraq. This study aimed to Specify clay
minerals in pine forest soil and follow the distribution pathway in studied pedons. Four representative
soil pedons were dug, three in pine forest depending on the tree densities and one in uncultivated soil,
then (14) Soil samples were taken for chemical, physical and mineralogical analysis. Clay separated
from sand and silt using the sedimentation and decantation method, after that saturated clay samples
with MgClI2 and KCI were to be analyzed by XRD. Exchangeable Ca+2 has the highest values
compared with other exchangeable Mg+2, Na+1, and K+1 cations in study locations. The calcium
carbonate content under different densities of pine trees is similar content to it under uncultivated soil,
whereas, values of active carbonate were higher under pine trees with different densities, compared to
under uncultivated soil. The vertical distribution path of clay indicated to heterogeneous pattern in
studied pedons except of Pedon (3). The most dominant soil texture is the loam in all studied soils,
Chlorite mineral was found in surface horizon (A) in pedon (1) as well as of surface and sub-surface
horizons (A and B) in pedon (2) and all soil horizons in pedon (4). Palygorskite mineral existed in all
soil horizons in pedon (1) and in the (A and B) horizons in pedon (2) under the low and medium pine
tree density. Illite mineral was present in all studied soils, and the vermiculite mineral exists in all
studied soil horizons except horizons (C1 and C2) in pedon (1). Kaolinite mineral in all studied soils
was formed by the chemical weathering of feldspar mineral (Orthoclase). One interstratified clay
mineral of Illite-Vermiculite was found in the (C1) horizon in pedon (1).

Keywords: Minerals, Clay, Forest, Soil, Pedons, Carbonate
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The Effect of lonic Strength of Water on the Percentage and Molar Ratios
of Oxides Elements in Some Calcareous Soils from Northern Iraq

Roaa. N. Al-Shamaa?, Hazim M. Ahmed?

tAdresi (Desertification prevention Techniques dept.l Technical Agricultural College in Mosul Northern
Technical University Mosul / Iraq)
2Adres2 (Soil and water resources dept. Collage of Agric. and Forestry/ Mosul University/ Iraq)
(Ruaaa9@ntu.edu.iq)

Abstract

Thesis study focuses on selected location (Atrush, Shaglawa, Aqgrah, Dokan, and Jwarta) in the
northern regions of irag, which representing the soil at three depths are (0 — 20) , (20 — 50) , and (50 —
80) cm. The aim is to study the percentages and molecular ratios of oxides elements by using waters
with different ionic strength, including (Chloride water, Sulfuric water and Tigris river water) The
results demonstrated that the highest value of CaO (%) value was observed in the Atrush soils for the
three types of water, with a percentage of (30.38%), (31.8%) and (30.66%) respectively. With regard
to the percentage of MgO%, the highest (value was observed in the Atrush soil 19.55%) when the
sulfuric water was used , The highest percentage of FeO % was found in the Jwarta soil (7.67%) when
the cloride water was used. Additionally, the highest percentage of ZnO% was determined in the
Jwarta soil (46*103%) when the chloride water was used.

Concerning the molecular ratios of oxidws, the highest ratio of SiO./Fe,Oswas observed in Shaglawa
soil, with a value of (9.51). The ratio of CaO + MgO/Al;O3 was (7.29) in the Atrush soil while the
ratio of SiO2/Al,O3 was (5.98) in the Agrah soil when the cloride water was used. The highest values
of the molecular ratios were observed in the soils of Agrah (9.11) . Atrush (7.87), and Shaglawa (5.89)
when the chloride water was used. In the case of using the Tigris River water, the highest value of the
aforementioned molecular ratios were determined in the soils of Agrah, Atrush, and Agrah,
respectively, with values of 9.50, 8.77, and 5.88.

Keywords: Molar ratio, lonic strength, Oxide ratio, Calcareous soils
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Distribution of Iron Oxides in Soil Sediments of Some Soils in Northern
Iraq

Ghada A. Al- Hashyme

Soil Science and Water Resources Dept., College of Agriculture and Forestry , University of Mosul, Iraq.
(ghadaalhasme@uomosul.edu.iq)

Abstract

The study included five sites from the Nineveh and Dohuk governorates in northern Irag. Five pedons
were dug, one for each location, and 25 soil samples were collected from it is Horizons. The Pedons
were classified based on USDA. The samples were transported to the laboratory and air dried for the
purpose of use in laboratory analyses. Physical analyzes were conducted, including the Partical size
distribution, EC. And chemical analyzes include soil pH reaction, CEC, O.M, CaCQs, .Free iron
oxides in soil sediments (amorphous iron oxides, crystalline iron oxides) were separated and
estimated .The soil texture results indicated that there was the highest clay content at the fifth depth of
the Smil soil section (696.5) gm kg, and the lowest clay content was at the first depth of the Talsuf
soil section (329)gm kg™. The values of the exchange capacity of positive ions ranged between (20.21)
centmol of charge kg at the first depth of the soil of the Zawita site and (34.22) centmol of charge kg
L at the fifth depth of the soil of the Smil site.

The results of crystalline oxides in Al-Khader site reached (1.32)%, followed by the silt at a rate of
(0.886)% and the sand at a rate of (0.742). %) The soil of the Smil site came in fifth place in terms of
its content of crystallized iron oxides, and the separated silt had the highest content of these oxides, at
a rate of (1.312)%, followed by clay, at a rate of (0.882)%.

Keywords: Amorphous Iron Oxides, Crystalline, Positive lons, Soil Separators, Iraq
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Effect of lonic Strength on the Dissolution and Precipitation of Carbonate
Minerals and the Nature of lonic Species from Some Calcareous Soil

Khalid Ekhlayef N. Alhadidi!, Shaymaa Ghanim Dawood?

Abstract

A laboratory study was conducted to demonstrate the effect of ionic strength on the dissolution and
precipitation of carbonate minerals and ionic species using well water with ionic strengths of (0.013,
0.065, 0.130) mol I'* by the method of wetting and drying of natural, unexcited soil columns taken
from five different sites in their content of calcium carbonate within Nineveh Governorate / northern
Irag, classified within the Calciothirds soil group, and for five wetting and drying cycles, the duration
of one cycle being ten days. After the fifth cycle of wetting and drying, water is added in the amount
of two pore sizes to obtain a displacement solution of one pore size, which is collected in plastic
bottles to conduct analysis of the main dissolved ions and entered into the VisualMinteq A:
geochemical equilibrium program to obtain saturation index values for carbonate minerals. The
outputs of the program showed the superiority of well water with an ionic strength of (0.130) mol I in
the quantity and number of precipitated carbonate minerals represented by minerals (Calcite,
Aragonite, Vitrite, Regular Dolomite, Irregular Dolomite, Honet and Magnesite). The results of the
theoretical correlation showed that the dominant ionic species were arranged as follows:

CaS04.2H,0 > MgCl, > CaCl, > Ca(HCOs), > MgSO4 > Mg(HCOs),

The results show an increase in the percentages of all ionic species for all sites with an increase in the
ionic strength of the water.

Keywords: lonic strength, Dissolution, Precipitation, Carbon minerals, lonic
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Kula (Manisa) Jeotermal Bolgesi Yeralti Sularinda Radyoaktif
Kirlenmenin Nedenlerinin Degerlendirilmesi

Assessing the Causes of Radioactive Contamination in Groundwater of Kula Geothermal
Region

Anil Kiiciiksiimbiil!, Giiltekin Tarcan®

'Dokuz Eylil Universitesi, Jeoloji Miihendisligi Béliimii, Izmir 35390, Tiirkiye
(anil.kucuksumbul@deu.edu.tr)

Ozet

Bu c¢alisma, Gediz Grabeni kuzeyinde yer alan Kula-Selendi yoresindeki yeralt1 sularinin hidrojeolojik
ve hidrojeokimyasal incelenmesini icermektedir. Inceleme alan1 ve cevresindeki jeolojik yapinin
temelinde Menderes Masifi'ne ait kayaclar yer almaktadir. Ust Kretase yasli Vezirler Melanji
jeotermal akigkan icin rezervuar kayac¢ olma ozelligi gostermektedir. Bolgede yer alan Neojen yash
birimler ortlii kaya¢ olarak nitelendirilmistir. Gediz Nehri boyunca birgok noktadan mineralli sular
ylizeylenmekte olup nehri beslemektedir. Yerinde yapilan analizler gostermektedir ki; sularin
elektriksel iletkenlik deger araligi 394 pS/cm ile 6260 uS/cm, sicakligr 11,0 °C ile 47,8 °C ve pH
degeri 6,23 ile 8,31 arasinda degismektedir. Analiz amagli 5’1 jeotermal kokenli su olmak iizere
toplam 27 adet yeralti1 suyundan 6rneklemeler yapilmistir. 15 kaynak suyu, 12 kuyu suyu ve 3 adet
yiizey suyu orneklemesinin major (Na, K, Ca, Mg, Cl, SO, HCO3, NO3) ve minér iyonlari (Al, As, B,
Ba, Be, Bi, Br, Cd, Co, Cr, Cu, F, Fe, Hg, Li, Sb, Sr, Pb, Mn, Mo, Ni, NO,, PO,*, Ti, Tl, U ve V)
analiz edilmistir. Yeralti sularmn inorganik kimyasal analize ek olarak durayli izotop (H/*H ve
180/180) ve radyoaktivitesi (Toplam Alfa ve Toplam Beta) analiz edilmistir. Beta radyoaktivitesi i¢in
igme amagh tiikketimde tist sinir degeri, Tiirkiye Cumhuriyeti Saglik Bakanligi tarafindan yayinlanan
“Insani Tiiketim Amagh Sular Hakkinda Yénetmelik”e gore 1 Bq/L olarak belirlenmistir. Jeotermal
akiskani barindiran birimde iiretim saglanan yeralt1 sularinda 6 Bq/L degere kadar beta aktivitesi tespit
edilmistir.

Kimyasal ve izotopik analizler degerlendirilerek alandaki egemen hidrojeokimyasal siirecler ve
¢Oziinmiis iyonlar arasindaki iligkiler yorumlanmistir. Bulgular, radyoaktif kirlenmenin jeotermal
kokenli sulardan kaynaklandigini gostermektedir.

Anahtar Kelimeler: Hidrojeoloji, izotop Hidrolojisi, Kula, Jeotermal Sistemler, Radyoaktif Kirlenme
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Abstract

This study involves the hydrogeological and hydrogeochemical assessment of the Kula-Selendi region,
located north of the Gediz Graben. The rocks belonging to the Menderes Massif form the basis of the
geological structure of the study area and its surroundings. The Upper Cretaceous-age Vezirler
Melange is a reservoir rock for geothermal fluids. Neogene age units in the region are described as cap
rocks of the geothermal system. Mineral waters surface at many points along the Gediz River and feed
the river. On-site analyses show that the electrical conductivity, temperature and pH values range
between 394 uS/cm and 6,260 uS/cm, 11.0 °C and 47.8 °C, 6.23 and 8.31, respectively. Samples were
taken from 27 groundwater samples, 5 of which were of geothermal origin, for analysis. Major (Na, K,
Ca, Mg, CI, S04, HCO3, NO3) and minor ions (Al, As, B, Ba, Be, Bi, Br, Cd, Co, Cr, Cu, F, Fe, Hg,
Li, Sb, Sr, Pb, Mn, Mo, Ni, NO,, PO, Ti, Tl, U ve V) of 15 spring water, 12 well water and 3 surface
water samples were analyzed. In addition to inorganic chemical analysis, stable isotopes (?H/*H and
180/%%Q) and radioactivity (Gross Alpha and Gross Beta) of groundwater were analyzed. The upper
limit value of beta radioactivity for drinking water is determined as 1 Bg/L according to the
"Regulation on Water Intended for Human Consumption” issued by the Ministry of Health of Tiirkiye.
Beta activity up to 6 Bg/L has been reported in groundwater produced in the unit containing the
geothermal fluid.

Chemical and isotopic analyses were evaluated, and the dominant hydrogeochemical processes in the
area and the relationships between dissolved ions were interpreted. The results show that the
radioactive contamination originates from geothermal waters.

Keywords: Geothermal System, Hydrogeology, Isotope Hydrology, Kula, Radioactive Contamination
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Komiirdeki Cevreye Zararh Olabilecek Elementlerin Mekansal Dagilimi ve
Risk Degerlendirmesi: Orta Anadolu Komiir Sahalari I¢cin Ornek Bir
Cahisma

Spatial Distribution and Risk Assessment of Potential Environmentally Hazardous Elements
in Coal: A Case Study of Central Anatolia Coalfields

Neslihan Unal Kartal', Cevdet Bertan Giilliidag?

'Burdur Mehmet Akif Ersoy Universitesi Gélhisar Uygulamali Bilimler Yiiksekokulu
2Akdeniz Universitesi Teknik Bilimler Meslek Yiiksekokulu
nunal@mehmetakif.edu.tr

Ozet

Komiir madenciligi faaliyetleri sirasinda ¢ok cesitli cevresel risk unsurlar1 ortaya c¢ikabilmektedir.
Ayni zamanda komiiriin ¢ikarilmasi ve taginmasi sirasinda maden sahasinda galisan ig¢iler bagta olmak
iizere tarim arazileri ve yerlesim merkezlerine yakinlik diizeyine gore bdlge halki zarar
gorebilmektedir. Komiirdeki gevreye zararli olabilecek elementlerin (Ag, As, B, Ba, Be, Cd, Cl, Co,
Cr, Cu, F, Hg, Mn, Mo, Ni, P, Pb, Sh, Se, Sn, Th, Tl, U, V, Zn) mekansal dagilimlarin1 ortaya
koymak, cevre sagligi degerlendirmesi agisindan olduk¢a dnemlidir. Bu ¢aligmada Uzaktan Algilama
yontemleri ve Cografi Bilgi Sistemleri (CBS) araglar1 ile Ilgin (Konya), Karapinar (Konya) linyit
sahalarindaki elementlerin mekansal risk degerlendirilmesinin tespit edilmesi ve karsilagtirilmasi
amaglanmigtir. Maden sahalarinin ¢evresi 10 m mekansal ¢oziintirliige sahip SENTINEL-2 uydusu ile
CORINE LULC verileri kullanilarak 7 sinifa (tarim arazileri, mera, ¢iplak arazi, su, yapilasmig alanlar,
sulu bitki ortiisii, agaclik alanlar) ayrilmistir. Ardindan CBS ile haritalama ve tampon bdlge analizleri
yapilmustir. Arazi Kullanimi/Arazi Ortiisii ile tespit edilen siniflamada her iki maden sahasmin da
tarim arazilerinde (Karapinar: 155,32 km?; Ilgin: 178,45 km?) ve mera alanlarinda (Karapmar: 140,4
km?; Tlgin: 40,72 km?) yiiksek dagilim gosterdigi tespit edilmistir. Jeokimyasal bulgular ile Karapinar
linyitlerinde Ni, Ilgin linyitlerinde ise As konsantrasyonlar sinir degerlerin oldukga iizerinde sonuglar
vermistir. Elde edilen bu bulgular ile Karapinar sahasi ¢evresindeki tarim arazileri ve mera alanlarinda
Ni, Ilgin sahasi ¢evresindeki tarim arazileri ve mera alanlarinda ise As konsantrasyonlarmin belirli
araliklarla kontrol edilmesi gerekebilecegi sonucuna varilmistir.

Anahtar Kelimeler: LULC, Sentinel-2, CORINE, Linyit
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Abstract

A wide variety of environmental risk factors may arise during the process of coal mining. At the same
time, it is possible that during the transportation and extraction of coal, locals and especially the
workers working in the mining area may be harmed, depending on the proximity to agricultural lands
and settlement centers. Revealing the distribution of environmentally harmful elements within the coal
(Ag, As, B, Ba, Be, Cd, ClI, Co, Cr, Cu, F, Hg, Mn, Mo, Ni, P, Pb, Sh, Se, Sn, Th, Tl, U, V, Zn) is very
important in terms of environmental health assessment. Using Geographic Information System (GIS)
tools and Remote Sensing techniques, the objective of this study is to identify and compare the spatial
risk assessment of the elements in the llgin (Konya) and Karapinar (Konya) lignite areas. The
surroundings of the mining sites were classified into 7 classes (crops, rangeland, bare ground, water,
built area, flooded vegetation, trees) using SENTINEL-2 satellite data with a 10 m spatial resolution
and CORINE LULC data. Subsequently, mapping and buffer zone analyses were conducted using the
Geographic Information System (GIS). The land use land cover classification revealed that both
mining sites were highly distributed in agricultural lands (Karapmar: 155.32 km? Ilgin: 178.45 km?)
and rangeland (Karapmar: 140.4 km?, Ilgin: 40.72 km?). Geochemical results showed that Ni
concentrations exceeded the limit values in the Karapinar lignites, while As concentration exceeded
the limit values in the Ilgin lignites. Based on these results, it was concluded that the Ni concentration
in agricultural lands and rangeland around the Karapinar site and the As concentration in agricultural
lands and rangeland around the Ilgin site should be monitored periodically.

Keywords: LULC, Sentinel-2, CORINE, Lignite
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Study the Optimum Conditions for Removing Phosphate from House
Water City of Mosul by Using Some Local Clays
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1 Department of Chemistry, College of Science ,Mosul University , Mosul,Iraq.
2 Soil science, College of Agriculture and Forestry ,Mosul University, Mosul,Iraqg.
(Shaimaa76216@gmail.com, moathalhajjar@uomosul.edu.iqg)

Abstract

The aim of study was removal phosphate from domestic waste water by using a different local clays
and soils, waste water were collected in July and august months from five lift water stations in Mosul
city (Bab Sinjar, Al-Sandoogi, Al-Hadbaa, Al-Qarazee and Al-Shurtaa), phosphate concentration
average (3ppm) According to the Iragi determinants of the quality of water suitable for the aquatic
environment within the limits of (3) mg / liter, the upper value are in Bab sinjar (6.8 ppm ) while the
lower in Al-Shurtaa (2.2 ppm). Other studied on the experiments were related to analysis of materials
to be adsorbed such as (Bentonit, Tulkeef and, Al-Qobah) were studied, Al-Qobah soil was more
efficiency selected (quantity of soil, concentration of phosphate, volume of sample, particle size and
flow rate) was 2.5 g, 30 ppm, 40 ml, 125 micron and 1.5 ml/min ) respectively as experiment which
adsorbed efficiency reached to 98%. Thermal equilibrium of material were studied by Langmuir
equation, R? gave a good linear relationship.

Keywords: Bentonite clay, Soil, Adsorbed, Removal Phosphate
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SEDIMANTER KAYA JEOKIMYASI, PALEQIKLIM
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SEDIMENTARY ROCK GEOCHEMISTRY,
PALEOCLIMATE AND PROVENANCE STUDIES
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Yaghca Koyii (Eflani, Karabiik) Fosilli Kirectaslarinin Mineralojik-
Petrografik, Fiziko-Mekanik ve Kimyasal Ozelliklerinin Belirlenmesi

Determination of the Mineralogical-Petrographic, Physico-Mechanical and Chemical
Properties of Yaglica Village (Eflani, Karabiik) Fossilliferous Limestone

Asuman Kahya

Maden Tetkik Arama Genel Miidiirliigii, Ankara, Tiirkiye
(asuman27@gmail.com)

Ozet

Calisma alam Eflani ilgesinin (Karabiik 1li) 10 km giineybatisinda Yaglica kdyiinde yer almaktadir. Bu
calisma ile HP Mermer Ltd. Sti. tarafindan isletilmekte olan ve Safranbolu Eflani Fosilli Rustik Yesil
olarak adlandirilan fosilli kirectasi yatagindan alinan numunelerin fiziksel, mekanik, kimyasal,
mineralojik ve petrografik ozellikleri belirlenmistir. Mermer olarak isletilen fosilli kiregtaslari,
nummulitli kiregtasi ve marndan olugan Alt-Orta Eosen yasli Safranbolu Formasyonuna aittir. Bu
fosilli kiregtaslari agik yesil renklidir. X-151m1 difraktometre (XRD) analiz sonuglarindan yapilan yari
kantitatif hesaplamalara gore %97-98 kalsit, %2-3 dolomitten olustugu belirlenmistir. Mineralojik
petrografik ozelliklerine gore kayag, oldukga iri genellikle mikritik az sparitik dolgulu nummulit
fosilleri igeren ve yer yer sparitik yer yer mikritik baglayici malzemeden olusan fosilli kirectasi olarak
tamimlanmustir. Eflani kirectaslarinin fiziksel 6zelliklerinden olan hacim agirhigr 2,656+0,003 gr/cm3,
ozgiil agirlik 2,699+0,007 gr/cm3, atmosfer basincinda agirlikca su emme oranlart % 0,353+0,041,
doluluk orani ise % 98,41 olarak belirlenmistir. Eflani kiregtasi mermerlerinde yapilan mekanik
deneylerden, tek eksenli basing dayanimi 145343+ 82.99%kg/em?, egilme dayaninmui 170,52:16,7 kg/cm?,
bohme asinma dayamim degerleri ise 15,81:0,28 cm®/50cm?, darbe dayanim 9,75 kg.cm/cm®, Cekme
Dayanim (Brazilian Deneyi) 77,95+8,28 kg/cm?, Schmidt Cekici Sertligi (L-Tipi) 51,47+2,47, Nokta
Yiik Dayanim Indeks degerleri ise (Is(50)) 66,12+4,73 kg/cm? olarak belirlenmistir. Fosilli kirectas:
orneklerinin ana oksit element analiz sonuglarinin ortalama SiO., Fe,O3, CaO, MgO degerleri sirasiyla
%1,2, %0,3, %53.13, % 0,77 dir. Bu degerlerden hesaplanan CaCOs degeri ise %94.42 ile 95.31
araliginda degismektedir. Sonuglarin kaplama tas1 ve dogal yapi tasi olarak kullanimi igin TS EN
12057, TS EN 12058, TS EN 1468 ve TS EN 1469’ a gore gerekli fiziksel ve mekanik dzellikleri
sagladigi belirlenmistir.

Anahtar Kelimeler: Fosilli kirectasi, Fiziko-mekanik 6zellikler, Eflani, Karabiik
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Abstract

The study area is located in Yaglica village, 10 km southwest of Eflani District (Karabiik Province). In
this study, the mineralogical-petrographic, physico-mechanical and chemical properties the samples
taken from fossiliferous limestone deposit named Safranbolu Eflani Fossil Rustic Green operated by
HP Mermer Ltd. Ltd. A.S. were determined. The fossilliferous limestones processed as marble belong
to the Lower-Middle Eocene aged Safranbolu Formation, which consists of nummulitic limestone and
marl. These fossilliferous limestones are light green in color. Based on semi-quantitative calculations
made from X-ray diffractometer (XRD) analysis results, it was determined that it consists of 97-98%
calcite and 2-3% dolomite.

In mineralogic-petrographic investigation, the rock is defined as fossilliferous limestone containing
very large nummulite fossils which generally micritic and less sparitic filled, and consisting of sparitic
and sometimes micritic cement material. From the physical properties of the samples, it was
determined that the unit volume weight value was 2.656+0.003 g/cm?®, the specific gravity was
2.656+0.003 g/cm?, the water absorption rate by weight was 0.353+0.041% and the filling rate value
was 98.41%. From the mechanical tests performed on Eflani limestone marbles, uniaxial compressive
strength values are 1453.43+ 82.99kg/cm?, strength to bending is 170.52+16.7 kg/cm?, Bohme
abrasion resistance values are 15.81+0.28 cm®50cm?, impact strenght 9.75 kg.cm/cm?® Tensile
Strength (Brazil Test) 77.95+8.28 kg/cm?, Schmidt hammer hardness values (L-Type) 51.47+2.47,
Point Load Strength Index (Is) (50)) was determined as 66.12+4.73 kg/cm?. The average SiO», Fe;0s,
Ca0, MgO values of main oxide element analysis results of this fossilliferous limestone are 1.2%,
0.3%, 53.13%, 0.77% respectively. The CaCOs3 value calculated from these values varies between
94.42% and 95.31%. The results have been determined that it provides the required physical and
mechanical properties as including facing stone, natural building stone according to TS EN 12057, TS
EN 12058, TS EN 1468 and TS EN 14609.

Keywords: Fossilliferous limestone, Physico-mechanical properties, Eflani, Karabiik
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Malatya-Yazihan Havzasi Ust Miyosen Yash Birimlerin Genel Ozellikleri
General Characteristics of Upper Miocene Units in the Malatya- Yazihan Basin
Sonay Boyraz Aslan!, Emine Siit¢ii Cicioglu*

Maden Tetkik ve Arama Genel Miidiirliigii, Maden Analizleri Dairesi, Cankaya-ANKARA
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Ozet

Malatya-Yazihan Neojen havzasi, olduk¢a kalin tortul birikimine sahip bir havzadir. Malatya Fay
Zonu’nun kontroliinde gelisen havzada Alt Miyosen’den itibaren baslayan karasallagsma siireci ile
altivyal yelpaze, akarsu ve golsel tortullar depolanmustir. Bu ¢alismada, havzada Pargikan Formasyonu
olarak tanimlanan Ust Miyosen yash tortul ¢okellerin genel 6zellikleri ile mineralojik bilesenleri ve
jeokimyasal 6zelliklerinden bahsedilecektir. Formasyonu olusturan birimler; ince taneli yer yer ¢apraz
tabakali kumtasi, silttasi, organik madde ve kavki igerikli gri-yesil renkli kiltasi, marn, killi kirectas,
dolomit ve komiirlii seviyelerden olusur. Bir yarmada o6lgiilen stratigrafik kesitte komiir damarlar1 1.5-
2 m kalnliginda kivrimli-kirikli yapilar halindedir. Ayrica komiirler iizerinde ylizey bozusmalari
olarak yer yer kabuk halinde sari-agik yesil renkli jarosit mineralleri izlenmektedir. Bu caligmada
analizleri yapilan komiirler, 6l¢iilii kesitteki yiizey ornegi ile isletilen ocaktan alinmig numunelerdir.
Yiizey Orneginin mineralojik bilesenleri kuvars, dolomit, kalsit, jips, jarosit, pirit, mika minerali ile
amorf malzemeden olusur. Isletmeden alinan &rnegin mineralojik bilesenleri ise kuvars, pirit, kalsit,
plajiyoklaz, mika minerali ve jips seklindedir. Her iki 6rnekte de kil mineralleri olarak illit, kaolinit ve
klorit belirlenmistir. Kémiirlerin petrografik incelemelerinde yilizey 6rnegindeki komiir, alt bitiimlii
komiir asamasinda %40 organik madde ve %60 mineral maddeden (kil minerali, pirit) olusur. Ornekte
organik maddeden gelinit ve atrinit maseralleri yaygin olarak belirlenmistir. Ocaktan alinan komiir
Ornegi yine alt bitiimlii kdmiir agamasinda, yaklasik %20 organik madde ve %80 mineralden olusur.
Ornekte organik madde de huminit grubundan atrinit, tekstinit ve gelinit yaygindir. Her iki 6rnekte de
liptinit grubu mineraller %1 civarindadir. Olgiilii kesitteki Orneklerin tamaminda kalsit egemen
mineral olmakla birlikte kuvars, plajiyoklaz, dolomit, jips ve aragonit mineralleri ile daha az amfibol
minerali ve serpantin de gozlenir. Kil mineralleri tiim 6rneklerde basta simektit, illit, klorit, kaolinit ve
paligorskit ile karisik tabakali killerden (illit-simektit, simektit-Klorit) olusur. inorganik tortullarin ana
oksit degerleri SiO; %2.7-44, Al,O3 %0.8-15, CaO %0.8-46, Fe-Os ise % 2.2-7.6 oranlarinda degisim
sunarlar. Tortullarin iz element degerleri ise genellikle kendi iglerinde uyumlu olup bu degerlerin artis
veya azalislart kaynak alanindaki birimlerin 6zelliklerine baglidir. Malatya-Yazihan havzasinin bir
boliimiinii olusturan Pargikan Formasyonundaki birimlerin sedimantolojik ve mineralojik 6zellikleri
bunlarin gol, bataklik ve delta ortamlarinda depolanmis oldugunu gdstermektedir. Ayrica tortul
tabakalarda gozlenen deformasyonlar da bolgedeki faylarin etkinligini yansitmaktadir.

Anahtar Kelimeler: Malatya-Yazihan Havzasi, Neojen, Kil Mineralleri, Komiir
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The Malatya-Yazihan Neogene basin is a basin with very thick sediment accumulation. Alluvial fan,
fluvial, and lacustrine sediments were deposited in the basin, which developed under the control of the
Malatya Fault Zone, with the terrestrialization process that started since the Lower Miocene. The
present study aims to determine the general characteristics with mineralogical components and
geochemical properties of the Upper Miocene aged sedimentary deposits defined as the Pargikan
Formation in the basin. The units forming the formation consist of fine-grained, sometimes cross-
bedded sandstone, siltstone, gray-green-colored claystone containing organic matter and shells, marl,
clayey limestone, dolomite and coal-bearing levels. Coal seams are folded-fractured structures with
thickness of 1.5-2 m in the road cut, where the section is measured. Furthermore, because of surface
weathering on the coals, yellow-light green colored jarosite minerals can be observed as a crust. The
coals analyzed in the current study are both surface samples in the measured section and coal samples
taken from the operated quarry. The mineralogical components of the surface coal sample consist of
quartz, dolomite, calcite, gypsum, jarosite, pyrite, mica minerals and amorphous material. The
mineralogical components of the coal sample taken from the quarry contain quartz, pyrite, calcite,
plagioclase, mica mineral and gypsum. Clay minerals such as illite, kaolinite, and chlorite were
identified in both samples. In petrographic examinations of coals, the coal in the surface sample
consists of %40 organic matter and %60 mineral matter (clay mineral, pyrite) in the sub-bituminous
coal stage. Gelignite and atrinite macerals from organic matter were commonly identified in the
sample. The coal sample taken from the quarry consists of approximately %20 organic matter and
%80 mineral matter, again in the sub-bituminous coal stage. In the sample, atrinite, textinite and
gelignite from the huminite group are common in organic matter. In both samples, minerals from the
liptinite group are around 1%. Calcite is the dominant mineral in all samples in the measured section,
and this mineral is accompanied by quartz, plagioclase, dolomite, gypsum and aragonite minerals, and
less amphibole minerals and serpentine minerals. Clay minerals are present in all samples and consist
primarily of smectite, illite, chlorite, kaolinite and palygorskite with mixed-layer clays (illite-smectite,
smectite-chlorite). The main oxide values of the inorganic sediments, SiO- provides a change at the
rate of 2.7-44%, Al,Os at the rate of 0.8-14%, CaO at the rate of 0.8-46%, and Fe,O3 at the rate of 2.2-
7.6%. The trace element values of the sediments are generally compatible with each other and
increases or decreases in these values depend on the characteristics of the units in the provenance area.
The sedimentological and mineralogical characteristics of the Pargikan Formation units, which form
part of the Malatya-Yazihan basin, show that they were deposited in the lake, swamp, and delta
environments. Furthermore, the deformations observed in the sedimentary layers reflect the activity of
the faults in the region.

Keywords: Malatya-Yazihan Basin, Neogene, Clay Minerals, Coal
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Kasaba ve Aksu-Gebiz Havzalarinin Paleontolojik ve Stronsiyum izotop
Stratigrafisi (Giineybati Anadolu)

Paleontological and Strontium Isotope Stratigraphy of the Kasaba and Aksu-Gebiz Basins
(SW Anatolia)
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Ozet

Kas-Kasaba ve Aksu-Gebiz havzalari, Giineybati Anadolu'da Antalya Korfezi'ni saran 6nemli Neojen
Dogu Akdeniz havzalaridir. Bu havzalarin sedimantasyon evrimini ve ¢okelme yaglarini anlamak,
Dogu Akdeniz bolgesinin Neojen jeolojik gelisimini aydinlatmak i¢in olduk¢a oOnemlidir. Bu
havzalarda gergeklestirilen kapsamli sedimantolojik, paleontolojik ve Sr izotopik ¢alismalar, Neojen
donemindeki sedimanter karakteristiklerini ve g¢evrelerini anlamamiza katki saglamistir. Batida yer
alan Kasaba Havzasi, ge¢ Kretase Beydaglar1 otoktonundan gelismis erken-orta Miyosen karbonat-
Klastik bir birikimi ve Paleosen-Eosen neritik karbonatlar ile ortiilmiis bir yapiya sahiptir. Buna
karsilik, doguda yer alan Aksu-Gebiz havzasi, Mezozoyik metamorfik karbonatlar iizerinde gelismis
Orta Miyosen'den Pliyosen'e kadar uzanan trangresif bir birikimi temsil etmektedir. Kasaba (Kas)
bolgesindeki Kasaba ve Sinek¢i Formasyonlart iizerine detayli biyostratigrafik caligmalar, Kasaba
Formasyonu'nda iki kesit galisilmis ilk kesitte (KA) 9 cins ve 23 tiir planktonik foraminiferin ve ikinci
kesitte (KE) ise 12 cins ve 29 tiiriin tespit edilmesini saglamistir. Bu ¢alismalar, orta Miyosen'in
Orbulina suturalis Lineage Subzone (MMi5a) alt sinirin1 tanimlamistir. Benzer sekilde, Gebiz (Aksu)
bolgesinde planktonik foraminiferler, ge¢ Miyosen'in Globigerinoides obliquus extremus-Globorotalia
suterae Interval Subzone (MMil2a) alt sinir1 gostermistir. Her iki bolgede kita sahanligi ortamlarini
yansitan bentik foraminifer tiirleri de tamimlanmustir. Ilk kez, Kasaba Havzasi'ndaki kil taslari,
kiregtaglari ve marnlarin Serravaliyen-Akitaniyen (Miyosen) dizilerinin tarihlemesinde stronsiyum
izotop kemostratigrafisi kullanilmus, ii¢ énemli 6rnegin 8’Sr/%Sr oranlarina dayanarak 14.3 ila 23.7
Milyon yil arasinda degisen yaslar ortaya konmustur. Genel olarak, Kasaba Havzasi'ndaki ¢aligmalar,
Serravaliyen'den Langiyen'e kadar olan yaslariyla s1g deniz ortamlarini isaret etmektedir. Aksu-Gebiz
Havzasi'nda ise Karpuz¢ay Formasyonu {izerine yapilan detayli arastirmalar, havzanin tektonik
evrimini ve fleksiiral etkilerini ortaya koymus, dizinin boyunca i¢ sahanlik ortamlarini yansitan
planktonik ve bentik foraminiferler tespit edilmistir.

Anahtar Kelimeler: Kasaba Havzasi, Aksu-Gebiz Havzasi, Paleontoloji, Sr izotop, Stratigrafi
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Abstract

The Kas-Kasaba and Aksu-Gebiz basins are significant Neogene Eastern Mediterranean basins
flanking the Antalya Gulf in SW Anatolia. Understanding their sedimentary evolution and
depositional ages is crucial for elucidating the Neogene geological development of the Eastern
Mediterranean region. Comprehensive sedimentological, paleontological, and Sr isotope studies on
these basins have provided valuable insights into their sedimentary characteristics and environments
during the Neogene period. The Kasaba Basin in the west features an early to middle Miocene
carbonate-clastic succession developed on Late Cretaceous Beydaglari autochthon and overlain by
Paleocene-Eocene neritic carbonates. In contrast, the Aksu-Gebiz basin in the east represents a
transgressive succession comprising Middle Miocene to Pliocene clastics and carbonates developed on
Mesozoic metamorphosed carbonates. Detailed biostratigraphic studies of the Kasaba and Sinekgi
Formations in the Kasaba (Kas) region identified 9 genera and 23 species of planktonic foraminifera in
the Kasaba Formation, and 12 genera and 29 species in the KE section, defining the lower boundary of
the Orbulina suturalis Lineage Subzone (MMi5a) of the middle Miocene. Similarly, the Gebiz (Aksu)
region's planktonic foraminifera indicated the lower boundary of the MMil2a Globigerinoides
obliquus extremus-Globorotalia suterae Interval Subzone of the late Miocene. Benthic foraminifera
reflecting shelf environments were identified in both regions. For the first time, strontium isotope
chemostratigraphy was used to date the Serravallian-Aquitanian (Miocene) sequences of clayey
limestones, limestones, and marls in the Kasaba Basin, revealing ages ranging from 14.3 to 23.7 Ma
based on 87Sr/%Sr ratios from three key samples. Overall, studies in the Kasaba Basin indicate a Lower
to Middle Miocene age with shallow marine environments, consistent with Serravallian to Langhian
ages. In the Aksu-Gebiz Basin, detailed investigations of the Karpuz¢ay Formation identified a mid-
Tortonian age, highlighting the basin's tectonic evolution and flexural effects, with planktonic and
benthic foraminifera reflecting inner shelf environments throughout the sequence.

Keywords: Kasaba Basin, Aksu-Gebiz Basin, Paleontology, Sr Isotope, Stratigraphy
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Son Buzul Maksimum Sirasinda GB Tiirkiye’de Meydana Gelen Magara
Cokellerinde Kayith Sicakhik Degisimleri

Temperature Variations Recorded in Speleothems During the Last Glacial Maximum in SW
Tiirkiye
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Ozet

Son Buzul Maksimumu (SBM) ile Holosen gecisi, Kuvaterner donemindeki son biiyiik iklim
degisikligini temsil eder. Bu gecise ait izler Dogu Akdeniz bolgesinde agirlikli olarak denizel
kayitlarda bulunmakta olup, karasal arsivlerde smirhi sayida vekil kayit (proxy) mevcuttur.
Speleotemler, gecmis iklim degisiklerini kaydeden karasal arsivlerdir ve yiiksek ¢oziiniirliikte, kesin
olarak tarihlendirilmis vekil kayitlar saglar. Uranyum-serileri ile tarihlendirme, durayli izotop (5*0,
8%C) ve iz element olgiimleri, bu arsivler iizerinde en yaygin kullanilan jeokimyasal analizlerdir.
Bunlara ek olarak, sivi kapamim &lgiimleri (8Os and 82Hyi), ozellikle eski sicaklik tahminlerinde
O6nemli uygulamalar haline gelmistir. Bu ¢alismada, 24-13 bin yi1l 6nce olusmus olan Ze-1 dikiti
Zeytintast Magarasindan (Antalya, GB Tiirkiye) alinmistir. Speleotem kalsit {izerinde toplam 360
durayl izotop (880, 8'°C) 6l¢iimii ve dikitin igerisinde hapsolmus su iizerinde 30 805 ve &%Hyi
olciimii gerceklestirilmistir. 5'80f degerleri-4.11%o ile-5.52%0 (VSMOW) arasinda degisirken, 62Hi
degerleri-16.2%o ile -22.25%0 (VSMOW) arasinda degismektedir. Olgiilen §**Or degerlerine dayali
eski sicaklik hesaplamalari, SBM-Holosen gecisi sirasinda sicakliklarin 10.0£1.2°C ile 17.9+£1.3°C
arasinda dalgalandigim1 gostermektedir. En diisiik sicakliklar SBM sirasinda kaydedilmis olup, bu
durum kiiresel iklim degisimlerini yansitarak, dikit Ze-1'in bu kiiresel degisiklikleri kaydettigini ortaya
koymaktadir. Bu ¢alisma, Tirkiye ve Dogu Akdeniz bolgesindeki kuzey Levant'taki speleotemler
tizerinde yapilan ilk s1vi kapanim dlgiimlerini temsil etmektedir.

Anahtar Kelimeler: Speleotem, Sivi kapanim, GB Tiirkiye, Son Buzul Maksimum
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Abstract

The Last Glacial Maximum (LGM) to Holocene transition is the last major climate shift during the
Quaternary period. Evidence of this major variation is predominantly found in marine records from the
Eastern Mediterranean region, with continental archives providing only limited proxy records.
Speleothems are continental archives of past climate changes and provide high-resolution and
precisely dated proxy records. Uranium-series dating, stable isotope (520, §*3C), and trace element
measurements are the most common geochemical analyses on speleothems. Additionally, fluid
inclusion measurements (5¥0s and &°Hr) have become prominent applications on speleothems,
especially in paleotemperature estimations. In this study, a stalagmite (Ze-1) deposited between 24-13
kyr BP was collected from Zeytintasi Cave in Antalya, SW Tiirkiye. A total of 360 stable isotope
(80, 8C) measurements were conducted on speleothem calcite, along with 30 8Os and §°Hs
measurements on entrapped water within stalagmite. The 305 values range from -4.11 to -5.52%o
(VSMOW), while &°Hy values vary between -16.2 and -22.25%. (VSMOW). Paleotemperature
calculations based on measured 580y values indicate that temperatures fluctuated between 10.0+1.2°C
and 17.941.3°C during the LGM-Holocene transition. The lowest temperatures were recorded during
the LGM, reflecting the global climate patterns, thereby demonstrating that stalagmite Ze-1 captured
these global variations. This study marks the first instance of fluid inclusion measurements on
speleothems in Tiirkiye and the northern Levant within the Eastern Mediterranean region.

Keywords: Speleothem, Fluid inclusion, SW Tiirkiye, Last Glacial Maximum
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Bayiralan Formasyonu (Kuzeydogu Denizli) Kumtaslariin Jeokimyasal
Ozellikleri: Kaynak Alan Karakteristikleri ve Tektonik Ortamlari

Geochemical Properties of Sandstone in Bayiralan Formation from Northeastern Denizli:
Provenance Signature and Tectonic Setting
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Ozet

Calisma alani, genis traverten yiizeylenmeleri iceren Neojen tortullari ile doldurulmus Denizli
havzasinin (glineybat1 Tiirkiye) dogu ve kuzeydogu kesiminde yer almaktadir. Bayiralan formasyonu,
konglomera, kumtasi, kiltagi ve yerel komiir/karbonlu kayag seviyeleri igeren tortul kayaglardan
olugsmakta olup, ince ila orta tabakali, ince ila iri taneli, yesilimsi gri ila acik kahverengi renkli
kumtaglar1 baskin kaya tiiriinii olusturmaktadir. Bu c¢alisma, Bayiralan formasyonu igerisindeki
kumtaglarinin jeolojik, sedimentolojik, mineralojik ve jeokimyasal ozelliklerinden yararlanilarak
kaynak alan Ozelliklerini ve tektonik ortamlarini aydinlatmayir amaglamaktadir. Optik mikroskop
altinda kumtas1 Orneklerinin kuvars, klorit, kil + mika mineralleri, plajiyoklaz, opak mineraller,
piroksen, kalsit ve kaya¢ parcalarindan (kuvarsit, serpantinit, gabro, ¢ort, mermer ve kirectasi)
olustugu belirlenmigtir. XRD ve SEM-EDS analizleri de bu sonuglar desteklemektedir. Baslica ana
oksit elementlere dayali kimyasal siiflandirma diyagramlarinda, Bayiralan formasyonu kumtaglar
cogunlukla silikat ve Al-silikat mineralleri a¢isindan zengin litarenit alanina diismektedir. Ancak, Ca-
Mg-Na mineralleri agisindan zengin olan Fe-kumlar1 alaninda az sayida 6rnek vardir. Kaynak alan
karakteristiklerini belirlemek i¢in kullanilan SiO; - Al,Os/TiO2, Rb - K0, Hf - La/Th, Co/Th - La/Sc
ve Th - Sc diyagramlarina gore, kumtas1 6rneklerinin felsik-orta¢ kaya¢ bilesimine, sinirli sayida
ornegin ise mafik-ultramafik bilesimine yakin olduklar1 belirlenmistir. Kumtagi 6rneklerindeki Ni/Co
(0.7-15.3), Cr/V (0.6-25.7), Cr/Th (5.1-748.3), Co/Th (2.2-42.2), Sc/Th (0.9-4.7), La/Th (2.7-5.5),
La/Sc (0.9-4.1), Ba/Nb (13.4-36.4) ve Y/Ni (0.01-0.85) gibi element oranlari, tst kitasal kabugundan
tiireyen felsik-ortag kayaclardan (seyl, sist, granit/granodiyorit), okyanus kabugundan tiireyen mafik-
ultramafik kayaclara (gabro, bazalt, harzburgit) kadar degisen kaynak kaya 6zellikleri gostermektedir.
Kumtaglarinin ana oksit ve iz element igerikleri NASC ve PAAS degerlerine benzerdir. Ancak NASC
ve PAAS normalize edilmis ¢oklu element degisim diyagramlarinda Al, Ca, Cr, Co ve Ni
elementlerinde 6nemli zenginlesmeler ve Si, Ti, Na, K, Mn, Rb, Ba, Th, Nb, Sc ve V elementlerinde
titketilmeler gosterirler. Kumtaslarimin Nadir Toprak Element (REE) igerigi 22.11 ila 178.67 ppm
arasinda degismekte olup, ortalama 101.32 ppm’dir. Bu deger NASC (159.13 ppm) ve PAAS (184.77
ppm) degerlerine gore nispeten diisiiktiir. NASC ve PAAS normalize edilmis REE diyagramlarinda,
kumtas1 6rnekleri benzer ve diiz desenler sergilemektedir ((La/Lu)nasc=0.80-1.45; (La/Lu)paas=0.61-
1.11). Ayrica, numunelerin REE desenleri Hafif Nadir Toprak Elementlerinde (LREE)
((La/Sm)nasc=0.84-1.08; (La/Sm)pans=0.68-0.88) Agir Nadir Toprak Elementlerine (HREE)
((Sm/Lu)nasc=0.95-1.44; (Sm/Lu)paas=0.90-1.37) gore minimal bir tiikkenme gostermektedir. Ayrica,
kumtaglarinda Europiyum anomalisi goriilmemektedir ((Eu/Eu*)nasc=0.92-1.10; (Eu/Eu*)paas=0.98-
1.17). Kumtas1 6rnekleri kaynak alaninda zayif ila orta derecede ayrisma olduguna isaret eden orta-
hafif yiiksek LOI (3.9-38.8), K/Cs (729.0-4194.5), Al/Ti (13.5-32.7) degerleri, diisiik-orta ICV (0.9-
26.8), CIA (2.9-59.3), PIA (2.5-61.6) ve IOL (11.7-34.8) degerlerine sahiptir. SiO2/Al>03-K>0/Na20,
La-Th-Sc ve Th-Sc-Zr/10 tektonik ayrim diyagramlari kumtaslarini olusturan bilesenlerin aktif kita
kenar (kita ada yay1) ortaminda olusmus kayaglardan tiiredigine isaret etmektedir.
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The study area is located in the eastern and northeastern part of the Denizli basin (in southwestern
Turkey), filled by Neogene sediments comprising travertine deposits. Bayiralan formation is
composed of sedimentary rocks that contain levels of conglomerate, sandstone, claystone, and local
coal/carbonaceous rocks. The dominant rock type consists of thin-to-medium-bedded, fine-to-coarse-
grained, greenish-grey to light-brown sandstones. This study aims to reveal the source area
characteristics and tectonic environments of the sandstones in the Bayiralan formation by utilizing
their geological, sedimentological, mineralogical, and geochemical properties. Under the optical
microscope, the sandstone samples were determined to be composed of quartz, chlorite, clay + mica
minerals, plagioclase, opaque minerals, pyroxene, calcite and rock fragments (quartzite, serpentinite,
gabbro, chert, marble and limestone). XRD and SEM-EDS analysis also support these results. In
chemical classification diagrams based on major oxide elements, Bayiralan formation sandstones
mostly fall into the litharenite area rich in silicate and Al-silicate minerals. However, few samples are
in the Fe-sands area, which is rich in Ca-Mg-Na minerals. According to the SiO,-Al,0s/TiO-, Rb-K:0,
Hf-La/Th, Co/Th-La/Sc, and Th-Sc diagrams used to determine the source area characteristics, the
sandstone samples are close to the felsic-intermediate rock composition. In contrast, a limited number
of samples matched the mafic-ultramafic composition. Element ratios, such as Ni/Co (0.7-15.3), Cr/V
(0.6-25.7), Cr/Th (5.1-748.3), Co/Th (2.2-42.2), Sc/Th (0.9-4.7), La/Th (2.7-5.5), La/Sc (0.9-4.1),
Ba/Nb (13.4-36.4), and Y/Ni (0.01-0.85), in sandstone samples indicate source rock characteristics
ranging from felsic-intermediate rocks (shale, schist, granite/granodiorite) derived from the upper
continental crust to mafic-ultramafic rocks (gabbro, basalt, harzburgite) derived from the oceanic
crust. The sandstones’ major oxide and trace element contents are similar to the NASC and PAAS
values. However, they display significant enrichments in Al, Ca, Cr, Co, and Ni elements and
depletions in Si, Ti, Na, K, Mn, Rb, Ba, Th, Nb, Sc, and V elements in the NASC and PAAS
normalized multi-element variation diagrams. The concentration of REE in sandstones ranges from
22.11 to 178.67 ppm, with an average of 101.32 ppm. This value is significantly lower than the NASC
(159.13 ppm) and PAAS (184.77 ppm) values. In NASC and PAAS normalized REE diagrams, the
sandstone samples exhibit similar and flat patterns ((La/Lu)nasc=0.80-1.45; (La/Lu)pans=0.61-1.11).
Additionally, the REE patterns of the samples show a minimal amount of depletion in Light Rare
Earth Element (LREE) ((La/Sm)nasc=0.84-1.08; (La/Sm)pass=0.68-0.88), relative to Heavy Rare
Earth Element (HREE) ((Sm/Lu)nasc=0.95-1.44; (Sm/Lu)paas=0.90-1.37). Furthermore, sandstones do
not exhibit Europium anomalies ((Eu/Eu*)nasc=0.92-1.10; (Eu/Eu*)paas=0.98-1.17). The sandstone
samples have moderate to slightly high LOI (3.9-38.8), K/Cs (729.0-4194.5), and Al/Ti (13.5-32.7)
values. They also have low to moderate ICV (0.9-26.8), CIA (2.9-59.3), PIA (2.5-61.6), and IOL
(11.7-34.8) values, which indicate weak to moderate weathering in the source area. The SiO2/Al;O3-
K>0O/Na;0O, La-Th-Sc, and Th-Sc-Zr/10 tectonic discrimination diagrams indicate that the sandstone
components are derived from rocks formed in the active continental margin (continental island arc)
environment.

Key Words: sandstone, felsic-intermediate source rock, weathering, tectonic setting
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Ozet

Seydisehir (Konya)-Akseki (Antalya) bolgesinde kirmuzi topraklar cogunlukla Ust Jura-Kretase
kirectaslarnin catlaklarinda ve ergime bosluklarinda, kismen de Ust Kretase yash ofiyolitik
kayaclarini iist kesimlerinde gozlenir. Incelenen kirmizi topraklar genel olarak pekismemis kil ve silt
ile kismen kum boyutunda malzemeden olugsmaktadir. Boyutlar1 yer yer birka¢ yiiz metre olan bu
yataklarin kalmliklar1 1.0 ile 10 m arasinda olup, gesitli biiyiikliikklerde (kum, cakil) ve tiirde (sist,
kiregtasi, diyabaz vb.) kaya pargalar1 icermektedir. Kirmizi topraklarin yanal ve diisey kalinliklari
bolgede farklilik gostermekle birlikte bazi bolgelerde kalinligi 8 ile 10 m arasinda degismektedir.
Bolgedeki kirmizi topraklarin boksit ve diger kayaclarla iliskisi ve kokeninin arastirilmasi, ayrica NTE
iceriginin belirlenmesi amaglandi. Calisilan kirmizi topraklarin bazi fiziksel 6zelliklerinin yani sira,
mineralojik bilesimleri X-1g1n1 kirimimi (XRD) yontemiyle, kimyasal bilesimleri ise X-151m1 floresans
spektrometresi (XRF) ve Indiktif Eslesmis Plazma — Kiitle Spektrometresi (ICP-MS) yontemiyle
belirlendi. Kirmiz1 topraklarin tane boyu dagiliminin %89 kum, %11 silt+kil oldugu tespit edilmistir.
Kirmizi topraklarin aliimina mineral igerigi boksite gore ¢ok daha diisiik olup, jipsit ve bohmit dnemli
Al-hidroksit fazlar1 olup, baz1 orneklerde hematit az miktarda tespit edilmistir. Silikat mineralleri
(kuvars, feldispat, kaolinit ve illit) kirmizi topraklarin ana bilesenleridir. Boksit ve ofiyolitik
kayaclarin ¢evresinden gozlenen kirmizi topraklarin hem ana element hem de iz element igeriklerinin
oldukga farkli oldugu tespit edilmistir. NTE icerigi 100-300 ppm arasinda ve 800-1300 ppm arasinda
olan 6rneklerin element igerikleri arasindaki korelasyon, faktor analizi ve kiimelenme iligkileri dikkate
alindiginda tamamen farkli bir kken gosterdigi belirlenmistir.

Anahtar Kelimeler: Boksit, NTE, Kirmiz1 toprak, Terra rossa, Tiirkiye
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Abstract

In the Seydisehir (Konya)-Akseki (Antalya) region, red soils are observed mostly in the cracks and
dissolution voids of the Upper Jurassic to Cretaceous limestones and occasionally in the upper parts of
the Upper Cretaceous ophiolitic rocks. The investigated red soils are generally composed of
unconsolidated clay and silt and partially sand-sized material. The dimensions of these deposits are a
few hundred meters in some places, and their thickness is between 1.0 and 10m and contains rock
fragments of various sizes (sand, gravel) and types (schist, limestone, diabase, etc.). Lateral and
vertical thicknesses of the red soils differ in the region, and some regions its thickness are between 8
and 10 m. It was aimed to investigate the relationship and origin of the red soils in the region with
bauxite and other rocks, as well as to determine the REE content. Besides some physical properties of
the studied red soils, mineralogical compositions were determined by X-ray diffraction (XRD) and
chemical compositions by X-ray fluorescence spectrometry (XRF) and Inductively Coupled Plasma —
Mass Spectrometer (ICP-MS). It has been determined that the grain size distribution of red soils is
89% sand, 11% silt+clay. The alumina mineral content of red soils is much lower than bauxite, and
gypsite and boehmite are the important Al-hydroxide phases, while hematite was detected in very
small amounts and in the some samples. Silicate minerals (quartz, feldspar, kaolinite and illite) are the
main components of red soils. It has been determined that both the major and trace element contents of
the red soils observed around bauxite and ophiolitic rocks are quite different. It was determined that
the samples with REE content between 100 and 300 ppm and REE content between 800 and 1300 ppm
showed a completely different origin, considering the correlation between their element contents, the
factors analysis, and their clustering relationships.

Keywords: Bauxite, Red soils, Terra Rosa, REE, Tiirkiye
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Ozet

Kirmizi topragin demir, aliminyum, titanyum, Nadir Toprak Elementleri (NTE) ve agir metaller
icerdigi bilinmektedir. Kirmiz1 toprak dzellikle icerdigi yiiksek aliiminyum orani sebebiyle sektorde
temel hammadde olarak kullanilan boksit yataklarina alternatif olarak goriilmektedir. Bu ¢alismada,
Seydisehir-Akseki yoresinde bulunan kirmizi topraklardan (terra rosa) Ozellikle nadir toprak
elementleri ve bazi kritik elementlerin (Y, Ce, Nd, Ga, Ge, Sc, V., vb.) dogrudan li¢ yontemi
kullanilarak kazanilmasi amaglanmistir. Bolgeden Ornekleme yoluyla almmis kirmizi toprak
numunelerinin fiziksel, kimyasal ve mineralojik karakterizasyonu sonrasinda nitrik asit (HNO3) ile li¢
islemine tabii tutulmustur. Deneysel ¢alismalarda, 4 parametre ve 4 seviyeden olusan L16 ortogonal
deney diizenegi kullanilmis olup asit konsantrasyonu (1- 4 M), sicaklik (25 °C — 95 °C), zaman (1 - 8
saat) ve kati/stvi oraninin (1/10 — 1/40 g/ml) li¢ verimliligi {izerindeki etkileri Taguchi optimizasyonu
yontemiyle arastirilmistir. Elde edilen sonuglara gore kirmizi topraktan HNOs ile en yiiksek NTE
kazanimi i¢in belirlenen optimum kosul; 4 M HNOs derisimi, 95 °C sicaklik, 8 saat siire ve 1/40
kati/sivi orant olmustur. Bu sartlar altinda yapilan dogrulama deneyi sonuglart ile Taguchi
optimizasyon yontemi kullanilarak hesaplanan tahmini kazanim oranlar karsilastirildiginda %10
given aralifinda kalmak iizere oldukca uyumlu oldugu belirlenmistir. Optimum kosullarda
gergeklestirilen dogrulama deneyi sonucu Sc, Y, Ce elementlerinde %90 ve La, Nd, Pr, Gd, Sm
elementlerinde %95 tlizerinde li¢ verimleri elde edilmistir.

Anahtar Kelimeler: Kirmiz1 Toprak, NTE, Nitrik Asit, Lig¢
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Abstract

It is known that terra rosa contains iron, aluminum, titanium, rare earth elements (REE) and heavy
metals. Terra rosa with especially high aluminum content appears to be an alternative to bauxite
deposits, which are used as basic raw materials in the aluminum industry. In this study, it was aimed to
obtain especially rare earth elements (REE) and some critical elements (Y, Ce, Nd, Ga, Gd, Nd, Sc,
etc.) from the red soils (terra rosa) in the Seydisehir-Akseki region by using the direct leaching
method. After the physical, chemical and mineralogical characterization of the terra rosa samples
taken from the region, they were leached with nitric acid (HNO3). In the experimental studies, the L16
orthogonal experimental design was used. Effects of acid concentration (1- 4 M), temperature (25 °C —
95 °C), time (1 - 8 hours) and solid/liquid ratio (1/10 — 1/40 g/ml) on leaching efficiency Taguchi
optimization and ANOVA methods. By using performance statistics graphs, the optimum leaching
conditions for the highest REE recovery with HNOj3 leaching from terra rosa were determined as: 4 M
HNO:s concentration, 95 °C leaching temperature, 8 hours leaching duration and 1/40 solid/liquid ratio.
When the results of the verification experiment conducted under these conditions were compared with
the estimated results which are calculated by using the Taguchi optimization method, it was
determined that they were quite compatible, remaining within the 10% confidence interval. As a result
of the verification experiment carried out under optimum conditions, leaching efficiencies of over 90%
for Sc, Y, Ce elements and over 95% for La, Nd, Pr, Gd, Sm elements were obtained.

Key Words: Terra Rosa, REE, Nitric Acid, Leaching
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Silika Doygun Afyonkarahisar Volkaniklerinin Radyoaktif Element
Icerikleri ve Sedimanter Tip Mineralizasyonlara dair Yaklasimlar

Radioactive Element Contents of Silica-Saturated Volcanics in Afyonkarahisar: an Approach
to Sedimentary-Type Mineralizations
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Ozet

Diinya iizerinde enerji ihtiyacinin siirekli artmasi ve enerji hammaddelerinin arzinin kisitl olmasi
dolayisiyla radyoaktif elementlerin aranmasina ve tiretilmesine dair ¢aligmalar hizla artmaktadir. Bu
baglamda silikaya doygun kuzey Afyonkarahisar volkanikleri ve iliskili volkanoklastik birimlerinin
olast uranyum cevherlesmeleri i¢in Onemli potansiyeller sunduklart disiiniilmektedir. Calisilan
volkanik birimler genellikle Afyon temel metamorfitlerini kesen riyolit, riyodasit, tiif ve ignimbrit tiirii
kayaglardir. Bu kayaglar Erken Miyosen déneminde olusmus olup Isparta-Afyon-Eskisehir yapisal
trendinde gbzlemlenen alkalen-potasik karakterli volkanizmanin daha yash kesimini temsil etmektedir.
Calisma alanindaki 6zellikle ignimbirit tiirii kayaglarda uranyum (28 ppm’e kadar) ve toryum (51
ppm’e kadar) anomali degerleri saptanmistir. Bu ignimbiritik kayaglar esas olarak kuvars, alkali
feldispat, ile daha az oranda plajiyoklas ve biyotit igermektedir. Silikaya doygun (SiO2 %74.5-77.6) bu
kayaclar genellikle yiiksek K»O (% 4.33-5.78) ve N2O (% 0.95-3.08) degerlerine karsilik diisiik MgO
(% 0.54 - 2.47) ve Fe;03 (% 0.61-3.05) degerleri sunmaktadirlar. Uranyum ve toryum elementlerinin
magmatik evrim sirasinda yiiksek silika igerigi dolayisiyla ilksel fazlardaki minerallerde tiiketilmedigi
ve kristallenme siirecinin sonraki fazlarmma kadar ergiyikte kaldigi diisiiniilebilir. Bununla birlikte
kayaglarda saptanan uranyum konsantrasyonun 50 ppm’den daha az oldugu diisiiniiliirse magma
evriminde uraninit saturasyonuna erisilmedigi diisiiniilebilir. Ek olarak bir miktar uranyumun meteorik
cozeltiler ile mobilize olarak uranil iyonu (U*®) formunda kayaglardan uzaklastig1 da diisiiniilmektedir.

Calisilan golsel epiklastik sedimanter kayacglarda ise yiiksek uranyum konsantrasyonlarina
rastlanmamis olup volkanikler ile karbonatli kayaglarin kontaklarinda 180 ppm’e varan
konsantrasyonlar gozlemlenmistir. Bu agidan bolgedeki volkanik kayaglarm sedimanter uranyum
yataklar1 i¢in iyi bir kaynak olabilecegi fakat uranyumun ¢okelebilecegi indirgen zonlarin detayli bir
sekilde aragtirilmas1 gerekmektedir.

Anahtar Kelimeler: Uranyum, Toryum, Volkanik kayaglar, Afyonkarahisar, Sedimanter Tip
Mineralizasyon
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The increasing global demand for energy and the limited supply of energy raw materials have led to a
rapid rise in research and production related to radioactive elements. In this context, it can be stated
that the silica-saturated volcanic rocks of north Afyonkarahisar and their associated volcaniclastic
units offer significant potential for possible uranium mineralization. The studied volcanics are
generally rhyolites, rhyodacites, tuffs, and ignimbrites that cut through the Afyon basal
metamorphites. These rocks were formed during the Early Miocene period and represent an older
section of the alkaline-potassic volcanism observed in the Isparta-Afyon-Eskisehir structural trend.
Anomalous values of uranium (up to 28 ppm) and thorium (up to 51 ppm) have been detected in the
ignimbrite-type rocks in the study area. These ignimbritic rocks mainly consist of quartz, alkali
feldspar, and, to a lesser extent, plagioclase and biotite. These silica-rich rocks (SiO; 74.5-77.6%)
generally have high K,O (4.33-5.78%) and Na,O (0.95-3.08%) values, and low MgO (0.54-2.47%)
and Fe;0; (0.61-3.05%) values. It can be concluded that during magmatic evolution, the uranium and
thorium elements were not trapped in the initial phases of mineral formation due to high silica content
and remained in the melt until the later phases of crystallization. However, since the uranium
concentration detected in the rocks is less than 50 ppm, it can be inferred that uraninite saturation was
not reached during magma evolution. Additionally, it is also believed that some uranium may have
been mobilized from the rocks by meteoric solutions and moved away in the form of uranyl ions (U®").

In the studied lacustrine epiclastic sedimentary rocks, high uranium concentrations were not found;
however, concentrations up to 180 ppm were observed at the contacts between volcanic rocks and
carbonate rocks. From this perspective, volcanic rocks in the region could be a good source for
sedimentary uranium deposits, but a detailed investigation of reducing zones where uranium could
precipitate is required.

Keywords: Uranium, Thorium, Volcanic rocks, Afyonkarahisar, Sedimentary Mineralization
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Ozet

Lityum (Li), Oncelikle piller, seramikler ve farmasdtiklerdeki uygulamalari nedeniyle modern
teknolojik ortamda ¢ok Onemli kritik bir elemntir. Lityumun jeolojik olusumunu anlamak,
kaynaklarini siirdiiriilebilir bir sekilde kullanmak icin giinlimiizde 6nem tasimaktadir. Bu ¢alisma,
lityum elementlerinin dogasini, jeokimyasal davraniglarim ve ¢esitli jeolojik olusumlardaki
olugumlarimi kapsamaktadir.

Lityum, diisiik atom agirligi ve yiiksek elektrokimyasal potansiyeli ile karakterize edilen, periyodik
tablonun 1. Grubuna ait bir alkali metaldir. Dogada, lityum oncelikle mineral formunda bulunur ve
genellikle diger elementlerle birlesir. En yaygin lityum tasiyan mineraller spodiimen (LiAI(Si03)2),
lepidolit (K(Li,Al3(Si,Al)4010(F,0H)2-(Li,Na)2) ve petalittir (LiAISi4010). Bu mineraller tipik
olarak magma kristalizasyonunun son asamalarinda olusan iri taneli magmatik kayaglar olan granitik
pegmatitlerde bulunur. Pegmatitlerin olusumu sirasindaki benzer kosullar altinda, lityum ve diger
kritik nadir elementlerin konsantrasyonuna da katkida bulunur.

Lityum ayrica konsantre tuzlu su ¢ozeltileri olan tuzlu sularda da bulunabilir. Bu tuzlu su yataklari,
buharlagsma siireclerinin ¢ozlinmiis lityum konsantrasyonuna yol agtigi tortul havzalarda meydana
gelir. Onemli lityum tuzlu su kaynaklari Sili, Arjantin ve Bolivya'nin bazi bolgelerini kapsayan Giiney
Amerika'nin Lityum Ucggeninde yer almaktadir. Bu kurak bélgelerdeki yiiksek buharlasma oranlari,
lityum tuzlu sularinin birikmesini kolaylastirir. Benzer olusum ortamlart Tiirkiye’de bulunmasindan
Tirkiye’nin jeolojisi Li igerikli tuzlu su ve Paleo gol yataklari Onemli potansiyel alanlari
olusturmaktadir.

Elektrikli araglarda ve yenilenebilir enerji depolama sistemlerinde lityum iyon pillere yonelik artan
talep nedeniyle lityum yataklarinin arastirilmasi giderek daha 6nemli hale gelmektedir. Endiistriler
stirdiiriilebilir lityum kaynaklar1 aradike¢a, lityum agisindan zengin ortamlarin jeolojik dagilimini ve
olusumunu anlamak kritik hale gelmektedir. Izotop analizler ve uzaktan algilama da dahil olmak iizere
jeokimyasal analizler son gelismeler, lityum kaynaklarini etkin bir sekilde ortaya koymada ve
degerlendirme aragtirmalarimizi artirmaktadir.

Sonug olarak, lityumun jeolojik olusumlart oncelikle granitik pegmatitler ve tuzlu su tuzlu sular ile
iligkilidir ve her biri belirli ¢evresel kosullar altinda olusur. Jeolojik siiregler ile lityumun kimyasal
Ozellikleri arasindaki etkilesim, bu degerli elementin konsantrasyonunda ve erisilebilirliginde 6énemli
bir rol oynamaktadir.

Anahtar Kelimeler: Li cevherlesmesi, Li Tiirkiye, LIBS
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Lithium (Li) is a crucial element in the modern technological landscape, primarily due to its
applications in batteries, ceramics, and pharmaceuticals. Understanding the geological occurrence of
lithium is vital for harnessing its resources sustainably. This study explores the nature of lithium
elements, their geochemical behavior, and their occurrences in various geological formations.

Lithium is an alkali metal belonging to Group 1 of the periodic table, characterized by its low atomic
weight and high electrochemical potential. In nature, lithium primarily exists in mineral form, often
combined with other elements. The most common lithium-bearing minerals are spodumene
(LiAl(Si03)2), lepidolite (K(Li,Al)3(Si,A)4010(F,0H)2-(Li,Na)2), and petalite (LiAlSi4010). These
minerals are typically found in granitic pegmatites, which are coarse-grained igneous rocks that form
during the final stages of magma crystallization. The unique conditions during the formation of
pegmatites contribute to the concentration of lithium and other rare elements.

Lithium can also be found in saline brines, which are concentrated saltwater solutions. These brine
deposits occur in sedimentary basins, where evaporation processes lead to the concentration of
dissolved lithium. Notable lithium brine resources are located in the Lithium Triangle of South
America, encompassing parts of Chile, Argentina, and Bolivia. The high evaporation rates in these
arid regions facilitate the accumulation of lithium salts, making brines a significant source of lithium
production.

Geologically, the formation of lithium deposits can be influenced by a variety of factors, including
tectonic activity, volcanic processes, and hydrothermal systems. For instance, during tectonic uplift
and erosion, lithium-rich minerals can be exposed and subsequently weathered, releasing lithium into
surrounding water bodies. Hydrothermal processes can also transport lithium through rock formations,
depositing it in concentrated forms when conditions, such as temperature and pressure, change.

The exploration of lithium deposits is increasingly important due to the growing demand for lithium-
ion batteries in electric vehicles and renewable energy storage systems. As industries seek sustainable
lithium sources, understanding the geological distribution and formation of lithium-rich environments
becomes critical. Recent advancements in geochemical exploration techniques, including isotopic
analysis and remote sensing, are enhancing our ability to locate and evaluate lithium resources
effectively. Since similar formation environments are found in Turkiye, the geology of Turkiye Li-
containing brine and Paleo lake deposits can be constituting important potential areas.

In conclusion, lithium’s geological occurrences are primarily associated with granitic pegmatites and
saline brines, each forming under specific environmental conditions. The interplay between geological
processes and lithium’s chemical properties plays a significant role in the concentration and
accessibility of this valuable element. As global demand continues to rise, ongoing research into the
nature and formation of lithium resources is essential for ensuring sustainable extraction and
utilization.

Keywords: Li mineralization, Li Tirkiye, LIBS
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Pegmatitlerin Kokeni: Kuzey Bati Himalaya, Pakistan
Nature of lithium bearing pegmatites of Northern part of Nanga Parbat Haramosh Massif:

North Western Himalayas, Pakistan
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Calisma alani, Pakistan'in Himalaya dag silsilesinin kuzeybatisindaki Nanga Parbat Haramosh Masifi
(NPHM) iginde yer almaktadir. Bu aragtirmanin amaci, NPHM'in kuzeyindeki Shengus bdlgesinde
gnayslar1 kesen pegmatitlerin dagilimini ve lityum igeren minerallerin, ornegin lepidolit, mika,
turmalin ve akuamarin, bolgesel kayaclarla olan kdken ve olusum iliskilerini ortaya koymaktir. Elde
edilen petrolojik veriler, bolgedeki lityum olusumuna dair daha fazla bilimsel bilgi saglayacak ve
madencilik sektoriine rehberlik edecektir.

Arazi ¢aligmalari sirasinda toplanan 6rneklerden yeterli sayida ince kesit hazirlanmis ve petrografik
calismalar mikroskop altinda tamamlanmistir. Turmalin, lepidolit, mika ve granat iizerine Konfokal
Raman Spektroskopisi (CRS) c¢aligmalari yapilmistir. Pegmatitler ve ana metamorfik kayaglar
iizerinde mineral kimyasi ¢aligmalar1 da gerceklestirilmistir. Bu baglamda, Li igeren minerallerin, yani
lepidolit, turmalin, akuamarin ve mika'nin mineral kimyasi, Electron Probe Micro Analyzer (EPMA)
kullanilarak kenardan merkeze dogru mineral kimyas1 degisimleri analiz edilmistir.

Saha aragtirmalarimiz sirasinda bolgenin, Hindistan Levhasinma ait bazaltik kdkenli metamorfik
kayaclar, gnays, amfibolit ve migmatit icerdigi ortaya konulmus ve bu kayaglarin gen¢ pegmatitler
tarafindan sill seklinde yerlestikleri belirlenmistir. Bu pegmatitler, NPHM'nin gergeklesmesi
doneminde olugsmus olabilecegi belirlenmistir.

Tiim bu verilere gore, lepidolitten elde edilen Li konsantrasyonu %5.5 ve mika'dan elde edilen Li
konsantrasyonu ise %2.2'dir. Bolgenin jeolojik yapisini dikkate aldigimizda, pegmatitlerin daha geng
oldugu ve NPHM'nin kenarlar1 disinda deforme/metamorfizmaya ugramadan kaldig1 tespit edilmistir.
Bu pegmatitler, asirt yiiksek fraksiyonel kristalizasyon ile olusmus olup, NPHM'nin ortaya cikisi
sirasinda dekompresyon erimesinden kaynaklandigini gostermektedir. Bu durum, bdlgenin lityum
olusumu i¢in énemli bir yer oldugunu goriisii olusmustur. Bu 6n ¢aligmanin bulgularina dayanarak,
bolgenin daha kapsamli bir sekilde arastirilmasi, potansiyelinin ayrintili bir sekilde degerlendirilmesini
saglayacak ve bu potansiyelin 6nemli ekonomik deger tasidig1 sonucuna varilmistir.

Anahtar Kelimeler: Nanga Parbat Haramosh Masif, EPMA, Raman Spektroskopisi
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The study area is located within the Nanga Parbat Haramosh Massif (NPHM) in the northwest part of
Pakistan's Himalayan mountain range. This research aims to investigate the distribution of pegmatites
cutting through gneisses in the Shengus region of northern NPHM and the origin and relationships of
lithium-bearing minerals such as lepidolite, mica, tourmaline, and aquamarine with the regional rocks
from a mega tectonic perspective. The new data obtained will provide further scientific insights into
the lithium formation in the region and guide the mining sector.

An adequate number of thin sections has been prepared from collected samples from the investigation
area during fieldwork and petrographic studies have been compeleted under a petrographic
microscope. Confocal Raman Spectroscopy (CRS) studies were conducted on tourmaline, lepidolite,
mica, and garnet. Mineral chemistry studies have been done as well on the pegmatites and host
metamorphic rocks, In this framework, mineral chemistry of Li-bearing minerals lepidolite,
tourmaline, aquamarine and mica has been done by using Electron Probe Micro Analyzer (EPMA) to
reveal the mineral chemistry changes from rim to the core.

During our field investigations, the region revealed that containing basement metamorphic rocks of
Indian Plate, gneiss, amphibolite, and migmatite, and these rocks has been intruded by the young
pegmatites in the forms of sills. These pagmatites are formed by the exhumation of NPHM.

Based on the findings, Li concentration has been observed from the lepidolite is 5.5% and book mica
at 2.2%. Considering the regional geology of the area, the pegmatites are consistently young and
remain undeformed except near the margins of the NPHM. These pegmatites are formed by extremely
high fractional crystallization, indicating that they originated from decompression melting during the
exhumation of the NPHM. This suggests that the area is a significant site for lithium formation. Based
on the findings of this preliminary study, a more comprehensive investigation of the region will enable
a thorough assessment of its potential, which has substantial economic potential.

Keywords: Nanga Parbat Haramosh Massif, EPMA, Raman Spectroscopy

123



17-19 Ekim 2024, Antalya, Tiirkiye

1@.Jeokimyg 1% Y 1S Geochemistry

Sempozyumu gai Symposium
17-19 October 2024, Antalya, Tiirkiye

JEOARKEOLOJI - ENDUSTRIYEL HAMMADDELER -
ORGANIK JEOKIMYA

GEOARCHAEOLOQOGY - INDUSTRIAL MINERALS -
ORGANIC GEOCHEMISTRY

124



17-19 Ekim 2024, Antalya, Tiirkiye

1&.Jeokimya 1 Geochemistry

Sempozyumu Symposium
17-19 October 2024, Antalya, Tiirkiye

Canak Comleksiz Neolitik Donemde Giineydogu Anadolu Bolgesi’nde
Bakar Cevherinin Kullanimi: Gre Filla Ornegi

The Utilisation of Copper Ore in the Southeastern Anatolia Region during the Pre-Pottery
Neolithic Period: Gre Filla Case Study
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Ozet

Canak Comleksiz Neolitik Donemde Giineydogu Anadolu’da kalici yerlesimler kurulmus, tarim ve
hayvancilik gelismeye baslamis, daha karmasik bir toplumsal yapi ortaya c¢ikmistir. Bu donemde
obsidiyen ve bakir basta olmak iizere c¢esitli hammaddeler kaynak alanlarindan uzak bolgelere
dagilmaya baglamistir. Ayrica, Canak Comleksiz Neolitik Donemde bakir cevheri ilk defa ergitilmis,
bakirdan ¢esitli aletler, siis esyalar1 ve toplumsal statliyli gOsteren nesneler iiretilmistir. Canak
Comleksiz Neolitik Donemde bakirin ergitildigine dair en erken veriler Gilineydogu Anadolu
Bolgesi’nde Yukari Dicle Havzasi’nda, Ambar Cay1 Vadisi’nde konumlanan Gre Filla yerlesiminden
elde edilmistir.

Gre Filla hoyiigiine, Canak Comleksiz Neolitik A ve B evreleri boyunca G.O. 11300-9500 yillart
arasinda yerlesilmistir. Canak Comleksiz Neolitik B evresine tarihlenen tabakalarda ¢ok sayida bakir
eser ve bakir cevheri ele gegmistir. Bu galismada, bakir cevheri topaklarmin kaynak analizinin
sonuclar1 sunulacak, cagdas hdyiiklerden ve daha gec tarihlerde yerlesim gérmiis hoyliklerden elde
edilen verilerden yola ¢ikarak, bu kaynaklarin nasil kullanilmig olabilecegi tartigilacaktir. Bu
baglamda bakirla birlikte ne tiir {irlinlerin ve kiiltiirel olgularin yayilmis olabilecegi de ele alinacaktir.

Gre Filla yerlesiminden toplam 22 adet Ornek iizerinde yapilan kursun-izotop analizi, bakir
cevherlerinin Gre Filla’nin yakinindaki Ergani-Maden de dahil olmak iizere ¢esitli kaynaklardan elde
edildigini ortaya koymustur. Ote yandan, bir 6rnek Alihoca-Nigde’den (Orta Anadolu) ve bir grup
ornek de Derekutugun-Corum (Orta Anadolu) yataklarindan taginmistir. Gre Filla’nin Dogu Anadolu
bakir yataklarina yakin olmasina ragmen, Orta Anadolu’dan bakir cevherlerinin Gre Filla’ya bu kadar
erken bir donemde ulagmis olmas1 oldukca dikkat ¢ekicidir.

Gre Filla’daki bakir cevherinin kaynak analiz sonuglari, bakirin Yakin Dogu’da, belirli roller {istlenen
uzmanlasmis gruplar tarafindan karmasik bir dagitim sistemi i¢inde yayildigini gostermektedir. Bu
yayilim kiiltiirel etkilesimleri ve teknolojik bilginin yayilmasini arttirmis olmalidir. Bakirin Canak
Comleksiz Neolitik Donemde genis bir sosyal, ekonomik, teknolojik ve kiiltiirel etkiye sahip oldugu
aciktir. Bu nedenle, bu donemde kullanilan hammaddelerin jeokimyasal analizlerle kaynak alanlarinin
arastirilmasi, tarih dncesi toplumlarin degisim ve gelisim siireclerinin daha iyi anlagilmasina 6nemli
katkilar saglayacaktir.

Anahtar Kelimeler: Canak Cémleksiz Neolitik Donem, Gilineydogu Anadolu, Bakir, Hammadde,
Arkeometri
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Abstract

In Southeastern Anatolia, during the Pre-Pottery Neolithic Period, permanent settlements were
established, agriculture and animal husbandry began to develop, and a more complex social structure
emerged. In this period, various raw materials, especially obsidian and copper, started to be distributed
to regions far from their source areas. Moreover, in the Pre-Pottery Neolithic Period, copper ore was
smelted for the first time and various copper tools, ornaments and objects indicating social status were
produced. The earliest data indicating the smelting of copper in the Pre-Pottery Neolithic Period were
obtained from the Gre Filla settlement located in the Ambar Stream Valley in the Upper Tigris Basin
in the Southeastern Anatolia Region.

The Gre Filla mound was inhabited between 11300-9500 BP during the Pre-Pottery Neolithic A and B
phases. A large number of copper artefacts and copper ores were recovered from the levels dating
back to the Pre-Pottery Neolithic B phase. In this study, the results of the source analysis of the copper
ore lumps will be presented, and the possible use of these sources will be discussed based on the data
obtained from contemporary mounds and later occupied mounds. Further, in this context, it will be
evaluated what kinds of cultural products and phenomena may have spread with copper.

Lead-isotope analyses of a total of 22 samples from Gre Filla settlement revealed that the copper ores
were obtained from various sources, including Ergani-Maden in the vicinity of Gre Filla. On the other
hand, one sample was transported from Alihoca-Nigde (Central Anatolia) and a group of samples from
Derekutugun-Corum (Central Anatolia) deposits. Although Gre Filla is close to the copper deposits of
Eastern Anatolia, it is quite remarkable that copper ores from Central Anatolia reached Gre Filla at
such an early period.

The results of the source analysis of the copper ore at Gre Filla suggest that copper was distributed in
the Near East in a complex distribution system by specialised groups with specific roles. This
distribution must have enhanced cultural interactions and the spread of technological knowledge. It is
clear that copper had a wide social, economic, technological and cultural impact in the Pre-Pottery
Neolithic. Therefore, investigating the source areas of the raw materials used in this period by
geochemical analyses will make important contributions to a better understanding of the change and
development processes of prehistoric societies.

Keywords: Pottery Neolithic Period, Southeastern Anatolia, Copper, Raw Materials, Archaeometry
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Farkh Tarihi Dénemlere Ait Seramik Orneklerin Spektroskopik ve
Liiminesans (OSL/TL) Yontemlerle Karsilastirmah Olarak Incelenmesi

Comparatively Investigation of Ceramic Samples from Different Historical Periods by
Spectroscopic and Luminescence (OSL/TL) Approaches
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Ozet

Tarihin farkli dénemlerine ait pisirilerek tiretilmis seramiklerin tarihlendirilmesi ve karakterizasyonu
arkeometrik arastirmalarda olduk¢a 6nemli bir yer tutmaktadir. Seramikler binlerce yildir insanoglu
tarafindan kullanilmakta oldugu icin geemis kiiltiirler hakkinda degerli bilgiler sunmakta;
hammaddeleri ve kaynaklari, iiretim teknikleri, siislemeleri ile doneminin teknolojik ve sanatsal
seviyesini dogrudan yansitan tarihi malzemelerdendir. Arkeometrik arastirmalar igerisinde fiziksel,
kimyasal ve petrografik yontemler kullanilarak yapilan karakterizasyon calismalar1 biiyiikk 6nem
tagimaktadir. Karakterizasyon c¢aligmalar1 sayesinde seramiklerin ticaret yollar1 ve sagladig: kiiltiirel
etkilesimler hakkinda c¢ikarimlar da yapilabilmektedir. Seramiklerin kimyasal yapilart hakkinda
bilgiler verebilen arkeometrik yontemler sayesinde iiretimlerinde kullanilan malzemelerin kaynag: ve
iiretim kosullan tespit edilebilmektedir. Arkeometrik analizler ve jeokronoloji gibi yeni ve gelisen
alanlarda son yillarda giderek artan bir 6neme sahip bir baska teknik ise liiminesans yontemlerdir.
Gerek 1s1 (TL) gerek 151k (OSL) ile uyarimli liiminesans yontemler, pisirilmis seramik orneklerin
mutlak tarihlendirmelerine imkan saglayabilmekte ve ayrica karakterizasyon calismalarina destek
olabilmektedir.

Bu c¢alismada, liminesans ve spektroskopik yontemler karsilastirmali olarak kullanilarak Demir
Cagr’'ndan Ortacag’in farkli donemlerine ait seramik &rnekler arastirilmustir. Orneklerin liiminesans
tekniklerle mutlak tarihlendirmesi yapilmig, liiminesans sinyalleri analiz edilerek mineralojik
bilesimleri ile iligkilendirilmeye calisilmistir. Koken tayini caligmalarina yonelik olarak farkli
liiminesans uyarim modlar1 uygulanarak seramik orneklerin gesitli uyaranlar altinda liiminesans
emisyonunun karakteristik ozellikleri, kristal kafes yapi-kusur Ozellikleri ve nihayetinde farkl
donemlere ait teknolojik verileri incelenmistir. Incelenen seramik numunelerine ait makroskobik
liiminesans 6zellikleriyle mikroskobik yapisal durumlari arasinda bir baglant: elde edilmeye ¢alisilmas,
bu amagla sinyallerin sekilsel ozellikleri, hassasiyeti, agartma (bleaching) davranigi ve tuzak
parametreleri gibi 6zellikleri karsilagtirmali olarak degerlendirilmistir.

Anahtar Kelimeler: Liiminesans, Karakterizasyon, Spektroskopi, Seramik, TL/OSL
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Abstract

The dating and characterisation of ceramics produced by firing from different historical periods
represent a crucial aspect of archaeological research. The use of these ceramics by humans over
thousands of years provides valuable insight into past cultures. Ceramics provide valuable information
about past cultures because they have been used by human beings for thousands of years; they are
historical materials that directly reflect the technological and artistic level of their period with their
raw materials and resources, production techniques and decorations. Characterization studies using
physical, chemical and petrographic examination methods are of great importance in archaeometric
research. Characterization studies can also help make inferences about trade routes and cultural
interactions that ceramics provide. Archaeometric methods that can provide information about the
chemical structures of ceramics can help determine the source of materials used in their production
and production conditions. Another technique that has become increasingly important in new and
developing fields such as archaeometric analysis and geochronology in recent years is luminescence
methods. Luminescence methods stimulated by both heat (TL) and light (OSL) can provide
characterization studies in addition to absolute dating of fired ceramic samples.

In this study, luminescence and spectroscopic methods were employed for comparative analysis of
ceramic samples spanning a temporal range from the Iron Age to the Middle Ages. The samples were
analytically dated using luminescence techniques, and the luminescence signals were analysed in order
to establish a correlation with their mineralogical composition. Different luminescence excitation
modes were employed in order to determine the origin of the samples. Furthermore, the characteristic
features of the luminescence emission of ceramic samples under various stimulation modes, crystal
lattice structure-defect properties and finally technological data belonging to different ancient periods
were investigated. An attempt was made to establish a correlation between the macroscopic
luminescence properties and the microscopic structural status of the examined ceramic samples. For
these purposes, features such as signal shape properties, sensitivity, bleaching behaviour and trap
parameters of the signals were comparatively evaluated.

Keywords: Luminescence, Characterization, Spectroscopy, Ceramics, TL/OSL
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Dogal Killi ve Kumlu Jipslerin Siva Olarak Kullanilma Potansiyeli:
Cankiry/Tiirkiye

Potential of Using Natural Clayey and Sandy Gypsum as Plaster: Cankiri/Tiirkiye
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Ozet

Siva genellikle ¢imento veya kireg, kum ve su ile hazirlanan bir karigimdir ve yapi sektoriinde en fazla
kullanilan malzemelerden biridir. Siva yapiminda kullanilan malzemeler yeryuvarinda dogal olarak
pek ¢ok ortamda bulunabilmektedir. Tiirkiye’de golsel havzalarin oldukca fazla olmasi sebebiyle siva
yapiminda gerekli olan malzemelerin bulunmasini kolaylastirmaktadir. Bu alanlardaki dogal ¢cokellerin
hi¢ veya az bir islemden gegirildikten sonra farkli alanlarda hammadde olarak kullanimlari 6nem arz
etmektedir. Bu ¢alismada Cankir1 ¢evresinde genis alanlarda yayilim gosteren sedimanter ¢okellerden
ozellikle Neojen yash killi kumlu jipslerin siva olarak kullanilma potansiyeli incelenmistir.  Bu
amagla ¢aligma alanindan alman 6rneklerde mineralojik, petrografik (X-Isinlari Difraksiyonu (XRD)
ve Konfokal Raman Spektrometresi (KRS)) ve jeokimyasal analizler (X-Isinlari Floresans
Spektrometresi (XRF)) gergeklestirilmistir. Orneklerin mineralojik bilesimlerinde baslica jips, az
oranda anhidrit, kalsit, dolomit, ankerit, feldspat ve kil mineralleri belirlenmistir. KRS &lgtimlerinde
jips mineralinde 1014 cm™’de kuvvetli, 1142, 628, 500, 421 ve 189 cm™’de zayif Raman kaymalari
belirlenmistir. Az oranda gozlenen anhidrit mineralinin Raman spektrumunda jips mineraline goére
600, 650, 675 ve 1110 cm? Raman kaymalarinda zayif pikler gozlenmektedir. Karbonat
minerallerinde 1093, 407 ve 317 cm™*’da Raman Kaymalari tespit edilmistir. incelenen drneklerin CaO
%30-40, SOs igerikleri %33-42, SiO; igerikleri %1-20, AlOz %0-5, Fe,0; %0-2 ve MgO %0-1
arasinda degismektedir. Ornekler farkli oranlarda su ile karigtirilip siva hazirlandiktan sonra kil ve
kum igermeyen saf jips ile benzer kosullarda hazirlanan sivalar ile ASTM C28/C28M-10(2020)
standardina uygunlugu karsilagtirtlmistir. Cankirt killi kumlu jipslerde yapilan mineralojik, petrografik
ve jeokimyasal analizlerin sonuglari standart parametreler ile karsilastirildiginda bu bolgedeki Killi
kumlu jipslerin siva olarak kullanilmaya uygun oldugu tespit edilmistir.

Anahtar Kelimeler: Jips, Kil, Kum, Siva, Cankirt.
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Abstract

Plaster is generally a mixture prepared using cement or lime, sand, and water, and it is one of the most
widely used materials in the construction industry. The materials used in plaster production can be
found naturally in various environments across the Earth. Due to the abundance of lacustrine basins in
Turkey, it is easier to obtain the materials required for plaster production. The use of natural sediments
from these areas as raw materials in different fields, either without any processing or with minimal
treatment, is of significant importance. This study examines the potential use of Neogene-aged clayey
sandy gypsum deposits, which are widely distributed around Cankir1, as a plaster material. For this
purpose, mineralogical, petrographic (X-Ray Diffraction (XRD) and Confocal Raman Spectrometry
(CRS)), and geochemical analyses (X-Ray Fluorescence Spectrometry (XRF)) were conducted on the
samples collected from the study area. The mineralogical composition of the samples primarily
consists of gypsum, with minor amounts of anhydrite, calcite, dolomite, ankerite, feldspar, and clay
minerals. CRS measurements revealed strong Raman shifts at 1014 cm-1 and weak Raman shifts at
1142, 628, 500, 421, and 189 cm-1 for the gypsum mineral. In the Raman spectrum of the anhydrite
mineral, which is observed in minor amounts, weak peaks are detected at 600, 650, 675, and 1110 cm-
1 compared to the gypsum mineral. In carbonate minerals, Raman shifts were identified at 1093, 407,
and 317 cm™. The geochemical composition of the samples varies as follows: CaO content ranges
from 30-40%, SO3 content from 33-42%, SiO2 content from 1-20%, Al203 from 0-5%, Fe203 from
0-2%, and MgO from 0-1%. The samples were mixed with water in different proportions and prepared
as plaster. Then, they were compared with plasters prepared under similar conditions using pure
gypsum that does not contain clay and sand, following the ASTM C28/C28M-10(2020) standard.
When the results of the mineralogical, petrographic, and geochemical analyses of Cankir1 clayey
sandy gypsums were compared with standard parameters, it was determined that the clayey sandy
gypsums in this region are suitable for use as a plaster material.

Keywords: Gypsum, Clay, Sand, Plaster, Cankiri
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Caldiran (Van) Diatomitlerinin Endiistriyel Kullanim Potansiyelinin
Incelenmesi

Investigation of Industrial Usage Potantial of Caldiran (Van) Diatomites
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Ozet

Bu c¢alismada, Maden Tetkik ve Arama Genel Midiirliigii Endiistriyel Hammadde Arastirmalar
projesi kapsaminda Caldiran (Van) bolgesinden alinan diatomit Orneginin endiistriyel kullanim
potansiyeli incelenmistir. Bu amacgla, numunenin kimyasal, mineralojik bilesiminin ve
mikromorfolojik yapismin tespiti icin XRF, XRD ve SEM analizleri uygulanmistir. Endiistriyel
kullanima uygunlugunun degerlendirilmesi iginse diatomitlerin farkli alanlardaki uygulamalarina
yonelik olarak yayimlanmis olan TS 9773, TS EN ISO 3262-22, TS 11930, TS 11439 ve TS EN
12913 kodlu standartlarda belirtilen parametrelerin belirlenmesi amaciyla tiivenan malzemeye
uygulanabilir olan teknolojik testler numune iizerinde gergeklestirilmistir.

Calisma sonucunda, Caldiran diatomitlerinin mineralojik agidan kil, mika, karbonat, plajiyoklaz gibi
fazlar1 da igeren karmasik bir yapiya sahip oldugu goriilmiistiir. Bu karmagik yapi, diatomitlerin ana
bilegeni olan silis kavkilar nedeniyle yiiksek miktarda bulunmasi beklenen SiO- igeriginin %58.5 gibi
diisiik degerler vermesiyle kimyasal analiz sonuglar1 ile de desteklenmistir. Diisiik SiO. igerigi
nedeniyle Caldiran diatomitlerinin tiivenan olarak kullanilmasinin TS EN 12913 ve TS EN ISO 3262-
22 standartlarina gore uygun olmadigi goriilmiistiir. Ayrica diger standartlarda belirtilen parametreler
dogrultusunda incelendiginde de nem muhtevasi, su emme, yag emme, cam elyaf muhtevasi ve
mineralojik bilesenler gibi farkli parametrelere yonelik degerleri saglayamamasi nedeniyle TS 11930,
TS 11439 ve TS9773 standartlarinda belirtilen sartlar1 da tiivenan hali ile saglamadigi goriilmiistiir.

Anahtar Kelimeler: Caldiran, Diatomit, Endiistriyel Mineraloji
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Abstract

In this study, the industrial usage potential of the diatomite sample taken from the Caldiran (Van)
region within the scope of the Industrial Raw Material Research Project by the General Directorate of
Mineral Research and Exploration was examined. For this purpose, XRF, XRD and SEM analyzes
were applied to determine the chemical, mineralogical composition and micromorphological structure
of the sample. In order to evaluate the suitability for industrial usage, technological tests applicable to
run-of-mine materials, were carried out on the sample in order to determine the parameters specified in
the TS 9773, TS EN 1SO 3262-22, TS 11930, TS 11439 and TS EN 12913 standards which published
for the applications of diatomites in different industrial areas.

As a result of the study, it was seen that Caldiran diatomites have a complex mineralogical structure,
including phases such as clay, mica, carbonate and plagioclase. This complex structure is supported by
chemical analysis results with the low SiO, content, which is expected to be high due to silica shells,
the main component of diatomites, giving values as low as 58.5%. Due to its low SiO- content, it has
been observed that the use of Caldiran diatomites as a run-of-mine material is not suitable according to
TS EN 12913 and TS EN ISO 3262-22 standards. In addition, when the sample examined in line with
the parameters specified in other standards, it was seen that it did not meet the conditions specified in
TS 11930, TS 11439 and TS9773 standards due to its inability to provide values for different
parameters such as moisture content, water absorption, oil absorption, glass fiber content and
mineralogical components.

Keywords: Caldiran, Diatomite, Industrial Mineralogy
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Rock Eval Piroliz Analizi ile Kinetik Parametrelerin Karakterizasyonu ve
Siliiriyen Yash Dadas Formasyonu’nun Kinetik Parametrelerinin
Belirlenmesi

The Characterization of Kinetic Parameters by Rock Eval Pyrolysis Analysis and
Determination of Silurian Aged Dadas Formation Kinetics

Cihan Can!, Zeynep Ozlem Cihan', Siikrii Gokhan Kése?, Yiicel Deniz Erdal®

T iirkiye Petrolleri Ar-Ge Merkezi, 06510, Ankara, Tiirkiye
2T iirkiye Petrolleri Arama Daire Baskanligi, 06510, Ankara, Tiirkiye
(ccan@tpao.gov.tr)

Ozet

Tiirkiye Petrolleri Anonim Ortakligi’nca deniz ve kara alanlarinda yiiriitiilen konvansiyonel ve
ankonvansiyonel hidrokarbon arama faaliyetlerinde 6nemli bir yer tutan petrol sistemi ve basen
modelleme c¢alismalar1 ile petrol sisteminin zaman igerisindeki dinamik yapisi incelenerek, basenin
petrol ve dogalgaz iiretme potansiyeline yaklagimda bulunulmaktadir.

Kaynak kayalar, basenin ge¢irmis oldugu gomiilme ve termal tarih¢esine bagh olarak, belirli jeolojik
donemlerde hidrokarbon tiiretme potansiyeline sahiptirler. Tiirimii ger¢eklesen bu hidrokarbonlarin
tiirline, miktarina ve zamansal dagilimina matematiksel modelleme yontemleri ile yaklagimda
bulunulmaktadir. Kerojenlerin hidrokarbona doniisiim davranigi, kaynak kaya icerisindeki organik
maddenin tlirline gore farklilik gostermektedir. Kaynak kayanin igerdigi kerojen molekdilii, farkl 1s1
enerjisi seviyelerinde farkli hidrokarbon molekiillerine doniismektedir. Bu doniisiimiin hizi, oran1 ve
ortaya ¢ikan hidrokarbon bilesenlerinin miktar1 kerojenin kinetik 6zellikleri ile tariflenir.

Ar-Ge Merkezi Jeokimya Midiirliigii'nde bulunan Piroliz ve Kinetik Analizleri Laboratuvari’nda
kayaglardaki hidrokarbon potansiyeli, termal olgunluk, kerojen tipi ve organik malzeme zenginligi ile
beraber kaynak kaya seviyeleri tayin edilebilmektedir. Dadas Formasyonu’nu kesen kuyulardan
basenin farkli lokasyonlarinda agilan; 14 farkli kuyudan segilen olgunlasmamig-olgun araliginda,
diisiik-yiiksek TOC degerlerine sahip seviyelerden 19 adet 6rnek secilerek Rock Eval 7S cihazi ile 5-
10-15-25°C sicaklik artis rampasina tabi tutularak, kinetik parametrelerinin saptanmasi amaci ile
analizler yapilmistir. Elde edilen veriler Basen Analizi Midirligi'nce 2 adet kuyunun
modellemesinde kullanilmustir.

Calisma sonucunda, 14 kuyu i¢in basen modellemesi calismalarinda kullanilacak kinetik enerji
parametreleri iiretilmigtir. Bu {iretilen datalar araciligiyla, kuyular ile kerojen doniisiimii i¢in enerji
gereksinimleri arasinda korelasyonlar yapilabilmektedir. Ayrica, kinetik parametrelerin de islenecegi
bir adim olarak degerlendirilen bu proje vasitasiyla, TPAO ARGEM biinyesinde yeni bir
degerlendirme yontemi kazandirilarak yapilacak basen modellemesi ¢alismalarina saglam bir alt yapi
olusturulmasina yardimei olunmustur.

Anahtar Kelimeler: Organik Jeokimya, Piroliz Analizi, Kinetik Parametre, Basen Modellemesi
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Abstract

Turkish Petroleum Corporation operates conventional and unconventional hydrocarbon exploration
activities, in which petroleum system and basin modelling studies occupy an important place.
According to these studies, the dinamic structure of petroleum system is examined and an estimation
of petroleum and natural gas production potential is predicted.

Source rocks have a hydrocarbon production potential at some specific geological times according to
burial and thermal history of a basin. Mathematical modelling tools are preffered to be used according
to the type, amount and distribution of the hydrocarbon. The conversion behaviour of kerogen to the
hydrocarbon changes according to the organic material type in a source rock. A kerogen molecule in
the source rock converts into different hydrocarbon molecules based on different heating levels. This
conversion rate, ratio and the amount of produced hydrocarbons are described as kinetic parameters of
kerogen.

The source rock levels, hydrocarbon potential, thermal maturity, kerogen type and organic material
richness of a rock are determined in the Pyrolysis and Kinetic Analysis Laboratory at Turkish
Petroleum Corporation Research and Development Center. In this study, 19 cutting samples from 14
different wells which are penetrated Dadas Formation, are immature — mature samples with low and
high TOC values. They are analysed in Rock Eval 7S device with a temperature ramp of 5 to 25°C
with an increment of 5°C in order to determine reaction kinetics.

At the end of this study, kinetic parameters are produced for 14 different wells in order to be used in
basin modelling projects. Furthermore, a strong infrastructure for basin modelling studies is aimed by
TPAO R&D Center with gaining a new interpretation tool in which these newly-produced Kinetic
parameters will be used.

Keywords: Organic Geochemistry, Pyrolysis Analysis, Kinetic Parameter, Basin Modelling
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Alasehir (Manisa/Bat1 Tiirkiye) Petrollii Seyllerinin Organik Jeokimyasal
Ozellikleri

Organic Geochemical Properties of Alasehir (Manisa/Western Tiirkiye) Oil Shales

i Demet Banu Koralay
Pamukkale Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii, Denizli/Tiirkiye
(dbkoralay@pau.edu.tr)

Ozet

Petrollii seyl igeren Alasehir Havzasi Gediz Grabeni’nin giineyindeki alt havzalardan biri olup, havza
dolgu ¢okelleri Erken-Orta Miyosen ve Pliyosen yas araligindadir. Bu ¢calismada, Alasehir Havzasi’na
ait petrollii seyllerin kaynak kaya ozellikleri organik jeokimyasal a¢idan degerlendirilmistir. Rock-
Eval piroliz analizleri kapsaminda tespit edilen seyllerin TOC igerigi %0.53-4.28 arasindadir. HI
degerleri 106-791 mg HC/g TOC arasinda olup, oldukga diisiik OI (15-95 mg CO,/g TOC) degerlerine
sahiptir. Incelenen 6rnekler Tip I-II ve az miktarda Tip III kerojenden olusan karisik tip organik
madde icermektedir. Petrollii seyllerin 1sisal olgunlugu Tmax (428-444°C) degerlerine gore erken
olgun-olgun asamadadir. Hidrokarbon tip indeksi (S2/S3) degerleri (1.1-49.7) baskin olarak petrol ve
katajeneze ait erken olgun evreye isaret ederken, bitiimen indeks (S1/TOC) degerlerine (0.1-0.4) gore
kaynak kayadan petrol atiminin oldukga iyi veya heniiz baslangi¢ evresinde oldugu belirlenmistir. Gaz
kromatografi (GC) incelemelerinde genel olarak Cis ile Ci9 araliginda gbzlenen n-alkan baskinligi,
kaynak kayanin c¢okelme ortamina bol miktarda algal/amorf organik madde girisinin oldugunu
gosterir. Pr/nCi7; ve Ph/nCis oranlart Alasehir petrollii seyllerinin indirgen ve gecis ortaminda
¢okeldigini ifade etmektedir. TAR (0.34-1.04) ve CPI (1.15-1.74) birlikte degerlendirildiginde seyl
kaynak kayaya isaret etmektedir. Gaz kromatografi-kiitle spektrometri (GC-MS) incelemelerine gore;
Caoaa 20S/(20S+20R) ve Coopp/(BP+aa) steran izomerizasyon oranlari ile kuyu 6rnegi (AK-3-7) ve
katilasmig petrol Orneginin (OIL-1) sirasiyla diisiik olgun ve olgunluk baslangicinda oldugu
belirlenmistir. Diasteran indeks degerleri kaynak kayanin onemli oOlgiide kirmtili girdiye sahip
oldugunu yansitmaktadir. Ts/(Ts+Tm) ve Cs 17a(H) homohopan 22S/(22S+22R) oranlari piroliz
verileriyle uyumlu olarak erken olgun asamaya igaret etmektedir. Bu incelemelere ilave olarak organik
maddenin 1sisal olgunlugu Raman spektroskopisi yontemiyle de degerlendirilmistir. Incelenen
orneklerin RBS (Raman bant aralig1) degerleri (172.20-271.70 cm?), G bant (grafitik) ve D (diizensiz)
bant arasindaki mesafeden hesaplanmustir. Pirolizden tespit edilen Tmax (°C) kullanilarak hesaplanan
esdeger vitrinit yansimast (%VRe) degerleri %0.60-0.83 arasinda olup, RBS ve %VR. birlikte
degerlendirildiginde Alasehir petrollii seyl orneklerinin petrol zonunda oldugu goriilmiistiir. Organik
petrografik analiz sonucu elde edilen vitrinit yansimasi (%VRo) degerleri (%0.26, %0.28 ve %0.41) ile
RBS birlikte degerlendirildiginde ise petrollii seyl ornekleri olgunlasmamus-erken olgun (diyajenez
evresinin sonu) zondadir. Boylece, Raman spektroskopisi ile belirlenen 1sisal olgunluk verilerinin
organik jeokimyasal (Rock-Eval piroliz, GC ve GCMS) ve organik petrografik (%VR,) incelemelerle
uyumlu oldugu belirlenmistir.

Anahtar Kelimeler: Alasehir petrollii seyli, Biyomarker, Raman spektroskopi, Olgunluk, Organik
jeokimya
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Abstract

The Alasehir Basin, which contains oil shale, is one of the sub-basins in the south of the Gediz
Graben, and the basin fill sediments are in the Early-Middle Miocene and Pliocene age range. In this
study, the source rock properties of oil shales belonging to the Alasehir Basin were evaluated in terms
of organic geochemical properties. The TOC content of the shales detected within the scope of Rock-
Eval pyrolysis analyses is between 0.53-4.28 wt%. HI values are between 106-791 mg HC/g TOC and
it has very low Ol (15-95 mg CO./g TOC) values. The studied samples contain mixed type organic
matter consisting of Type I-11 and small amounts of Type Il kerogen. Thermal maturity of oil shales is
at early mature-mature stage according to Tmax (428-444°C) values. While the hydrocarbon type index
(S2/S3) values (1.1-49.7) dominantly indicate the early mature stage of petroleum and catagenesis, the
bitumen index (S1/TOC) values (0.1-0.4) determined that the oil expelled from the source rock is quite
good or at the initial stage. The dominance of n-alkane, generally observed in the range of Cisto Cyg in
gas chromatography (GC) studies, indicates that there was abundant algal/amorphous organic matter
input into the depositional environment of the source rock. Pr/nCy7; and Ph/nCys ratios indicate that
Alasehir oil shales were deposited in a reducing and transitional environment. When TAR (0.34-1.04)
and CPI (1.15-1.74) are evaluated together, they indicate shale source rock. According to gas
chromatography-mass  spectrometry (GC-MS) investigations; C29a0 20S/(20S+20R) and
C29BB/(BP+aa) sterane isomerization ratios were determined as low maturity and early maturity in the
well sample (AK-3-7) and solidified oil sample (OIL-1), respectively. Diasterean index values reflect
that the source rock has significant clastic input. Ts/(Ts+Tm) and Cs; 170(H) homohopane
22S/(22S+22R) ratios indicate early mature stage, in agreement with pyrolysis data. In addition to
these investigations, the thermal maturity of the organic matter was also evaluated by Raman
spectroscopy. The RBS (Raman band separation) values (172.20-271.70 cm?) of the examined
samples were calculated from the distance between the G (graphitic) and D (disordered) bands. The
equivalent vitrinite reflectance (VRe%) values calculated using Tmax (°C) determined from pyrolysis
were between 0.60-0.83%, and when RBS and VR% were evaluated together, it was seen that the
Alasehir oil shale samples were in the oil zone. When the vitrinite reflection (VR,%) values obtained
as a result of organic petrographic analysis (0.26%, 0.28% and 0.41%) are evaluated together with
RBS, the oil shale samples are in the immature-early mature (end of diagenesis) zone. Thus, it was
determined that the thermal maturity data determined by Raman spectroscopy were compatible with
organic geochemical (Rock-Eval pyrolysis, GC and GCMS) and organic petrographic (VR.%) studies.

Key Words: Alasehir oil shale, Biomarker, Raman spectroscopy, Maturation, Organic geochemistry
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Balcikh Koyii (Van-Tiirkiye) Cevresinde Gozlenen Demirli Manganez
Cevherlesmelerinin Olusum Ortami: On Bulgular

Formation Environment of Ferrous Manganese Mineralizations Observed Around Balgikl
Village (Van-Tiirkiye): Preliminary Findings

Tijen Uner

Van Yiiziincii Yil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi

Ozet

Bu calisma, Van Go6li'niin dogusunda, Balgikli Kdoyii cevresinde gozlenen demirli mangan
cevherlesmelerinin olusum ortamlarinin belirlenmesi amaciyla yapilmigtir. Calisma alan1 Gilineydogu
Anadolu Orojenik kusagi boyunca, Arap levhasi {izerindeki birimler ve tektonik dokanakla bu
brimlerin iizerine yerlesen Ofiyolitik birimler yer almaktadir. Ust Kretase yash kusak icerisinde en alt
kesimleri olusturan Mehmetalan Ofiyoliti icerisinde demirli mangan cevherlesmeleri belirlenmistir.
Bolgede, cevhelesmeler ile birlikte volkanik kayaglar, ¢ortler ve radyolaritler bulunmaktadir. Demirli
Mangan cevherlesmelerinin, Mehmetalan Ofiyolitinin st kesimlerini olusturan radyolaritlerle
baglantili oldugu diisiiniilmektedir. Tabakalar arasindaki mercekler aracilifiyla stratiform tipte ve
masif halde gézlenen cevherlesmeler kirmizimsi kahverengi ve koyu gri renk tonlarinda saptanmustir.

Cevher zonundan toplanan numunelerin oncelikli olarak major oksit analizleri yapilmistir. Analiz
sonucunda MnO ortalama degerinin %3.26, SiO, ortalama degerlerinin %82.03, Fe,O3 ortalamasinin
ise %3.44 oldugu tespit edilmistir. Fe/Mn oram 0,1'den kigiiktir. Demirli mangan
mineralizasyonunun MnO/TiO, oranlar1 degerlendirildiginde cevherlesmenin pelajik bir ortamda
gerceklestigini gostermektedir. Elde edilen jeokimyasal verilerle de bu sonu¢ desteklenmektedir.
Major oksit analizleri ile yapilan oncel degerlendirmeler mineralizasyonun hidrotermal kdkenli
oldugunu gostermektedir.

Anahtar Kelimeler: Ofiyolit, Demirli, Manganez, Cevherlesme, Jeokimya
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Abstract

This study was conducted to investigate the petrographic and geochemical characteristics of mafic and
ultramafic rocks located east of Lake Van, near the village of Kiratli. The Bakisik This study was
conducted to determine the formation environments of iron-rich manganese mineralizations observed
around the village of Balgikli, located east of Lake Van. The study area is part of the Southeastern
Anatolian Orogenic Belt and includes units on the Arabian plate, with ophiolitic units overlying these
formations through tectonic contacts. Iron-rich manganese mineralizations have been identified within
the Mehmetalan Ophiolite, which forms the lowest sections of this Upper Cretaceous-aged belt.
Alongside the mineralizations, volcanic rocks, cherts, and radiolarites are also found in the region. It is
believed that the iron-rich manganese mineralizations are associated with the radiolarites forming the
upper sections of the Mehmetalan Ophiolite. The mineralizations, observed as stratiform-type and
massive occurrences within lenses between the layers, have been identified in reddish-brown and dark
gray tones.

Major oxide analyses were primarily performed on the samples collected from the ore zone. The
analyses revealed an average MnO value of %3.26, an average SiO; value of %82.03, and an average
Fe,Os value of %3.44. The Fe/Mn ratio is less than 0.1. When the MnO/TiO; ratios of the iron-rich
manganese mineralization were evaluated, it indicated that the mineralization occurred in a pelagic
environment, a conclusion also supported by the obtained geochemical data. Preliminary evaluations
from major oxide analyses suggest that the mineralization has a hydrothermal origin.

Keywords: Ophiolite; Ferrous; Manganese; Mineralization; Geochemistry
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Derinkuyu Yoresindeki Gabro ve Plajiyogranitlerin Mineral Kimyasi ve
Kristallenme Kosullar1 (Nevsehir/Orta Anadolu)

Mineral Chemistry and Crystallization Conditions of Gabbro and Plagiogranites
in Derinkuyu Region (Nevsehir/Central Anatolia)

Ayse Orhan', Musa Avni Akge!

'Nevsehir HBV Universitesi, Jeoloji Miihendisligi Boliimii, 50300, NE VSEHIR
(ayse.orhan@nevsehir.edu.tr)

Ozet

Derinkuyu’nun (Nevsehir) giineyinde stoklar seklinde yiizeyleyen Tilkdy ve Canli Tepe izotropik
gabro ve plajiyogranit kayaglart Orta Anadolu Ofiyolitleri igerisinde yer alir. Bolgedeki izotropik
gabro, plajiyogranit kayaci tarafindan kesilmis ve plajiyogranit ise mafik magmatik anklavlar (MME)
icermektedir. Petrografik olarak izotropik gabro ve plajiyogranitler orta-kaba kristalin, MME ince-
kristalin hipidiyomorfik doku sergiler. Ana bilesen olarak, izotropik gabro plajiyoklaz, piroksen ve
hornblend mineralleri igerir. Plajiyogranit kuvars, plajiyoklaz ve hornblendten olusur. MME ise
plajiyoklaz, hornblend ve piroksen mineralleri igerir. ikincil aktinolit piroksen kenarlarin1 ornatmis
veya birincil amfibolii ornatarak sonra geligmistir.

Mineral kimyasi analiz sonuglarina gore izotropik gabro, plajiyogranit ve mafik magmatik anklavlarda
plajiyoklazlar sirasiyla andezin-bitovnit (Anse.ss), andezin (Anssag) ve labradorit-bitovnit (Anes.7s)
bilesimlerine sahiptir. Piroksenler, diyopsit — 0jit (ENs7-43FS12-15\WW042.47) bilesimi, yiiksek-Mg (Mg# =
0.73-0.84), diisiik-Ti (<%0.76) ve disiik-Al (<%2.50) igerigi ile karakterize edilir. Hornblendler,
yiiksek-Mg/(Mg+Fe) oranlart (0.57-0.77) ve Si igerigi (6.45-7.23 apfu) ile magnezyo hornblend —
cermakit bilesimi sunmaktadir. Bolgedeki kayaclarin mineral bilesimleri Orta Anadolu Ofiyolitleri ile
iliskili okyanusal ada yay1 ortaminda gelistigini gosterir. Gabro kayaglarindaki diyopsit — ojit (P=~2
kbar; T=1150-1200°C) ve hornblend (P=1.62-1.95 kbar; T=844-864°C) bilesimleri, kayaglarin diisiik
basing, yiiksek sicaklik ve okyanus kabugunda si1g derinlik (5.7-6.9 km) kosullarinda kristallendigini
gostermistir. Plajiyogranit kismen diisiik P (1.20-1.60 kbar) ve T (790-825°C) ve s1g derinlik (4.52—
5.67 km) kosullarinda kristallenmistir. Hornblendin kimyasal bilesimlerine dayanarak magma
kristalizasyonu igin yiiksek logfO, (-12.8 ila -11.8 bar) kosullar1 ve yiiksek H.O (%6.5-7.2) igerigi
tahmin edilmistir.

Anahtar Kelimeler: Gabro, Plajiyogranit, Mineral kimyasi, Nevsehir, Orta Anadolu.
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Abstract

Tilkdy and Canli Tepe isotropic gabbro and plagiogranite rocks exposed in the south of Derinkuyu
(Nevsehir) are included in the Central Anatolian Ophiolites. In the region, isotropic gabbro is cut by
plagiogranite rock, and plagiogranite contains mafic magma enclaves (MME). Petrographically,
isotropic gabbro and plagiogranite exhibit medium-coarse-crystalline, MME fine-crystalline
hypidiomorphic texture. As the main component, isotropic gabbro contains plagioclase, pyroxene and
hornblende minerals. Plagiogranite composed of quartz, plagioclase and hornblende. MME include in
plagioclase, hornblende and pyroxene minerals. Secondary actinolite replaces pyroxene rims or
developed after replacing the primary amphibole.

According to mineral chemistry analysis results, plagioclases in isotropic gabbro, plagiogranite and
MME have andesine-bitovnite (An39-86), andesine (An38-48) and labradorite-bitovnite (An65-75)
compositions, respectively. Pyroxenes are characterized by diopside — augite (En37-43Fs12-15Wo042-
47) composition, high-Mg (Mg# = 0.73-0.84), low-Ti (<0.76 wt.%) and low-Al (<2.50 wt.%) content.
Hornblendes present a magnesio hornblende — tschermakite composition with high-Mg/(Mg+Fe) ratios
(0.57-0.77) and Si content (6.45-7.23 apfu). The mineral compositions of the rocks in the region
indicate that they developed in an oceanic island arc environment associated with the Central
Anatolian Opbhiolites. Diopside — augite (P=~2 kbar; T=1150-1200°C) and hornblende (P=1.62-1.95
kbar; T=844-864°C) compositions in gabbro rocks reveal that it crystallized under the low pressure,
high temperature and shallow depth (5.7-6.9 km) conditions at oceanic crust. Plagiogranite was
crystallized under partially low P (1.20-1.60 kbar) and T (790-825°C) and shallow depth (4.52-5.67
km) conditions. Based on the chemical compositions of hornblende, high logfO2 (-12.8 to -11.8 bars)
conditions and high H20 (6.5-7.2 wt.%) contents were predicted for magma crystallization.

Keywords: Gabbro, Plagiogranite, Mineral chemistry, Nevsehir, Central Anatolia.
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Kapikaya (Bolu Masifi) Plutonik Kayaclarin Petrografisi ve Jeokimyasi

Petrography and Geochemistry of Kapikaya (Bolu Massif) Plutonic Rocks
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Ozet

Bolu Masifi, Tiirkiye’nin kuzeybatisinda Istanbul Zonunda yer almaktadir. Bu masif, Cele
Metaofiyoliti, Demirci Formasyonu, Yellice Formasyonu, Kapikaya Plutonu, Kurtkdy Formasyonu ve
Yilanli Formasyonundan olusmaktadir. Calisma konusu olan Bolu Masifi’'nde yer alan Kapikaya
Plutonu genellikle granodiyoritik ve granitik kayaclardan olugsmaktadir. Granodiyoritik kayaglar
plajiyoklaz, kuvars, alkali feldispat, eser miktarda amfibol, biyotit ve tali mineral olarak zirkon, apatit,
titanit ve opak mineraller icermektedir. Granitik kayaglarda ise kuvars, plajiyoklaz, alkali feldispat ve
az oranda biyotit, amfibol ve aksesorik mineral olarak zirkon, titanit, apatit ve opak mineral
bulunmaktadir. Tiim kayaglarda alterasyon tiirii olarak serisitlesme, kloritlesme ve epidotlagsma
gozlenmistir. Yapilan arazi ve petrolojik incelemelerde, bu kayaglarin icerisinde yer alan koyu renkli
minerallerdeki nispi yonlenmeden dolay1 metagranodiyorit ve metagranit olarak tanimlanmigtir. Tiim
kaya jeokimyasal analiz sonuglarina gore, Kapikaya plutonik kayaclari A/CNK degerlerinin 0.5-1.1
arasinda olmasi nedeniyle; ayrica bu kayacglarin mineral igerikleri baz alindiginda I-tipi granit olarak
tammlanmustir. flksel mantoya gére normalize edilmis- coklu element diyagramlarinda biiyiik iyon
yarigapli elementlerde zenginlesme ve yiiksek c¢ekim alanli elementlerde ise tiiketilme
gozlemlenmigtir. Bu sonuglar genellikle dalma-batma kokenli magmatizmay:1 ifade etmektedir.
Kondrit normalize- nadir toprak elementleri diyagramlarina gore ise kaya¢ orneklerinde hafif nadir
toprak elementlerinde zenginlesme ve agir nadir toprak elementlerinde tiiketilme gozlenmistir. Th/U -
U diyagrami, plutonik kayaclarin, alt kitasal kabuk bilesenlerince zenginlesen magmadan tiiredigini
gostermektedir.

Tiim veriler 15181nda, Kapikaya plutonik kayaclari olusturan magmanin dalma-batma zonu ile iliskili
alt kitasal kabugun kismi ergimesi ile tiiredigi belirtilebilir.

Anahtar Kelimeler: Kapikaya Plutonu, Bolu Masifi, Petrografi, Jeokimya, Metagranit
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Abstract

The Bolu Massif is located in the Istanbul Zone in northwestern Turkey. This massif consists of Cele
Metaophiolite, Demirci Formation, Yellice Formation, Kapikaya Pluton, Kurtkéy Formation and
Yilanli Formation. The Kapikaya Pluton, located in the Bolu Massif, which is the subject of the study,
generally consists of granodioritic and granitic rocks. The granodioritic rocks contain plagioclase,
quartz, alkali feldspar, trace amounts of amphibole, biotite and accessory minerals such as zircon,
apatite, titanite and opaque minerals. In granitic rocks, there are quartz, plagioclase, alkali feldspar and
small amounts of biotite, amphibole and zircon, titanite, apatite and opaque minerals as accessory
minerals. Sericitization, chloritization and epidotization were observed as alteration types in all rocks.
In the field and petrological investigations, these rocks were defined as metagranodiorite and
metagranite due to the slightly foliation of the dark minerals. According to the whole-rock
geochemical analysis results, the Kapikaya plutonic rocks have A/CNK values between 0.5-1.1;
additionally, based on the mineral contents of these rocks, they are defined as I-type granite. In
primitive mantle normalized multi-element diagrams, the rock samples show enrichment in large-ion
lithophile elements and depletion in high field- strength elements. These results generally indicate
subduction-related magmatism. According to the chondrite normalized-rare earth element diagrams, it
was observed that the rock samples are enriched in light rare earth elements and depleted in heavy rare
earth elements. The Th/U - U diagram displays that the plutonic rocks were produced from magma
which enriched in lower crustal components.

On the basis of all data, it can be stated that the magma forming Kapikaya plutonic rocks was derived
from the partial melting of the lower continental crust associated with the subduction zone.

Keywords: Kapikaya Pluton, Bolu Massif, Petrography, Geochemistry, Metagranite
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Bati Sakarya Zonunda Jurasik Kumtaslarindaki Kirintih Rutillerin
Jeokimyasi, U-Pb Yaslar1 ve Kokeni

Detrital Rutile Geochemistry, U-Pb Ages and Origin of the Jurassic Sandstones in the
Western Sakarya Zone

Firat Sengiin!, Thomas Zack?, Delia Rosel?

! Canakkale Onsekiz Mart Universitesi, Can Meslek Yiiksekokulu, Madencilik ve Maden Cikarma Boliimii,
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Ozet

Bati1 Sakarya Zonu’nda Jurasik yasli Bayirkdy Formasyonuna ait kumtaglar1 yiizlek vermektedir.
Kumtaslar1 igerisinde bulunan kirintili rutillerin kdkenini, ne tiir bir kaynak kayadan tiiredigini, kaynak
kayanin olusum kosullarini1 ortaya ¢ikarmak amaciyla LA-ICPMS iz element ve U-Pb izotop analizleri
yapilmigtir. Kirmtil rutiller koyu kahve renkli ve sedimanter kokeni gosteren yuvarlak-yar1 yuvarlak
sekillidir. 100-240 pm arasinda degisen boyutlara sahiptir. Bazi rutil taneleri ilmenit ve kuvars
kapanimlar1 icermektedir. Kirintili rutillerin Cr igerikleri 18-5996 ug/g arasinda degerlere sahiptir.
Buna karsin Nb konsantrasyonlari ise genis bir araliga sahip olup 70-9687 png/g arasinda
degismektedir. Yiiksek Fe icerikleri (>1000 pg/g) kirmtili rutillerin biiyilk bir c¢ogunlugunun
metamorfik kokenli oldugunu gostermektedir. Cr-Nb kaynak alan ayirim diyagramina gore
kumtaslarindaki kirintili rutillerin 79 %’si metapelitik kayalardan 21 %’i metamafik kayalardan
tiiremistir. Rutilin Zr icerigine gore rutil tanelerinin olusum sicakliklar1 hesaplanmistir. Kirmtili
rutillerin Zr igerikleri 22-1536 pg/g degerlere sahiptir. Buna gore hesaplanan sicaklik degerleri 10
kbar basingta 471-798 oC arasinda degismekte ve ortalama 635 oC’dir. Bu olusum sicakliklarina gore
kumtaglarindaki rutiller amfibolit fasiyesinde metamorfizma gecirmis metamorfik kayalardan
tiremistir. Kirintili rutil U-Pb yaslar1 346 My ile 319 My arasinda degisen yaslar vermistir. Bu yaslar
kirintili rutillerin potansiyel kaynak kayalarmin metamorfizma yaslaridir. iz element bilesimi, rutil
termometresi, U-Pb rutil jeokronolojisi kirintili rutil tanelerinin baskin olarak amfibolit fasiyesinde
metamorfizmaya ugramig erken Karbonifer kayalarindan tiiremis oldugunu gostermektedir. Kirintili
rutillere kaynak olabilecek Jurasik éncesi amfibolit fasiyesi metamorfik kayalar1 Sakarya Zonu’nda
(Kazdag Masifi, Uludag Masifi), Balkanlarda (Rodop Masifi, Serbo-Makedonya Masifi, Sredna Gora
Zonu) bulunmaktadir.

Anahtar Kelimeler: Kirmtili Rutil, Jurasik, Kumtasi, Sakarya Zonu
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Abstract

Sandstones of the Jurassic Bayirkdy Formation are exposed in the western Sakarya Zone. LA-ICPMS
trace element and U-Pb isotope analyses were performed in order to reveal the origin and source rock
lithology of detrital rutiles. Detrital rutile grains are dark brown-colored and rounded-subrounded
showing the sedimentary origin. Detrital rutiles have the size of 100-240 um. Some of them include
quartz and ilmenite inclusions. Cr contents of detrital rutiles are ranging between 18-5996 ug/g.
However, Nb concentrations have wide range and vary from 70 to 9687 pg/g. High Fe contents
(>1000 pg/g) show that detrital rutiles are metamorphic-origin. According to the Cr-Nb discrimination
diagram, 79 % of detrital rutiles were derived from metapelitic rocks and 21 % from metamafic rocks.
Formation temperatures of detrital rutiles were calculated based on the Zr contents of rutile grains. Zr
contents are ranging from 22 to 1536 pg/g. Calculated temperature values vary between 471-798 °C at
10 kbar and have average 635°C. Formation temperatures of detrital rutiles show that rutile grains
within the sandstone were originated from the amphibolite-facies metamorphic rocks. The U-Pb rutile
dating yielded ages for the detrital rutiles in the time range of 346 to 319 Ma, which gives the age of
metamorphism for the potential source rocks. Trace element compositions, Zr-in-rutile thermometer
and U-Pb rutile geochronology show that detrital rutile grains were predominantly derived from early
Carboniferous rocks that underwent metamorphism in amphibolite-facies conditions. Potential pre-
Jurassic amphibolite-facies source rocks of the detrital rutiles occur on the Sakarya Zone (Kazdag
Massif, Uludag Massif) and Balkans (Rhodope Massif, Serbo-Macedonian Massif, Sredna-Gora
Zone).

Keywords: Detrital Rutile, Jurassic, Sandstone, Sakarya Zone
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Bati Sakarya Zonu’ndaki Jurasik Kumtaslarindan Rb-Sr Kirintih
Muskovit Yaslari

In situ Rb-Sr Detrital Muscovite Ages from the Jurassic Sandstones in the Western Sakarya
Zone, NW Anatolia
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Ozet

Jurasik kumtaslar1 Sakarya Zonu’nun bat1 kesiminde yiizlek vermektedir. ince-orta taneli kumtaslar
sarims1 kahve renkli, orta tabakali ve bdlgede genis yayilim sunan Paleozoyik granitik bir temelin
iizerinde uyumsuz olarak bulunmaktadir. Jurasik kumtaglar1 Bilecik kiregtasi tarafindan uyumsuz
olarak iizerlenmektedir. Kumtaglarinin ana mineral bilesimi baslica kuvars, K-feldspat, muskovit,
biyotit ve kaya parcalarindan olugmaktadir. Bu calisma Jurasik kumtaglar1 icerisindeki kirmntili
muskovit minerallerinin Rb-Sr izotop analizlerini kapsamaktadir. Rb-Sr izotop sistemi provenans
calismalarinda muskovit gibi Rb’ca zengin minerallerin olusum ve/veya soguma yasinin
belirlenmesinde faydali jeokronolojik bir ara¢ olarak kullanilabilmektedir. Biitiin kirtili muskovit
taneleri 292 My ile 781 My arasinda degisen radyometrik yaslar vermistir. Kumtaslari icerisindeki
kirmtili muskovit tanelerinin Rb-Sr yaslandirmasinda 297 + 12 My izokron yas1 elde edilmistir. Bu
yas kaynak alan (lar)da Ge¢ Paleozoyik termal olayini ifade etmektedir. Sakarya Zonu’nun batisinda
Siliiryen, Devoniyen ve Karbonifer magmatik ve metamorfik kayalar1 yaygin olarak bulunmaktadir.
Kirintilt muskovit taneleri bati Sakarya Zonu’nda c¢ogunlukla orta-ge¢ Paleozoyik magmatik-
metamorfik kaynaktan tiiremistir. Bununla birlikte Rb-Sr yaslandirmasi kirintili muskovit tanelerinin
Sakarya Zonu’nu etkileyen Variskan orojenik olayr sirasinda yenilendigini ya da olustugunu
gostermistir. Sonug olarak bu ¢alisma kirintili muskovit tanelerinin Rb-Sr izotopik karakteristiklerinin
jeolojik olarak karmagik bolgelerin provenansi i¢in potansiyel belirleyici olabilecegini gostermektedir

Anahtar Kelimeler: Kirmntili muskovit, Rb-Sr, Jurasik kumtasi, Sakarya Zonu, Kuzeybat1 Anadolu
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Abstract

The Jurassic sandstones are exposed on the western Sakarya Zone. Fine to medium-grained sandstones
are yellowish brown, medium-bedded and rests unconformably over a Paleozoic granitic basement.
The Jurassic sandstones are unconformably overlain by the Bilecik Limestone in the western Sakarya
Zone. The main mineral assemblage of sandstones is chiefly composed of quartz, K-feldspar,
muscovite, biotite and rock fragments. This study presents in situ Rb-Sr isotope analyses of detrital
muscovite minerals from the Jurassic sandstones. Rb-Sr isotopic system can be used as a useful
geochronological tool to constrain the formation and/or cooling age of Rb-rich minerals such as
muscovite for provenance studies. All detrital muscovite grains gave the radiometric dates in the range
of 292 Ma and 781 Ma. In situ Rb-Sr dating of detrital muscovite grains in sandstones gave an
isochron age of 297 + 12 Ma, which implies Late Paleozoic thermal event in the source area(s).
Silurian, Devonian and Carboniferous magmatic and metamorphic rocks are common in the western
Sakarya Zone. Detrital muscovite grains were mainly derived from middle to late Paleozoic magmatic-
metamorphic source within the western Sakarya Zone. However, the Rb-Sr dating indicates that
detrital muscovite grains would have been reset or formed during the Variscan orogenic event
affecting the Sakarya Zone. Finally, our study shows that in situ detrital muscovite Rb-Sr isotopic
characteristics could be a potential indicator for the provenance of geological complex areas.

Keywords: Detrital muscovite, In situ Rb-Sr, Jurassic sandstone, Sakarya Zone, Northwest Anatolia

Acknowledgement: This study was supported by TUBITAK National Postdoctoral Research Scholarship
Program (2219) and Canakkale Onsekiz Mart University, the Scientific Research Coordination Unit, Project
number: FBA-2023-4284.

147



17-19 Ekim 2024, Antalya, Tiirkiye

1&.Jeokimya 1 Geochemistry

Sempozyumu Symposium
17-19 October 2024, Antalya, Tiirkiye

Kirikkale Civarinda Yiizeyleyen Kirmizi Renkli Neojen Yash Kazmaca
Formasyonu ile Ust Eosen-Alt Miyosen Yash Incik ve Bayindir
Formasyonlari; Jeolojik ve Jeokimyasal Yorumu

Red colored Neogene Kazmaca Formation and Upper Eocene-Lower Miocene Incik and
Bayindir Formations cropping out around Kirtkkale, Geological and Geochemical
interpretation
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Ozet

Kirikkale civarinda yiizeyleyen, kirmizi renkli, Neojen yasli, Kazmaca Formasyonu ile Ust Eosen- Alt
Miyosen yash incik ve Baymndir Formasyonlarina ait rneklerin farkli jeolojik ortamsal sartlarda
olustugu yorumlanmaktadir. Bu formasyonlar arazide gesitli seviyelerde farkli 6zelliklerde oldukca
genis bir alanda kirmizi tabakalar seklinde ylizlek vermektedir. Bu tiir kayaclar genellikle, denizel
veya golsel kokenli diisiik enerjili kalkerli veya dolomitik silttaslari, seyller ve karbonatl kayaglar
olarak ve kitasal kokenli yiiksek enerjili kumtaslari, arkozlar ve konglomeralar olarak ¢okelmektedir.

Calisma sahasinin temel olusturan ofiyolitik melanji, Paleosen yash Sulakyurt graniti tarafindan
kesilmektedir. Bu birimin iizerinde iizerinde ise uyumsuz olarak Ge¢ Eosen-Erken Miyosen yash Incik
Formasyonu yer almaktadir. Incik Formasyonu iizeri a¢ili diskordansla Ge¢ Miyosen yash Kizilirmak
Formasyonu gelmektedir. Kizilirmak Formasyonu igerisinde, ara seviye olarak, bu formasyon ile es
yasli, petrografik olarak bazaltlardan olusan, Farasli volkanikleri yer almaktadir. Paleosen yash
Sulakyurt graniti, Incik ve Kizilirmak formasyonlari tarafindan uyumsuz olarak ortiilmektedir.
Bolgenin en geng birimlerini aliivyonlar olusturmaktadir.

Diinyada genellikle kirmizi renkli bu tiir kayaclarin olusumu bakir gibi bilesenlerin oksitlenmis tuzlu
sular tarafindan aktive olmasi ile; yada siilfiir tasiyan sivilar, deniz veya gol tortularindaki siilfatin
indirgenmesi neticesinde olugmaktadir. Ayrica ortamin tektonizmasi; farkli ¢ozeltilerin ortama
katilmas1 ve siilfiir ¢okelimi ile olusmaktadir. Diinyada farkli bdolgelere ait kirmizi yatak tipi
sedimanter kayaglarin olusumunda Cu, Ag, Pb, Zn, Mo, V, U, Th, Co gibi elementlerin etkili oldugu
tespit edilmistir. Mineral igerigi, ana ve iz element igerikleri XRD, XRF ve ICP-MS gibi analitik
tekniklerle tespit edilmigtir. Kirmizi renkli sedimanlarin metal birikimi, esas olarak indirgenme-
oksidasyon reaksiyonlar1 ile kontrol edilmektedir. Bu sahaya ait jeokimyasal veriler de olusum
mekanizmasi ile uyumlu sonuglar vermistir.

Anahtar Kelimeler: Mineral igerigi, Ana element, iz element, XRD, XRF ve ICP-MS
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Abstract

It is interpreted that the samples of the red colored, Neogene aged Kazmaca Formation and the Upper
Eocene-Lower Miocene aged incik and Baymdir Formations that crop out around Kirikkale were
formed in different geological environmental conditions. These formations crop out in the form of red
layers in a very wide area with different characteristics at various levels in the field. These types of
rocks are generally deposited as low energy calcareous or dolomitic siltstones, shales and carbonate
rocks of marine or lacustrine origin and as high energy sandstones, arkoses and conglomerates of
continental origin.

The ophiolitic melange forming the basement of the study area is cut by the Paleocene Sulakyurt
granite. The Late Eocene-Early Miocene Incik Formation unconformably overlies this unit. The Late
Miocene Kizilirmak Formation unconformably overlies the Incik Formation. Within the Kizilirmak
Formation, Farasli volcanics, which are petrographically composed of basalts and are coeval with this
formation, are located as an intermediate level. The Paleocene Sulakyurt granite is unconformably
overlain by the Incik and Kizilirmak formations. The youngest units of the region are alluviums.

The formation of such rocks, which are generally red in color in the world, is formed by the activation
of components such as copper by oxidized salt waters; or by the reduction of sulfate in sulfur-bearing
liquids, sea or lake sediments. In addition, the tectonism of the environment; It is formed by the
addition of different solutions to the environment and sulfur precipitation. It has been determined that
elements such as Cu, Ag, Pb, Zn, Mo, V, U, Th, Co are effective in the formation of red bed type
sedimentary rocks belonging to different regions in the world. Mineral content, main and trace element
contents have been determined by analytical techniques such as XRD, XRF and ICP-MS. Metal
accumulation in red colored sediments is mainly controlled by reduction-oxidation reactions.
Geochemical data belonging to this area also gave results compatible with the formation mechanism.

Keywords: Mineral Content, Main Element, Trace Element, XRD, XRF and ICP-MS

149



17-19 Ekim 2024, Antalya, Tiirkiye

1&).Jeokimya 163 Geochemistry

Sempozyumu ‘ Symposium
17-19 October 2024, Antalya, Tiirkiye

AUTHOR INDEX

A Esra Yildirim 67

Abd Al-kader A. Alhadede 87 F

Abdalbagi A.H. Hussien 50 Fatih Kambur 36

Abdullah Kaygusuz 63 Firat Sengiin 144, 146
Ahmet Can Akinci 59, 107 G

Ahmet Can Ozkan 111 Ghada A. Al- Hashyme 94
Ali Akin Akyol 127 Gilles Ruffet 63

Ali Osman Tag 129 Gokee Gamze Ersoy 30

Ali Riza Ongun 88 Gokhan Demirela 32, 46, 90
Ali Tugcan Unliier 118 Guohui Chen 70

Alican Oztiirk 16 Giilcan Bozkaya 78, 80
Alper Giines 142 Giildane Akilli 14

Andrey Goev 18 Giiler Yilmaz Caligkan 127
Anil Kiigiiksiimbiil 97 Giilin Gengoglu Korkmaz 23
Aslihan Korkmaz Eryilmaz 8, 10 Giltekin Tarcan 97

Asuman Kahya 103 Giilten Yaylali Abanuz 38
Aydm Riisen 114, 116 H

Ayman Mahmoud Ahmed 84 Hakan Yazicioglu 21

Ayse Orhan 36, 140 Halim Mutlu 30

Ayse Ozdogan Délgek 82 Hande Sonsun 107

Aysin Konak 125 Hazim M. Ahmed 86, 93

B Hossein Kouhestani 40, 41
Bahattin Giillii 72 |

Bahrican Ar 38 Isogov Magsud 67

Bashar Aziz Mahmoud 84 i

Berna Yavuz Pehlivanl 48, 148 I. Sénmez Sayil1 28, 46
Bilgehan Kirmanli 8, 10 Irem Aksoy 70

Bilgehan Yabgu Horasan 16 J

Bugra Cavdar 30 Jakhongir Movlanov 67

C Junaid Ashraf 57, 122

Cahit Donmez 67 K

Cansu Almaz 88 Kayhan Isik 44

Cem Sarag 114 Kezhang Qin 41

Cem Yiicel 63, 65 Khalid Ekhlayef N. Alhadidi 87, 95
Cevdet Bertan Giillidag 99 Kiymet Deniz Yagcioglu 36, 72, 127, 129
Cihan Can 133 Koray KOC 109

D Ksenia Dokukina 18

David A. Banks 78, 80 Kurtulug Giinay 30, 67
Delia Rosel 144, 146 M

Demet Banu Koralay 135 Mariam Isaac Yako 92
Deniz ibilioglu 107 Mehmet Ali Yast1 131
Derya Cicerali 63 Mehmet Barig Durgun 90

E Mehmet Demirbilek 142
Elif Dilek Bayrakcioglu 42 Mehmet Yilmaz Savas¢in 2, 4
Elizarov Dmitry Vladimirovich 16 Menevse Altan 148

Emine Siit¢ii Cicioglu 105 Meral Giirel 6

Emrah Simsek 70 Milan Kohut 59

Emre Aydingakir 63 Mir Ali Asghar Mokhtari 40, 41
Emre Osman Cingil 30 Moath A. Al- Hajjar 101
Ender Sarifakioglu 16, 18 Mohammed Ali Fayyadh 92
Eren Sahiner 127 Muazzez Celik Karakaya 114, 116
Erkan Yilmazer 52 Muhammed Coban 16

Ersel Goz 61 Murat Ciflikli 19

150



17-19 Ekim 2024, Antalya, Tiirkiye

1@.Jeokimyg

Sempozyumu

Murat Tokgaer 2, 4
Musa Avni Akge 12, 140
Mustafa Afsgin 75
Mustafa Haydar Terzi 52, 90
Mustafa Sevin 16
Mustafa Tuna Kaskat1 38
N

Nail Yildirim 67

Namik Aysal 18

Necati Karakaya 114, 116
Necati Tiysiiz 38
Neriman Tuba Barlas 88
Neslihan Unal Kartal 99
Nurdane {lbeyli 142
Nurdogan Sertel 34
Nurullah Hanilgi 78, 80
Nusret Nurlu 55, 59, 107
O

Obaidullah Andar 19
Oguzhan Glimriik 38
Oktay Dumankaya 127
Osman Parlak 67, 70
Oya Cengiz 44

o

Omer Bozkaya 78, 80
Omer Faruk Ozkaya 131
Q

Qahtan Darwish Essa Al-Khafagi 86
Qutaiba Al-Yozbakee 77
R

Recep Serdar Kara 88
Roaa. N. Al-Shamaa 93
S

Sabir Rasimgil 142

h
o, -
1) Geochemistr
nposium
17-19 October 2024, Antalya, Tiirkiye

Salih Bayraktutan 18
Salim Ahmed Khudir 84
Samet Saka 67

Saodat Maripova 67
Shaimaa A. Nasser 101
Shaymaa Ghanim Dawood 95
Sinan Akiska 28, 46
Sonay Boyraz Aslan 105
Svetlana Drogobuzhskaya 18
S

Stikrii Gokhan Kose 133

T

Tamara Bayanova 16, 18
Tamer Koralay 25, 72, 111
Taylan Akin 78, 80
Thomas Zack 144, 146
Tijen Uner 21, 138

U

Ufuk Keskin 48

Ufuk Oren 25

Ulvi Can Unliigeng 107
Utku Bagc1 70

U

Uftade Muskara 125

Y

Yildirim Dilek 16

Yusuf Kagan Kadioglu 6, 8, 10, 12, 14, 42, 50, 57,
72,120, 122,127, 129
Yiicel Deniz Erdal 133

Z

Zehra Deveci Aral 67
Zeynep Doner 118

Zeynep Ozlem Cihan 133
Zhaoshan Chang 41

151



17-19 Ekim 2024, Antalya, Tiirkiye

17-19 October 2024, Antalya, Tiirkiye

AHLATCI

HOLDING

Atomika Teknik
https://www.atomikateknik.com

Kat:3 No:78 06510 Yenimahalle / Ankara
Tel: (+90) 312 21922 00

Fax: (+90) 31221922 10

E-posta: bilgi@atomikateknik.com

N
2

REDOKS

ANALITIK CIHAZLAR

DENGE Teknik Cihazlar
https://www.dengeteknik.com.tr/
Adres: Mustafa Kemal Mah. 2141. Cad.
No:22/9 Cankaya/Ankara

Tel: (+90) 312478 61 92

Fax: (+90) 312478 61 95

E-posta: info@dengeteknik.com.tr

Ahlatci Holding

https://www.ahlatci.com.tr

Adres: Egridere Caddesi No:17 Merkez / Corum
Tel:
Fax: (+90) 364 224 66 66

E-posta: kurumsal@ahlatci.com.tr

Adres: Bestepe Mah. Yasam Cad. Nergiz Sok. Via Flat 7/2

Lita Analitik
https://litaanalitik.com.tr/

4440186

e
ATOMIKA

—— TEKNIK —

Redoks Kimyasal Biyolojik Mad. ve Lab. Cih. A.S.
https://www.redokslab.com/

Adres: Mustafa Kemal Mahallesi 2076. Sokak
No: 8 06530 Cankaya / Ankara

Tel: (+90) 312 479 3435

Fax: (+90) 312 479 3445

E-posta: info@redokslab.com

DENGE
Teknik
Cihazlar

Adres: Gazi Universitesi Golbasi Yerleskesi Bahcelievler Mah.
323/1 Cadde C Blok No: 10/50 C-4 Golbasi ANKARA
Tel: (+90) 312 485 35 30

LITA ANALITIK E-posta: info@litaanalitik.com.tr

Asia Diamond

https://asiapirlanta.com/

Adres: Alemdar Mah. Divan Yolu Cad. Ergevik Han
No: 48/209 Sultanahmet / Fatih / istanbul

Tel: (+90) 553 288 70 07

E-posta: info@asiapirlanta.com QSIQ

diamond

IZA Makina

https://www.izamakina.com

Adres: C.S.S. 64. Sk. No:1 Corum / TURKIYE
Tel: (+90) 364 606 06 22

E-posta: iza@izamakina.com @

izA MAKINA

152



iletisim

Aksaray Universitesi

Mihendislik Fakiiltesi Jeoloji Mihendisligi Bolim(
+90 382 288 3745 - 3743



