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Onsoz

9. Uluslararas: Katiliml1 Jeokimya Konferansi, Istanbul Teknik Universitesi Maden Fakiiltesi
Jeoloji Miihendisligi Bolimii tarafindan 17-20 Ekim 2022 tarihlerinde Didim (Aydin),
Tiirkiye'de diizenlenmistir. Konferans, COVID-19 salgin1 nedeniyle yiiz yiize
gergeklestirilmek tizere iki kez ertelenmistir. Konferans yeri olarak Laur Hotels (Didim, Aydin)
secildi. Konferansin ana temasi, motivasyon amagli “Tethis Metallojenisi - Tethian
Metallogeny” olarak belirlendi.

9. Jeokimya Konferansi 2022'nin bilimsel programi, bir¢ok tiniversite ve kurumdan jeokimya
ile ilgili farkli disiplinlere mensup bilim insanlarini ve arastirmacilar1 bir araya getirmistir.
Sozli ve poster sunumlara ek olarak, “Sivi Kapanimlar ve Yer Bilimlerindeki Uygulamalar1”
ve “Uranium Series [sotope Geochemistry” konularinda iki adet kisa kurs diizenlenmistir.

“15. Yiizyil Avrupasinda “ni¢in bazi kayalar degerli ve bunlar nasil olusuyor?” sorgulamasi ile
tohumlart atilan, ilk olarak 16. Yiizyilda, mineral ve bilesim bilgilerini kullanarak Avrupa
madenlerinde cevher damarlarini tanimak ve takip etmek igin pratik edilen, Isvigre’nin Basel
Universitesi'nde kimya profesorii olan Christian Friedrich Schénbein tarafindan 1838’de ilk
defa “jeokimya teriminin” kullanilmasi ile ad1 konan, 1884'ten 1925'e kadar USGS'de kimyager
olarak calisan Frank Wigglesworth Clarke tarafindan 1908’de “Jeokimya Verileri - The Data
of Geochemistry” ile ilk kitabi1 yazilan (ki bu kitap takip eden yillarda 5 baski yapmuistir),
jeokimya biliminin kokleri 19. yiizyilda yatmaktadir, ancak mevcut ¢ok yonlii karmasikligini
20. Yiizyilda kazanmustir.

1924'te Vlademir Ivanovych Vernadsky “Jeokimya” kitabini yayimladi. Ogrencisi Alexander
Fersman, 1934-39 yillan arasinda, fizikokimya ilkelerini dogadaki kimyasal elementlerin
dagilimina uyguladig1 4 ciltlik “Jeokimya” kitabin1 yayinladi; bu calismalar ile jeololoji ve
jeokimya iizerine halkin ilgisini uyandirdi. Ilham verici dersleri ve popiiler kitaplari nedeniyle
Tolstoy tarafindan “tas sairi — poet of stones” olarak adlandirildu.

1947°de 2. Diinya savasinin neden oldugu kétii kosullar nedeniyle heniiz 59 yasinda iken 6len
Victor Moritz Goldschmidt, giiniimiizde Goldschmidt yasalar1 olarak bilinen “iyon
yarigaplarimin ve yiklerinin uyumluluguna dayali olarak kristallerdeki izomorf yer
degistirmenin rasyonel agiklamasini yapmistir.

Ancak, Wedepohl tarafindan yazilan “Jeokimyanin El Kitab1 — the handbook of geochemistry”,
1969'dan 1978'e kadar bugiine kadarki en eksiksiz jeokimyasal veri kaynagi olarak kabul
edilmistir.

Ozellikle Fersman ve Goldscmidt’in ¢alismalarinin ilham kaynagi oldugu 1950 ve sonrasi
jeokimya biliminin modern donemi olarak kabul edilmektedir. Zira termodinamigin dogal
ortamlarda minerallerin stabilitesine uygulandigi, analitik kimya diinyasindaki kesiflerin daha
seri ve giivenli jeokimyasal veri {iretilebildigi bu donemde Bowen, Mason, Garrels Wedepohl
and Konrad B. Krauskopf anilmasi1 gereken diger énemli jeokimyazilardir.

Insanligin kagiilmaz bir sekilde ihtiya¢ duydugu mineral kaynaklarmin aranmasida, jeokimya
USGS tarafindan 1947'de sitematik olarak kullanilmaya baslanilmistir. Giinlimiizde maden
aramalarinda jeokimyanin merkezde oldugu c¢ok disiplinli yaklasimlar en c¢ok tercih
edilenlerdir. Ayrica ¢evre jeokimyasi, son zamanlarda jeojenik veya antropojenik kaynakli
metallerin ve ¢esitli organik bilesiklerin dagilimini izleme ihtiyaci nedeniyle ortaya ¢ikmustir.
Anlasilacagi lizere yeryuvarmin ve insanla etkilesiminin daha iyi anlagilmasi i¢in ortaya
¢ikabilecek bir¢ok alanda, jeokimya bilmi merkezi 6nemini korumaya devam etmektedir.

Bu 6zet kitabi, konferans sirasinda sunulan gesitli konulardaki bildiri 6zlerini ve genisletilmis




bildirileri igermektedir: Maden Yataklar1 ve (maden) Arama Jeokimyasi, Magmatik ve
Metamorfik Petrojenez, Izotop Jeokimyasi ve Jeokronoloji, Enerji Hammaddeleri ve
Jeokimyasi ile diger Jeokimyasal Konular.

Organizasyon Komitesi, katilimcilarin aragtirmalarini sunma ve fikir aligveriginde bulunma ve
jeokimya alaninda gelecekteki gelismeleri degerlendirme ¢abalarini takdirle karsilamakta,
konferansin basarisina ¢ok degerli katkilarda bulunan tiim katilimcilara siikranlarini
sunmaktadir.

Tematik oturumlar1 6neren, 6zetleri gozden gegiren ve bildirileri degerlendiren Yayin Kurulu
iiyelerine de ¢ok tesekkiir ederiz.

Organizasyon komitesi adina

Prof. Dr. Emin CIFTCI
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Granites from Yesterday to Today: Classification and Genesis

Yiicel Yilmaz

Istanbul Technical University, Faculty of Mines, Department of Geological Engineering, Istanbul, Tiirkiye

yyilmaz@khas.edu.tr

Abstract

As Pitcher once stated “granite has been the subject of geology since geology began”. That was a
fair statement because the definitions of granite in the glossaries and textbooks are commonly
incomprehensive to cover all the characteristics of this rock group which displays great varieties
in texture, color, amount of felsic and mafic minerals, and geochemistry.

The first view on the genesis of the granite dates to the time of Abraham Werner (1847-1817),
who claimed that it forms as a sedimentary rock. Soon after that, James Hutton, the founder of
Geology, objected to this view and based on his field observations, wrote that granite is derived
from magma generated at some depth and rises to higher levels.

About a century later, geologists studying granitic rocks noted that granites, gneisses, and schists
were intermingled in high-grade metamorphic terrains. They called this mixture ‘’migmatite’’ and
concluded that these different-looking rocks share a similar history of evolution. The contrasting
views proposed on the origin of the deep-seated granitic rocks created a long-lasting controversy.

The experimental and field-based studies contributed significantly to our understanding of the
granite genesis, including the granite series and the emplacement depth concepts. However, all
the evaluations unavoidably restricted the granite generation to the limit of the one-dimensional
models in the continental crust. The plate tectonics concept opened up a new dimension to view
granite generation in four-dimension.

In the first part of this talk, | will review the history of granite studies and then talk about granite
today.

Keywords: Granites, classification, history of granites
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Subduction and Magmatic Arcs in the Black Sea Region

Aral I. Okay

Department of Geological Engineering, Faculty of Mines and Eurasia Institute of Earth Sciences, Istanbul
Technical University, Istanbul, Tiirkiye

okay@itu.edu.tr

Abstract

During most of the Phanerozoic, the Black Sea region constituted part of the south-facing active margin
of Laurasia/Eurasia. Northward subduction of the Tethys Ocean under the Laurasia/Eurasia created
distinct magmatic arcs of Carboniferous, Triassic, Jurassic and Late Cretaceous ages.

The ages of magmatism in the Black Sea region are well constrained from bedrock and detrital zircons
ages from the Pontides. The best-known magmatic arc in the Black Sea region is the Late Cretaceous
one, which can be traced from the Lesser Caucasus through the Pontides to Bulgaria and to Serbia. It is
predominantly represented by volcanic and volcaniclastic rocks. The opening of the Black Sea as a
back-arc basin also took place in the Late Cretaceous. The Jurassic magmatic arc can also be traced
from Georgia in the Lesser Caucasus into the Eastern and Central Pontides; it is represented by plutonic
and volcanic rocks.

Recent geochronological data indicate that the Jurassic arc magmatism extends also to the western
Sakarya Zone and to the Rhodopes in the Balkans. Evidence for a Triassic magmatism is found in the
detrital zircon ages in the Pontides and in Crimea. Triassic zircons form a major population in the Late
Triassic-Jurassic subduction-accretion complexes (Karakaya Complex) in the Sakarya Zone of the
Pontides and the Triassic-Jurassic flysch (Tauric series) in Crimea. Despite the abundance of Triassic
detrital zircons in the trench turbidites in the Black Sea region, no Triassic plutonic rocks are known
from south of the Black Sea.

The Triassic magmatic arc most probably exists in the subsurface north of the Black Sea; it was
separated from the coeval subduction-accretion complexes by the opening of the Black Sea in the Late
Cretaceous. Carboniferous granites are known from the Sakarya Zone, which constitutes the southern
Pontide unit. In contrast to the Mesozoic magmatic arcs, the tectonic setting of the Carboniferous
magmatism is more controversial.

Keywords: Subduction, Black Sea Region, magmatic arc
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The Fate of Platinum Group Elements during Mantle Melting

Astrid Holzheid

Institute of Geosciences, Kiel University, 24098 Kiel, Germany

astrid.holzheid@ifg.uni-kiel.de

Abstract

Platinum group elements (PGE; Os, Ir, Ru, Rh, Pt, Pd) are highly siderophile elements, reflecting a
strong affinity to metal phases. Based on their behavior in geological systems, the PGEs are further
subdivided into the iridium-group PGEs (IPGEs; Os, Ir, Ru) and the palladium-group PGEs (PPGEs;
Rh, Pt, Pd). Platinum group elements are differently distributed in primitive mantle melts compared to
residual mantle rocks (peridotite-xenoliths). While IPGEs are relatively depleted and PPGEs are
relatively enriched in primitive mantle melts, opposing trends of PGE pattern of peridotite-xenoliths are
observed. The most likely processes of PGE fractionation during mantle melting will be discussed in
due consideration of various physico-chemical interaction processes between coexisting silicate, solid
sulfide and liquid sulfide phases. This will be based on the following observations: (1) chemical
interaction processes between coexisting solid and liquid sulfide phases (i.e. monosulfide and sulfide
melt) divide the PGE into those PGE that are more compatible to solid sulfide phases (e.g., Ir, Ru) and
those PGE that are more compatible to the sulfide melt (e.g. Pt, Pd); (2) physical interaction between
coexisting liquid sulfide and liquid silicate phases hampers melt coalescence to build a melt network,
resulting in isolated sulfide melt droplets in the silicate melt; (3) settling velocities of sulfide melt
droplets in silicate melts are orders of magnitude less compared to ascent rates of primitive mantle melts.
It is thus possible to link the distinct different PGE pattern of primitive mantle melts and of peridotite-
xenoliths to straightforward mantle melting processes: sulfide melt droplets (1) are enriched in PPGEs
due to chemical interaction processes in the source region, (2) will be entrained by ascending primitive
mantle melts, and (3) will finally dissolve in the melts leading to the higher abundances of PPGEs in
those primitive mantle melts compared to the residual mantle rocks.

Keywords: Mantle melting, element partitioning, PGE, monosulfide, sulfide liquid
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Abstract

Over the past several decades, one of the major thrusts of geochemical studies has been evolving from
the soil contamination (since 1960s), geological repository of high-level nuclear waste (1970s),
groundwater remediation (1980), geothermal energy exploitation (1980s), carbon sequestration (1997),
petroleum production in deep shale gas and oil reservoirs (2008), to underground hydrogen storage
(2019); these emerging societial needs in the intersections of energy, water resources, and the
environment has been pushing forward the advancement of geochemical science. This work presents a
synopysis of how the microscopic pore structure affects fluid flow and chemical transport in both porous
and fractured media encountered in the above fields of energy geosciences, with a particular focus on
multi-scale investigations, mechanistic studies, process-level understanding, innovative approaches, and
interdisciplinary collaboration. With a suite of custom-designed tracers and innovative characterization
approaches (e.g., laser ablation-inductively coupled plasma-mass spectrometry, small angle neutron
scattering), various compounds of different physico-chemical properties, such as pesticides, metals (As),
radionuclides (**°1 and **Tc), petroleum molecules, and gases (CO, and H,) are studied in their fate and
transport behavior in porous media, complicated by speciation, anomalous diffusion, wettability, and
pore connectivity in a wide range of subsurface media of soils, aquifers, and rocks with natural or
stimulated fractures.

Keywords: Hydrobiogeochemistry, coupled processes, mechanistic understanding, tracers, diffusion
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Abstract

Carbon Capture and Storage is a hot topic in academic community concerned with the dilemma between
energy and climate. CO, emission to atmosphere, sourced from energy consumption related to industrial
activities and thermal power plants, is the major cause of global warming and climate change. Capture
of CO; from these sources and its storage underground is adopted as short-term solution to the problem.
In this respect, geothermal reservoirs emerge as potential storage sites. Geochemical studies are of great
importance in these projects and used to investigate the CO,-water-rock interaction in the system via
laboratory studies and/or numerical modelling. The results from two different studies are given here as
examples of preliminary research for potential CO; storage projects. One of these studies, performed
within the framework of an M.Sc Thesis, is focused on “equilibrium” and “kinetic” modelling of
Ungaran geothermal field in Indonesia. Chemical composition of reservoir rocks and geothermal waters
are used in modelling utilizing PHREEQC programme. In equilibrium modelling, mineral dissolution
and precipitation potentials are investigated via speciation and saturation index calculation. In kinetic
modelling, mineral reaction Kinetics are taken into account to predict how fast the system reaches
equilibrium following CO; injection. Results of modelling pointed to calcite precipitation as the main
CO;, trapping mechanism, and about 10 years for the system to reach equilibrium. The other study, an
example of the use of isotope compositions, is concerned with CO2-He gas systematics of Turkish
geothermal systems using an integrated data set comprising 8*C, *He/*He, CO2 and CO/°He
parameters. Possible subsurface processes likely to affect CO; gas are examined and samples not
affected by “mixing” and “degassing” are used to discriminate between the major trapping mechanisms,
“dissolution” and “mineral precipitation”. Modelling results suggested dissolution as the major
mechanism, calcite precipitation accompanying dissolution at higher temperatures close to reservoir
conditions.

Keywords: CO, storage, geochemistry, numerical modelling, trapping mechanism
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Abstract

New analytical techniques allow the determination of many elements, to very low concentrations, in
natural gold. These are used to distinguish the style of mineralization and source of gold. This is
especially so in placer deposits where no obvious source may exist. However, unless their physical
presence is understood any interpretation could be in error. Gold forms an alloy with many elements
and in natural gold Ag, Hg, Cu, Pd and Sb are most prevalent alloying elements. Many other elements
are also present in varying concentrations arising from trapping mineral phases as the gold precipitates,
from exsolution within the gold or random trapping of nanoparticles. Au-Ag nanoparticles have been
found in fluid inclusions at concentration of 1000’s ppm and individual nanoparticles have been
observed in quartz veins. Thus, transport of these particles can reduce the requirement for large fluid
volumes to produce ore deposits. Natural gold almost always contains Ag at concentrations up to 10’s
of wt% and nanoparticles we have observed are not purely Au but comprise Au plus Ag. We propose
these have a Au-core and a Ag-shell which can vary in relative proportion. Clusters of such nanoparticles
have been shown to convert to a homogeneous alloy at temperatures over 200°C. How individual
nanoparticles are initially formed and then aggregate to form large crystals may well be a factor in the
presence of many elements, at low concentrations, detected by LA-ICP-MS element mapping.
Understanding how elements are present is fundamental to any interpretation and examples will be
presented from different deposits to highlight the different information available and whether it can be
used as a means of discrimination.

Keywords: Gold, nanoparticles, textures, element analyses
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Abstract

Uranium-series (U-series) isotopes in young basaltic rocks are powerful for constraining melt generation
and melting conditions beneath continents. Holocene basaltic rocks from NE China (Wudalianchi,
Jingbohu, Long-gang) and SE China (Hainan Island) show strong **Th excesses [(*°Th/?8U) = 1.1 to
1.3], indicating magma generation from a deep garnet-bearing mantle source under relatively slow rate
of melting. The strong °Th excesses in NE China basalts argue against subduction-related flux melting
for the generation of these young basalts. The significant 2°Th excesses in Hainan lavas indicate sub-
lithospheric mantle source (rather than lithospheric mantle source) for the Hainan lavas, consistent with
its deep plume origin.

U-series ages of zircons in young, evolved magmas (e.g., rhyolites, andesites) are useful for constraining
magma evolution timescales. Here | report U-series ages of zircons from 3 volcanic areas: Mount
Changbai at the border of China and North Korea, the Tengchong volcanic field at SE Tibetan Plateau,
and the Ashikule volcanic field at NW Tibetan Plateau.

Zircon surface ages from Mount Changbai are 1 ka (ka = thousand years ago) for Millennium comenditic
pumices (peralkaline rhyolites) and 10 ka for Qixiangzhan (QXZ) comenditic lavas. The 1-ka zircons
essentially dated the Millennium Eruption, and the 10-ka zircons from QXZ dated the eruption of QXZ
lavas. Since QXZ comenditic lavas preserve geomagnetic field excursion, the 10-ka zircons yield the
youngest geomagnetic field excursion on Earth, consistent with recent “°Ar/**Ar ages of sanidines from
QXZ. The Changbai zircons in Millennium comenditic pumices and QXZ comenditic lavas yield
eruption ages, indicating zircon saturations in peralkaline rhyolitic magmas only shortly before their
eruptions.

By contrast, U-series ages of young zircons from Tengchong at SE Tibetan Plateau are 55 ka and 90 ka,
predating the Holocene eruptions by 45 to 80 kyr (kyr = thousand years), indicating long residence time
scales. Their long residence times may reflect early saturations of zircons in high-K calc alkaline
magmas beneath Tengchong. Negative correlations between Hf and O isotopes for Tengchong zircons
reveal assimilation fractional crystallization processes during magma evolution.

Zircons from Ashikule volcanic field (including Ashishan and Wulukeshan) of NW Tibetan Plateau are
more complex than Changbai zircons and Tengchong zircons and show high abundance (~60%) of
geologically old (>375 ka) zircons. Regarding only young Ashikule zircons, we have identified 3 pulses
of zircon crystallizations at 70 ka, 105 ka, and 290 ka for the Ashishan volcano and one pulse of zircon
crystallization at 113 ka for the Wulukeshan volcano. Similarity between the youngest zircon U-Th ages
and eruption ages from sanidine “°Ar/**Ar ages for the Ashishan volcano indicates short zircon and
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magma residence times (<5 kyr) for Ashishan lavas. New zircon U-series age of 113 ka for Wulukeshan
requires that the Wulukeshan eruption occurred after 113 ka, younger than previously thought. Old
crystals likely contributed to their older whole-rock K-Ar or Ar-Ar ages (200 ka to 550 ka) in

Wulukeshan.

Keywords: Uranium series, magma generation, magma evolution, radigenic isotopes
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Abstract

Over past decade, synthetic routes to produce polymer nanocomposites have become an important
research field in materials science. With recent advances in the use of nanomaterials like metals such as
gold and silver and layered silicates such as clays in combination with polymers, it is now possible to
prepare nanocomposites with enhanced physical, chemical and biological properties. Such materials,
which combine the properties of polymers with those of nano structures are considered to be promising
systems for advanced functional applications. In this presentation, novel approaches for the preparation
gold and silver metal nanocomposites [1, 2] through simultaneous photoinduced electron transfer and
polymerization processes will be described (Scheme 1).

free radical polymerization
R+ M— RM
M: monomer

reduction
hv . . . 0
Pl — R R + MX— R'X" + M;
M X : metal salt polymer

0
M,

M: monomer
R*'X + M —~ RM*
cationic polymerization

Scheme 1. Synthesis of polymer/metal nano composites

metal-polymer
nanocomposites

In our laboratory, we have also focused [3, 4] on the peparation of polymer/clay nanocomposites by in situ
polymerization (Scheme 2). Nano coatings on metal surfaces will also be described [5, 6]. Nano coatings on metal
surfaces will also be described [5, 6].

INTERCALATED EXFOLIATED

R I

Q= monoimer of initiator
0 =naions = quaternized ammonium ions POLYMER/CLAY NANOCOMPOSITES
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Abstract

Boron, which is a very mobile element, has completely migrated from the mantle and the element
abundance in the mantle is zero. In the entire crustal region, the reason for this mobility is that it becomes
abundant in the ocean water and settles in the layered silicates (clay minerals) in the pelagic sediments,
without showing any enrichment in any rock unit except for a few minerals. For this reason, excessive
boron enrichment takes place both in a very common environment and in pelagic sediments tens of times
more than other rocks. Pelagic rocks dehydrating along the subduction zone lose their volatile fluids
such as H-borates, OH-, HCO-x (dehydration) and cause them to rise to the lithospheric mantle or crust
regions to form a partial pressure field (P-volatile partial pressure, P (vol)). Due to this pressure, calc-
alkaline magma is formed in the crust, who is melting temperature decreases, thanks to the borrowed
boron and other volatiles taken from the pelagic volatiles, and they are carried higher independed -
together. If, for any reason, alkaline magma loses its volatile fluids, it will turn into granitic rocks with
skarn in the depths before reaching the surface. Even if the magma reaches the surface, it preserves most
of the borrowed volcanic rocks in its own volcanic rocks or carries it into the atmosphere and cannot
contribute to the formation of boron deposits. However, pelagic volatile fluids combine with the
geothermal cycle in the last stage of their uplift and carry much more boron element than magma to
terrestrial lake basins for much longer periods.

Another problem is the concentration and precipitation of boron ions in isolation from other ions in any
part of the basin (!) by not complying with the requirement that the ionic solutions of the salty waters
filling the basin, complying with chemical laws and displaying a statistical homogeneous distribution in
the lake. There can be no chemical explanation for such a formation. Located on the Turkmenistan coast
of the Caspian Sea, the small Lake Acu Derya is a gulf connected to the Caspian Sea by the Karabogaz
Canal. In periods when the waters are low, the gulf cannot be fed from the main basin and turns into an
independent small lake. This small lake dries up during dry periods and forms evaporitic salt deposits.
This static Kara Bogaz — Acu Derya model is a natural example of artificially produced salt — brines for
salt production from the seas, and dynamic B. Anadolu Boron deposits can be interpreted with this
model.

Keywords: Boron deposits, pelagic sediments, Karabogaz-Acu Derya model
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OZET

Cok hareketli bir element olan bor mantodan tiimii ile gd¢ etmis olup mantodaki element bollasmasi
sifirdir. Kabuk bolgesinin tiimiinde, birkag mineral diginda hicbir kaya biriminde zenginlesme
gosteremeden okyanus suyunda bollasarak pelajik sedimentlerdeki tabakali silikatlara (kil mineralleri)
yerlesir. Bu nedenle asir1 bor zenginlesmesi hem ¢ok yaygin bir ortamda hem de 6teki kayalara oranla
onlarca kat daha fazla oranda pelajik sedimentlerde yer alirlar. Yitim zonu boyunca terleyen pelajik
kayalar, H-boratlar, OH™ , HCO", gibi ucucularin1 (volatil) yitirerek (dehidrasyon) onlarin litosferik
manto veya kabuk bolgelerine yiikselerek kismi basing alani (P-ugucu kismi basinci, P (vol))
olusturmalarini saglarlar. Bu basing nedeni ile ergime 1sis1 diisen kabukta kalk-alkali magma, pelajik
ucuculardan aldigi1 6diing bor ve diger ucucular sayesinde olusur ve birlikte ve bagimsiz daha yukarilara
tagmirlar. Herhangi bir nedenle kalk alkali magma ugucularini yitirirse ylizeye ulasamadan, derinlerde
skarnli granitik kayalara doniisecektir. Magma ylizeye ulagsa bile 6diing aldig1 ugucularinin biiyiik
b6limiini kendi volkanik kayalarinda korur ya da atmosfere tagir ve bor yataklarinin olusmasinda bir
katkis1 olamaz. Oysa pelajik ugucular yiikselmelerinin son asamasinda jeotermal dongii ile birleserek,
magmadan ¢ok daha uzun siireler ve ¢ok ¢ok daha fazla bor elementini karasal g6l havzalarina tasirlar.
Bir bagka sorun ise havzay1 dolduran tuzlu sularin iyonal ¢ozeltileri, kimyasal yasalara uyarak, gol
igerisinde istatistik bir homojen dagilim gostermeleri geregine uymayarak havzanin herhangi bir yerinde
(1) bor iyonlarmin 6teki iyonlardan izole olarak yogunlasip ¢okelmesidir. Boyle bir olusumun kimyasal
aciklamasi olamaz. Hazar Denizi’'nin Tiirkmenistan kiyisinda yer alan, kii¢iik Acu Derya Golii, Hazar
Denizine Karabogaz Kanali ile baglantili bir korfezdir. Sularin algaldigi donemlerde korfez esas
havzadan beslenemez ve bagimsiz bir kiigiik géle doniisiir. Bu kiigiik gol periyodik kurak dénemlerde
kurur ve evaporitik tuz ¢okelleri olusturur. Bu statik Kara Bogaz — Acu Derya modeli, Denizlerden tuz
tiretimi i¢in yapay olarak iiretilen tuzla — salamuralarinin dogal bir 6rnegi olup dinamik B. Anadolu Bor
yataklar1 da ancak bu model ile yorumlanabilir.

Anahtar Kelimeler: Bor yataklari, pelajik sedimentler, Karabogaz—Acu Derya modeli
1. GIRIiS

B. Anadolu bor yataklarinin olusumu ile ilgili, hi¢ degistirilmeden giiniimiize kadar 6nerilen volkanizma
kokenli model Sekil 1 de verilmistir. Levha tektonigi 6ncesine dayanan bu sekilde iki dnemli eksik s6z
konusudur. Borca zengin olarak gosterilen magmanin olugabilmesi igin gerekli yitim zonu iligkisi
goriilememektedir. Ikinci eksik ise ilki ile baglantili olup, hidrotermal akiskanlarin kokeni olarak sadece
magma sorumlu tutulmus, en tist asamadaki jeotermal dongii goz ardi edilmis ve bu konuda yitim zonu
ucuskanlarinin ¢ok daha 6nemli olan etkisi verilmemistir. Bu durumda bor elementinin yegane bollastigi
kaya birimi olan (Tablo 1 ve Sekil 2) ve sdz konusu magmanin olusumunu saglayan pelajik
sedimentlerin bor yataklar1 olusumundaki esas dnemli rolii unutulmustur.

volkanik patlamalar

Bor mineralleri i¢eren
playa-goller
termal su
kaynaklart
g 17 volkanik malzeme

(T~ . .
3 ve killerin ardalanmas:

Sekil 1. Bor yataklarinin olusumu ile ilgili olarak giiniimiizde 6neriler model (Helvaci, 2015).
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Tablo 1. Bor elementinin degisik jeolojik ortamlardaki bollagma katsayisi. Tablodan da goriilecegi gibi
derin deniz killeri (pelajik ¢cokeller) ve denizel seyler diger kayalara oranla ¢ok yiiksek boyutlarda bor
icerirler (Tokeaer, 2007).

Kitasal kabuk Ust Kabuk | 15 ppm Kumtasi | 35 ppm
Alt Kabuk | 2 ppm
Diisiik-Ca | 10 ppm Seyl | 100 ppm
granit
Yiiksek-Ca | 9 ppm Karbonat kayalar1 | 20 ppm
granit
Bazalt | 5 ppm Derin deniz killeri | 230 ppm
Ultramafik | 2 ppm Deniz suyu | 4.5 mg/g
Ilksel Manto | 0.6 ppm Altere Okyanussal Kabuk | 104 ppm
deniz suyu altere okyanusal kabuk pelajik sedimentler volcanik kayaglar
B: 45ppm B:1-104ppm B: 80 - 160 ppm B: 60 ppm—>3 ppm
0"B: +39.5% 0''B:-5.0 - +25.0%o 8B -6.6 - +4.8%0  O''B: +7.83%c—» -7.2%o
oy L A A A
hidra

.................. /f

B: 10 - 100 ppm
0'"B: 0 - +20%0

MORB
B: <1.5ppm
0""B: -4.0%0

manto
B: <0.1 ppm

~100km 0"B: -10.0%0

Sekil 2. Konrad-Schmalke ve Halama (2014), jeokimyasal ¢alismalarinda, Tablo 1’de verilen degerleri yitim
zonuna yerlestirerek detaylandirmiglardir. Altere okyanusal kabugun bile hala ¢ok yogun bor igerebilmesi dikkat
cekicidir.

Bor yataklarinin kdokeni olarak pelajik sedimentlerden baska bir kaynak diisiiniilemez. Alt ve st
kabuktaki degerlerden hareketle (2 + 15), bu bdélgelerde, boliimsel ergime ile olusacak olan bir
magmanin bor igerigi, disaridan bir katki yok ise bir higtir. Oyle olsa idi, Yunanistan, Bulgaristan, Iran
gibi komsu bdlgeler bulunan esdeger volkanizmanin da bor yataklar1 olusturmasi gerekirdi. Ayrica
giiniimiizde gozlenen volkanizmanin onlarca kati volkanik aktivite sz konusu olmali idi ki ufak bir bor
yatagi volkanik kokenden olusabilsin. Bu nedenle bazi yayinlarda pelajik sediment kayalarinin bor
zenginliginden soz edildigi halde (Floyd et al. 1998) volkanizmayi hala kaynak olarak gosterilmesi
anlasilamaz. Kaldi ki esas bor kaynagi olan pelajik sedimentlerin, yitim zonunda olusan uguskanlarinin
yukari gocii olmadan zaten bdyle bir magma asla olusamaz. Sekildeki durumu asagida yorumlanarak
yeni bir model 6nerilecektir.
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2. BIR YAKLASIMIN YORUMLANMASI

Cok hareketli bir element olan bor mantodan tiimii ile gb¢ etmis olup mantodaki element bollagmasi
sifirdir. Kabuk bdlgesinin tiimiinde, birkag mineral diginda hicbir kaya biriminde zenginlesme
gosteremeden okyanus suyunda bollasarak pelajik sedimentlerdeki tabakali silikatlara (kil mineralleri)
yerlesir. Bu nedenle asir1 bor zenginlesmesi hem ¢ok yaygin bir ortamda hem de 6teki kayalara oranla
onlarca kat daha fazla oranda pelajik kayalarda de yer alirlar. Yitim zonu boyunca terleyen pelajik
kayalar, H-boratlar, OH", HCO gibi uguskanlarini yitirerek (dehidrasyon) onlarin litosferik manto veya
kabuk bolgelerine yiikselerek kismi basing alani (P-uguskan kismi basinci, PY) olusturmalarini
saglarlar. Bu basing nedeni ile ergime 1sis1 diisen kabukta kalk-alkali magma, pelajik u¢uskanlardan
aldig1 6diing bor ve diger volatiller sayesinde olusur ve birlikte ve bagimsiz daha yukarilara taginirlar.
Sikca oldugu gibi, herhangi bir nedenle kalk alkali magma uguskanlarini yitirirse yiizeye ulagamadan,
derinlerde skarnli granitik kayalara doniisecektir. Bunun en giizel 6rnekleri Ayvalik Maden ve
Bodrum’daki derinlik kayalarinin bor mineralli (aksinit) skarn zonlaridir. Magma ylizeye ulagsa bile
Odiing aldig1 uguskanlarinin biiytik boliimiinii kendi volkanik kayalarinda korur ya da atmosfere tasir ve
bor yataklariin olusmasinda bir katkisi olamaz. Oysa pelajik ugucular yiikselmelerinin son asamasinda
jeotermal dongti ile birleserek, magmadan ¢ok daha uzun siireler ve ¢ok ¢ok daha fazla bor elementini
karasal g6l havzalarina tasirlar. Bu yeni yorum Sekil 3°te verilmistir.

Sekil 3. Bor elementinin yitim zonu, magmatizma ve jeotermal ortam boyunca evrimsel dongiist.

B. Anadolu’da, Orta Miyosen ve sonrast donemdeki volkanizmanin bdliimsel ergime ortaminin
litosferik manto veya alt kabuk oldugu yaygin kabul goren bir gercektir (Agostini et al., 2007, Agostini
et al., 2010, Ersoy et al., 2010, Ersoy et al, 2012 ve yazarlarin bu metinlerde degindigi diger atiflar).
Pelajik dehidrasyonun sagladigi borlu ugucularin, boliimsel ergimeye katkilarmin (manto
metazomatizmasi) yani sira borlu ugucularin béliimsel ergime sonrasi tiimii ile magmaya katilmadiklari
ve yukartya dogru yollarina devam ettiklerinin bir énemli kamiti da Yiicel — Oztiirk ve dig (2015) nin
yayminda goriiliir. Yazarlara gore Menderes Masifindeki turmalinli damar kayalarindaki bor Alpin
Donem pelajik ugucu kokenlidir. Ozetle; yitimdeki borlu dehidrasyon, bu dehidrasyonun borlu
ucucularinin (Sekil 3’de mavi renkli) alt kabuk veya litosferik mantoda boliimsel ergimeyi saglamalari,
yeni magma ve pelajik kokenli volatillerin birlikte ve bagimsiz yiikselmeleri, olusan magmanin bor
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degerleri ¢ok diisiik olan yeni volatilleri (sar1 renkliler) ile birlikte jeotermal dongiiye karisarak veya
ondan bagimsiz ylizeye ulasarak havza suyuna karigmalar1 yeni yaklagimin asamalaridirlar.

Bir bagka sorun ise, havzayi dolduran tuzlu sularin iyonal ¢ozeltileri, kimyasal yasalar geregi, gol
icerisinde istatistiki bir homojen dagilim gostermeleri kuralina uymayarak havzanin herhangi bir
yerinde (!) bor iyonlarinin 6teki iyonlardan izole olarak yogunlasip ¢okelmesidir. Boyle bir olusumun
kimyasal agiklamasi olamaz. Si1g deniz veya gol kenarlarinda tuz tiretimi igin yapilan, artifikal tuzla-
salamuralarina benzer bir durum doga kosullarinda da s6z konusudur. Hazar Denizi’nin Tirkmenistan
kiyisinda yer alan, kiigiik Acu Derya Go6lii, Hazar Denizine Karabogaz Kanali ile baglantili bir korfezdir
(Sekil 4).

Sekil 4. Hazar Denizi ve dogu yakasindaki (Tiirkmenistan) kii¢iik Ac1 Derya Goli’niin uydu gériintiisii. Ac1 Derya
Hazar Denizine ¢ok ince bir kanal ile (Kara Bogaz) baglidir.

Sularin algaldigi donemlerde korfez esas havzadan beslenemez ve bagimsiz bir kiigiik géle doniisiir. Bu
kiigiik gol, kurak dénemlerde kurur ve evaporitik tuz ¢okelleri olusturur. Jeolojik terminolojiye Tiirkge
olarak yerlesmis olan bu, statik Kara Bogaz — Acu Derya modeli, denizlerden tuz iiretimi igin yapay
olarak tiretilen tuzla — salamuralarinin dogal bir 6rnegi olup dinamik B. Anadolu Bor yataklar1 da Ren
Grabeni ’ndeki (Orta Avrupa) tuz domlar1 gibi, ancak bu model ile yorumlanabilir. Acu Derya
bolgesinin statik jeolojisine karsin, B. Anadolu’nun dinamik genlesme tektonigi yapisi (Doglioni ve
dig., 2002) graben havzalarini siirekli gilincelleyip yeni kiyilar ve korfezler olusturur ve jeotermal
dongiiniin borlu uguculari ¢ok uzun siireler tuzlu gol havzalarina, oradan da kismen bagimsiz korfezlere
taginirlar (Sekil 5). Benzeri volkanizmanin s6z konusu oldugu komsu iilkelerde bu genlesme siirekliligi
olmadigindan bor yataklart da olugsmamugtir.
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yiizey sulari \\

Sekil 5. Yagmur Ve yiizey sulari, dereler, yeralti sulari ve jeotermal kaynaklari gosterir sematik kesit.

3. SONUCLAR

Yagmur ve yiizey sulari, dereler, yeralt1 sulart ve jeotermal kaynaklar gibi genis bir beslenme alanlart
spektrumu olan, Bati Anadolu’nun Miyosen Ddnemi, graben ¢okelimi iiriinii tuzlu goller fazla bir
tuzluluk yogunlugu iceremezler. Tiimii ile buharlagsmalar1 da neredeyse imkansiz olan bu goller belirli
ve ¢ok uzun siireli kuraklik donemlerinde siglasarak tiimii ile buharlassalar bile, g6l tabaninda tim
¢oziilii iyonlarn, evaporitik anlamda, birlikte ¢okeldigi ince bir katman olusabilir. Bor, kimyasal bir
gercgek olarak bu kuraldan bagimsiz davranamaz. Seklin sol tarafina, 6nerilen modelde 6nemli olan, esas
havza ile baglantili bir kérfez eklenmistir. Sag taraftaki biiyiik havza ve soldaki kiigiik korfez tabaninda
yer alan mavi katmanlar, sularin yiiksek oldugu dénemlerdeki ortak ¢okelimi yansitir. Korfezdeki agik
renkli katmanlar ise sularin al¢aldigi donemlerde, biiylik havzadan bagimsizlasarak kuruyan korfez
(veya lagiindeki) evaporitik ¢okellerdir. Haliyle o donemde, biiyiik havzadaki sedimentasyon korfezden
bagimsiz gelisir (gdl tabanindaki noktali beyaz alanlar) ve onlar korfezde goremeyiz.
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Abstract

The bauxites of the Payas area of the eastern Mediterranean region of Turkiye occur as a stratigraphically
continuous layer between Early and Late Cretaceous shallow marine carbonates. The laterites represent
in situ formation and mark a key stratigraphic layer in the region; however, the karstic bauxite pockets
were formed from reworking of the laterites into depressions in the karst terrane. Therefore, bauxite
occurrences are locally found in this stratigraphic layer. According to their petrographic features and
distinctive trace element composition (Zr/TiO2 and Nb/Y), the parent rock of the bauxites and laterites
of the Payas Region was a Ti-rich basalt that is compositionally similar to Hawaiian basalts.

Elemental behavior during the lateritization and bauxitization processes can be interpreted using a
geochemical comparison between the Ti-rich fresh basalts of Hawaii with the iron laterite and Ti-rich
bauxites of the Payas. The comparison shows that during lateritization, Fe mostly stayed with Al and
other low mobility elements such as Ti, Cr, Nb, and Ta, whereas there is evidence for the moderate
removal of REE and other trace elements, except for Rb, Ni, Co, Pb. At the end of the bauxitization
and/or transportation of the lateritic soil into the karstic depressions, approximately 75% of the REE
were removed. During bauxitization, the REE are not lost equally, elements removed from the
environment in decresing order are Eu, Sm, Gd, Ho, Dy, Tb, Nd, Tm, Er, Pr, Ce, Yb, Luand La. Itcan
be concluded that the two end members (La-Ce, and Lu- Yb) of the REE series display relatively low
mobility, whereas the middle members of the group are highly mobile during bauxitization. During the
transformation of laterite to bauxite, low mobility elements such as Ti, Nb, Th, Cr, Hf, and Sn were
enriched in the bauxite phase. Relative to the other elements, Rb, As, Pb, Mo, and Ni were strongly
removed from lateritic material during bauxitization processes.

Keywords: Ti-rich basalt, laterite, bauxite, elemet mobility, REE
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OZET

Tiirkiye'nin Dogu Akdeniz bolgesindeki Payas bolgesi boksit ve laterit olusumlari, Erken ve Geg
Kretase yasli s1g denizel karbonatlar1 arasinda devamli bir stratigrafik tabaka halinde bulunur. Lateritler
yerli yerinde bir olusumu temsil eder ve bolgede dnemli bir stratigrafik kilavuz diizey olustururken,
lateritlerin karstik ¢Okiintiilere aktarilmasiyla olusan karstik boksit cepleri bu anahtar stratigrafik seviye
iizerinde yerel olarak gozlenir. Payas bolgesindeki boksit ve lateritlerin ana kayasi, petrografik 6zellkleri
bunlarin ayirt edici iz element bilesimleri (Zr/TiO2 ve Nb/Y) baglaminda Ti bakimindan zengin bazaltlar
olarak tespit edilmistir. Ti bakimindan zengin Payas bolgesi lateritlerinin ve boksitlerinin bazaltik ana
kayasinin jeokimyasal bilesimi, giiniimiiz Hawaii bazaltlariyla ¢ok iyi uyum saglamaktadir.

Payas bolgesindeki lateritizasyon ve boksidizasyon siirecleri sirasinda element davranmigi, Hawaii
Adasi'min Ti bakimindan zengin taze bazaltlarinin jeokimyasal bilesimi kullanilarak analiz edilmistir.
Kargilagtirma, lateritlesme sirasinda Fe’in genellikle Al ve Ti, Cr, Nb ve Ta gibi diisiikk hareketli
elementlerle birlikte toprak profilinde kaldigini, NYE'lerin ve Rb, Ni, Co, Pb disinda Ga, Sc, V, Sr, Y,
Zn gibi eser elementlerin uzaklastirildigini gostermistir. Boksitlesme ve/veya lateritik topragin karstik
cokiintiilere tasinmasi sirasinda REE'lerin yaklasik %75°1 ortamdan c¢oziilerek uzaklagmistir.
Boksitlesme sirasinda lateritten ¢6ziiliip uzaklasan nadir yer elementleri esit sekilde yikanmamis olup,
yiksekten diistige dogru Eu, Sm, Gd, Ho, Dy, Th, Nd, Tm, Er, Pr, Ce, Yb, Lu ve La seklinde
tanmimlanmistir. Boksitlesme sirasinda REE'lerin hafif ve agir iki ug tiyesi (La-Ce ve Lu- Yb) gérece
diisiik hareketli olarak kismen ortamda kalmus, fakat grubun orta elemanlar1 ¢cok daha yiiksek oranda
¢oziilerek ortamdan uzaklagmiglardir. Lateritten boksite doniigiim sirasinda Ti, Nb, Th, Cr, Hf ve Sn gibi
diisiik hareketli elementler ise boksit fazinda zenginlesmislerdir. Diger elementlere kiyasla Rb, As, Pb,
Mo ve Ni, boksitlesme islemleri sirasinda lateritik ana malzemeden yiiksek oranda yikanmis ve boksit
fazinda fakirlesmistir.

Anahtar Kelimeler: Ti’ca zengin bazalt, laterit, boksit, element hareketliligi, NYE
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Ozet

Tiirkiye boksit provinsleri (Kokaksu-Zonguldak disinda) Toros kusagindaki farkli tektonostratigrafik
istiflerde (Geyikdag1 Birligi, Bolkardag: Birligi, Aladag Birligi, Namrun Tektonik Dilimi, Goktepe Nap1
vb.) gelismistir. Boksit yataklar1 ve kirmizi camur bazi kritik elementler (Ga, V, Sc, Co, Nb, Ni, Ti,
LREE) agisindan Diinya’nin ilgisini ¢ekmekte ve diinya galyum iiretiminin %80°ni boksitten aliimina
iiretimi siirecinde kazanilmaktadir.

Tiirkiye boksit provinsleri de bazi kritik elementler agisindan diinya ortalamasinin tizerinde olup bu
kritik elementlerden TiO,, V, Ga ve ZREE’nin ortalama degerleri sirasiyla; (i) Milas Yatagan %2,5, 332
ppm, 59 ppm, 970 ppm, (ii) Sarkikaraagac-Yalvag %4,75, 180 ppm, 53 ppm, 135 ppm,; (iii) Seydisehir-
Akseki %2,5, 387 ppm, 51 ppm, 358 ppm; (iv) Alanya %2-7, 112 ppm, 106 ppm, ZREE verisi yok; (v)
Bolkardag: %2,8, 360 ppm, 69 ppm, 709 ppm; (vi) Islahiye-Payas %6,8, 527 ppm, 65.4 ppm, 209 ppm
seklindedir. Kritik elementler agindan en yiiksek TiO: iceirgi Islahiye-Payas’ta, V igerigi Seydisehir-
Akseki’de, Ga icerigi Alanya’da ve 2REE igerigi ise Milas-Yatagan boksit provinsinde gézlenmektedir.

Anahtar Kelimeler: Kritik element, boksit, Tirkiye

Abstract

Bauxite provinces of Tirkiye (except Kokaksu-Zonguldak) have developed in different
tectonostratigraphic successions in the Taurus belt (Geyikdagi Unit, Bolkardagi Unit, Aladag Unit,
Namrun Tectonic Slice, Goktepe Nap1 etc.). Bauxite deposits and red mud attract the attention of the
world in terms of some critical elements (Ga, V, Sc, Co, Nb, Ni, Ti, LREE) and 80% of the world's
gallium production is obtained in the process of alumina production from bauxite.

Tiirkiye's bauxite provinces are also above the world average in terms of some critical elements, and the
average values of these critical elements, TiO2, V, Ga and XREE are respectively; (i) Milas Yatagan
2.5%, 332 ppm, 59 ppm, 970 ppm, (ii) Sarkikaraagag-Yalvac 4.75%, 180 ppm, 53 ppm, 135 ppm; (iii)
Seydisehir-Akseki 2.5%, 387 ppm, 51 ppm, 358 ppm; (iv) Alanya 2-7%, 112 ppm, 106 ppm, no ZREE
data; (v) Bolkardagi 2.8%, 360 ppm, 69 ppm, 709 ppm; and (vi) Islahiye-Payas 6.8%, 527 ppm, 65.4
ppm, 209 ppm. In terms of critical elements, the highest TiO, content is observed in Islahiye-Payas, V
content in Seydisehir-Akseki, Ga content in Alanya and XREE content in Milas-Yatagan bauxite
province.

Keywords: Critical element, bauxite, Tiirkiye
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Orta Pontidler Anadolu’nun kuzeyinde yer alan dogu-bat1 uzanimli orojenik kusagin merkez bolgesini
temsil eder. Orta Pontidler, temelinde Permo-Karbonifer yasli meta-granitoyit ve metamorfiterin
bulundugu kompleks bir yapiya sahiptir. Yaklasik dogu-bati uzaniml birgok tektonik dilimden meydana
gelen ve temel birimlerinin Orta Jura ve Albiyen-Turoniyen bindirme-y1gisim kompleksleri tarafindan
tizerlendigi biiyiik bir alan, Orta Pontid Siiper Kompleksi ya da Orta Pontid Yapisal Kompleksi olarak
isimlendirilmistir. Orta Pontidlerin bu biiyiikk yapisal kompleksinin iginde ada yay1 vokanik-sub
volkanitleri ve klastik kayaglardan olusan metamorfik bir birlik, Cangaldag Metamorfik Kompleksi
(CMK) olarak tanimlanmaktadir. Cangaldag Metamorfik Kompleksi iizerinde son on yilda
gerceklestirilen maden arama ¢aligmalari, bu kompleksin 6nemli bir metal provins alani oldugunu ortaya
koymustur.

CMK, Ciniir cevherlesmesi ile iligkili alanlarda, meta-bazaltik andezit, meta-dasit, meta-riyolit ve
fillitler ile temsil edilir. Ttim litolojiler birbirleri ile tektonik dokanakli olup, siklikla kendi iglerinde de
ekaylar ve normal faylar ile kesilmistir. Cevherlesme alaninda %0,4 Cu tendriine sahip iki milyon ton
rezerv tespit edilmistir. Cevherlesmenin ana parajenezi pirit, sfalerit, kalkopirit ve daha az oranda
galenden meydana gelir. Cevherler masif, yar1 masif ve saginimli olmak {izere {i¢ farkli yapida goriiliir.
Masif cevherler, yaklasik %70 tizeri piritik kiitleler olarak tanimlanan masif siilfiir olusumlaridir. Bu
masif kiitleler i¢indeki piritlere sfalerit ve kalkopirit ikincil fazlar olarak eslik eder. Sfaleritler ile iliskili
galeni mineralleri az oranda bulunmaktadir. Cevher, 43 ppm- %9 Cu; 191 ppm- %18 Zn ve 6 ppm- %0,6
Pb araliginda degerlere sahiptir. Cevherlesme, Pb icerigine nazaran yiiksek Cu-Zn igerigiyle,
volkanojenik masif siilfiir yataklarinin Cu-Zn grubu i¢inde yer alir. Cevher ve yan kaya 6zellikleri goz
Online alindiginda, Ciiniir cevherlesmesi jenetik olarak volkanojenik masif siilfid olusumlarina
benzemektedir. Cevher-yan kaya iliskisi, bimodal-mafik tip volkanojenik masif siilfid olusumlarina
benzer karakterler sergiler.

Anahtar Kelimeler: Orta Pontid, masif siilfid, mafik, mafik-klastik, bimodal-mafik
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Abstract

The Central Pontides represent the central region of the east-west trending orogenic belt in the north of
Anatolia. The Middle Pontides have a complex structure based on Permo-Carboniferous meta-granitoids
and metamorphites. A large area consisting of many tectonic slices extending approximately east-west
and overlain by the Middle Jurassic and Albian-Turonian thrust-accumulation complexes has been
named the Middle Pontide Supercomplex or the Middle Pontide Structural Complex. A metamorphic
unit consisting of island arc volcanic-sub volcanics and clastic rocks within this large structural complex
of the Middle Pontides is defined as the Cangaldag Metamorphic Complex (CMC). The mineral
exploration studies carried out in the last ten years on the Cangaldag Metamorphic Complex have
revealed that this complex is an important metal provins area.

CMK is represented by meta-basaltic andesite, meta-dacite, meta-rhyolite and phyllites in the areas
associated with the Ciiniir mineralization. All lithologies are in tectonic contact with each other, and
they are often cut by seams and normal faults within themselves. Two million tons of reserves with 0.4%
Cu grade were identified in the mineralization area. The main paragenesis of mineralization consists of
pyrite, sphalerite, chalcopyrite and to a lesser extent galena. The ores are seen in three different structures
as massive, semi-massive and disseminated. Massive ores are massive sulfide formations defined as
pyritic masses above about 70%. Sphalerite and chalcopyrite accompany the pyrites in these massive
masses as secondary phases. Galena minerals associated with sphalerites are rare. Ore, 43 ppm - 9% Cu;
It has values in the range of 191 ppm - 18% Zn and 6 ppm - 0.6% Pb. The mineralization is within the
Cu-Zn group of volcanogenic massive sulfide deposits, with a high Cu-Zn content compared to the Pb
content. Considering the ore and host rock characteristics, the Ciiriir mineralization is genetically similar
to the volcanogenic massive sulfide formations. The ore-host rock relationship exhibits characteristics
similar to bimodal-mafic type volcanogenic massive sulfide formations.

Keywords: Middle Pontide, massive sulfide, mafic, mafic-clastic, bimodal-mafic
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Ozet

Bu c¢aligmada, Biiyiilk Menderes grabeninin dogusunda yer alan Kizildere jeotermal sahasindaki
hidrotermal kalsit ve kuvars minerallerinin sivi kapanim incelemeleri ile jeotermal sularin kdken ve
sicaklik kosullarina iligkin verilerin elde edilmesi amaglanmistir. Bu kapsamda catlak/damar ve bosluk
dolgusu seklinde gozlenen hidrotermal kalsit ve kuvarslarda sivi kapanim mikro termometresi ve LA-
ICP-MS incelemeleri yapilmustir. Sivi kapanimlar iki fazli (sivi + gaz) olup, silis minerallerince
ornatilmis bicagimsi kalsit kristalleri iceren bazi orneklerde kaynamayi isaret eden gazca ve sivica
zengin kapanim birliktelikleri belirlenmistir. ilk ergime degerlerine gére mineral olusturucu hidrotermal
cozeltiler CaCly, MgCl,, NaCl, KCI tuzlar1 icermektedir. Kalsitlerdeki birincil ve ikincil kapanimlarda
Olciilen homojenlesme sicakliklari (ortalama 199 ve 154 °C); ilk asamada yiiksek, daha sonra diisiik
kosullarini igaret etmektedir. Son buz ergime sicakligi dlgiimlerine gore, birincil ve ikincil kapanimlar
farkli tuzluluga (ortalama %1,65 ve %6,64 NaCl) sahiptir. Kuvarslarda kalsitlerinkine benzer tuzluluk
(ortalama %4,29 NaCl) ve homojenlesme sicakliklar1 (ortalama 198 °C) olgllmiistiir. Giiniimiizde
Olciilen rezervuar sicakliklarina benzer kosullari igsaret bu veriler derinlerdeki akiskanin yiiksek basing
altinda s1v1 fazda kaldigini, fay veya kirik zonlarindan itibaren s1g derinliklere ulastiginda, kaynamayla
birlikte buhar fazina gecerek tuzluluk artisina neden oldugu seklinde yorumlanmistir. Sivi kapanimlara
ait ana elementler Na ve K olup, bunlara eser miktarda As ve Li eslik etmektedir. K/Na ve Li/Na
arasindaki pozitif iligki yan kayaclardaki K-iceren minerallerden kaynaklanmigtir. Ca/Na, Mg/Na,
Fe/Na, Sr/Na ve B/Na oranlarinin pozitif korelasyon iliskileri jeotermal sularin benzer litolojiden
(mermer, sist, gnays) tliredigini gostermektedir. Sr/Na ve B/Na oranlarinin hem Ca/Na, hem de Mg/Na
ve Fe/Na oranlariyla belirgin pozitif korelasyon iligkisi sunmasi, bu elementlerin sicak sularin gegtigi
kirmtili ve karbonat kayaglariin ¢oziinmesinden tiiredigini gostermektedir. Stvi kapanim verilerine
gore, ¢ozeltiler ortalama 180 °C sicaklik, 14 bar basing ve 0,9 g/cm?® yogunluga sahiptir. Homojenlesme
sicakligr ile sivi-buhar denge egrisi verilerine gore, kapanlanma s1g derinlik (200 m) ve diisiik basing
(maksimum 50 bar) kosullarinda, kaynama ise yaklagik 500 m derinlikte ger¢eklesmistir.
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Abstract

In this study, it is aimed to obtain data on the origin and temperature conditions of geothermal waters
by fluid inclusion investigations of hydrothermal calcite and quartz minerals in the Kizildere geothermal
field located to the east of the Biiylik Menderes Graben. In this context, fluid inclusion micro-
thermometry and LA-ICP-MS examinations were carried out in hydrothermal calcite, and quartz
observed as cracks/veins and void fillings. Fluid inclusions are two-phase (liquid + gas), and vapor- and
liquid-rich inclusions indicating boiling were determined in some samples containing blade-like calcite
crystals replaced by silica minerals. According to their first melting values, mineral-forming
hydrothermal solutions contain CaCl,, MgCl,, NaCl, and KCI salts. Homogenization temperatures
(average 199 and 154 °C) measured in primary and secondary inclusions in calcites showed high-
temperature conditions in the first stage and lower temperature conditions in the next stage. According
to the last ice melting temperature measurements, primary and secondary inclusions have different
salinities (average 1.65% and 6.64% NacCl). Salinity (average 4.29% NaCl) and homogenization
temperatures (average 198 °C) similar to those of calcites were measured in quartz. These data, which
indicate conditions similar to the reservoir temperatures measured today, are interpreted as that the deep
fluid remains in the liquid phase under high pressure, and when it reaches shallow depths from fault or
fracture zones, it passes into the vapor phase with boiling, causing an increase in salinity. The main
elements of fluid inclusions are Na and K, accompanied by trace amounts of As and Li. Positive
correlation relationships of Ca/Na, Mg/Na, Fe/Na, Sr/Na, and B/Na ratios show that geothermal waters
are derived from a similar source (marble, schist, gneiss). The fact that Sr/Na and B/Na ratios show
significant positive correlations with both Ca/Na, and Mg/Na and Fe/Na ratios indicate that these
elements are derived from the dissolution of clastic and carbonate rocks through which hot waters pass.
According to the fluid inclusion data, the solutions have an average temperature of 180 °C, a pressure
of 14 bar, and a density of 0.9 g/cm®. According to the homogenization temperature and liquid-vapor
equilibrium curve data, trapping occurred at shallow depth (200 m) and low pressure (maximum 50 bar)
conditions, and boiling occurred at a depth of approximately 500 m.

Keywords: Geothermal, hydrothermal alteration, fluid inclusion, LA-ICP-MS
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Ozet

Tiirkiye’de, denizel Fe-Mn-oksit yataklari, Neotetis Okyanusu’nun kuzey kolunu temsil eden izmir-
Ankara-Erzincan Kenet Zonunun Ge¢ Kretase melanj birimlerinde olduk¢a yaygin olarak
gozlenmektedir. Bu yataklar, genellikle bu kenet zonunun melanj paketleri igerisindeki kirmizi-garabi
renkli radyolaryali ¢ortlerle ile iligkilidir. Cihanpasa (Yozgat, Tirkiye) bolgesinde, Fe-Mn-oksit
cevherlesmeleri derin deniz silisli kayaclar ve ¢amurtaslari ile ardalanmali seklinde olusmaktadir. XRD
ve petrografik ¢aligmalar temelinde, Fe-Mn bakimindan zengin cevherlesmeler braunit, hematit, gotit
ve kuvars minerallerinden meydana gelmektedir. Jeokimyasal olarak, bu kayaglar ortalama oranda Ba
(650 ppm), ve diisiik Sr (365 ppm), Co (<90 ppm), Zn (<350 ppm), Ni (<450 ppm), Mn/Fe (17,47) ve
diisitk Co/Ni (0,39), Co/zZn (0,51) ve Y/Ho (26,1) oranlar1 ve ENTE (233) igeriklerine sahiptir. Bu
elementsel veriler, Cihanpasa Fe-Mn-oksit cevherlesmelerinin yeni siniflama diyagramlarina gore,
karigik-tip  (hidrotermal-diyejenetik) koken ile denizalti ortaminda sekillenmis oldugunu
gostermektedir. Redoks-element oranlar1 [V/(V+Ni) = 0,45-0,64, Ni/Co = 2,82-4,92, U/Th =0,43-1,11,
VINi = 0,82-1,78, V/IMo = 28,20-78,06, Uaut = 0,20-1,40], pozitif Mn*seyl redoks parametresi (1,42-
2,06) ve diistik Ceanom. degerleri (-0,58) Cihanpasa Fe-Mn yataginin ¢ogunlukla oksik ve daha nadir
olarak yar1 oksik depolanma olusum ortamini isaret etmektedir. Dahasi, diisiikk LaSN/NdSN (<1,36), Sr
(365 ppm) and Sr/Ba (0,67) orani, negatif Ce(SN) anomalisi (0,16-0,64, ortalama 0,31), yiiksek
LaSN/CeSN (1,39-6,58, ortalama 3,83), Fe/Ti oram1 (87-253, ortalama 184) ve diisiik Al/(Al+Fe),
negatif Eu(CN) anomali (0,70-0,74), ortalama degerdeki *REE/Fe oram (22,92x10*), Cihanpasa Fe-
Mn-oksit cevherlesmelerinin Izmir-Ankara-Erzincan Okyanus havzasinda sirt kismina oldukca yakin
bir denizalt1 hidrotermal ¢ikis sisteminin etkisi ile diisiik tuzluluklu ve oksijenli denizel bir sedimanter
ortamui isaret ettigini gdstermektedir.

Anahtar Kelimeler: Radyolaryali ¢ort, ofiyolitik melanj, Fe-Mn yatagi, hidrotermal kéken, Cihanpasa,
Orta Tiirkiye
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Abstract

Marine Fe- and Mn-oxide (oxyhydroxide) deposits are dominated in the Late Cretaceous mélange units
of the Izmir-Ankara-Erzincan Suture Zone (IAESZ), which marks part of the northern branch of the
Neotethys Ocean in Tiirkiye. Generally, these deposits are related to the red-violet radiolarian chert
blocks within mélange packages of this suture zone. In the Cihanpasa region (Yozgat, central Tiirkiye),
Fe-Mn-oxide mineralizations occur as interlayers with the mudstone and deep-sea siliceous rocks. Based
on XRD and petrographic studies, Fe-Mn-rich ores have the dominant mineral assemblages of braunite,
hematite, goethite and quartz. Geochemically, these ores have moderate Ba (650 ppm), and low contents
of Sr (365 ppm), Co (<90 ppm), Zn (<350 ppm), and also Ni (<450 ppm). Mn/Fe (17.47), low Co/Ni
(0.39), Co/zn (0.51) and Y/Ho (26.1) ratios and XREE (233). These elemental values suggest that
Cihanpasa Fe-Mn-oxide mineralizations formed in submarine environment with mixed-type origin
(hydrothermal-diagenetic system) based on new classification diagrams. Redox-sensitive element ratios
[V/(V+Ni) = 0.45-0.64, Ni/Co = 2.82-4.92, U/Th = 0.43-1.11, V/Ni = 0.82-1.78, VV/Mo = 28.20-78.06,
Uaut = 0.20 to 1.40], positive Mn*shale redox potential parameter (1.42-2.06) and low Ceanom, Values (-
0.58) indicate that the Cihanpasa Fe-Mn deposit formed in mostly oxic and quite rarely dysoxic
depositional environment. Further, a low Lasn/Ndsn (<1.36), low values of Sr (365 ppm) and Sr/Ba ratio
(0.67), low Ce(sny anomaly (0.16-0.64, averaging 0.31), high Lasn/Cesn (1.39-6.58, averaging 3.83),
Fe/Ti ratio (87-253, averaging 184) and, low Al/(Al+Fe), and also negative Eucnyanomaly (0.70-0.74),
moderate XREE/Fe ratio (22.92x10%), indicate that the Cihanpasa Fe-Mn-oxide mineralizations formed
in a low salinity and oxygenated marine sedimentary environment with influence of ridge-proximal
submarine hydrothermal vent system in Izmir-Ankara-Erzincan Ocean basin.

Keywords: Radiolarian chert, ophiolitic mélange, Fe-Mn deposit, hydrothermal origin, Cihanpasa,
Central Tirkiye
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Ozet

Nigde ilinin kuzeybatisinda Ge¢ Neojen-Kuvaterner yasli Nigde Volkanik Kompleksine ait Erken-Geg
Pliyosen yasl piroklastik akma ¢okelleri, piroksen-olivinli bazalt, piroksenli bazaltik andezit, andezit
ve dasit dayklarindan olusan Melendiz volkanitleri igerisinde hidrotermal alterasyon zonlar1 gelismistir.
Cogunlukla piroklastik (ignimbirit) ve kismen lav iiriinlerini etkileyen alterasyon beyaz-sarimsi beyaz
renkli silis ve kil mineral olusumlarina neden olmustur. Bu ¢alismada alterasyona ugramis kayaglarin
mineralojik-petrografik ve jeokimyasal o&zelliklerinin incelenmesi ve alterasyon tiirlerine gore
jeokimyasal karakteristiklerinin belirlenmesi amaglanmistir. Bu kapsamda dokusal (optik ve elektron
mikroskop), mineralojik (X-isinlart kirinimi) ve jeokimyasal (X-iginlari fluoresans spektrometresi)
incelemeler gergeklestirilmistir. Ornekler baslica silis (kuvars, kristobalit, opal-CT), kil (simektit,
kaolinit), siilfat (aliinit) ve demir oksit-hidroksit (hematit, gdtit/limonit) mineralleri igermektedir.
Hidrotermal alterasyon biiyiik 6l¢giide asidik (pH<6) ve kismen de nétr-alkalin (pH=7-8) ortamda ve
diistik sicaklik (<200°C) kosullarinda (arjilik alterasyon) geligsmistir. Baskin mineral birlikleri ve olusum
sirasina gore (1) silika (opal-CT+kristobalittkuvars), (2) siilfat (aliinit) (3) kil (dioktahedral simektit
veya kaolinit) ve (4) demiroksit (hematit+g6tit/limonit) alterasyonu olmak tizere dort farkl alterasyon
tiirli belirlenmistir. Taze ve alterasyona ugramis kayaglarin kondrit normalize ana oksit ve iz/nadir yer
element dagilimlan birbirlerine benzer yonelim, ancak zenginlesme ve fakirlesme agisindan alterasyon
tirlerine gore farkliliklar sergilemektedir. Benzer bi¢imde her bir alterasyon tiirti SiO-ateste kayip,
Al,Os-ateste kayip ve SiO2-Al2O; diyagramlarinda farkli alanlarda kiimelenmektedir. SiO--ateste kayip
degerleri belirgin negatif, buna karsin Al,Os-ateste kayip degerleri pozitif korelasyon iliskisine sahiptir.
Bu durum Al igerigi yiiksek hidrotermal minerallerin (kaolinit, simektit ve aliinit) yiiksek hidroksit ve
siilfat icermelerinden kaynaklanmigtir. Jeokimyasal verilerin alterasyon tiirlerine gore farklilik
sunmalari, birbirini izleyen alterasyonlar sirasinda olugan minerallerden arta kalan ¢dzeltinin bilesiminin
degisimiyle dogrudan iliskilidir. Jeokimyasal veriler, hidrotermal alterasyon iriinlerinin bilegiminin
ortalama olarak volkanik ve piroklastik kayaglarin bilesimine benzer oldugunu gostermistir. Sonug
olarak, bolgedeki magmatik faaliyetlerle iligkili “steam-heated” tip arjilik alterasyonla iliskili olarak
birbirini izleyen alterasyon siirecleri farkli mineralojik-jeokimyasal bilesime sahip alterasyon tiirlerinin
gelisimine neden olmustur.
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Abstract

The hydrothermal alteration zones are developed in Early-Late Pliocene Melendiz volcanics belonging
to Late Neogene-Quaternary aged Nigde Volcanic Complex, composed of pyroclastic flow deposits,
pyroxene-olivine basalt, pyroxene basaltic andesite, andesite and dacite dykes in the north-western part
of Nigde. The alteration affected mostly pyroclastic (ignimbrite) and partially lava products caused the
white-yellowish white colored silica and clay mineral occurrences. In this study, it is aimed to
investigate the mineralogical-petrographical and geochemical properties of the altered rocks and to
determine their geochemical characteristics according to the alteration types. In this context, textural
(optical and electron microscope), mineralogical (X-ray diffraction) and geochemical (X-ray
fluorescence spectrometry) studies were carried out. Hydrothermally altered samples include silica
(quartz, cristobalite, opal-CT), clay (dioctahedral smectite, kaolinite), sulfate (alunite) and iron oxide-
hydroxide (hematite, goethite / limonite) minerals. Hydrothermal alteration was developed mainly in
acidic (pH<6) and partially neutral-alkaline (pH=7-8) conditions and low temperature (<200°C)
conditions (argillic alteration). Four different alteration types were determined according to the
dominant mineral associations and their order of occurrence: (1) silica (opal-CT+cristobalite+quartz),
(2) sulfate (alunite) (3) clay (smectite or kaolinite) and (4) iron oxide (hematite+goethite/limonite)
alteration. The chondrite normalized major oxide and trace/rare earth element distributions of fresh and
altered rocks show similar trends, but some differences according to alteration types in terms of
enrichment and depletion. Similarly, each alteration type is clustered in different areas in SiO»-loss on
ignition, Al.Os-loss on ignition and SiO,-Al.O3 diagrams. SiO2-loss on ignition is significantly negative,
whereas Al,Os-10ss on ignition has a positive correlation relationship. This is due to the high hydroxide
and sulfate content of hydrothermal minerals with high Al content (kaolinite, smectite and alunite). The
fact that the geochemical data present differences according to the alteration types is directly related to
the change in the composition of the solution remaining from the minerals formed during the successive
alterations. Geochemical data showed that the composition of hydrothermal alteration products is, on
average, similar to the composition of volcanic and pyroclastic rocks. As a conclusion, successive
alteration processes associated with the “steam-heated” type argillic alteration associated with magmatic
activities in the region led to the development of alteration types with different mineralogical-
geochemical compositions.

Keywords: Nigde Volcanic Complex, Hydrothermal alteration, Silicate, Alunite, Geochemistry
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Abstract

The Mazidagi phosphate deposit is a unique phosphate deposit of Tiirkiye occurring on the Mardin
Uplift in the Southeastern Tiirkiye. At the bottom of the region, there is a thick Precambrian aged Derik
volcanosedimentary succession. The Precambrain volcanics unconformably overlain by the Early
Paleozioc sedimentary formation belongs on a passive margin tectonic setting. The Cretaceous
sediments consists of Sabunsuyu, Derdere, Karababa, Karabogaz formations, and reaches up to 600
meter and disconformaly overlays the Early Paleozoic formations ranging from Cambrian to Silurian.
The phosphate mineralization in the Cretaceous series consists of three levels from bottom to top; Tasit,
Kasrik and Semikan, respectively. The most important phosphate level is the Semikan, which consists
of phisphorite, chert, and limestone alternation.

In the Semikan deposit, phosphate levels within the cherts can be seen as thin layers in the form of 5-6
levels as well as a single layer reaching 1.3 meters. The predominant phosphate ore is cream colored
phosphates and their P.Os values are on average 29.99%, however, the average P,Os value of the reddish
phosphate ore is 14.55%.

Diagenetically formed chalcedony and calcite nodules are seen in the low-grade reddish phosphate zone.
These nodules reach from a few cm to a few meters in size. The alternation of red-colored phosphates
with cream-colored phosphates in the form of thin layers in the thickness of 5 - 100 cm indicates that
they are not a lateritic alteration product, as it has been stated in various publications.

The discontinuous nature of the of red colored phosphorite bands and their lenticular forms with a few
meters elongation indicate that they are not formed in association with Aeolian dust carried from the
Sahara deserts. Elements such as Fe, Ti, Zr, which increase in red phosphates, indicate excessive
terrestrial input during phosphate formation. The reddish-colored materials in the phosphates should
indicate the tropical soil formation on the land with excessive precipitation in the hot climate during the
Upper Cretaceous and its abrupt transportation into the phosphate-forming basin.

Keywords: Mazidagi, red coloured phosphate, geochemistry, Cretaceous, Tiirkiye

40



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

Ozet

Mazidag: fosforit yatagi Tiirkiye’deki tek fosfat yatagidir ve Tiirkiye’nin giineydogusunda Mardin
yiikseliminde yer alir. Bolgenin tabaninda Prekambriyen yasli Derik volkanotortullart yer alir.
Prekambriyen volkaniklari alt Paleozoyik yash pasif kita kenar1 sedimentleri, ile ortiiliir. 600 m kalinliga
ulagan Kretase yash Sabunsuyu, Derdere, Karababa, Karabogaz formasyonlar1 Kambriyen ile Siluriyen
arasina ait olan Alt Paleozoyik formasyonlarini uyumsuzlukla tizerler.

Kretase igindeki fosforit cevherlesmeleri tabandan tavana dogru sirasiyla Tasit, Kasrik ve Semikan
seklinde 3 seviyeden olusur. En 6nemli yataklanma en iistte yer alan Semikan seviyesi olup bu seviyede
fosfat tabakasi ¢ortlerle ve kirectaglariyla ardalanma gosterir.

Semikan yataginda cortler i¢indeki fosfat seviyeleri 1,3 metreye erisen tek bir tabaka oldugu gibi 5-6
seviye seklinde ince tabakalar seklinde de goriilmektedir. Baskin olan fosforit cevheri krem renkli olup
bunlarin P>0s degerleri ortalama %29,9°dur. Daha az olarak goriilen kirmizi renkli fosfat cevherinin
P2Os degeri ise ortalama %14,55’tir.

Kirmiz1 renkli diisiik dereceli fosfat zonu i¢inde diyajenetik olarak gelisen kalsedon ve kalsit nodiilleri
goriiliir. Bu nodiiller birka¢g cm’den birkag metre boyutuna kadar erisir. Kirmizi renkli fosfatlarin 5 —
100 cm kalmliginda genellikle ince tabakalar halinde krem renkli fosfatlarla ardalanmasi bunlarin gesitli
yayinlarda dile getirldigi gibi bir fosfatlarin lateritlesmesi iiriinti olmadigini1 gostermektedir.

Kirmizi renkli fosforit bantlarinin devamsiz olusu, birka¢ metrelik mercekler halinde goriilmesi bunlarin
havadan tasinan sahra tozlar1 olmadigini da gosterir. Kirmizi renkli fosforitler i¢inde artis gosteren Fe,
Ti, Zr gibi elementler fosfat olusumu sirasinda asir1 karasal girdiye isaret eder. Fosforitler igerisindeki
kirmizi renkli malzeme, Ust Kretase’nin sicak ikliminde ve lateritik kosullarda asir1 yagislarla
fosforitlerin olustugu havzaya tasman tropikal toprak zonu olmalidir.

Anahtar Kelimeler: Mazidagi, kirmizi renkli fosfat, jeokimya, Kretase, Tiirkiye
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Ozet

Isparta’nin jeolojisi genel olarak, temeli olusturan Paleozoyik yaslh metamorfik kayaglar ve Mesozoyik
yasli Toros karbonat platformu kayaglar1 ile bunlar iizerine yerlesmis biiyiilk nap dilimleri ile
sekillendirilmistir. Bolge Paleotektonik donemde sikisma rejiminin, Neotektonik dénemde agilma
rejiminin tektonigine maruz kalmstir. Neotektonik dénemin ag¢ilma rejimi bolgenin aktif horst-graben
yapilarini olugturmustur. Isparta ve yakin gevresindeki Lisiyen naplari, Antalya kompleksi ve Hoyran-
Beysehir-Hadim naplari ise sikismali rejime bagl gelisen bindirmeli tektonigin iiriiniidiir. Calisma alan
genelinde otokton Toros karbonat platformu ve allokton Antalya kompleksi birliklerine ait litolojiler
yaygmdir. Her iki birlik genis alanlarda kirectagi ve dolomit rezervleri kapsamaktadir. Buna karsin
metamorfik mermerler oldukga kiiciik rezervler sunmaktadir. Egirdir, Siit¢liler ve Aksu cevresinde,
Antalya kompleksinin Tekedagi Formasyonu’na ait gri ve bej renkli kiregtas1 seviyelerinden Ottoman
ticari adiyla ve agik gri ve glimiis renkli dolomit seviyelerinden Galaxy Silver ticari adiyla mermerler
tretilmektedir. Yine Egirdir, Siitgiiler, Aksu ve Gelendost ilgeleri yakin ¢evrelerinde otokton Bagakdere
mermeri igerisindeki gri renkli mermerlerden Ice-Nordic Grey ticari adlariyla, Beydaglari
Formasyonu’na (Toros karbonat platformu) ait gri kiregtaglarindan Mount Grey ticari adiyla, Mentese
dolomitlerine (Toros karbonat platformu) ait gri dolomitlerden Tundra Grey ve Tundra Blue ticari
adlartyla ve Kurucaova Formasyonu’na (Toros karbonat platformu) ait bej-krem kiregtaglarindan
Spartan Bej ve Ocean ticari adlariyla mermerler iiretilmektedir. Isparta ticari mermerleri giiniimiiz
mermer endiistrisinde renk ve doku oOzellikleri ile {ist diizey talep gormektedir. Bu talep yogunlugu
Isparta bolgesinde allokton ve otokton karbonat kiitleler iizerinde 2006 yilindan bu yana c¢ok sayida
mermer ocak igletmesinin faaliyete gegmesine neden olmustur. Bolge mermer endiistrisi agisindan
onemli bir merkez haline gelmis durumdadir. Boélgenin maruz kaldigir yogun tektonizma nedeniyle
allokton ve otokton kiregtaglarindan oldukga diisiik verimlerle (ortalama <%?5) iiretim yapilmaktadir.
Fakat elde edilen tiriinlerin birim ticari degerlerinin yiiksek olmasi ocak isletmelerinin ekonomik olarak
caligmalara imkan saglamaktadir. Bununla birlikte ayni tektonik siireclere maruz kalan allokton ve
otokton dolomitlerden daha yiiksek verimlerle (ortalama>%15) iiretim yapilmaktadir. Dolomitlerden
elde edilen mermerin birim ticari degeri nispeten diisiiktiir. Buna karsin verimliligin yiiksek olmasi
ekonomik olarak isletilmelerini saglamaktadir.
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Abstract

The geology of study area located on SW Tiirkiye is formed by Paleozoic metamorphic basement rocks,
Mesozoic Taurus carbonate platform rocks and huge nappes. The region was exposed to both the
tectonism of compressional regime in Mesozoic-Tertiary and -extensional regime in Tertiary. The
extensional regime is characterized by the active graben tectonic. The study area comprises three
discrete nappes of compressional regime called as Lycian nappe, Antalya complex and Hoyran-
Beysehir-Hadim nappe. In the region, the litologies of both autochthonous Taurus carbonate platform
and allocthonous Antalya Complex are commonly found. Both of them contain the huge reserve of
limestone and dolomite. Metamorphic basement rocks contain include the small reserve of marble.
Commercial marbles are produced form these carbonate rocks. The marbles are called as Ottoman,
Galaxy Silver, Ice Grey, Nordic Grey, Tundra Grey, Tundra Blue and Spartan Beige. Ottoman and
Galaxy Silver marbles respectively are produced from grey and beige colored limestones and silver
colored dolomites in the Tekedag formation of the Antalya Complex around Egirdir, Aksu and Siit¢iiler
districts. Ice Grey and Nordic Grey are obtained from grey colored marble in metamorphic basement
around Aksu district. Tundra Grey and Tundra Blue are generated from grey colored dolomites in the
Mentese dolomites of Taurus carbonate platform on south Aksu district. Spartan Beige are produced
from beige colored limestones in the Kurucaova formation of Taurus carbonate platform around south
Gelendost district. The commercial marbles are especially in the first row in the preferred color and
texture features in marble industry today. Therefore, recently around Isparta, many marble quarries
became active on allocthonous and autochthonous carbonate rocks until from 2006 to now. The region
has become a major center of attraction in terms of marble industry. The allocthonous and autochthonous
limestones have very low productivity (<%?5) in terms of marble block owing to extreme tectonism.
Nevertheles, the marble blocks of limestones are economically produced due to having high unit value.
The allocthonous and autochthonous dolomites very high yield (>%15). They have lower unit value than
limestone marbles. Despite that, they are economically operated due to high yield.

Keywords: Isparta, commercial marble, marble, limestone, dolomite
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Ozet

Grafit; yumusak, yagimsi, yatay tabakalar halinde dizilim gosteren, mitkemmel elektrik iletkenligine
sahip, hexzagonal sistemde kristallesen bir karbon mineralidir. Grafit; yitim kusagina bagli karbonca
zengin sedimanter, magmatik kayalar ile iligkili tortul kayaclarin ve komiir damarlarinin
metamorfizmasi sonucu olusabilmektedir. Grafit dogada, kristal yapisina gére damar, pul ve amorf grafit
olmak iizere ii¢ tiirde bulunur. Ulkemizde ise en ¢ok amorf tiirde grafit olusumlari tespit edilmistir.

Grafit, giinlimiizde kursun kalem ucu, pota endiistrisi, yaglama, dokiim ve ¢elik imalati gibi pek ¢ok
Oonemli sanayii alaninda kullanilmakla birlikte teknolojinin gelismesiyle son yillarda vazgecilmez
stratejik ve kritik bir hammadde olmustur. Ozellikle elektrikli araclarin iiretilmesi ve bu araglarin lityum-
iyon bataryalarinda grafite ihtiyag duyulmasi grafiti ¢cok daha degerli bir hale getirmistir. Grafit;
kullanim 6mrii, enerji/giic yogunlugu, cevreye etkisi ve maliyet gibi bir¢cok ozellikleri bakimindan
avantajli oldugu igin lityum pillerde anot malzemesi olarak tercih edilmektedir. Piyasalardaki batarya
teknolojisinde anot ucu i¢in kullanilan malzemenin %95 ten fazlas1 Grafittir ve su an i¢in alternatifi
goriilmemektedir. Elektrikli araglarda her kilowat saat enerji igin yaklagik 1,15 kilogram grafit
kullanilmaktadir. Tipik bir elektrikli aragta yaklagik 85-115 kg grafit anot materyal olarak
kullanilmaktadir.

Grafitin stratejik ve kritik dneminden dolayi, lilkemizde bulunan grafit rezervlerinin degerlendirilip
ekonomiye kazandirilmasi zorunlulugu ortaya ¢ikmistir. Bu amagla mevcut rezervlerden alinan cevherin
madenden c¢ikarilip u¢ iirlin haline getirilmesi i¢in birtakim proseslerden gegmesi gerekmektedir.
Oncelikle olustugu ortam ve icermis oldugu karbon oranmna bagli olarak farkli dzellik ve davramis
sergileyen grafitin mineralojik ve kimyasal 6zelliklerinin ortaya konmasi i¢in Raman spektrumu
analizlerinin yapilmas: yaygin bir ydntemdir. Bu calismada Kahramanmaras grafit igeren
metakirectagindan alian Ornekler iizerinde Raman spektroskopisi analizleri yapilarak; Raman pikleri
ve Raman kaymalar1 ile drnekler igerisindeki kirlilik bantlar1 ve grafit bantlar ortaya konulmustur. S6z
konusu grafit 6rneklerinin 1300 civarinda ana Raman spektrasi ve kiiciik 6l¢ekte bircok Raman pik
kaymalar1 belirlenmistir. Ornek igerisinde az da olsa Si, Al ve baz1 elementler varligindan kirlilik
icerdigi belirlenmistir.
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Abstract

Graphite is a soft, oily, horizontally layered carbon mineral with excellent electrical conductivity,
crystallizing in the hexagonal system. Graphite can be formed as a result of metamorphism of
sedimentary rocks and coal seams associated with carbon-rich sedimentary, igneous rocks associated
with the subduction belt. According to its crystal structure, graphite can be found in three types in nature:
vein, flake and amorphous graphite. In our country, discovered graphite formations are mostly
amorphous type.

Even though graphite is used in many important industrial sectors such as pencil tip, crucible industry,
lubrication, casting and steel manufacturing, it has become an indispensable strategic and critical raw
material in recent years with the development of technology. Especially the production of electric
vehicles and the need for graphite in the lithium-ion batteries of these vehicles have made graphite much
more valuable. Graphite is preferred as the anode material in lithium batteries, as it is advantageous in
terms of many features such as lifetime, energy / power density, environmental impact and cost. More
than 95% of the material used for the anode section of battery manufacturing in the markets is Graphite
and there is no alternative available so far. About 1.15 kilograms of graphite is used for every kilowatt-
hour of energy in electric vehicles. In a typical electric vehicle, approximately 85-115 kg of graphite is
used as the anode material.

Due to the strategic and critical importance of graphite, it has become essential to evaluate economical
potential of the graphite reserves in our country. For this purpose, it is necessary to go through a number
of processes in order to extract the ore from the existing reserves and turn it into an end product. First
of all, Raman spectrum analysis is a common method to determine the mineralogical and chemical
properties of graphite, which exhibits different properties and behaviors depending on the environment
in which it is formed and the carbon content it contains. In this study, Raman spectroscopy analyzes
were performed on the samples taken from Kahramanmaras metalimestone containing graphite; With
Raman peaks and Raman shifts, pollution bands and graphite bands in the samples were detected. Main
Raman spectra peak was detected at about 1300 levels and many small-scale Raman peak shifts have
been determined for these graphite samples. It has been concluded that the sample contains pollution
due to the presence of Si, Al and some other trace elements.

Keywords: Graphite, Raman spectroscopy, battery
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Abstract

The study area covers the area between Tepecik and Orencik Villages approximately 9 km north of
Cavdarhisar District of Kiitahya. The oldest rocks of the study area are the Paleozoic aged Saricasu
Formation consisting of rocks such as mica schist, calcschist, quartzite. Arikaya Formation, consisting
of white, gray and light-yellow marbles, lies on the Saricasu Formation. Within the scope of the study,
it was aimed to determine the geological and mineralogical characteristics of Dentas Marble Quarry,
which operates around Tepecik Village in Cavdarhisar District of Kiitahya Province. The main, trace
and Rare Earth Elements (REE) contents of marbles are determined using the polarizing microscope, X-
ray diffractometer (XRD) and Scanning Electron Microscope (SEM) methods. Five different marble
levels were determined according to the mineralogical-petrographic characteristics of the marbles in
Tepecik village and its surroundings. These are Marbles of White, Yellow, Light Gray, Dark Gray and
Greenish Gray respectively. In marble samples, CaO values vary between 55,48% and 56,57%. Other
major oxides, respectively, SiO,, Al,Os;, Fe;Os, MgO and TiO, values remain below 1%. Calcite,
dolomite minerals and lesser muscovite minerals are determined in the mineralogical composition of the
marbles. Marbles show granoblastic texture and average grain sizes range from 80 um to 200 um. The
chemical composition of the minerals that make up the Tepecik Village (Cavdarhisar) marbles, the peak
values of the minerals, the mineral content that gives color to the rock and the grain sizes were
investigated. In the results of working; gray and dark gray colored carbon compounds, green chlorite
and other silicate minerals, yellow / yellowish colors come from iron oxide compounds.

Keywords: Marble, calcite, geochemistry, Cavdarhisar, Kiitahya

Ozet

Calisma alam Kiitahya'nin Cavdarhisar ilgesi'nin yaklasik 9 km kuzeyinde Tepecik ve Orencik K&yleri
arasindaki alan1 kapsamaktadir. Caligma alanimin en yasli kayaclari, mika sist, kalksist, kuvarsit gibi
kayaclardan olusan Paleozoik yash Saricasu Formasyonudur. Beyaz, gri ve acik sar1 mermerlerden
olusan Arikaya Formasyonu, Saricasu Formasyonu iizerinde yeralir. Calisma kapsaminda Kiitahya Ili
Cavdarhisar Ilcesi, Tepecik Kdyii ¢evresinde faaliyet gdsteren Dentas Mermer Ocaginin jeolojik ve
mineralojik 6zelliklerin belirlenmesi amaglanmistir. Mermerlerin ana, eser ve nadir yer element (REE)
icerikleri, polarizan mikroskop, X-1s1n1 difraktometre (XRD) ve Taramali Elektron Mikroskobu (SEM)
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yontemleri kullanilarak mermerlerin mineralojikve kimyasal 6zellikleri belirlenmistir. Tepecik koyii ve
cevresinde bulunan mermerlerin mineralojik-petrografik 6zelliklerine gore bes farkli mermer seviyesi
belirlenmistir. Bunlar sirasiyla Beyaz, sar1, A¢ik gri, Koyu gri ve Yesilimsi gri renkli mermerlerdir.
Mermer drneklerinde CaO degerleri % 55,48 ile % 56,57 arasinda degismektedir. Diger ana oksitler
sirasiyla, SiOz, Al,Os, Fe;Os, MgO ve TiO, degerleri % 1’in altinda kalmaktadir. Mermerlerin
mineralojik bilesiminde Kalsit, dolomit mineralleri ve daha az oranda muskovit minerallerin bulundugu
belirlenmistir. Mermerler granoblastik doku gostermekte ve ortalama tane boyutlari 80 pm ile 200 pm
arasinda degismektedir. Cavdarhisar Tepecik ve Orencik Koyii mermerlerini olusturan minerallerin
kimyasal icerikleri, minerallerin pik degerleri, kayaca renk veren mineral igerikleri ve oranlar1 ve tane
boyutlar1 arastirilmigtir. Calisma sonucunda; gri ve koyu gri renk karbonlu bilesiklerden, yesil renk
klorit ve diger silikat minerallerinden, sari/sarimsi renkler ise demir oksit bilegiklerinde gelmektedir.

Anahtar Kelimeler: Mermer, kalsit, jeokimya, Cavdarhisar, Kiitahya
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Abstract

A significant number of VMS deposits occur within Eastern Pontide Orogenic belt of Tiirkiye. The
Geochemical analyses of pyrite, sphalerite, and fahlores minerals from the Cerattepe Cu-Au (£Zn)
deposit resulted relatively high contents of Cu, As, Co and low Pb, Zn Ni in pyrites; high value of Pb,
Fe, and Au in sphalerites. However, fahlores have low concentration of Fe and Ag. The Co/Ni ratio (3-
6) and Zn/Cd ratio (127-495) of pyrites and sphalerites, respectively, point a volcanic-exhalative and
volcanogenic origin for the Cerattepe deposit. The results of 5S* isotope (-0.33 - +18.5) is well
compatible with the data of known VMS deposits worldwide, and some other VMS deposits in the
Pontides. The 50 isotope value of 8.5-9.5 also indicate an acidic magmatic hydrothermal source in
geologic setting environment for the Cerattepe deposit.

Keywords: Cerattepe, minor elements, Co/Ni-Zn/Cd ratios, stable isotopes, genesis

Ozet

Onemli sayida volkanojenik masif siilfiir (VMS) yataklar1 Tiirkiye’nin Dogu Pontid Orojenik kusag
icinde bulunur. Cerattepe Cu-Au (+Zn) yatagina ait pirit, sfalerit ve fahlerz minerallerinin jeokimyasal
analizleri piritlerin goreceli olarak yliksek Cu, As, Co, buna karsin diisitk Pb, Zn ve Ni; sfaleritlerin ise
yiiksek Pb, Fe ve Au igerigine sahip olduklarini sonug¢lamistir. Buna karsin, fahlerz minerallerinin ise
Fe, Ag igerikleri diisiiktiir. Pirit ve sfaleritler i¢in hesaplanan Co/Ni ve Zn/Cd oranlar1 sirasiyla, 3-6 ve
127-495 arasinda olup, bu degerler Cerattepe yatagi i¢in volkanik-ekshalatif ve/veya volkanojenik bir
koken isaret etmektedir. Kiikiirt) izotop (8S* verileri (-0.33 - +18.5) diinya genelinde bilinen VMS yatak
verileri ve Pontidlerdeki diger VMS yataklariminki ile olduk¢a uyumludur. Oksijen izotop (50)
sonuglart (8.5-9.5) ayn1 zamanda Cerattepe yataginin jeolojik yerlesim ortami i¢in asidik karakterde
magmatic hidrotermal bir kaynagi gostermektedir.

Anahtar Kelimeler: Cerattepe, minor elementler, Co/Ni-Zn/Cd oranlari, durayli izotoplar, kéken
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1. INTRODUCTION

Metallogeny in Tiirkiye is mainly a result of the development of the Tethyan belt within the Alpine-
Himalayan orogenic system that formed from the Jurassic-Cretaceous to the present time [13]. The
Eastern Pontide Orogenic Belt is an important segment of the Tethyan-Eurasian Metallogenic Belt and
carries a special place in the metallogeny of Tiirkiye [1]; hosting numerous VMS deposits [4], [9], [15].
There are more than 65 VMS deposits in the region, and among them, some major one is Cerattepe
Deposit [13]. The late Cretaceous Kuroko-type Cerattepe Cu-Au (+Zn) deposit, located in Artvin, NE
Tiirkiye, occurs in the volcano-sedimentary rocks. Pyrite, sphalerite, chalcopyrite, marcasite, and galena
are the major sulfide ore minerals, including minor amounts of bornite-idaite, tennantite-tetrahedrite,
covellite, chalcocite, cubanite, gold, silver, arsenopyrite and bournonite. This study focuses on
determining minor element contents of some major sulfide phases and sulfosalts. We aimed to find
Co/Ni and Zn/Cd ratios in pyrites and sphalerites, respectively. Both Co/Ni ratios of pyrites [2], [5], [7],
[14 ]; and Zn/Cd ratios of sphalerite [6], [8], [9 ] were used by many researchers to identify the ore
genesis. The sulfur and oxygen isotopes were also utilized to identify the geological setting environment
and the genesis of the Cerattepe deposit.

2. MATERIAL and METHODS

A total of 18 samples representing sulfide (14) and stringer zones (4) of Cerattepe ore deposit were
collected from surface outcrops, underground adits, and drill cores. Polished thin section and epoxy
mounted mineralized rock samples were prepared, and Nikon Eclipse LV100 reflected light microscopy
was employed for examination. The composition of sulfide minerals was determined by using Electron
Probe Micro Analysis (EPMA) and Secondary Electron Microscopy-Energy Dispersive Spectroscopy
(SEM-EDS). A limited number of stable isotopes data of sulfur was obtained by using a continuous flow
elemental analyzer isotope ratio mass spectrometry. The oxygen isotope ratios were determined using a
Finnigan-MAT-Delta gas isotope ratio mass spectrometer.

3. RESULTS and DISCUSSION

The EPMA results showed significant changes in minor element contents of major sulfide and sulfosalt
minerals. The obtained results selected for pyrite, chalcopyrite, sphalerite, and fahlores (tennantite-
tetrahedrite) minerals are given in tables 1 and 2.

3.1. Pyrite and Chalcopyrite

The pyrites have Fe content ranging from 43.9 - 45.53 wt.% , and their S content changes between 48.20
and 53.13 wt.%. The highest values for minor element contents of pyrites are as follows; 3.77 wt% Cu,
1.3 wt.% As, 1.14 wt.% Pb, 0.41 wt.% Zn, 0.26 wt.% Co and 0.05 wt.% Ni. The calculated formula of
pyrite is Feo.9s-1.03 (CUo.00-0.02 C00.00-0.04) (ASo0.00-002 S1.95-204). The relatively high Cu and As content of
some pyrite grains is due to the existence of inclusions of these elements in pyrites. The Ag and Au
contents of pyrites are below the detection limit, but some increase in Co values are observed. In addition
to these, Mo values changing between 1.74 wt.% and 1.86 wt.% were determined in five analyses. The
calculated Co/Ni ratio of pyrites ranges from 3-6, which is well suitable compared to the accepted ratio
(Co/Ni >1) for the VMS deposits worldwide [2], [5]. The low Co and Ni values might be related to
acidic hydrothermal magmatism in the region [6], [14]. The calculated formula of chalcopyrite is Cuo.os-
0.99F€0.98-0.99Pb0.00-0.01) S2.01-2.03. The chalcopyrites are very poor in minor elements of As, Zn, Ni, Co,
and Mo, and most are below the detection limit, excluding the highest value of 0.75 wt% Pb, which
might be resulted from rare galena inclusions in chalcopyrites.
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Table 1. Selected representative minor elements in pyrite and chalcopyrite from Cerattepe deposit.

PYRITE CHALCOPYRITE
__ Sample
T~ | 232-31b | 232-31b | 232-31b  231-31a | 232-32a| 232-32a | CTK-3 CTK-3 |232-32a 232-32a | 232-32a 232-32a 232-32a | 232-32a
Element |
Fe (wt.%) 45,32 45,34 45,34 45,53 439 43,64 44.8 45,47 29,63 2945 29.46 29,29 29,57 294
Pb 0,15 0,11 0,11 0,62 0,27 0,34 0,06 0,75
As 0,04 0,04 1,09 1,3
Zn 025 0,41 0,12 0,06
Cu 0,39 0,51 1,27 1,71 3,77 33,55 33,73 33,52 33,65 33,5 33,67
Ni 0,01 0,05 0,01 0,01 0,01 0,02
Co 0,04 0,26 0,04 0,04 0,06 0,03 0,05 0,07
Mo 1,86 1,74
Au 0,04
S 53,03 53,13 53,05 51,42 50,96 48,2 52,62 52,5 I 34,65 34,8 34,72 34,76 34,73 34,6
Total 98.98 99,04 99,14 98,28 100,29 99,16 99,22 99.63 97.80 98,44 97,75 97.81 97.88 98,53
Co/Ni 4 52 4 6 3 ’ 3.5

3.2. Sphalerite and Fahlores (Tennantite and Tetrahedrite)

The Zn content of sphalerites ranges from 63.09 — 65.41 wt. %, and their S content changes between
32.43 and 33.18 wt. %; with average values of 63.22 wt. %Zn and 32.76 wt. %S, respectively. The
sphalerites contain the highest amounts of 1.31 wt. % Pb, 1.08 wt. % Fe, 2.49 wt. % Cu, and 0.13 wt. %
Au, in addition to the main component Zn. The Cd content of sphalerites ranges between 0.12 and 0.51
wt %. The value for the other elements is below the detection limit. The calculated chemical formula of
sphalerite is as follows Zno.93-0.97F€0.01-0.02CU0.00-0.004) S1.01-1.03. Three stages of sphalerites are
interpreted from the results of EPMA. In stage | and Il sphalerites, the negative correlations between Fe
and Cu with Zn show that these elements exchange with Zn in the crystal system. However, such a
relationship is not observed in stage 111 sphalerites (Figs.1a, b). The Cd in stage | is positively correlated
with Zn, but negatively correlated with Fe (Fig. 1 ¢, d). The Zn/Cd ratio of sphalerite is important in
determining the type of mineralization [8], [10] . The calculated Zn/Cd ratios do not offer any difference
in three different sphalerite phases. The Zn/Cd ratios of all measurements ranged between 127 and 383,
excluding the only one value of 495. The calculated Zn/Cd ratio of sphalerites is well suitable with the
Zn/Cd ratio of VMS deposits, worldwide [7], [ 8 ]; indicating a volcanogenic source for the Cerattepe
deposit.

Fahlores group minerals are generally poor in terms of Fe. The Fe content of tennantites does not exceed
3.29 wt. %, and that of tetrahedrites falls below 0.1 wt. % (Fig. 2a). The Ag content of tennantites is
very low, being close to the detection limit in all samples, but tetrahedrites contain relatively high Ag,
with a measured highest value of 0.26 wt. % (Fig 2b). While the Fe content of tennantites and
tetrahedrites decreases, zinc content increases (Fig. 2a). The As content of all tennantites varies in a
reasonably high value range, between 17,63 and 21.14 wt%, whereas the As content of tetrahedrites a
offers relatively low and broader range of 1.02 and 14.65 wt.% (Fig.2 c). There is a positive correlation
between the low Ag content of tetrahedrites (up to 0.26 wt. %) and Sb values (Fig. 2 d).
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Table 2. Selected representative minor elements in sphalerite and fahlores (tennantite-tetrahedrite)

SPHALERITE TENNANTITE TETRAHEDRITE
_ Sample
| 231-31b | 232-32a  CTGS-1| CTGS-1 | 231-31b | 232-31b | 231-31a | 231-31a | 231-31b | CTGS-1 CTGS-1| CTK-2 | CTK-2 = 231-31b
Element
Fe (wt%) | 0,95 0,75 0,09 0,62 0,42 327 0,57 0,13 0,34 0,06 0,04 0,09 0,04 0,31
Zn 64,75 6536 | 6541 @ 6440 @ 63,09 745 8,05 8,03 8,19 7,87 7,64 7,63 7,52 7.94
As 18,21 19,67 19,26 19,53 3,39 3,52 2,88 2,81 9,49
Se 0,18
Au 0,08 0,07
Cu 0,10 0,97 0,30 0,82 0,42 41,70 43,83 43,71 43,82 38,74 | 3844 | 3849 | 3873 | 4147
Ag 0,12 0,11 0,26 0,17 0,09
Ccd 0,25 0,25 0,27 0,13 0,43 0,06
Sh 0,08 0,06 0,54 0,07 2507 | 25,10 | 2668 | 26,61 14,73
Pb 1,31 0,17 0,13
Ga 0,17 0,65 0,50
Te 0,04 0,25
S 33,06 3243 | 3295 | 33,18 | 33,14 28,74 27,90 27,68 2797 | 25,02 @ 2492 | 2474 | 2490 | 26,04
Total 99.32 9962 | 99.67 @ 99.66 = 9743 99,74 100,12 | 99,63 100,00 | 10027 | 99,77 | 100,77 & 100,78 @ 99,17
Zn/Cd 259 257 242 495 147
1,2 2,8 -
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Figure 1. Binary diagrams showing comparison of minor element pairs of Zn vs Fe, Zn vs Cu, Zn vs Cd and Fe
vs Cd in sphalerites.
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Figure 2. Binary diagrams showing the comparison of minor element pairs of Zn vs Fe, Cu vs Ag, As vs Sb, Sb
vs Ag, and As vs S in tennantite and tetrahedrite minerals.

3.3 Sulfu

r and Oxygene Isotopes

A total of a total of 10 sulfide, two sulfate, and two silicate samples were analyzed for sulfur and oxygen
isotopes, respectively to evaluate the source of sulfur in the deposit. The **S values of sulfide phases
ranges between -0.33 and +9.6 %o; that of sulfate phase ranges from 17.91-18.5 %o (Fig 3a). On the other
hand, the 50 values change from 8.5-9.5 %o (Fig. 3 b). The §*S results are compatible with the data
of known ancient-modern VMS deposits and some other VMS occurrences in the Pontide region. The
50 values also imply granite related sources in the geological setting environment of the Cerattepe

deposit.
U Triolite
a I (gneous sulfur b Meteorites I
I Modern seawater Basaltic Rocks i
[ Most modern VMS depgsns . Sedimentary Rocks
[ Phanerozoic VMS deposits
I Pontide mounds and stockworks Metamorphic Rocks I
[ Pontide vent chimneys Granitic Rocks N
I Cerattepe Sulfide Sosan Waterl 8—Cerattepe
@ Cerattepe Sulfate Gean Kraier
I S urficial Waters
L | | | | J
'20 '10 0 +10 +20 +30 EIN SR FH N NN TN O NN N I I I I TN S RN PR RN Y (O B B
. 80 -60 -40 20 0 20 40
§*S per mil s ok

Figure 3. The ranges of §S* (a) and 60 values (b) from Cerattepe deposit compared with other VMS deposits
in the eastern Pontide and with modern and ancient analogues, including some geologic sulfur and oxygen
reservoirs. Data for (a) is from [3], [12], [15], [16] and [12]. Data for (b) is from [11].
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4. CONCLUSIONS

Overall, this study provides some clarity regarding the genesis of the Cerattepe Cu-Au (+ Zn) deposit,
based on the presented data on Co/Ni, Zn/Cd ratios, and stable isotopes of 8S** and 0. While the
nickel values are in a narrow range (100-500 ppm), The cobalt values, on the contrary, vary in an
extensive range (300-2600 ppm), with average values of 183 and 780 ppm, respectively. The calculated
Co/Ni ratio of pyrites (3-6) and Zn/Cd ratios of sphalerites (127-495) indicate an acidic magmatic -
hydrothermal source for the genesis, and thus a volcanic-exhalative and /or volcanogenic origin for the
Cerattepe deposit. The results of the stable isotopes of 5S* (-0.33- +9.6 %o) and 502 (8.5-9.5 %o) also
support the suggested source for the Cerattepe deposit.

Acknowledgement: This work was granted by the Scientific Researchs Unit (Project No: 39615) of Istanbul
Technical University.
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Ozet

Madenkdy Au-Ag-Zn+Pb Yatagi (Ulukisla-Nigde) Orta Toroslarda, Bolkardag: Birligi’nin Ust Triyas
yaslt karbonatli kayaglar1 icerisinde gelismistir. Bolkardag: kuzeye devrik bir antiklinal olup, ekseni
NE-SW yoniindedir. Cevherlesme bu antiklinalin kuzey kanadinda yer almaktadir. Madenkdy Au-Ag-
Zn+Pb yatag1 superjen Au-Ag zenginlesmesi ile hipojen siilfat mineralizasyonun kalmtilarindan
olusmaktadir. Bu superjen zenginlesme, Oligo-Miyosende bolgedeki yiikselmeye bagli olarak yaygin
tektonizma ve sonrasindaki karstlagsma nedeniyle hipojen cevherlesmenin tamamen oksitlenerek, karstik
bosluklara ve kirik hatlarina yerlesmesi sonucunda olugsmaktadir. Oksidasyon kosullarinda galenitler
biiyiik dlciide seruzit ve anglezite, sfaleritler ise tamamen simitsonite doniismiistiir. {lksel siilfiirlerden,
galenitler seruzitler icerisinde, karstik bosluklarin tavan ve duvarlarinda kalintilar1 seklinde
bulunmaktadir. Mineral parajenezinde seruzit, anglezit, simitsonit, limonit, piroluzit, psilomelan,
manganit, kalkofanit, beudantit, kovellin, gétit, lepidokrokit, hemimorfit, mimetit, korkit ve nabit altin
bulunmaktadir. Ekonomik olarak isletilen cevherli zonlar karstik tipteki simitsonit, seruzit/anglezit
bakimindan zengin zonlardir. Galenit minerallerinin §**S izotop bilesimi %03,0 ve 5,8 araliginda
degismekte olup, siilfiirlin baskin olarak magmatik kaynaktan geldigine ve kismen de olsa kitasal
kokenli kiikiirt katkismin olduguna isaret etmektedir. Galenitlere ait 2°°Pb/?%Pb, 2“Pb/*™Pb ve
208ppy/29*ph degerleri ise sirasiyla ortalama 18,991, 15,701 ve 39,056 dir. Bu veriler metallerin
kaynagmin iist kabuk ile iligkili oldugunu gostermektedir. Sivi kapanim verilerine gore sfaleritlerin
homojenlesme sicakligi (Th) degerleri 50 ile 290 °C arasindadir. Cozeltilerin, tuzlulugu ise ortalama
96,2 NaCl esdegerdir. Siv1 kapanimi verileri Au-Ag-Zn£Pb cevherlesmesini olusturan ¢ozeltilerin,
baskin olarak magmatik-hidrotermal kodkenli oldugunu ve kismen diisiik sicaklikli meteorik sularla
karigtigin1 gostermektedir. Durayli kiikiirt izotopu verileri kiikiirtiin baskin olarak magmatik kokenli
olabilecegini, Pb izotop verileri de metallerin iist kitasal kabuk kokenli olabilecegine isaret etmektedir.
Ilksel siilfiirlii cevherlesmeler siiperjen kosullarda oksitlenerek ‘kalint1 ve karst dolgusu’ tipi siilfiirsiiz
(nonsulphide) ¢inko yataklarina doniismiistiir.

Anahtar Kelimeler: Kiikiirt izotopu, kursun izotopu, sivi kapanim, karbonat-yankayag, Au-Ag-Zn+Pb
yatagi
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Abstract

Madenkdy Au-Ag-Zn+Pb Deposit (Ulukisla-Nigde) is located in the Middle Taurus Mountains within
the Upper Triassic carbonate rocks of the Bolkardagi Unit. Bolkardagi is an anticline inverted to the
north and its axis is in the NE-SW direction. The mineralization is located in the northern flank of this
anticline. The Madenkdy Au-Ag-Zn+Pb deposits consit of supergene Au-Ag enrichment and relict of
hypogene sulfide mineralization. The supergene enrichment occurs as aresult of widespread tectonism
and karstification during the uplift of the region in the Oligo-Miocene. Therefore, the hypogene ores
entirely oxidizing, and setting in the karstic pocket and fracture lines. Under this oxidation condition,
while galena largely turns into cerussite/anglesite, sphalerite completely transform to smithsonite.
Galenas from primary sulphides are found as a relict in the cerussite/anglesite and ceiling/wall of karstic
cavities. In the mineral paragenesis, cerussite, anglesite, smithsonite, limonite, pyrolusite, psilomelane,
manganite, chalcophanite, beudantite, covellite, goethite, lepidocrocite, hemimorphite, mimetite, corkite
and native gold are found. Economically operated ore zones are karstic type smithsonite and
cerussite/anglesite rich zones. The §**S isotope composition of galenas varies between 3.0%o and 5.8%o,
indicating that the sulfur is predominantly from the magmatic source and is partially contributed by
continental sulfur. The mean values of 2°°Pb/?**Ph, 2°"Pb/?**Pb, and %*® Pb/***Pb of galenas were 18.991,
15.701, and 39.056, respectively. These data indicate that the source of the metals is associated with the
upper crust. Based on the liquid inclusion data, the homogenization temperature (Th) values of the
sphalerites are between 50 and 290 °C. The salinity of the solutions is on average 6.2% NaCl equivalent.
Fluid inclusion data show that the solutions forming the Au-Ag-Zn+Pb mineralization are predominantly
of magmatic-hydrothermal origin and are partially mixed with low temperature meteoric waters. The
stable sulphur isotope data indicate that the sulphur may be predominantly of magmatic origin, and the
Pb isotope data indicate that the metals may be of upper continental crust origin. Primary sulfide
mineralizations were oxidized under supergene conditions and transform to 'residue and karst fill' type
nonsulphide zinc deposits.

Keywords: Sulfur isotope, lead isotope, fluid inclusion, carbonate-hosted, Au-Ag-Zn+Pb deposits
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Ozet

Dogal karbondioksit gazi, endiistriyel agidan 6nemli bir gaz olmasinin yaninda ekonomiye konu olan az
sayida dogal gazdan birisidir. Ulkemizde, bircok kullanim alan1 bulunan bu gaz, ayni1 zamanda ii¢ farkli
kanun kapsaminda degerlendirilmektedir. Bunlar; 5686 sayili Jeotermal Kaynaklar ve Dogal Mineralli
Sular Kanunu, 3213 sayil1 Maden Kanunu ve 6491 sayil1 Tiirk Petrol Kanunudur. Dogal karbondioksitin
petrol rezervuarina baglh olusum mekanizmasinda olusumu agisindan Siirt bolgesi 6n plana ¢ikarken,
jeotermal olusum mekanizmasina bagli olarak olusumu agisindan Denizli, Agr1 ve Aydm illerimiz
onemli bir yere sahiptir. Maden havzasi olusum mekanizmasinda olusan dogal karbondioksit gazina
yonelik arama ve iretim faaliyetlerinin yogun olarak yapildigi alanlar ise Kapadokya yoresinde
bulunmaktadir. Basta Nigde olmak iizere, Kayseri ve Aksaray on plana ¢ikmistir. Kendiliginden
yeryiiziine ulagan ve/veya yapilan sondajlar ile yeraltindaki varlig1 tespit edilen dogal karbondioksit gazi
acisindan tilkemizde yapilan detayli jeolojik arastirmalar sonucunda, Kuzey Anadolu Fay Zonunun
bulundugu Dogu, I¢c ve Bat1 Anadolu yéreleri, geng volkan kraterlerinin civari, jeotermal alanlar ve
sedimanter alanlar potansiyel olarak goze carpmaktadir. Yapilan aragtirmalar, Tiirkiye’nin jeolojik
yapisina dayali olarak dogal karbondioksit potansiyelinin artabilecegini gdstermektedir. Bu kapsamda
iilkemizin potansiyel oldugu diisiiniilen hedef alanlarinda arama-arastirma-gelistirme faaliyetleri devam
etmektedir. Madencilik faaliyetleri sonucu tretilen dogal karbondioksit gazi miktari, 2021 yilinda
97.380, 2020 yilinda 104.512, 2019 yilinda 107.097, 2018 yilinda 104.760 ve 2017 yilinda 99.623
tondur. 2011-2013 yillarinda yillik ortalama seksen sekiz bin ton civarinda olan iiretim miktari son
yillarda yaklasik %15 artis ile yiiz bin ton seviyesinin iizerine ¢ikmistir. Dogal karbondioksit gazi
agirlikli olarak saglik alaninda, tarimda, kozmetik ve mesrubat sanayisinde ve kuru buz iiretiminde
kullanilmaktadir. Ayrica, kimya sanayi, petrol {iretimi ve jeotermal kaynaktan elektrik enerjisi
iretiminde de bu gazdan yararlanilmaktadir. Bu c¢alismada, dogal karbondioksit gazinin olusum
sistemlerine gore siniflandirilmast ve kullanim alanlart hakkinda bilgi verilerek, maden olusum
mekanizmasina bagli olarak olusan dogal karbondioksit gaz1 i¢in genel bir degerlendirme yapilmistir.

Anahtar Kelimeler: Dogal karbondioksit, yeralt1 kaynaklari, potansiyel
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Abstract

Natural carbon dioxide gas, besides being an important industrial gas, is the one of the few natural gas
that is the subject of the economy. This gas, which has many uses in our country, is also evaluated within
the scope of three different laws. These; Geothermal Resources and Natural Mineral Waters Law No.
5686, Mining Law No. 3213 and Turkish Petroleum Law No. 6491. While the Siirt region stands out in
terms of the formation of natural carbon dioxide in the formation mechanism depending on the oil
reservoir, Denizli, Agr1 and Aydin provinces have an important place in terms of its formation due to
the geothermal formation mechanism. The areas where the exploration and production activities for the
natural carbon dioxide gas formed in the mining basin formation mechanism are intensely located in the
Cappadocia region. Firstly Nigde, Kayseri and Aksaray came to the fore. As a result of detailed
geological researches carried out in our country in terms of natural carbon dioxide gas that reaches the
earth by itself and/or its presence in the underground has been determined by drillings, Eastern, Central
and Western Anatolian regions where the North Anatolian Fault Zone is located, the vicinity of young
volcanic craters, geothermal areas and sedimentary areas can potentially be seen. Studies show that
natural carbon dioxide potential may increase based on the geological structure of Tiirkiye. In this
context, explore-research-development activities continue in the target areas of our country, which are
considered to have potential. The amount of natural carbon dioxide gas produced as a result of mining
activities is 97,380 tons in 2021, 104,512 tons in 2020, 107,097 tons in 2019, 104,760 tons in 2018 and
99,623 tons in 2017. The annual production amount, which was around eighty-eight thousand tons in
2011-2013, has increased by about 15% in recent years, exceeding the level of one hundred thousand
tons. Natural carbon dioxide gas is mainly used in the field of health, agriculture, cosmetics and beverage
industry and dry ice production. In addition, this gas is also used in the chemical industry, oil production
and electricity generation from geothermal resources. In this study, a general evaluation was made for
the natural carbon dioxide gas formed depending on the mineral formation mechanism, by giving
information about the classification of natural carbon dioxide gas according to its formation systems and
its usage areas.

Keywords: Natural carbon dioxide gas, underground sources, potential
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Ozet

Pontid Orojenik Kusagi'nin yay seklindeki merkez kismini olusturan Orta Pontidler, hem Sakarya hem
de Istanbul zonlarina ait birimleri igerir. Temel birimlerin Orta Jura ve Albiyen-Turoniyen yigisim
kompleksleri tarafindan {izerlendigi genis bir alan, yaklasik olarak Dogu-Bati dogrultulu tektonik
dilimlerden olusmakta ve Orta Pontid Yapisal Kompleksi (OPYK) olarak adlandirilmaktadir. OPYK
icerisinde Erken Kretase’de yesilgist fasiyesi kogullarinda metamorfizme ugramig ve birbirleriyle
tektonik iliskili olan Jura yashh magmatik, volkanik, volkanoklastik ve klastik kayalar bir paket olarak
yer almaktadir. Bu istifin volkanik, volkanoklastik ve klastik birimleri i¢inde mafik-klastik tip (beshi-
tipine benzerlik gdsteren) volkanojenik masif siilfid (VMS) yataklar1 (Ornegin Hanénii, Zeybek,
Sariseki, Karaburun VMS gibi) bulunmaktadir. Cu egemen oldugu belirlenen bu VMS yataklarinin,
diger baz ve kiymetli metalleri ekonomik olarak igermedigi bilinmektedir. Yapilan petrografik ve
jeokimyasal ¢alismalar, Erken Kretase metamorfizminin cevherlesmeler {izerinde hem yapisal hem de
jeokimyasal etkilerinin oldugunu gostermistir. Yesilgist fasiyesi kosullarinda gergeklesen metamorfizm
birincil cevherlerden kaynakli element mobilizasyonuna neden olmustur. Zn ve Fe elementlerini iceren
sfalerit ve pirit mineralleri klorit-gistlerin foliasyon diizlemine uyumlu ve/veya kirik-¢atlak kesimlerde
yeniden kristallenmistir. Metamorfizm esnasinda agiga ¢ikan silikanin olusturdugu siit beyaz renkli
kuvarslar icerisinde 6zsekilsiz yigisimlar seklinde yer alan kalkopirit mineralleri Cu elementindeki
hareketlenmeyi igaret eder. Mobilize olan elementler birincil cevherlerde bulunan minerallerden farkl
mineraller olugturmamis ancak yapi1 ve dokusal farkliliklar gdsteren mineraller gelistirmistir. Birincil
cevher minerallerine nazaran iri 6z sekilli kristallere sahip pirit mineralleri, bal renkli sfalerit ve
bagimsiz 6z sekilsiz yigisimlar halindeki kalkopirit mineralleri birincil cevher kiitlelerinden ayr1 olarak
metamorfik unsurlar i¢inde gelismigtir. Kataklastik zonlarda ve kirik-gatlak dolgularindaki silis igine
yerlesmis pirit, kalkopirit ve sfalerit minerallerinin varlig1 da yeniden kristallenmeyi isaret eder. Ayrica,
element mobilizasyonunun etkileri dere sedimenti ve toprak jeokimyasi verilerinde bagimsiz
anomalilerin gelisimine yol agmistir. Topografik-yapisal veya antropojenik bir etkinin gézlenmedigi
peneplen alanlarda diger metallerden bagimsiz ¢inko anomalilerinin varligi, sfalerit mineralleriyle
zenginlesmis klorit sistlerin bulunmasi, Orta Pontid mafik-klastik tip VMS cevherlesmelerinde
metamorfizmin cevherlesme sistemine ekonomik olabilecek boyutta bir baz metal etkisinin oldugunu
gostermektedir.
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Anahtar Kelimeler: Orta Pontidler, VMS, mafik-klastik tip, metamorfizm, toprak jeokimyasi

Abstract

The Central Pontides constitute arc-shaped centre part of the Pontide Orogenic Belt and includes units
of the Sakarya and Istanbul zones. A large area, overlain by the basement units by the Middle Jurassic
and Albian-Turonian accretion complexes, consists of approximately East-West oriented tectonic slices
and is called the Central Pontide Structural Complex (CPSC). Jurassic magmatic, volcanic,
volcanoclastic and clastic rocks as a package within the CPSC were metamorphosed under greenschist
facies conditions during early Cretaceous and they are in tectonic relationship. Mafic-clastic type
(similar to the Besshi-type) volcanogenic massive sulfide (VMS) deposits (i.e. Handnii, Zeybek,
Sariseki, Karaburun VMS) associated with those volcanic, volcanoclastic and clastic units have been
recently discovered in the complex. It is geochemically confirmed that these Cu-dominated VMS
deposits do not economically contain other base and precious metals. Petrographic and geochemical
studies have shown that early Cretaceous metamorphism has both structural and geochemical effects on
these deposits. Metamorphism under greenschist facies conditions caused element mobilization
originating from primary ores. Sphalerite and pyrite minerals containing Zn and Fe were recrystallized
through foliations and/or in joint systems of the chlorite dominant schistous rocks. The chalcopyrite
minerals, which are observed in the form of anhedral aggregations within the milky white colored quartz
formed by the silica released during metamorphism, clearly indicate the mobilization in the Cu element.
The mobilized elements did not form different ore minerals from the ones found in the primary ores, but
developed structurally and texturally different minerals. Compared to the primary ore minerals, pyrite
minerals with coarse euhedral crystals, honey-colored sphalerite and chalcopyrites as independent
anhedral aggregations developed in metamorphic sections apart from primary ore bodies. Presence of
pyrites, chalcopyrites and sphalerites in silica filled joint systems and the ones embedded within the
cataclastic zones also indicate recrystallization. In addition, the effects of element mobilization lead to
the development of independent anomalies through the stream sediment and soil geochemistry data. The
presence of zinc anomalies independent of other metals in peneplain areas where no topographic-
structural or anthropogenic effect is observed and chlorite-schists enriched with sphalerites indicate that
metamorphism has an economically significant base metal effect on the mineralization system in the
Central Pontide mafic-clastic type VMS deposits.

Keywords: Central Pontides, VMS, mafic-clastic type, metamorphism, soil geochemistry
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Abstract

Carbonatite complexes with fenite zones are considered as the world’s primary Light Rare Earth
Element (LREE) sources with significant amounts of Th, U, Nb, P and Fe as by-products. Most of the
carbonatite complexes are closely associated with alkaline magmatism in continental rift zones, which
is related to post-collisional extensional tectonics. The widespread alkaline magmatism in Central
Anatolia during Upper Cretaceous caused lots of intrusives which emplaced into highly metamorphosed
autochthonous units. Some carbonatitic intrusions can be observed within the silica undersaturated
syenitic rocks in Central Anatolia. The Ozvatan carbonatite — nepheline syenite complex can be
considered as an ultrapotassic magmatic suite with calciocarbonatite dikes and K-fenite type intense
alteration zones. The carbonatites of the Ozvatan complex predominantly consist of coarse-grained
calcites and fluorite fenocrystals. Some relict rock forming silicate minerals such as K-feldspars or
nephelines with minor amounts of opaque minerals can also be observed. The fenite zone, samples on
the other hand, have euhedral nepheline, K-feldspar and garnet crystals which are accompanied by
augites and aegirine. Most of the fenite samples have carbonatite veinlets indicating late-stage
carbonatite emplacements. Carbonatites of the Ozvatan complex are rich in Ca and F with depletion of
alkali elements. The carbonatite dikes also contain considerable amounts of LREE (up to 2133.9 ppm)
including La, Ce and Nd as well as Ba and Sr (LILE). The contact aureoles of carbonatite dikes led to
an increase in all incompatible elements including both LREE (up t01445.4 ppm) and LILE. The higher
intensity of K-metasomatism in brecciated fenite zones caused elevated LREE (up to 3596.2 ppm)
values, even surpassing the carbonatite dikes themselves.

Keywords: Carbonatite, REE-Th enrichments, alkali-potassic rocks, Kayseri, Ozvatan, Tiirkiye

Ozet

Karbonatit kompleksleri ve iliskili fenit tipi alterasyon zonlar1 6nemli miktarda Nadir Yer Elementleri
(NYE) icermesi dolayisiyla en 6nemli Hafif Nadir Yer Elementleri (HNYE) kaynagi olarak kabul
edilmektedir. Bu kompleksler HNYE’lerin yani sira yiiksek miktarlarda Th, U, Nb, P ve Fe icermeleriyle
ekonomik ve bilimsel olarak onemli olarak goriilmektedirler. Karbonatit komplekslerinin ¢ogu,
carpisma sonrasi genisleme tektonigi ile ilgili olan kitasal rift zonlarindaki alkalin magmatizma ile
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yakindan iligkilidir. Orta Anadolu'da Ust Kretase'de yaygin olarak goriilen alkali magmatizma, ileri
derece metamorfizma geg¢irmis otokton birimlere yerlesen ¢ok sayida intruzifler ile temsil edilir. Bu
alkali intiiriizyonlarmn, foid — siyenit tiirlii kayaclar icerisinde karbonatitik olusumlar bulunmaktadir.
Ozvatan karbonatit-nefelin siyenit kompleksi, kalsiokarbonatit dayklar1 ve K-fenit tipi yogun alterasyon
zonlar1 ile 6nemli HNYE =zenginlesmelerine ev sahipligi yapmaktadir. Ozvatan kompleksinin
karbonatitleri agirlikli olarak iri taneli kalsit ve florit fenokristallerinden olusmaktadir. K-feldispatlar
veya az miktarda opak mineral igeren nefelinler gibi silikat mineralleri de gozlemlenmektedir. Fenit
zonu Ornekleri ise ojit ve ejirin minerallerinin eslik ettigi 6zsekilli nefelin, K-feldispat ve granat
kristallerine sahiptir. Fenit 6rneklerinin cogu, ge¢ evre karbonatit yerlesimlerini gésteren karbonatit ince
karbonatit damarlarina sahiptir. Ozvatan kompleksinin karbonatitleri, Ca ve F bakimindan zengindir ve
alkali elementler agisidan tiiketilmistir. Karbonatit dayklart ayrica biiyiik ¢ogunlugunu La, Ce ve Nd
elementlerinin olusturdugu yiiksek miktarda HNYE (2133.9 ppm’e kadar) igerir. Karbonatit dayklarinin
yakinlarindaki alterasyon zonlari ise HNYE (1445.4 ppm’e kadar) disinda Ba ve Sr gibi uyumsuz
elementler agisindan zenginlesmistir. Daha yogun hidrotermal aktiviteye maruz kalan ve breslesmis
sekilde izlenen fenit zonlarinda ise karbonatit dayklarmdan daha yiiksek oranda HNYE (3596.2 ppm’e
kadar) zenginlesmeleri tespit edilmistir.

Anahtar Kelimeler: Karbonatit, NYE-Th zenginlesmeleri, alkali-potasik kayalar, Ozvatan, Kayseri,
Tiirkiye

1. INTRODUCTION

REE (or Lanthanides) gained a worldwide scientific interest as a critical raw material in fields like IT
technologies and renewable energy production and distrubution. Of these, demand for Light Rare Earth
Elements (La — Eu) consistingly rising for at least two decades. Most of the LREE sourced from
nephelinite - carbonatite complexes or monazite placers. The nepheline — carbonatite complexes and
related fenite zones generally have significant incompatible element enrichments including REE, Nb,
Th and U. The ore forming processes in carbonatites are mainly controlled by the fractional
crystallization and alkaline metasomaism which referred as fenitization. Carbonatite complexes are
mostly associated with an extentional tectonic regime in an overthickhened crust which formed after a
collision-subduction processes (Le Bas, 1987; Wooley and Bailey, 2011; Elliot et al, 2018) In Tiirkiye,
most of the carbonatite literature focused on Kizilcaoren (Eskisehir), Kuluncak (Malatya) and Karacayir
(Sivas) deposits. Of these, Kizilcadren is a world-class Ba-REE-Th-F deposit with late stage carbonatite
veins and fenite zones. The carbonatite complex emplaced into the Oligocene volcanic rock which
uncomformably covers elder meta-epiclastic and opholitic rocks. Recent studies (Nikiforov et al, 2014;
Cimen et al, 2020), point out a multiphased mineralization process which is dominated by Th-parisite
as main ore mineral for LREE-Th. Kuluncak (Malatya) and Karacayir (Sivas) carbonatitic rocks are foid
syenite hosted bodies with fractionated calico-carbonatite compositions (Cooper et al, 2011; Cimen et
al 2020; 2022). Generally, Turkish carbonatitic complexes cannot be considered as primary igneous
carbonatites, in terms of isotopic compositions and lack of higher fractionated ferro-carbonatite or
magnesio-carbonatite intrusions (Le Bas, 1981). However, La, Ce, Nd, Th and U may reach economic
grades in some zones of these complexes (Nikiforov et al, 2014; Pulat et al, 2022). Ozvatan nepheline
syenite- carbonatite complex is a product of mantle metasomatism and fractional crystallization
processes which took place on the Central Anaotlian Crystaline complex (CACC). The carbonatitic
dikes of the, Ozvatan nepheline syenite — carbonatite complex host considerable amounts of LREE-Th
and related alteration zones reflect brecciated potassic fenite properties.

2. GEOLOGICAL BACKGROUND
Ozvatan nepheline syenite - carbonatite complex is located on the East of CACC (Figure 1). The CACC

is composed of several metamorphic of magmatic rocks. Akdagmadeni massif, Kirsehir massif, Nigde
massif, Aksaray massif is jointy forming the CACC (Whitney et al, 2001). CACC rocks are intruded by
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several Upper Cretaceous granitoids with different mineralogical and geochemical variations such as
syn-collusional lecogranites, I and A type granitoids (Erler and Gonciioglu, 1996). The Ozvatan
nepheline syenite — carbonatie complex can be considered as an alkaline intrusive magmatic suite which
is surrounded by significant alteration zones. The complex is eplaced into a variety of meta-carbonate
rocks (mainly marbles and calcs-schists). The magmatic aureoles sourced from the complex caused
hydrothermal alterations in the contact zones of the basement rocks. Some skarn minerals such epsdotes
can be observable in metasomatized meta-carbonate rocks. However more intense alteration (can be
reffered as fenites) zones can be observed around the carbonatite dikes. Mostly, carbonatite dikes are
located at the upper parts of the nepheline syenites indicating a late stage carbonatite emplacement.
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Figure 1. () Location map of the CACC; (b) Generalized Geological map of the CACC and location of the study
area (modified from Koksal and Gonciioglu, 2007); (c) Geological map of the study area (modified from Kraeff
and Pasquare, 2015).

3. MATERIAL and METHODS

A total of 20 samples were gathered from carbonatites and fenitized zones of the Ozvatan nepheline
syenite — carbonatite complex. Also, a handheld BR-6 type Geiger counter was used for the detection of
the high ionizing radiation dose rates (uSv/h). The whole-rock (major-trace and rare earth elements)
analyses were conducted on powders which are obtained by using an agate mortar muller milling device
in Geochemistry Research Laboratories of Istanbul Technical University (ITU/JAL), Tirkiye. The
major oxides (SiO,, Al;0s;, Ca0, K;0, Na;0O, Fe;03, MnO, MgO, TiO,, and P,0s) were analysed by a
Bruker S8 Tiger X-ray fluorescence (XRF) spectrometer with wavelength ranges from 0.01 to 12 nm,
the analytical uncertainty is usually\5%. REE analyses were conducted by an Elan DRC-e Perkin Elmer
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Two step digestion process was used with
50 mg powdered samples: (1) 6 ml of 37% HCI, 2 ml of 65% HNO3 and 1 ml of 38-40% HF acid mixer
put in a pressure- and temperature-controlled Teflon beaker using a Berghoff Microwave at 135 °C; (2)
6 ml of 5% boric acid solution was added to the step one mixer for ICP-MS analyses. The rock forming
minerals were determined by Leica DM750P microscope and cathodoluminesce images were produced
by CTIL MKS5 microscope.
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4. RESULTS and DISCUSSION
4.1 Mineralogical and petrographical characteristics

The sovite dikes in the study area are mainly consist of calcites and fluorite minerals. The calcite
minerals in sovites are generally coarse grained — euhedral crystals, however some fine sized calcite
minerals can be identified in CL images. Minor amounts of fluorites, relict nepheline crystals and opaque
minerals were also observed. Nepheline syenites generally show holocrystalline textures and comprised
by subhedral nepheline and sericitized K-feldspar crystals with fewer amounts of sodic plagioclase.
Some nepheline syenites contain abundant aegirine and augites and garnet group minerals as well
(Figure 2 c-d).
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Figure 2. Photomicrographs of the mineral assemblages of sovite dikes (a), nepheline syenites (b-c-d),
cathodoluminescence images of calcite and fluorite (e-f) and different stages of carbonatite veins (g-h).

CL images also reveal multiple phases of calcites and fluorites. Late stage calcite veins caused
replacement textures in subhedral fluorite crystals. The secondary veins in earlier calcite minerals point
out that the fenitizing fluids originated from carbonatite dikes may react with protholith silicate rocks in
repetitive pulses resulting in higher grade REE mineralizations.

4.2 Geochemical signatures

Ozvatan nepheline syenite — carbonatite complex can be summarized as a magmatic-hydrothermal suite
with significant LREE and LILE enrichments. The nepheline syenites of Ozvatan are mainly silica
undersaturated ultrapotassic rocks, however intense hydrothermal activity (fenitization) caused some
alkali element enrichments in the study area. Due to the geochemical behavior of the fenites the Ozvatan
fenites can be summarized as Na-fenites, K-fenites and brecciated K-fenites. The concentrations of
alkali elements and incompatible elements tend to rise with the intensity of fenitization process
especially in K-fenite zones. Some of the carbonatite veinlets can be observed in fenitized rocks,
resulting in the overall Ca concentrations raise. Carbonatites on the other hand, domainted by Ca and
depleted in alkalis, and enriched in LILE including Ba and Sr.
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Table 1. Contents of major-element oxides of the carbonatitic rocks, Na-fenites and K-fenites (KF-7 is a brecciated
potassic fenite sample) (in %).

. . Sodic Fenite | Potassic Fenite | Carbonatite Dikes
Major Oxide

NF-2 NF-5 KF-2 KF-6 KF-8 KF-9 KF-10 KF-11 KF-7* SD-1 SD-2 SD-3 SD-4 SD-5
Sio2 71.40 68.30 52.4 420 50.3 1.7 39.4 411 39.0 475 0.18 173 29.0 36.2 371.77
Al203 12.20 11.50 20.4 19.2 22.9 195 18.1 204 19.0 19.0 0.09 0.70 125 19.6 14.37
Fe203 331 3.10 1.63 2.47 2.15 3.08 3.02 2.26 2.23 4.12 0.24 111 6.84 173 3.90
MgO 0.5 0.3 0.29 0.36 0.33 0.36 0.59 0.24 0.24 0.41 0.14 0.15 0.14 0.86 0.26
CaO 19 33 3.01 13.76 4.49 134 16.3 13.7 17.8 8.47 61.95 56.9 243 19.2 22.0
Na20 2.98 2.33 6.63 0.32 0.33 0.29 0.31 0.23 0.14 0.28 0.04 0.03 0.18 ND 0.76
K20 5.68 7.33 9.67 125 12.0 10.5 8.63 10.9 853 9.13 0.02 0.29 7.32 0.12 6.38
TiOo2 0.25 0.20 0.11 0.28 0.15 0.38 0.19 0.25 0.21 0.28 ND ND 0.13 0.29 0.30
P205 0.04 0.04 0.01 0.09 0.09 ND 0.11 0.22 0.17 0.02 ND 0.14 0.27 0.12 0.31
MnO 0.06 013 0.09 0.35 0.35 0.37 0.39 0.61 0.20 031 0.15 0.20 0.17 0.14 0.21
BaO 0.07 0.36 0.07 0.38 0.17 0.19 0.45 0.45 0.39 0.21 0.06 0.13 0.32 ND 0.21
Sro 0.01 0.01 0.16 0.46 0.41 0.28 0.49 0.52 0.48 0.24 2.51 0.90 0.26 ND 0.36
Rb20 0.02 0.02 0.03 0.06 0.03 0.02 0.03 0.04 0.04 0.03 ND ND 0.02 0.02 0.02
SO3 0.11 0.03 0.36 0.03 0.25 1.08 0.03 0.11 0.09 0.78 0.10 0.49 5.60 0.52 0.10
F ND ND #BASV! ND ND ND ND ND ND 0.20 ND 9.24 ND 1.96 ND
LOI 12 29 5.20 7.88 6.36 8.44 11.9 9.45 11.50 7.89 34.13 217 12.3 18.0 12.7
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 99.9 100.0 100.01 99.0 100.0 100.0 100.0 100.0 100.0

The carbonatite variation diagram (Figure 3 a) indicate a calico-carbonatite trend with fenitization. This conclusion
can also be supported by the field relations of carbonatite dikes, veinlets in nepheline syenites and fenite zones.
Due to the presence of wider and more intense K-fenitization (sometimes brecciated) in the study area (Figure 3b),
the Na fenites can be observed rarely. The intensity of can also be observed with the increases of immobile cations
including Al, Fe and Ti which were sourced from protholith rocks (Table 1).
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Figure 3. (a) carbonatite variation diagram (modified from Le bas, 1981); (b) Ternary plots for fenite types
(modified from Hoy, 1988).

The carbonatites of the study area are mainly enriched in LREE relative to MREE or HREE. La (up to 758.13
ppm), (Ce up to 1076.99 ppm) and Nd (up to 211.95 ppm) constitutes a large portion of the Y REE values (Table
2, Figure 4). The less fractionation of calciocarbonatites relative to ferrocarbonatites or magnesiocarbonatites
probably prevent the higher incompatible element concentrations (Le Bas, 1981).
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Table 2. The REE results for studied samples from the study area (contents in ppm).

Element Sodic Fenite Potassic Fenite | Carbonatite dikes

NF-1 NF-2 NF-5 KF-2 KF-6 KF-8 KF-9 KF-10 KF-11  KF-7* SD-1 SD-2 SD-3 SD-4 SD-5
La 30.8 70.1 63.2 2117 136.9 623.2 300.1 140.6 153.5 1619.6  758.13  342.0 329.2 9952 364.39
Ce 59.1 119.7 92.8 318.2 2171 683.5 513.4 231.6 259.9 1707.0  1076.99  498.8 5188 13858  565.09

Pr 6.67 11.21 6.7 28.1 17.5 416 47.0 20.3 222 98.2 86.80 418 437 96.5 45.69
Nd 24.4 36.3 12.3 78.0 419 85.5 1331 53.0 52.6 171.4 211.95  106.0 103.8 199.4  109.93

Sm 5.18 6.56 0.7 7.2 29 34 10.7 4.6 4.8 10.0 10.08 75 6.4 10.5 722

Eu 111 1.48 0.12 2.00 0.79 0.78 2.79 1.48 1.53 2.60 150 15 17 16 1.54

Gd 111 4.62 0.30 4.0 15 2.7 6.1 2.0 2.1 14.0 7.27 6.0 37 10.3 531

Tb 0.67 0.72 0.03 0.49 0.20 0.45 0.75 0.27 0.31 2.06 1.02 0.7 05 17 0.64

Dy 2.60 3.71 0.11 161 0.50 0.80 2.05 0.47 0.55 2.06 154 2.2 0.7 5.9 1.65

Ho 0.36 0.64 0.00 0.15 0.00 0.01 0.19 0.00 0.00 0.19 0.02 0.3 0.0 1.0 0.17

Er 1.02 174 0.02 0.77 0.22 0.40 1.10 0.31 0.32 2.40 1.08 14 0.6 34 1.29

™™ 0.15 0.25 0.00 0.35 0.16 0.33 0.38 0.29 0.29 0.16 0.02 0.1 0.0 0.4 0.08

Yb 1.59 170 0.14 2.26 1.02 231 2.69 2.10 1.85 0.96 0.21 0.8 0.17 2.83 0.54

Lu 0.19 0.18 0.00 0.31 0.15 0.37 0.40 031 0.26 0.14 0.00 0.01 0.00 0.37 0.00
IREE 135.1 259.0 164.1 655.2 4209 14454  1020.7  457.3 500.3 3630.8 21566 1008.8  1009.2 27148 11035
ILREE 1211 237.4 162.7 636.0 4135 14338 9936 4455 488.2 3596.2 21339 9885 9955 26769  1085.1
IMREE 11.04 17.74 1.29 15.51 5.88 8.14 22.58 8.80 9.32 30.92 21.43 18.10 12.97 31.01 16.53

ZHREE 2.94 3.86 0.16 3.69 1.55 3.41 4.58 3.02 2.71 3.66 131 2.23 0.77 6.93 191
LREE/HREE 412 61.4 1037.2 1724 266.5 4204 217.0 147.7 180.1 983.9 1633.8 4433 12915 3865 568.9

LREE/MREE  11.0 134 125.8 41.0 703 176.0 44.0 50.6 52.4 116.3 99.6 54.6 76.8 86.3 65.6

MREE/HREE 375 4.59 8.24 4.20 3.79 2.39 4.93 2.92 3.44 8.46 16.41 8.12 16.82 4.48 8.67
(La/Yb)N 131 27.9 311.0 63.2 90.6 182.0 75.2 45.2 56.0 11424 24425 2974 13372 2369 451.6

(La/Sm)N 3.74 6.72 54.6 18.4 29.6 113.9 17.6 19.3 20.2 101.6 47.3 28.8 325 59.4 317
(Gd/Yb)N 3.50 4.15 5.69 3.44 3.06 1.60 4.21 2.34 2.78 11.2 51.6 10.3 412 3.99 14.23

Eu/Eu* 142 0.82 0.78 113 116 0.79 1.06 1.50 147 0.67 0.54 0.90 1.08 0.47 0.76

The carbonatites of the study area are mainly enriched in LREE relative to MREE or HREE. La (up to
758.13 ppm), (Ce up to 1076.99 ppm) and Nd (up to 211.95 ppm) constitutes a large portion of the
>REE values (Table 2, Figure 4). The less fractionation of calciocarbonatites relative to
ferrocarbonatites or magnesiocarbonatites probably prevent the higher incompatible element
concentrations (Le Bas, 1981). The Na-fenite zones have less REE content than carboanititc rocks, but
K-fenites display similar REE values. The highest REE (up to 3630.8 ppm) concentrations are found in
brecciated K-fenite zones (Figure 4) which have direct contact relations with, fluorite bearing sovite
dikes. The brecciation in K-fenite zones indicate an intense alkaline metasomatism and probably led to
the mineralization of REE bearing fluorocarbonates (Le Bas, 2008; Elliot et al, 2018, Liu et al, 2020).

10000—
00— g NN 1 i i A Y L A S S R RIS A SRS S e e e

@ ]
£ 100—5
c 3
o =
= =
o -
°
Q
g .
3

10—

. ]
\=/
1—= \/ \/~
7 La Pr Pm Eu Tb Ho Tm Lu
0.1 1 1 1 1 1 1 1 1
| | | | | é |
Ce Nd Sm Gd Dy r Yb
— + — Silicocarbonatite (SD-5) Carbonatite (SD-1) —@— Carbonatite (SD-2)
—@— Brecciated Potassic Fenite Avg Potassic Fenite —B Avg Sodic Fenite

Figure 4. The chondrite-normalized (Boynton, 1984) REE patterns of different relevant rocks.
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5. CONCLUSIOS

This study focuses on the mineralogical and geochemical characteristics of the Ozvatan nepheline
syenite — carbonatite complex.

(1) The carbonatites in the complex generally coarse-grained dike shaped bodies with fenitized
zones in outward zones.

(2) Carbonatites in the study area are generally calciocarbonatites and represent significant LREE
enrichments including La, Ce and Nd.

(3) The K-fenite zones host considerable amounts of LREE and quite comparable with carbonatites
in terms of incompatible element concentration. In addition, the brecciated K-fenites have the
highest LREE values in the study area.

(4) The carbonatites of the study area may be formed by fractionation of an enriched mantle magma
source.
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Abstract

The most important rare earth ores include REE mineralization related to peralkaline—alkaline rocks,
carbonatites, iron oxide-copper-gold (I0CG) deposits, Kiruna-type iron oxide—apatite (I0A) deposits,
granitic pegmatites, hydrothermal/hydrogenetic deposits, placers of paleo-marine and alluvial deposits,
residual lateritic/bauxitic and ion-adsorption clays/residual clays. There are some IOA deposits in Iran
which are enriched in REEs. The most important region in Iran for IOA deposits and concentration of
REEs is the Posht-e-Badam Block within Central Iranian Zone. Futrtheremore, there are some 10A
deposits in the Tarom-Hashtjin magmatic belt (THMB) at the northwest of Iran which are mainly
associated with calc-alkaline granitic intrusions. Mineralogically, these deposits can be classified to
three magnetite- apatite ore, apatite- actinolite veins and actinoliteic zone. Apatite is the main coarse-
grained gangue mineral within these I0A deposits which has maily milky to white color. Rare earth
elements are mainly concentrated within apatite crystals. Exploration studies indicate that REEs grades
up to 1.35% within apatite crystals, up to 0.7% in the magnetite-apatite ore and less than 500 ppm in
actinolitic zones. These studies demonstrate that LREES are more enriched compared to HREES within
apatite crystals and magnetite-apatite ores, while actinolitic zones have less enrichment of LREE/HREE.
Petrographic studies indicate that apatite crystals within these deposits frequently contain some
inclusions. SEM analysis demonstrates some rare earth element minerals like as monazite, xenotime and
thorite within the apatite crystals and/or within the fractures of apatites. With considering expansion of
the 10A mineralization at the THMB and high concentrations of REEs within these deposits, and due to
the strategic importance of REEs in new technologies, more detail studies must be consider for exploring
promising area of high REEs concentration wthn these IOA deposits.

Keywords: Rare earth element minerals, IOA deposits, monazite, xenotime, Tarom—Hashtjin
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Ozet

Enerji hammaddeleri terimi en genis anlami ile enerji iiretiminde kullanilan bir¢ok kaynagi
kapsamaktadir. Madencilik agisindan, basta linyit olmak iizere taskomiirii, antrasit ve asfaltit bu
kaynaklar icerisinde 6nemli bir yer tutmaktadir. Maden Yonetmeliginde enerji hammaddeleri; turba,
leonardit, linyit, taskomiirii, antrasit, asfaltit, bitiimlii sist, bitiimli seyl, kokolit-sapropel olarak
tanimlanmigtir. Bu c¢aligma kapsaminda s6z konusu tanimlama igerisinde yer alan linyit ve asfaltit
madenleri incelenmistir. Maden ve Petrol Isleri Genel Miidiirliigii verileri géz oniine alinarak, bu
madenlerin 2017-2021 yillar1 arasindaki iilkemiz iiretim verileri ve isletme faaliyetlerinin yapildigi
bolgeler degerlendirilmistir. Asfaltit isletme faaliyetleri agirlikli olarak Sirnak ilinde, Merkez, Uludere,
Silopi ilgeleri sinirlart igerisinde yapilmaktadir. Asfaltit tiretimi miktarlari, 2017 yilinda 1.404.858, 2018
yilinda 1.808.405, 2019 yilinda 2.187.974, 2020 y1linda 2.444.416, 2021 yilinda ise 1.552.566 ton olarak
gerceklesmistir. 2017-2021 diretimleri degerlendirildiginde yillik ortalama iiretimin yaklagik 1,88
milyon ton oldugu goriilmektedir. Linyit madenciligi asfaltit madenciligine gore daha c¢ok
yorede/bolgede yapilmaktadir. Linyit isletme faaliyetleri/ruhsatlar1 agisindan 6zellikle Marmara bolgesi
(Tekirdag, Edirne, Istanbul, Balikesir) ve Ege bélgesi (Kiitahya, Manisa, Denizli, Mugla) én plana
cikmustir. Tekirdag, Edirne ve Manisa ilk sirada yer alan illerdir. Tiirkiye 2021 yil1 linyit iiretim miktari
2020 y1ilina gore yaklasik %7 artis gostererek, 90.780.036 ton olmustur. 2021 yilinda, Tiirkiye’deki linyit
tiretimleri icerisinde, dzel sektor linyit sahalarinin pay1 %42,7; kamu kurum ve kuruluglarina ait linyit
sahalarinin pay1 ise %57,3 diir.

Anahtar Kelimeler: Linyit, asfaltit, madencilik

Abstract

The term energy raw materials cover many resources used in energy production in the broadest sense.
From the point of view of mining, hard coal, anthracite and asphaltite, especially lignite, occupy an
important place in these resources. In the Mining Regulation, energy raw materials are defined as peat,
leonardite, lignite, hard coal, anthracite, asphaltite, bituminous shale, coccolith-sapropel. Within the
scope of this study, lignite and asphaltite mines within the said definition were examined. Considering
the data of the General Directorate of Mineral and Petroleum Affairs, the production data of these mines
in our country between the years 2017-2021 and the regions where the operation activities are carried
out were evaluated. Asphaltite operations are mainly carried out in Sirnak Province, within the borders
of Central, Uludere, Silopi districts. Asphaltite production quantities was 1.404.858 tons in 2017,
1.808.405 tons in 2018, 2.187.974 tons in 2019, 2.444.416 tons in 2020, 1.552.566 tons in 2021. When
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the 2017-2021 productions are evaluated, it is seen that the average annual production is approximately
1.88 million tons. Lignite mining is carried out in more regions than asphaltite mining. Especially, The
Marmara region (Tekirdag, Edirne, Istanbul, Balikesir) and the Aegean region (Kiitahya, Manisa,
Denizli, Mugla) have come to the fore in terms of operating activities/licenses of lignite. Tekirdag,
Edirne and Manisa are the provinces in the first place. The amount of lignite production in Tiirkiye in
2021 increased by about 7% compared to 2020 and amounted to 90,780,036 tons. In 2021, among the
lignite production in Tiirkiye, the share of private sector lignite fields is 42.7% and the share of lignite
fields belonging to public institutions and organizations is 57.3%.

Keywords: Lignite, asphaltite, mining
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Ozet

Barit yataklar1, Tirkiye’nin giineyindeki Toros Kusagi boyunca Isparta-Konya (1K), Antalya-Mersin
(AM) ve Mus-Bitlis (MB) bolgeleri olmak {izere ti¢ farkli cevherlesme zonunda bulunmaktadir. Bu
caligma, barit mineralinin stronsiyum izotop verileri ile cevher olusturan c¢dzeltilerin kdkenini
incelemeyi amaglamaktadir. Barit yataklari, IK bdlgesinde Kambriyen-Devoniyen yasl kalksist, sist ve
rekristalize kiregtasinda, AM bolgesinde Permiyen yash sist, kalksist ve rekristalize kirectasi ve
Kambriyen-Devoniyen yash sist yankayaglarinda yataklanmaktadir. MB bolgesinde de barit yataklar
Devoniyen yash klorit-serizit sist, kalksist ve rekristalize kirectasi ve Permiyen rekristalize kirectasinda
gozlenmektedir. Barit cevherlesmesi damar, mercek ve stratiform yataklanma sekillerine sahiptir.
Cevherlesme genellikle KB-GD, KD-GB ve daha az K-G yonlii kirik zonlarinda ve litolojik birimlerin
dokanak smirlarinda izlenir. IK bdlgesinde Sr izotop oranlari bazi numunelerin degerleri harig
(%00,7116, 0,7128, 0,7158) Hiiyiik bariti igin %00,7092’dan %00,7099’a ve Sarkikaraaga¢ bariti i¢in
%00,7105°dan %00,7174’a dizilmektedir. Yankayaclarin 8%®’Sr izotop degerleri Hiiyiik’de sist ve
kalksist i¢in %00,7111°den 0,7546’¢ ve Sarkikaraaga¢’da demirli-piritli gist i¢in %00,7220’den 0,7408’
e degismektedir. AM bolgesinde 6®¢/Sr oranlari barit igin %00,7093 ve 0,7102 arasindaki degerlere ve
sist-fillit igin %00,719459 ve 0,797528 oranlarina sahiptir. MB sahasindaki Sr izotop oranlar1 barit igin
9%00,7104°den 0,7147 ¢ degisir ve sist igin %00,7407 degerine sahiptir. Ug bolgedeki baritlerin yiiksek
87Sr/%Sr oranlari, Sr ve Ba’un ii¢ cevherlesme zonu ¢evresindeki Kambriyen-Permiyen yas araligindaki
temel metamorfik klastik kayaglar ve denizel karbonatli kayaglar ile etkilesimli deniz suyu kékeninin
stvilart ve metamorfik sivilardan kaynaklanmis oldugunu bize gosterir.

Anahtar Kelimeler: Toros Kusagi, barit yataklari, stronsiyum izotop orani, koken

Abstract

Barite deposits are located in three different regions between Isparta-Konya (1K), Antalya and Mersin
(AM), and Mus-Bitlis (MB) regions along Taurides Belt in southern Tiirkiye. This study purposes to
investigate the origin of ore-forming solutions by strontium isotope data of barite mineral. Barite
deposits are hosted in the Cambrian-Devonian calcschist, schist, and recrystallized limestone at the 1K
region, and in the Permian schist, calcschist, dolomite, recrystallized limestone and the Cambrian-
Devonian schists at the AM region. In the MB region, the barite deposits are observed in the Devonian
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chlorite-sericite schist, calcschist, and recrystallized limestone and the Permian recrystallized limestone.
Barite mineralization have the deposition forms of the vein, lens and stratiform. The mineralization
follows in fracture zones which have generally NW-SE, NE-SW and to a lesser extent N-S direction and
in the contact boundaries of lithological units. In the IK region, Sr isotope ratios range from 0.7092 to
0.7099%o for Hiiyiik barite (except for values of some samples, 0.7116, 0.7128, 0.7158 %o) and line up
from 0.7105%o to 0.7174%o for Sarkikaraagag barite. 5°®®’Sr isotope values of host rocks range from
0.7111 to 0.7546%o for schist to calcschist in Hiiylik and vary from 0.7220 to 0.7408%o for iron-pyrite-
bearing schist in Sarkikaraagag. In the AM region, 8%/®’Sr ratios have the values between 0.7093 and
0.7102%o for barite and have 0.719459 and 0.797528%. for schist-phyllite. In the MB area, Sr isotope
ratios vary from 0.7104 to 0.7147%o for barite, and have 7407%o value for schist. The high 8/Sr/%Sr
ratios of barite samples from three regions show us that Sr and Ba originated from the metamorphic
fluids and the seawater origin fluids, which are strongly interacted with the basement metamorphic
clastic rocks and marine carbonate rocks in the Cambrian-Permian age interval in the regions.

Keywords: Taurides Belt, barite deposits, strontium isotope ratio, origin
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Ozet

Bu ¢alisma Amasra civaridaki Ust Jura-Alt Kretase yash Inalti Formasyonu kiregtaslarinin endiistriyel
hammadde potansiyelinin arastirilmasini amaglamaktadir. Bolgenin genel stratigrafisine bakildiginda,
en yasl birim Karbonifer yash cakiltasi, kumtasi, daha seyrek sil ve camurtasi ara seviyelerde komiir
bantlar1 iceren Zonguldak Formasyonu, iizerine agisal uyumsuzlukla gelen Permiyen-Triyas yaslh
Cakraz Formasyonu; kirmizi renkli karasal camurtasi, seyl, kumtasi ve konglomera, merceksel
cakiltaglari, capraz tabakali kumtaslari ve seyllerden olusmaktadir. Cakraz Formasyonu tizerine tedrici
gecisli olarak, Triyas yash gélsel Cakrazboz Formasyonu gelmektedir. Bu formasyonda alt seviyelerde
kahverengimsi, sar1, yer yer kirmizi renkli, iyi boylanmali kuvars kumtaslari, iizerinde yesil, yesilimsi
gri ve yer yer kirmizi renkli, kumtasi ara tabakali seyl ve marnlarla iist seviyelerde ise beyaz, bej renkli
Killi kirectas1 ara tabakalar1 goriilmektedir. Inalti Formasyonu, Cakrazboz Formasyonu iizerine agisal
uyumsuzlukla gelmektedir. Uzerinde ise yer yer Himmetpasa Formasyonu, altta taban cakiltaslari ile
baslayip s1g denizel kumtaslari, iiste dogru tiirbiditk kumtas:1 ve siyah renkli seyl ardalanmasi, daha iist
seviyelerde alin derin denizel seylere gecis goriilmektedir. Inalti Formasyonu ise tabanda kumtaslari,
kirectaslar1 ve yer yer seyller ile baslayip list kesimlere dogru masif tabakalanmali kiregtaglarindan
olusmaktadir. Inalti Formasyonu, altinda bulunan Triyas yash Cakrazboz ve Dogger yash Himmetpasa
Formasyonlari iizerine paralel uyumsuzlukla gelmektedir. Calisilan kiregtasi 6rneklerinin mineralojik
ve jeokimyasal tayinleri X-ismi difraksiyonu (XRD) ve X-i1gin1 fluoresans (XRF) analizleriyle
gerceklestirilmistir. Yapilan jeokimyasal analiz sonuglarina gére, MgO-CaO igeriklerine bakildiginda
orneklerin biiyiik bir cogunlugunun dolomitik karakterde oldugu saptanmistir. Buna gore, 6rneklerin
MgO igerigi %17-20, CaO igerigi %30-50, SiO; igerigi %1-17, Al,O;3 igerigi %0-1.5 ve Fe;0s3 igerigi
%0-1 araliginda degismektedir. Bu veriler 1s181nda, Ust Jura-Alt Kretase yash inalti Formasyonu
kiregtaslariin dolomitik karakterde oldugu ve endiistride hammadde olarak demir-celik sanayi ve cam
sanayinde kullanilabilecek 6zelliklere sahip oldugu belirlenmistir.

Anahtar kelimeler: Kiregtasi, jeokimya, endiistriyel hammadde, Amasra, Bati1 Karadeniz Bolgesi
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Abstract

This study aims to investigate the industrial raw material potential of Upper Jurassic-Lower Cretaceous
aged Inalti Formation limestones around Amasra. When we look at the general stratigraphy of the
region, the oldest unit is the Carboniferous aged Zonguldak Formation, which contains conglomerate,
sandstone, less frequent silt and mudstone coal bands at intermediate levels, and the Permian-Triassic
aged Cakraz Formation; It consists of red-colored terrestrial mudstone, shale, sandstone and
conglomerate, lenticular conglomerates, cross-bedded sandstones and shales. The Triassic lacustrine
Cakrazboz Formation overlies the Cakraz Formation with a gradual transition. In this formation,
brownish, yellow, locally red colored, well-sorted quartz sandstones are observed at the lower levels,
green, greenish gray and occasionally red colored, sandstone interbedded shale and marls and at the
upper levels white, beige clayey limestone interlayers. inalti Formation overlies the Cakrazboz
Formation with an angular unconformity. On the top of it, Himmetpasa Formation is observed in places,
starting with basal conglomerates at the bottom, shallow marine sandstones, alternating turbiditic
sandstone and black shale towards the top, and transition to deep marine things at the upper levels. The
Inalt1 Formation, on the other hand, consists of massive bedded limestones starting with sandstones,
limestones and locally shales at the base and towards the upper sections. The Inalt: Formation overlies
the Triassic Cakrazboz and Dogger aged Himmetpasa Formations with a parallel unconformity.
Mineralogical and geochemical determinations of the studied limestone samples were performed by X-
ray diffraction (XRD) and X-ray fluorescence (XRF) analysis. According to the results of the
geochemical analysis, when the MgO-CaO contents were examined, it was determined that the majority
of the samples were dolomitic in character. Accordingly, the MgO content of the samples varies between
17-20%, CaO content 30-50%, SiO, content 1-17%, Al,Os content 0-1.5% and Fe,Os content 0-1%. In
the light of these data, it has been determined that the Upper Jurassic-Lower Cretaceous aged Inalti
Formation limestones are dolomitic in character and can be used as raw materials in the iron-steel
industry and glass industry.

Keywords: Limestone, Geochemistry, industrial raw materials, Amasra, Western Black Sea Region
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Ozet

Tiirkiye'nin kuzeybatisindaki cevherlesmelerin ¢ogu, sadece altin igeren veya daha az miktarda Pb-Zn
cevherlesmesi ile iliskili diisiik ila orta siilfidasyonlu (LS-IS) Au + Ag yataklanidir. Biga
Yarimmadasindaki epitermal yataklar diinyadaki epitermal cevherlesmeler ile ayni1 6zelliklere sahiptir.
Bat1 Anadolu’daki pek ¢ok epitermal Au-Ag (yiiksek ve diisiik siilfidasyonlu /HS-LS), porfiri Au-Cu-
Mo ve baz metal skarn cevherlesmesi ve yatagi Tersiyer yash kalk-alkalen magmatizmasi ile iliskilidir.
Karadere yatag1 diisiik siilfidasyon tipi epitermal bir yatak olarak kabul edilmekte olup cevherlesme
alaninda Triyas yasli metamorfik bir temel, Oligo-Miyosen yash Kozak granadiyoriti ve Erken-Orta
Miyosen yasl volkanik-subvolkanik kayaclar gozlenmektedir. Altin ve giimiis cevherlesmeleri; Erken-
Orta Miyosen yasl volkanik-subvolkanik kayaglardan; yiiksek-orta agili normal faylar ile 6telenmis
andezitik domlar ile onlar1 {izerleyen aglomera ve volkanik bresler igerisinde gozlenen kuvars damarlari
ile iliskilidir. Cevherli damarlar seker dokulu kuvarslardan olugmakta olup, nadiren bigagimsi ve bresik
yapidadir.

Sivi kapanim Ol¢timleri kuvars minerallerinde gergeklestirilmistir. Elde edilen mikrotermometrik
verilere gore; ilk evreyi temsil eden seker dokulu kuvarslart olusturan ¢ozeltilerin orta tuzluluk (%7
NaCl esdegeri) ve yiiksek sicakliga (300°C) sahip oldugu; son evreyi temsil eden rekristalize kuvarslari
olusturan ¢ozeltilerin ise diisiik tuzluluk (%0,3 NaCl esdegeri) ve daha diisiik sicakliga (180°C) sahip
olduklarimi gostermektedir. Bigaks1 kuvars yapilari ile sivi ve gazca zengin sivi kapanimlarin ayni fazda
ve yaygin olarak gdzlenmesi, hidrotermal sistemin kaynadigina ve altin ¢dkeliminin de kaynama ile
iligkili olduguna isaret etmektedir.

Anahtar Kelimeler: Karadere, Edremit, epitermal, altin, sivi kapanim

Katki Belirtme: Bu ¢alisma PAU Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan desteklenmistir
(PAU2021FEBEQ069).
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Abstract

The majority of the deposits in northwest Tiirkiye are low to intermediate sulfidation (LS-IS)
Au + Ag deposits, often with gold as the main resource or in lesser amounts associated with
Pb-Zn mineralization. The epithermal deposits in the Biga Peninsula have the same geological
characteristics as other deposits of this style around the globe. A number of epithermal Au-Ag
(high and low sulfidation/HS-LS), porphyry Au-Cu-Mo and base metal skarn deposits and
mineralization are associated with Tertiary calc-alkaline magmatism in Western Anatolia. The
Karadere deposit can be considered an Low Sulfidation Epithermal Deposit and mineralization
area consists of Triassic metamorphic basement, Oligo-Miocene Kozak granodiorite and early-
middle Miocene volcanic-subvolcanic rocks. Gold and silver mineralization are hosted by
quartz veins confined to high to moderate angle normal faults traversing the andesitic domes,
and overlying agglomerate-volcanic breccia in the early-middle Miocene volcanic, subvolcanic
rocks. The mineralized veins are composed of sugary quartz and occasional bladed to brecciated
textures. Fluid inclusion studies conducted of in quartz minerals in Karadere deposit. Based on
microthermometric data of fluid inclusions, the hydrothermal fluid is interpreted to have
evolved during at least two stages: i) an early fluid, trapped in sugary quartz, with moderate ~7
eq. wt.% NacCl salinity, and temperature is about 300 °C; and ii) late-stage fluid trapped in
recrystallized quartz with low ~0.3 eg. wt.% NaCl salinity, and temperature is 180 °C. The
presence of bladed texture and of co-existing liquid-rich and vapor-rich inclusions in the ore-
stage indicates a boiling event in the Karadere gold mineralization.

Keywords: Karadere, Edremit, epithermal, gold, fluid inclusions
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Ozet

Calisma alan1 olan Giilkonak Fe-skarn yatagi Ust Kretase Behrekdagi Pliitonu ile Paleozoyik Bozgaldag
Formasyonu arasindaki dokanakta gelismistir. Yatakta mineral parajenez iliskilerine gére hidrotermal
aktivite bes ana evrede gelismistir. Tk evre (1) sodik-potasik (plajiyoklaz (An;.,) +ortoklaz (Orss.g6) +
biyotit) alterasyonlarla karakteristiktir. ilerleyen skarn evresi (2) klinopiroksen (Diyeoss) + garnet
(Grso199) minerallerini igerir. Klinopiroksenlerin Fe/Mn oranlar1 (0.01-0.5) digiiktiir. Ana
cevherlesmenin gelistigi gerileyen skarn evresi (3) i¢in hidrotermal (3a: epidot (Epsi-79) + magnetit) ve
stilfid (3b: kuvars + kalsit +pirit + klorit + serisit + kalkopirit + bornit + hematit) fazlar1 olarak iki alt
faz tanimlanmigtir. Ekzoskarn zonunda gelismis masif magnetit mineralizasyonuna az bollukta epidot
eslik eder. Siilfid mineralizasyonu saginimli veya masif magnetiti kesen damarlar seklinde gelismistir.
Magnetit ve pirit ile iliskili epidot ve kloritler yiiksek Fe/Fe+Al (0,25-0,61) ve orta Fe/Fe+Mg (0,39—
0,43) oranina sahiptir. Kloritler piknoklorit — brunsgivit olarak siniflandirilmistir. Cevherlegsme sonrasini
karakterize eden kuvars-karbonat (4) ve karbonat (5) evresi ise kuvars + kalsit + hematit + pirit ve kalsit
+ g6tit + kalkosit + kovellit mineralleri gelismistir.

Giilkonak Fe-skarn yatagindaki magnetitler diisik Ti+V ve orta Cat+Al+Mn igerikleri ile skarn-
hidrotermal kokenli yatagi karakterize eder. Piritler ise diigiik Co/Ni oranlar1 (n: 11, 0,39-6,71, ort: 0,99)
ile hidrotermal kokene isaret eder. Hidrotermal magnetitler diistik Si- (n:33, %0,02-0,79, ort: %0,07),
Ti (<%0,02), Al (%0,05-0,56, ort: %0,06), Mg (%0,01-0,26, ort: %0,03) ve Ca (%0,01-0,18, ort:
%0,05) konsantrasyonlarina sahiptir. Fe konsantrasyonu ise %75,41-79,32 (ort. %78,21) arasindadir.
Magnetitlerde iz elementler (Ca+Mg+Al+Si) ile Fe konsantrasyonu arasinda negatif bir korelasyon
vardir.

Giilkonak Fe-skarn yataginda farkli evrelerde gelismis mineral topluluklari ve bilesimleri, hidrotermal
akiskan kompozisyonlarinin periyodik olarak degistigine isaret eder. Magnetitlerin iz element

konsantrasyonlari ise birlikte kristallendigi mineral bilesimleri ile iligkilidir.

Anahtar Kelimeler: Giilkonak Fe-skarn yatagi, mineral bilesimleri, Kirikkale, Orta Anadolu.
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Abstract

The Giilkonak Fe-skarn deposit is developed at contact between Upper Cretaceous Behrekdag Pluto and
Paleozoic Bozgaldag Formation. According to mineral paragenesis in the deposit, hydrothermal activity
developed in five main stages. First stage (1) is characterized by Na—K (plagioclase (An..;) + orthoclase
(Orgs.g6) + biotite) metasomatic alterations. Prograde skarn stage contains clinopyroxene (Diygo-95) +
garnet (Grso1-99) minerals. Fe/Mn ratios (0.01-0.5) of clinopyroxene are low. Retrograde skarn stage
(3), in which the main mineralization occurs, two sub-phases were defined as hydrothermal (3a: epidote
(Eps1-79) + magnetite) and sulphide (3b: quartz + calcite + pyrite & chlorite + sericite + chalcopyrite +
bornite + hematite) phases. Massive magnetite mineralization formed in the exoskarn zone is
accompanied by epidote in low abundance. Sulphide mineralization developed as disseminated or as
veins cross-cutting magnetite orebody. Epidote and chlorite associated with magnetite and pyrite
mineralizations have high Fe/Fe+Al (0.25-0.61) and medium Fe/Fe+Mg (0.39-0.43) ratios. Chlorites
are classified as pycnochlorite — brunsvigite. Quartz-carbonate (4) and carbonate (5) stages occurring
after the mineralization are characterized by quartz + calcite + hematite & pyrite and calcite + goethite
+ chalcosine + covelline minerals.

The magnetite in the Giilkonak Fe deposit is characterized as a skarn-hydrothermal origin deposit with
low Ti+V and medium Ca+Al+Mn contents. Pyrites indicate hydrothermal origin with low Co/Ni ratios
(n:11, 0.39-6.71, mean: 0.99). Hydrothermal magnetites have low- Si (n:33, 0.02-0.79 wt%, mean: 0.07
wit%), Ti (<0.02 wt%), Al (0.05-0.56 wt%, mean: 0.06 wt%), Mg (0.01-0.26 wt%, mean: 0.03 wt%)
and Ca (0.01-0.18 wt%, mean: 0.05 wt%) concentration. Fe concentration is between 75.41 wt%—79.32
wt% (mean: 78.21 wt%). There is a negative correlation between trace elements (Ca+Mg+Al+Si) and
Fe concentration in magnetites.

In the Giilkonak Fe skarn deposit, mineral assemblages had developed at different stages and their
composition indicates periodic changes in hydrothermal fluid compositions. Trace element
concentrations of magnetites are related to the co-crystallized mineral compositions.

Keywords: Giilkonak Fe-skarn deposit, mineral compositions, Kirikkale, Central Anatolia.

Acknowledgement: This study is supported by the Scientific Research Project Unit of Nevsehir Haci Bektas Veli
University (NEUBBAP20F7).
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Pirejman bdlgesi Pb-Zn-Ba cevherlesmeleri Diyarbakir’in 80 km kuzeyinde, Bitlis-Zagros Siitur Zonu
tizerinde yer almaktadir. Bolgenin jeolojik cercevesini nap dilimleri olusturur. Cevherlesmelerin
bulundugu nap dilimlerinden en yashs1, Ust Jura - Alt Kretase yash kirectasi bloklari iceren Kogali
Karmasigidir. Karmasik serpantinit, kristalize kiregtasi, radyolaryali ¢ort bloklar1 ve camurtaglarindan
olusmaktadir. Bunun ilizerinde tabanda konglomera, kumtasi, kiltasi, marn, kirectasi, dolomit ve killi
kiregtasindan olusan Eosen-Oligosen yasli Midyat Grubu tektonik dilimi yer alir. En geng nap dilimi ise
ustte kumtasi, silttasi, kiltasi ve kiregtasi igeren erken Miyosen yasli Lice formasyonudur.

Pirejman bolgesindeki Pb-Zn cevherlesmeleri i¢inde bulundugu nap dilimine gére ortam ve yasa gore
Ust Kretase Melanj1 ve Eosen karbonatlari icindeki cevherlesmeler seklinde iki ana gruba ayrilmstir.
Bu gruplar da metal birlikteliklerine gore alt gruplara ayrilir.

Birinci grup, Melanj igerisindeki cevherlesmeler olup melan;j serisine ait Ust Jura - Alt Kretase yash
kiregtas1 bloklarinda gozlenir. Bu tiiriin en iyi temsilcisi Pirejman Pb-Zn yatag: ile Siilfiir Ocak ve
Mezarlik Tepe yataklaridir. Pirejman Pb-Zn yatagi genel olarak K60D dogrultulu ve GD’ya egimli olup
siilfidli ve oksitli-karbonatli cevher zonlarindan olusmaktadir. Ilksel siilfidli cevher galen, sfalerit ve
pirit igerirken, oksitli-karbonatli zonlar baslica smitzonit, hemimorfit, seriizit ve demirokist mineralleri
icermektedir. Oksitli-karbonatli cevher “yan kaya replasmani” ve “karst dolgusu” seklinde olusmustur.
Ikinci grup, Eosen yash karbonath kayaglar igerisinde gelismis olup barit ve baritli Pb-Zn
cevherlesmeleri seklinde alt gruplara ayirilir. Bu cevherlesmeler genelde K30-50D dogrultulu ve dik
konumlu kirtk hatlarinda, damar seklinde gelismistir ve baslica barit ile nadiren galenit ve sfalerit
icermektedir.

Melanj ve Eosen yaglh karbonatlar igerisindeki cevherlesmelerin iz element igerikleri biiyiik 6lciide
benzerlik gostermektedir. Yine her iki grup cevherlesmeye ait barit ve galenitlerin durayl kiikiirt
izotoplari (5**Sv.cot) %018-24 arasinda dar bir arlikta dagilim gdstermekte olup MVT Pb-Zn yataklarinin
izotop degerlerine benzemektedir.

Saha gozlemleri ve analitik veriler ilksel mineralizayonun erken Kretase donemindeki pasif kita
karbonatlarinda muhtemelen MVT Pb-Zn seklinde olustugunu géstermektedir. Tetis okyanusunun
kapanmasi siirecinde ilksel MVT cevherlesmeleri ge¢ Kretase doneminde melanj igerisine aktarilmig
olmalidir.
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Neotetis okyanusunun tamamen kapanmasindan sonra, Miyosen’de devam eden Arap ve Anadolu
kitalariin carpisma siirecinde bolge yiikselerek deformasyona ugramig, bindirmeler gelismis ve
ardindan gerilmeli tektonik rejimde normal faylar olusmustur. Bu normal faylar boyunca sirkiile olan
hidrotermal ¢ozeltiler muhtemelen melanj igerisindeki ilksel MVT cevherlerindeki Pb, Zn ve Ba
elementlerini ¢6zerek remobilize etmis ve normal faylarda damar sekilli Ba-Pb-Zn cevherlesmelerini
olusturmustur. Bu siirecte melanj igerisindeki Pb-Zn cevherlesmeleri de oksitlenerek siliperjen
kosullarda oksitli-karbonatli Zn-Pb yataklarina doniismiistiir.

Anahtar Kelimeler: Pb-Zn-Ba, siilfidsiz ¢inko, durayli izotop jeokimyasi, Pirejman, GD Tiirkiye

Abstract

The Pirejman region is located 80 km north of Diyarbakir and on the Bitlis-Zagros Suture Zone. The
geological framework of the region consist of nappe unites and their primary stratigraphic relationship
was completely destroyed. The oldest nappe unit is Upper Jurassic- Lower Cretaceous aged limestone
containing Kogali complex that consist of serpentinite, limestone, radiolarian chert blocks and
mudstones of the Cretaceous The second units is Midyat Group, consisting of conglomerate, sandstone,
claystone, marl, limestone, dolomite and clayey limestone of the Eocene-Oligocene. The youngest
formation is Miocene aged Lice formation, which contains sandstone, siltstone, claystone and limestone,
that is observed as a show thrusted nappe unit.

The mineralizations in the Pirejman region are divided into two main groups as Melange-hosted and
Eocene-hosted according to the host lithology and these groups are subdivided according to their mineral
associations. The first group is Melange-hosted mineralizations and occur in the Mesozoic limestone
blocks belonging to the Kogali complex. The best representative of this type of mineralization is the
Pirejman Pb-Zn deposit, and then the Siilfiir Ocak and Mezarlik Tepe deposits. The Pirejman Pb-Zn
deposit is generally N60E oriented and inclined to SE, and includes sulphide and non-sulfide ore zones.
Sulfide zone consist of fine crystalline galena, sphalerite and rare pyrite while non-sulfide ore consist
mainly of smithsonite, hemimorphite, cerussite, and Fe-oxides. Non-sulphide ore occur as “wall-rock
replacement” and “karst-fill” type.

The second group developed in the brecciated snady limestone of the Eocene, and subdivided as barite
and Pb-Zn-Ba mineralizations. These mineralizations generally extends N30-50E direction and occur as
veins in the fault zones. This type of ore consists mainly of barite, and rare galena and sphalerite. The
trace element contents of melange and Eocene-hosted mineralizations are largely similar. Also, the
stable sulphur isotopes (5**Sv-cor) of barite and galena belonging to both groups are narrowly distributed
between 18%o and 24%o and are similar to the isotope values of MVT Pb-Zn deposits rather than SEDEX
deposits.

Field observations and analytical data show that primary mineralization was probably formed as a MVT
Pb-Zn deposit in passive margin carbonates in the early Cretaceous period. This primary MVT Pb-Zn
deposits fragmented and sliced related to the closure of the Neotethyan ocean and introduced into the
melange series in the late Cretaceous period.

As a result of the closure of the Neotethyan ocean in Miocene, folded and thrusted region was deformed
and uplifted due to post collisional compressive stress between the Arabian and Anatolide plates.
Normal faults were developed associated with thickening of the crust under the tensional conditions.
Hydrothermal fluids circulated along these normal faults and were probably leached Pb, Zn and Ba
elements from the primary MVT ores in the melange and formed vein - type Ba-Pb-Zn mineralizations
along the normal fault zone. During that time the melange-hosted Pb-Zn sulfides have been oxidized
and changed into non-sulphide Zn-Pb deposits under supergene conditions.

Keywords: Pb-Zn-Ba, non-sulfide zinc, stable isotope geochemistry, Pirejman, SE Tiirkiye
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Abstract

Alkaline carbonatite complexes attract a wide scientific interest in recent years, thanks to their critical
raw material contents including REE, Nb, Th and U. Most carbonatite complexes are generally
associated with an extensional tectonic regime in a rather thick crustal environment, however, some
carbonatite intrusions can be found in post-subduction related tectono-magmatic processes. This study
focuses on the geochemical and mineralogical features of the beforsitic carbonatite rocks in Ayvacik
(Canakkale, NW Tiirkiye). Carbonatites in the study area are mainly composed of variable sizes of
calcites and apatites indicating a multi phase mineralization process. These different stages of
carbonatite emplacements contain considerable amounts of MgO, therefore the intrusions and related
alteration zones as a whole can be described as highly fractionated late stage carbonatite — potassic fenite
complex. The carbonatites in the study area, also host high grades of HREE — Th (up to 194.7 and 3665.1
ppm respectively) itself, and HREE mineralizations are hugely dependent on apatite accumulations. In
addition, associated potassic fenite zones are primarily mineralized in terms of U (up to 2551.7 ppm)
and Th (up to 248.2 ppm). Those enrichments in potassic fenite zones cause relatively high ionizing
dose rates (8 to 22 pSv/h). The source of the carbonatites in the area can be concluded as a hybrid magma
chamber with an enriched mantle source and interference of felsic gneisses and marbles of the Kazdag
metamorphic complex.

Keywords: Carbonatite, REE-Th-U enrichments, alkali-potassic rocks, Ayvacik, Canakkale, Tiirkiye

Ozet

Alkali karbonatit kompleksleri, NYE, Nb, Th ve U gibi kritik hammadde icerikleri sayesinde son
yillarda genis bir bilimsel ilgi ¢ekmektedir. Cogu karbonatit kompleksi genellikle olduk¢a kalin bir
kabuk ortaminda genislemeli tektonik rejim ile iliskilidir, ancak bazi karbonatitler yitim sonrasi1 tektono-
magmatik siirecler ile iligkili bir sekilde de gelisebilir. Bu c¢alisma, Ayvacik'taki (Canakkale, KB
Tiirkiye) beforsitik karbonatit kayag¢larinin jeokimyasal ve mineralojik 6zelliklerine odaklanmaktadir.
Inceleme alanindaki karbonatitler, temel olarak ¢ok fazli bir cevherlesme siirecine isaret eden, degisken
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boyutlarda kalsit ve apatit kristallerinden olusmaktadir. Calisma alanindaki karbonatitlerin yiiksek
oranda MgO icermesi nedeniyle, bu kayaglar ve ilgili alterasyon zonlar1 bir biitiin olarak yiiksek oranda
fraksiyonlasmis ge¢ evre karbonatit — potasik fenit kompleksi olarak tamimlanabilir. Ek olarak, bu
karbonatitik kayaclar yiiksek miktarda ANYE — Th (sirasiyla 194,7 ve 3665,1 ppm'ye kadar) igerir.
ANYE mineralizasyonlarinin biiyiik 6l¢iide apatit kiimiilatlarina bagli olduklart disiiniilmektedir.
Ayrica, ¢alisma alanindaki potasik fenit zonlar1 dncelikli olarak U (2551,7 ppm'ye kadar) ve Th (248,2
ppm'ye kadar) agisindan zenginlesmistir. Potasik fenit zonlarindaki bu zenginlesmeler nispeten yiiksek
iyonlastirict doz oranlarina (8 ila 22 pSv/h) sebep olmaktadir. Bolgedeki karbonatitlerin kaynagi,
zenginlesmis bir manto kaynagi ve Kazdag metamorfik kompleksine ait felsik gnays ve mermerlerin
etkilesimi ile gelisen hibrit bir magma odasi olarak diistintilmektedir.

Anahtar Kelimeler: Karbonatit, NYE-Th-U zenginlesmeleri, alkali-potasik kayaglar, Ayvacik,
Canakkale, Tiirkiye

1. INTRODUCTION

In western Anatolia a widespread magmatism was active in Eocene-Miocene period with High-K
calcalkaline granitoids and their extrusive counterparts (Altunkaynak et al, 2012). The extrusive rocks
continue in Pliocene period gaining an alkaline — shoshonitic character (Ersoy et al, 2010). The existing
literature was mainly focused on the petrogenetic properties of these magmatism, however, the rocks
which have ultrapotassic affinities, have recently attracted attention from the scientific community
(Akal, 2013). Due to the rare ultrapotassic magmatism encountered in NW Anatolia, neither carbonatite
intursion was expected and not reported to the present day. The well known Arikli U-Th deposit in N of
Edremit Gulf, was continuously studied for at least 4 decades (Giinaydin, 2017). The deposit is broadly
considered as a vein type U-Th mineralization. However, the source of Th and U remains a mystery to
the present day. In most ore fields the coeval mineralization of the Th and U points out an ultrapotassic
— carbonatitic magmatism-related processes such as fenitization alteration (Cuney and Kyser, 2009).
Carbonatite-Fenite complexes with their tendency to host various types of different incompatible
elements including REE, Fe, Nb, U, Th and, P at high grades, gaining scientific importance. Most of the
carbonatites are closely related with nephelinitic — foid syenitic intrusions which were emplaced in thick
continental environment under an extentional tectonic regime (Le bas, 1981). In Tiirkiye, a number of
carbonatite complexes were continuously studied in terms of genesis and geochemical features.
Idenified carbonatite complexes in Tiirkiye are; Kizilcadren (Morteani and Satir, 1989; Nikiforov et al,
2014), Kuluncak (Cimen et al, 2020) and Karagayir (Cimen et al, 2022). Of these, Kizilcadren
carbonatite complex which is close to industrial production, can be considered as a late stage, bulk
tonnage, average grade REE-Th deposit with significant amounts of fluorite and barite minerals. The
carbonatites of the Kizilcadren deposit were emplaced into a thick pile of volcanic sequence which
covered meta-epiclastic and ophiolitic rocks (Nikiforov et al, 2014). On the other hand, Kuluncak and
Karagayir occurences are nepheline syenite hosted carbonatite bodies and their geochemical data show
promising results (Pulat et al 2022; Cimen et al, 2022). Turkish carbonatites generally have Light REE
- Th enrichments and represent highly fractionated syenitic magma properties (Cimen et al, 2022). These
carbonatites are originated from an enriched mantle source with carbonate metasomatism processes,
therefore; they cannot be considered as a primary mantle carbonatite intrusion. These conclusions can
be also supported by the isotopic composition properties of Turkish carbonatites (Cimen et al, 2020).
Carbonatites are mostly enriched in LREE, however; some carbonatites may represent immense levels
of HREE values as our study field. This study focuses on the source of the Th and U mineralizations
and their relationship between the ultrapotassic — carbonatitic magmatism. The results may shed light
on the prospecting stages on the study area.
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2. GEOLOGICAL BACKGROUND

The study area, various types of high-grade metamorphic units constitute basement rocks. The
metamorphic rocks of the study area are summarized Kazdag metamorphic complex. These
metamorphic are paragneisses, ortogneisses, amphibolites and marbles (Duru et al, 2004). The
metamorphic units were tectonically overlain by an ophiolitic mélange consisting of spiletized mafic
volcanic rocks, pyroclastic rocks, limestone, chert-radiolarite, shale and greywacke. In addition, blocks
of micaschist and metabasic rocks that have undergone metamorphism in eclogite facies (Okay and
Satir, 2000b; Beccaletto, 2004; Giinaydin, 2017). The Neogene volcanic and volcanoclastic sedimentary
sequence covers the elder units. The Neogene units include conglomerate, sandstone, mudstone, marl,
claystone, shale and tuff. The tuffs named as Arikli ignimbrites which host the Th-U mineralization in
study area consisting of andesite-dacite lava and tuffs and divided into three groups as vitric, crystal and
lithic tuffs by Giinaydmn (2017). The carbonatite intrusion was emplaced into the tuff units along the
SW-NE trending fault zone with highly fenitized mineralization field. The intrusion is located on the SE
part of the mineralization zone and can be observed as a dike shaped body with different thickness. The
fenitized zones in the study area can be observed as yellowish-whitish coloured rocks and relatively
brecciated with intense hydrothermal alteration. The mineralization field also have high ionizing dose
rates (22 uSv/ h ) due to the much higher levels of Th and U contents than unaltered wall rocks.

Alluvium (Quaternary) X Ore zones N
Shale - Sandstone (Miocene - Pliocene) 4*
=

7 Nomal
Pyroclastics (Oligocene - Miocene) 7 Fault

Ophiolitic melange (Cretaceous)

Figure 1. Geological map of the study area (modified from Oztiirk, 2019).

3. MATERIAL and METHODS

A total of 18 samples were collected for the analyses from alkaline-potassic rocks with high radioactive
anomalies. The anomalies were detected by a handheld BR-6 Geiger counter. Whole-rock (major, trace
and rare earth elements) analyses were conducted on powders grounded using an agate mortar muller
milling device in Geochemistry Research Laboratories of Istanbul Technical University (ITU/JAL),
Tiirkiye. The oxides of major elements, including SiO», Al,Os, CaO, K,0, Na,0, Fe,03;, MnO, MgO,
TiO,, and P,Os were determined by a Bruker S8 Tiger X-ray fluorescence (XRF) spectrometer with
wavelength ranges from 0.01 to 12 nm, the analytical uncertainty is usually\5%. Elan DRC-e Perkin
Elmer Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) was used for trace element analyses.
A two-step digestion process used approximately 50 mg of powdered samples: (1) 6 ml of 37% HCI, 2
ml of 65% HNOs; and 1 ml of 38-40% HF acid mixer put in a pressure- and temperature-controlled
Teflon beaker using a Berghoff Microwave at 135 °C; (2) 6 ml of 5% boric acid solution was added to
the step one mixer for ICP-MS analyses. The rock-forming minerals were determined by Leica DM750P
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microscope and the heavy minerals (in %) determinations Nikon SMZ 800 N model binocular
microscope was used in ITU/JAL.

4. RESULTS and DISCUSSION
4.1 Mineralogical and petrographical characteristics

The modal analysis was conducted on both fenitized wall rocks and carbonatite dike. The wall rocks
show pyroclastic textures and predominantly made up of quartz, sanidine, plagioclase, opaque minerals,
hornblendes and pumice. Quartz minerals are generally anhedral and fractured probably caused by both
faulting and hydrothermal alteration. Feldspar minerals are mainly sanidine which have anhedral
crystals with light grey colours. Plagioclase minerals are, on the other hand subhedral crystals and
mostly altered into sericite. Ferromagnesian minerals including amphiboles and biotites completely
altered to opaque secondary minerals.

mm

Figure 2. Photomicrographs of the mineral assemblages of fenitized rocks (a), and carbonatites (b-c-d),
cathodoluminescence images of apatite accumulations (e-f-h) and different stages of carbonatite veins (e-f-g-h).

The different generations of calcite generations indicate a multi-stage carbonatite intrusion process and
can be identified as a late stage carbonatite intrusion. The mineralogical composition of carbonatite
dikes is made up of different generations of magmatic calcite minerals and secondary apatite crystals.
The apatite crystals are mainly euhedral crystals which can be clearly observed in CL images of the
carbonatite samples.

4.2. Geochemical signatures

The carbonatitic rocks of the can be considered as a highly fractionated alvikitic-beforsitic rocks, which
were enriched in CaO — MgO and depleted in terms of alkaline elements including K and Na (Table x).
The depletion of alkaline elements shows a carbonatite genesis via fenitization process. The MgO
enrichment in carbonatites are widely interpreted as higher levels of fractionation (Le bas, 1981).
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Table 1. Major-element oxides contents of the carbonatitic rocks, fenitized rocks and unaltered wall rocks (in %).

Fenitized rocks Tuffs Carbonatites
Major Oxide

FYZT 1 FYZT 1-1 FYZT 2 FYZT 2-1 FYZT 2-2 FYZT 2-3  Ark-1  Ark-1.2  Ark-2 Ark-3  Ark-3.1 Ark-3.2 Ark-33 AR-1 AR-2 AR-3 AR-4 AR-5

Sio, 18.1 61.2 41.0 63.5 61.0 59.6 412 54.6 62.1 44.0 439 60.2 59.6 8.72 4.58 4.45 8.49 10.72
AL,O, 7.00 11.8 13.0 129 16.7 15.9 137 14.8 16.1 125 12.2 11.8 115 1.40 1.46 1.47 0.77 1.36
Fe,0, 4.90 6.40 6.88 6.79 3.03 6.54 4,96 4.28 234 4,69 5.67 231 2,63 0.29 0.36 0.33 0.13 0.19
MgO 0.25 0.28 0.35 0.20 0.14 0.11 413 6.29 0.39 5.90 5.87 2.18 2,67 3929 3864 3829 3879 3690
CaO 38.14 3.51 14.67 154 0.18 0.17 8.72 2.94 0.09 11.75 12.48 6.14 6.57 2.89 6.00 6.58 4.58 4.87
Na,0 0.65 0.20 0.47 0.21 0.33 0.20 1.09 4.05 0.27 2.90 2.67 2.64 2.33 <0.01 <0.01 <0.01 <0.01 <0.01
K,0 4.25 9.04 9.55 10.19 15.65 14.37 7.98 3.97 9.04 5.53 5.52 571 5.76 0.02 0.02 0.01 0.02 0.02
TiO, 0.35 0.61 0.66 0.55 0.85 0.73 0.68 0.48 0.40 0.68 0.70 0.36 0.43 0.05 0.07 0.05 0.03 0.03
P,05 20.6 3.30 9.20 130 0.14 0.25 0.18 0.13 0.10 0.17 0.16 0.10 0.07 0.02 0.17 0.07 0.02 0.02
MnO 0.30 0.17 0.24 0.15 0.03 0.04 0.13 0.05 0.11 0.24 0.24 0.16 0.14 0.02 0.02 0.03 0.02 0.03
Cr,0, 0.0 0.0 0.0 0.0 0.0 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.02 0.03 0.02 0.03
Lol 3.6 3.0 31 23 15 18 10.7 8.1 8.0 113 10.2 8.2 8.1 <0.01 <0.01 <0.01 <0.01 <0.01

TOTAL 98.2 99.6 99.1 99.6 99.6 99.7 99.4 99.7 98.9 99.6 99.6 99.8 99.8 99.9 99.4 99.7 99.9 99.9

The carbonatite variation diagram shows a beforsitic — ferrocarbonatitic trend (Figure 3-a). On contrary,
the fenitized rocks are enriched in alkalis indicating a multi-phase brecciated potassic-fenite type
alteration (Figure 3-b). Removal of SiO; from wall rocks is another evidence for fenitization resulting
an increase in immobile oxides such as Al,Os, Fe,Oz and TiO..
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ferrocarbonatite - beforsite - rauhaugite

Figure 3. (a) carbonatite variation diagram (modified from Le bas, 1981), (b) Ternary plots for fenite types
(modified from Hoy, 1988).

Carbonatites are famous for having high grades of LREE-Th (Goodenough et al, 2016) the Arikli
carbonatitic rocks are primarily enriched in terms of Sr, Th, U and HREE including Y (Table 2; Figure
4 a-b). While, HREE rich carbonatites are relatively rare compared to LREE rich carbonatites (Song et
al, 2016), elevated Th and U values, alongside P are not uncommon in carbonatite literature (Eliott et
al, 2018; Anenburg et al, 2020).

Table 3. The REE, Th, U, Y results for studied samples from the study area (contents in ppm).

Fenitized rocks | Tuffs | Carbonatites
Element

FYZT 1 FYZT 1-1 FYZT 2 FYZT 2-1 FYZT 2-2 FYZT 2-3 Ark-1  Ark-1.2 Ark-2  Ark-3 Ark-31 Ark-3.2 Ark-33 AR-1 AR-2 AR-3 AR-4 AR-5

Y 104.9 55.6 729 16.1 215 20.6 135 18.8 216 15.1 14.9 226 20.7 75.0 330.6 149.3 62.0 64.5
La 24.7 36.0 37.1 26.7 70.2 61.8 475 75.9 76.2 52.0 50.5 70.7 67.2 103 14.7 132 9.2 145
Ce 44.4 72.0 66.1 51.8 138.4 119.9 88.9 142.4 141.3 97.0 97.1 132.0 124.1 20.5 29.6 24.4 18.9 274

Pr 5.6 8.6 7.8 5.7 137 134 9.8 15.0 15.1 104 10.0 137 132 24 33 2.6 23 3.2
Nd 239 345 29.5 21.4 472 46.9 377 48.9 50.5 35.8 35.4 441 443 8.8 11.0 10.3 9.1 121
Sm 5.62 7.14 6.51 5.32 8.20 8.54 6.42 8.01 8.86 6.41 6.36 7.73 7.60 2.92 3.04 278 2.86 3.55
Eu 1.86 1.99 2.06 1.60 210 2.00 249 1.98 239 212 184 1.58 1.69 0.72 0.84 0.75 0.79 0.85
Gd 717 9.08 7.08 431 6.55 7.16 5.06 6.70 6.52 4.88 525 6.88 6.76 4.87 6.51 6.19 4.58 4.73
Th 151 138 137 0.63 103 0.90 0.58 0.91 1.00 0.73 0.62 0.95 0.99 124 247 192 1.02 110
Dy 11.4 833 8.60 3.18 4.20 4.32 3.08 4.09 4.47 292 3.02 4.35 4.40 10.0 289 19.2 8.03 9.41
Ho 321 1.85 2.26 0.62 0.77 0.76 0.55 0.65 0.97 0.59 0.54 0.86 0.82 2.56 11.03 5.58 2.06 224
Er 134 6.22 8.23 184 2.67 2.65 141 228 250 173 176 2.63 270 9.63 48.58 20.38 8.17 8.54
Tm 2.46 0.96 144 0.22 0.33 0.33 0.30 0.32 0.44 0.14 0.25 0.41 0.48 175 9.13 3.51 1.44 1.28
Yb 21.01 7.76 11.07 177 214 2.55 1.33 1.96 2.38 1.45 1.69 2.95 2.76 13.05 74.72 25.44 10.37 10.83
Lu 3.72 1.28 177 0.21 0.27 0.33 0.20 0.32 0.42 0.18 0.17 0.33 0.50 2.28 13.27 4.50 181 179
Eu/Eu* 0.90 0.75 0.93 1.02 0.88 0.78 133 0.83 0.96 1.16 0.96 0.66 0.72 0.58 0.58 0.55 0.67 0.64

IREE 170.0 197.0 190.9 125.3 297.8 2715 205.2 309.5 313.1 216.2 214.4 289.1 2715 911 257.1 140.8 80.6 101.4
ILREE 106.1 160.2 149.1 112.6 279.8 252.5 192.7 292.2 294.4 203.6 201.1 269.7 258.0 457 62.4 54.0 432 615

IHREE 639 36.8 418 12.8 18.0 19.0 125 17.2 187 12,6 133 194 104 45.4 194.7 86.8 37.5 39.9
Th 248.2 57.0 145.4 112 448 42.2 18.8 333 38.5 18.7 19.7 36.4 34.2 156.5 3665.1 12659 1123 1321
U 2551.7 4315 14117 2.8 15.8 137 7.0 45 4.0 3.7 35 8.5 8.8 20.0 373.6 1447 21.4 24.4

Y 104.9 55.6 729 16.1 215 20.6 135 18.8 21.6 15.1 149 22.6 20.7 75.0 330.6 1493 62.0 64.5
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Mostly HREE enrichments in carbonatites are closely associated with apatite fractionation (Fendley et
al, 2016). The probable reason for selective HREE fractionation in apatite minerals during carbonatite
evolution is a felsic gneiss interference in source mantle zone. Although, high levels of HREE (up to
194.7 ppm) and Th (up to 3665.1 ppm) enrichments were observed in carbonatites, a slight HREE
increase and LREE depletion were encountered in fenitized rocks compared to unaltered wall rocks. The
fenitized wall rocks also contains a considerable amount of U (up to 2551.7 ppm). Duality between
carbonatites (Th rich) and fenitized (U rich) rock samples can evoke interesting debate about the
mineralization processes. The most probable explanation for this duality is the relative weakness of
fenitizing fluids ability to remobilize the HREE (Elliot et al, 2018), however, U ion with its extreme
mobility can be a suitable candidate for reaching higher grades in such environment.

= Carbonatite Dike = Fenitised rocks —=— Tuff (wall rock)

B

1000

100
N

Sample / chondrite

/ prmitive mantle

Sample

Figure 5. (a) The chondrite-normalized (Boynton 1984) REE patterns; (b) the mantle normalized trace element
(Sun and McDonough 1989) patterns of Kestanbol alkaline rocks.

5. CONCLUSIOS

This study primarily aims to reveal the geochemical and mineralogical properties of mineralized
pyroclastic rocks and carbonatite dikes.

1. The carbonatites in the study area mainly consist of different generations of calcite and apatite
minerals

2. Carbonatites have a slight beforsitic trend with high HREE-Th-Y concentrations, however fenite
zones are primarily enriched in U and Th. The high HREE values are probably caused by apatite
accumulations in carbonatites.

3. Carbonatites may be derived from an enriched mantle source with felsic gneiss interference due
to their high HREE, Th and U contens.

4. Fenite zones contains lower LREE and higher HREE contents than unaltered wall rocks
indicating a multistage mineralization. U values are also higher than carbonatites, pointing out
the high mobility of U in a fenitising fluid.
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Ozet

Tuztas1 (Canakkale-Ayvacik) Au cevherlesmesi Biga Yarimadasi’nda yer almaktadir. Bélgede, pekgok
epitermal Au-Ag (Ag1 Dagi, Kirazli, Kisacik, Sahinli, Koru, Madendag), porfiri Au-Cu-Mo (Halilaga,
Tepeoba), skarn tip Pb-Zn+Cu (Handeresi, Bagirkagcdere, Culfagukuru) yataklar1 bulunmaktadir.
Inceleme alanminda; (i) Alt Karbonifer yash gnays, amfibolsist, mermer bloklar1 igeren, Kazdag
Metamorfiklerine ait Siitiven Formasyonu, (ii) Ge¢ Kratese yasli serpantin, diyabaz, gabro, seyl,
kumtas1 ve kiregtasi icereren Cetmi Ofiyolitik Melanji, (iii) Oligo-Miyosen yagl Evciler Pliitonu’na ait
granodiyorit, (iv) Ge¢ Miyosen yash konglomera, kumtasi ve camurtasindan olusan ilyasbasi
Formasyonu mostra vermeketdir.

Tuztasi Au cevherlesmesi, Kazdag Masifi’ne ait gnays ve sistler icerisinde kuvars damarlarinda
geligsmistir. Ana kuvars damar1 K20D dogrultulu ve 60-80° KB egimli olup 2-10 m arasinda degisen
kalinlik ve kesikli olarak 2.5 km devamlilik gosterir. Yan kayada sinirl alanlarda zayif arjilik ve
propillitik alterasyon belirlenmistir. Altin igeren damarlarda kuvarsin disinda eser miktarda pirit ve
oksidasyon tiriinii gotit ve hematit gozlenir. Kuvars damarlarinda baskin olarak sakarodial, tarak, bresik,
kokart, bosluklu (vuggy) dokular ile damar boyunca lokal kolloform ve yaprakli kuvars ornatim
dokular1 gozlenir. Kuvars damarlarmin Au igerigi 0,09 ile 4,02 ppm arasinda degigmektedir. Sivi
kapanim ¢aligmalarina gore Au igeren kuvars damarlarinin olusumunda etkin olan ¢ozeltilerin 337°C -
170°C arasinda (0ort:220°C, n:130) homojenlesme sicakligina ve %1,23 NaCl esdegeri tuzluluga sahip
olduklari belirlenmigtir.

Altinl kuvars damarinda jeokimyasal bilesimi iist kabuga normalize edildiginde damarin, As, Mo, W,
Au, Sb, Cu acgisindan en az 10 kat zenginlestigi, Co, Zr, Ta, Sc, Rb degerleri agisindan ise birka¢ kat
fakirlestigi goriiliir. Katodoliiminesans ¢aligmalar1 en fazla iki farkli faz kuvars olugumunun
gergeklestigini gostermeketdir. Kuvars minerallerinde LA-ICP-MS ile mineral kimyasi1 analizleri
yapilmis olup Au degerlerinin iz elementlerle anlamli bir iliskisi tespit edilememistir. Kuvars
minerallerinin - 8"®0gsmow  degerleri %o0-3,5 ile +5,2 arasindadir. Oksijen izotop degerleri ve
mikrotermometrik verilere gore cevherlesmede etkin olan g¢ozeltiler baskin olarak meteorik kokenli
olmalidir. Alterasyon tipi, mikrotermometrik veriler ve kuvars dokular1, Tuztasi Au cevherlesmesinin
diistik siilfidasyon (LS) tip bir epitermal Au cevherlesmesi olduguna isaret etmektedir.

Anahtar Kelimeler: Altin, disiik siilfidasyon, kuvars, sivi kapanim, oksijen izotopu
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Abstract

The Tuztas1 (Canakkale-Ayvacik) Au mineralization is located in the Biga Peninsula. The region hosts
many mineral deposists that consist of epithermal Au-Ag (Ag: Dagi, Kirazli, Kisacik, Sahinli, Koru,
Madendag), porphyry Au-Cu-Mo (Halilaga, Tepeoba), skarn type Pb-Zn+Cu (Handeresi, Bagirkacdere,
Culfagukuru) deposits. The geology of the study area consists of four main stratigraphic units. These;
(i) Lower Carboniferous Siitiiven Formation belonging to Kazdag Metamorphics, includes gneiss,
amphibole schist, marble blocks, (ii) Late Cretaceous Cetmi Ophiolitic Melange includes serpentine,
diabase, gabbro, shale, sandstone and limestone, (iii) Oligo-Miocene Evciler Pluton represented by
granodiorite and (iv) Late Miocene ilyasbasi Formation includes conglomerate, sandstone, and
mudstone.

The Tuztagt Au mineralization occurs in quartz veins and is located gneiss and schists of to the Kazdag
Massif. The main quartz vein strikes N20E and dips 60-80° NW, with a thickness varying between 2-10
m and a discontinuity of 2.5 km. Weak argillic and propyllitic alterations were determined in limited
areas of the wall rock. In the polished section examinations of the quartz veins, trace amounts of pyrite
and goethite, and hematite as oxidation products were observed. In quartz veins, predominantly
saccharodial, comb, brecciated, cockade, vuggy textures and local colloform and lattice-bladed textures
are observed. The Au content of quartz veins ranges from 0.09 to 4.02 ppm. It is determined from fluid
inclusion studies that the fluids responsible to the formation of Au-bearing quartz veins has 337°C -
170°C Th (mean:220°C, n=130) and %1.23 NaCl equivalent salinity.

The geochemical composition of the Au-bearing quartz vein is normalized to the upper crust, it is
observed that the vein becomes at least 10 times richer in terms of As, Mo, W, Au, Sb, Cu, and several
times depleted in terms of Co, Zr, Ta, Sc, Rb values. Cathodoluminescence studies show that there are
at most two different phases of quartz. According to the quartz mineral chemistry performed with LA-
ICP-MS, it was determined that no significant relationship was found between Au values and trace
elements. The 3" 0smow Values of quartz minerals are between %o0-3.5 and +5.2. According to oxygen
isotopes and microthermometric data, the fluids effective in formation of Au mineralization must be
predominantly of meteoric origin. Alteration type, microthermometric data and quartz textures indicate
that Tuztas1 Au mineralization is a low sulfidation (LS) type epithermal Au mineralization.

Keywords: Gold, low sulfidation, quartz, fluid inclusison, oxygen isotope
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Abstract

Increasing demand for rare earth elements in renewable energy, the defense industry, and electrical-
electronic products has made these elements more critical. The limited availability of resources increases
the importance of the use of secondary resources. Ash generated by the combustion of coal, one of the
most critical energy sources today, has significant potential for rare earth element recovery. This study
aims to determine the potential of some ash samples originating from Turkiye. While the total REE
concentrations were in the range of 101-277 ppm, the elements with the highest concentration are Ce,
La, Nd, and Y, respectively.

Keywords: Rare earth elements, fly ash, circular economy

Ozet

Nadir yer elementlerinin yenilenebilir enerji iiriinlerinde, savunma sanayi iriinlerinde ve elektrikli-
elektronik iiriinlerde kullaniminm artmasi bu elementleri daha 6nemli hale getirmistir. Ulke igi
kaynaklarin sinirlt olmasi ise ikincil kaynaklarin 6nemini arttirmaktadir. Giintimiizdeki en 6nemli enerji
kaynaklarindan biri olan kémiiriin yanmasi sonucu olusan kiiller 6nemli bir nadir yer elementleri
potansiyeli tasimaktadir. Bu c¢alismanin amaci Tiirkiye’de bulunan bazi kiill 6rneklerindeki
potansiyellerin belirlenmesidir. Tespit edilen toplam NYE konsantrasyonlar1 101-277 ppm
araligindayken, en yiiksek konsantrasyona sahip elementler sirasiyla Ce, La, Nd ve Y dur.

Anahtar Kelimeler: Nadir yer elementleri, ugucu kiil, dongiisel ekonomi
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1. INTRODUCTION

Rare Earth Elements (REES) are an elementary group that includes lanthanides, yttrium, and scandium,
with similar chemical properties. Rare earth elements have been subdivided into two groups, i.e., light
rare earth elements (LREES) and heavy rare earth elements (HREES), according to their atomic weight.
Most countries, also the US, are discussing the risks of dependence on rare earth elements and have
classified rare earth elements as “critical materials”, especially neodymium (Nd), dysprosium (Dy),
europium (Eu), terbium (Tb), and yttrium (), in response to market and pricing uncertainties [1].
Nowadays, China is a major country as an owner of REE sources, while Australia and the United States
have started to lose their positions in the market [2].

The first industrial application of rare earth elements dates back to the late 19th century. The
development and growing interest in electric-electronic and renewable energy products and defense
industry requirements make rare earth elements applications more inevitable. Parallel to the potential
increase in resource scarcity and the acceleration of sustainability studies, more focus has been given to
the growth of the circular economy model in the last decade. The main idea of the circular economy is
to replace the existing economic development model of "take, make and dispose of" with the
implementation of a production model of "closing the loop" [3, 4]. However, less than 1% of the REEs
utilized can be recovered these days. Secondary sources, such as acid mine drainages, end-of-life
products, and thermal power plant residuals, contain a significant amount of rare earth elements. Due to
the unsustainable availability of rare earth elements from natural sources, these resources have prompted
growing interest [5, 6]. It is essential to develop a sustainable supply of environmentally friendly and
economically competitive technologies both to reduce dependence on other countries for all of these
crucial materials and also to carry out circular economy ideals. For these reasons, combustion residuals
are gaining popularity nowadays to recover REES, as coal is one of the most important energy sources
for fuel around the world. The American Coal Ash Association estimated that only the US generated
107.4 million tons of fly ash in 2016, with about 1.5 billion tons in stockpiles, while total production
around the world was around 780 million tons. There has been a growing interest in combustion
residuals over the last decade because they could substitute as one of the potential secondary sources for
rare earth elements [1]. This study aims to represent the REE potential of five different combustion
residuals originating from Tiirkiye.

2. MATERIAL and METHODS

2.1. Definition of waste sources

Five different combustion residuals were collected to determine the potential of rare earth elements from
three different plants in Turkiye. The first plant (P1) is a thermal power plant that generates bottom and
fly ashes from coal combustion. Two different types of fly ashes were obtained from the second thermal
power plant (P2). One of the fly ashes is produced from a high-efficiency furnace as a result of higher
combustion temperature and is known as fine fly ash, while the other sample is coarse fly ash. The last
sample was taken from a hazardous waste incineration plant (P3) which uses electrostatic filters to
remove the fly ashes from the flue gas. Henceforth, the samples are named with the codes listed in Table
1 below.

Table 1. Table of sample list.

CODE SAMPLE

T1 Bottom ash of P1
T2 Fly ash of P1

T3 Coarse fly ash of P2
T4 Fine fly ash of P2
T5 Fly ash of P3
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2.2. Characterization of waste samples

A microwave-assisted (Berghof, Speedwave) acid digestion procedure was carried out under 180°C for
25 min to prepare the acidic leaches before the elemental analysis of ash samples. 0.1 g of the dry sample,
6 mL HCI (37%, Merck), 2 mL HNO3 (65%, Merck), and 1 mL HF (40%, Merck) were added into
polytetrafluoroethylene tubes. Samples were adjusted to 50 mL with distilled de-ionized water after
finishing the digestion procedure. Whole digestion experiments were replicated. Trace and major
elements were determined by inductively coupled plasma mass spectrometry (ICP-MS, Perkin Elmer,
Elan 6100) and inductively coupled plasma optical emission spectrometry (ICP-OES, Perkin Elmer,
Optima 7000), respectively. Particle size analysis (Malvern, Mastersizer 2000) was conducted to
determine the average particle size of the dry solid samples.

3. RESULTS and DISCUSSION

The top four REE concentrations of each three plants are shown in Figure 1. These elements are Ce, La,
Nd, and Y, respectively. For P1, REE concentrations of T2 are slightly higher than T1, and the average
particle size of T2 is considerably lower than T1 (Table 3). The order of the top four-element
concentrations of P2 is the same as P1, while the total REE concentration is higher than P1. On the other
hand, it can be seen that the total REE concentration has decreased with an increase in combustion
efficiency. The reason is the decrease in the removal of smaller particles, formed due to higher
combustion efficiency, by electrostatic filters. Average particle sizes for T3 and T4 are 38.178 nm and
22.994 nm, respectively.
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Figure 1. Top four REE concentrations of samples originating from (a) P1, (b) P2, and (c) P3.

The order and distribution of REE concentrations of T5 differ from the thermal power plant residuals.
The top four REE concentrations are La, Gd, Ce, and Sm. In addition, the total REE concentration of
T5 is lower than in other samples. However, determined concentrations are similar to the results of
previous studies. Huang et. al. (2020) [1], collected 42 coal fly ash samples from 19 different power
plants in the USA to determine the REE potentials. Minimum, maximum, and average concentrations
of whole samples are 156, 590, and 400 ppm, respectively. Every single concentration of REES, traces,
and major elements is listed in Table 2. Figure 2 represents the overall evaluation of REE concentrations
in terms of light REEs (LREE; La, Ce, Pr, Nd, Sm, Eu), heavy REEs (HREE; Gd, Th, Dy, Ho, Er, Tm,
Yb, Lu, Y) and critical REEs (CREE; Dy, Nd, Th, Eu, Y). HREE, LREE, and CREE concentrations of
T1-4 samples have a similar trend; however, the CREE ratio in total REE concentration of T5 is lower
than the other four samples. Also, there is a higher HREE concentration ratio for the total REEs of T5,
differing from the other samples.

Table 2. Trace and major element concentration of each sample.

| 11 | T2 | T3 | 74 | 75
REEs
Ce 88.6 95.7 103.7 76.5 12.7
Dy 5.0 6.8 3.9 6.6 0.6
Er 2.9 3.8 2.1 4.0 0.3
Eu 1.9 2.3 1.8 2.2 6.8
Gd 6.9 8.5 6.2 7.0 29.2
Ho 1.0 1.3 0.7 1.3 0.1
La 46.0 48.8 48.5 36.8 30.8
Lu 0.4 0.5 0.3 0.6 0.1
Nd 40.7 44.8 39.4 34.4 3.6
Pr 10.7 11.8 10.9 9.2 0.9
Sm 7.8 9.2 7.6 7.6 10.0
Tb 1.0 1.3 0.8 1.1 0.1
Tm 0.4 0.5 0.3 0.6 0.0
Y 28.9 39.0 20.4 41.2 5.7
Yb 2.9 3.3 2.0 3.7 0.6
Total 245.0 2774 248.7 232.8 101.6
Uand Th
U 3404 6824 1615 677 134
Th 1353 1408 2498 1198 139
Major Elements

Ca 132000 127000 57600 15470 93350
Mg 15630 19000 7106 8348 11750
Al 97300 95630 85600 100800 24100
Fe 33170 62470 43360 47710 61290
Mn 198 268 525 403 1022
Si 139300 128900 198400 278800 28900
Li 4949 5130 5215 4943 5009
Ti 5266 5247 3395 4915 14320
Zr 111 146 124 180 3622
zZn 641 776 487 533 59830
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Table 2. (Cont.) Trace and major element concentration of each sample.

Pb 151 144 161 135 4488
Cd 114 125 130 127 225
Cr 334 384 244 270 1084
Sr 445 495 555 684 572
Ba 716 732 946 1707 3590
K 12950 10580 13450 16200 28670
Co 84 89 87 97 2779
Na 166 245 3386 9014 77940

Table 3. Average pore size results of samples.

Sample Average Particle Size (hm)
T1 154.278

T2 33.126

T3 38.178

T4 22.994

T5 11.445

300

250
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Figure 2. An overall evaluation in terms of REE concentrations.

4. CONCLUSION

Coal is one of the essential energy sources worldwide, and it is well known that coal combustion
residuals contain rare earth elements. In this study, five different ashes were obtained from three plants
and analyzed to determine the REE concentrations. These concentrations vary between 101 and 277
ppm, and the top four elements for coal combustion residuals are Ce, La, Nd, and Y. On the other hand,
hazardous waste incineration residual represents a different distribution of REEs, with La, Gd, Ce, and
Sm as the top four elements. Combustion residuals can be utilized as a good secondary source to recover
REEs individually by more environmentally friendly processes.

Acknowledgment: This study was financially supported by The Scientific and Technological Research Council
of Tiirkiye (TUBITAK) (Project no:117Y357) and Istanbul Technical University (ITU) Scientific Research
Project (Project ID: 41893).
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Ozet

Ulukent (Tavas, Denizli) manganez yatagi Tirkiye’deki siyah seyl yan kayacli mangan
yataklarindan en dnemlisi olup, biiyiik bir rezerv degerine (4.000.000 ton goriinlir+muhtemel)
sahiptir. Manganez olusumlar1 diisiik dereceli metamorfizma kosullarindan etkilenmis olup, bu
calismada Ulukent manganez yatagini etkileyen sicaklik kosullarinin belirlenmesine yonelik
s1vi kapanim incelemeleri yapilmasi amaglanmigtir. Mangan cevherlesmeleri Liyas-Alt Kretase
yasli organik maddece zengin pirit iceren siyah renkli kiltagi-fillatlarin arasinda gézlenmekte
olup, ana cevher minerallerini hausmanit, psilomelan, pirolusit, braunit ve rodokrozit
olusturmaktadir. X-1sinlar1 kirinimi incelemelerine gore, bazi 6rneklerde bu minerallere ek
olarak lennilenapeyit (K-Mg-Mn-Fe-Al Silikat Hidrat) ve mangan silikat (MnSiO4) mineralleri
de belirlenmistir. Stvi kapanim incelemeleri cevher zonu ve silisli-karbonatli yan kayaglar
icerisinde ¢atlak/damar dolgusu seklinde kalsit ve kuvars olusumlar1 iizerinde
gerceklestirilmigtir. S1vi kapanimi incelemelerine goére Ulukent mangan yataginda; ilk asamada
kalsit ve kuvars olusturucu cozeltilerin tuzluluklarinin (%1,4 NaCl esdegerinde) ve
sicakliklarinin (129°C) diisiikk oldugu, daha sonraki evrede ise tuzluluklarinin (%17 NaCl
esdegerinde) ve sicakliklarinin (191°C) ise daha yiiksek oldugu belirlenmistir. Mangan
cevherindeki piritlerin $%*Scot (%o) analizi kiikiirtiin kokeninin bakteriyel/biyolojik kokenli
oldugunu gostermistir. Mangan cevheri ve yan kayaci olusturan ¢ortler igerisinde yer alan
catlak/damar dolgusu kalsitlerde 5**Cppe (%o) analizleri yapilmistir. Cevher igerisindeki
kalsitler onceki ¢aligmalarda belirtilen mangan karbonat izotop bilesimine benzer, buna karsin
cortler icerisindekiler sonraki asamada daha yiiksek sicaklik kosullartyla iligkili iki farkl
kokeni isaret etmektedir.

Anahtar Kelimeler: Tavas-Denizli, Tiirkiye, manganez, sivi kapanim
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Abstract

Ulukent (Tavas, Denizli) manganese deposit is the most important of the black shale host rock
manganese deposits in Tiirkiye and has the biggest reserve (4.000.000 ton visible+probable).
Manganese mineralizations affected by low-grade metamorphism conditions, in this study, it is
aimed to determine the temperature conditions affecting the Ulukent manganese deposit with
fluid inclusion studies. Mineralizations in the study area are generally observed as carbonated
minerals between the upper Liassic-Lower Cretaceous aged limestone and limestones rich in
organic matter, pyrite-containing, foliated black colored clay carbonates. Hausmannite,
psilomelane, pyrolusite, braunite, and rhodochrosite can be seen as ore minerals. According to
X-ray diffraction studies, in addition to these minerals in some samples lennilenapeyite (K-Mg-
Mn-Fe-Al Silicate Hydrate) ve manganese silicate (MnSiO4) minerals were determined. Fluid
inclusion studies were carried out on calcite and quartz minerals in the form of cracks/vein
fillings in the mineralization zones and siliceous-carbonate host rocks. Fluid inclusion studies
show that; the salinity (1.4% NaCl equal.) and temperature (129°C) of the early-stage solutions
of calcite and quartz minerals are low, and the salinities (17% NaCl equal.) and temperatures
(191°C) of the late-stage solutions are higher associated with post-mineral metamorphic
processes appears to be higher in Ulukent manganese deposit. 83*Scot (%o) isotope
geochemistry result show that, the origin of the sulfur in the structure of the sulfide minerals is
bacterial/biological origin. §**Crps (%o) isotope analysis were carried out in fracture/vein filled
calcites located in cherts forming manganese ore and host rock. Calcites in the mineralization
have similar manganese carbonate isotopic composition with previous studies, whereas those
in cherts has higher temperature conditions in the later stage, which indicated two different
origins.

Keywords: Tavas-Denizli, Tiirkiye, Manganese, Fluid Inclusion
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Abstract

Kirazliyayla zinc-lead ore deposit is located in the NW of Tiirkiye. The main objective of the study is
to recognize the distribution patterns of elements to better understand the deposit, establish an optimized
pattern in exploration programs and finally detect the potential areas. From 65 boreholes 4357 samples
were analyzed by ICP-OES. The data analysis processing was carried out by different statistical
methods. The data pre-processing started with detecting censored-outlier data and normalization testing.
To define the geochemistry behavior of elements such as correlation and paragenetic sequence,
hierarchical clustering analysis (CA) method was performed. PCA (Principal Component Analysis)
method was applied to figure out relative contribution of each component to reduce the variants. (Ba-
Ca-Cd-Co-Cr-Cu-Ni-P-Pb-S-Sr-Zn) elements have abnormal concentration behavior. Strong positive
element association in Kirazliyayla ore deposit belongs to Zn-Pb pair. The CA method displays four
main associated groups: (Zn-Pb-Cd-Cu-S), (Mg-Mn-Ti-V-Fe-Sc-Co-Al-P), (Cr-Ni-Ca-Sr), and (Ba-K-
Na). 5 from 21 components were nominated by PCA method as the playmakers in the Kirazliyayla.
PCAL: (Zn-Pb-Cd-Cu-S-Mn-(-Na)-Mg), PCA2: (Ti-V-Sc-Fe-Al-Co-Mg), PCA3: (Ni-Cr), PCA4: (K-
Ba), and PCA5: (Sr-Ca).

Keywords: Kirazliyayla, geochemistry, data analysis, CA, PCA.

1. INTRODUCTION

The Kirazliyayla ore deposit is located in one of the most complicated tectonic settings — the Sakarya
terrane, a crustal extended band from the western to the eastern Pontides in the north of Tiirkiye. Sakarya
zone is consisted of sandstones of Lower Jurassic age, which sits on a fairly complex metamorphic
basement that contains a high-grade Variscan basement metamorphics of Carboniferous age (Topuz et
al. 2004, 2007; Okay et al. 2006), Paleozoic granitoids (Delaloye and Bingol 2000; Okay et al. 2002,
2006; Topuz et al. 2007), and a low-grade metamorphic complex- the Lower Karakaya Complex
constituted by Permo-Triassic metabasite with lesser amounts of marble and phyllite. he Lower
Karakaya Complex represents the Permo-Triassic subduction accretion complex of the Paleo-Tethys as
indicated by the presence Late Triassic blueschists and eclogites (Okay and Monie 1997; Okay et al.
2002), accreted to the margin of Laurussia during the Late Permian to Triassic. The complex is overlain
by a thick series of strongly deformed clastic and volcanic rocks with exotic blocks of Carboniferous
and Permian limestone and radiolarian chert. This complex basement was overlain unconformably in
the Early Jurassic by a sedimentary and volcanic succession. The Early Jurassic is represented by fluvial
to shallow marine sandstone, shale and conglomerate in the western part of the Sakarya Zone. The
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metamorphic basement is cut by Eocene volcanisms. The Kirazliyayla Zn-Pb ore deposit is spatially and
temporally related with Eocene intermediate extrusive rocks- andesite and trachyandesite with NE-SW
extension and covered by clastic and carbonate rocks. In order to detect and define geochemical
anomalies, understanding the pattern of element distribution is a crucial matter. Detection of
mineralization zones from others is a difficult issue. Therefore, using an ideal method is significant. The
application of ideal methods for processing of geochemical data, providing more accurate distribution
maps, introducing an optimized method, separating and detecting mineralization zones require
appropriate methods for optimizing of the geochemical anomalies and recording the real anomalies
(Javid 2014).

Multivariate method as an important approach for identification of anomalies, detection mineralized
zones, and recognition of geochemical haloes is used in most of geochemical studies nowadays. Cluster
Analysis and Principal Component Analysis as multivariate methods are used to detect and identify
geochemical anomalies (Govett et al. 1975; Javid et al. 2015).

CA states the treatment of relationship between the elements under the correlation with maximum
expression. This method makes an appropriate classification of the variables, classifies the elements
based on their similarity in groups, the differences between clusters and offers paragenesis of elements
(Collyer et al., 1973; Julian 1976; Javid et al. 2015).

PCA method is a technique for finding linear combinations of the original variables. This method indeed
reduces the dimension of problems, which can, in fact, determines the separation of anomaly
communities of context, epigenetic, and syngenetic effects more precisely (Groves et al. 1998; Grunsky
et al. 2003; Nasseri et al. 2017). With this method some directions are identified with the maximum of
variability, then by defining the new variables which are the linear combinations of the original
variables, the number of dimensions (variables) declined and the role of each variable in the linear
combination has been determined (Javid et al. 2015).

2. MATERIAL and METHODS

In order to determine the general element patterns and their behaviors in the subjected area, geochemical
data analysis was performed by bi-multi variate statistical methods.

2.1.Sampling

Based on JORC standards 4357 samples from 65 boreholes were prepared and shipped for a suite of 33
elements geochemical analyses by ICP-OES intermediate level four acid digestion at the ALS as an
accredited lab in Izmir-Tirkiye.

2.2. Pre-Processing Data Analysis

The first step of data analysis is preparation data which was launched out from pre-processing stages by
revival of detecting censored data (HLD and LLD) by using Cohen (4/3, 3/4) method afterward defining
extremes-outlier’s data by applying Q method and substitutions of appropriate data in the end of the
preprocessing stages.

Cohen Method: HLD * 4/3, LLD * 3/4
Q Method: Q = (Xi- Xi+1) / (Xmax — Xmin), Q-26 Q< Q<Q+25Q

Normalization process is performed on abnormal data groups which are extracted from descriptive
statistic methods contain of Mean, Median, Mode, Std. Deviation, Skewness, Kurtosis and histograms
by applying the Ln method.
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2.3. Bivariate Statistics Data Analysis

Pearson Correlation Coefficient is a bivariate statistics method which is applied on set of data to define
positive, negative, and zero correlations of element-pairs.

2.4. Multivariate Statistics Data Analysis

Hierarchical Clustering Analysis as a multivariation method is applied on geochemical data to figure
out the correlations between element concentrations and determine the paragenetic sequences with
strong similarity ties within groups and maximum differences between groups. Principal Component
Analysis as a multi variation statistical method is used to subtract the variants and extract the relative
contribution of components in elemental distribution sets. Paragenetic occurrences are defined. The
elements that have high gained scores in each factor could be considered as indicator elements. The
group of elements are extracted as pathfinders.

3. RESULTS and DISCUSSION

3.1. Pre-Processing Data Analysis
The pre-processing stage of the data analysis was conducted by detecting censored data, defining, and
replacing outliers by their substitution data by using the Q method. Almost 80% of Ag-As-Be-Bi-Ga-
La-Mo-Sb-Th-TI-U-W element concentrations were lower than detection limit and defined as censored
data in the Kirazliyayla ore deposit. The statistical parameters were calculated in Table 1. Al-Fe-K-Mg-
Mn-Na-Sc-Ti-V group of elements had normal concentration behaviors and Ba-Ca-Cd-Co-Cr-Cu-Ni-P-
Pb-S-Sr-Zn elements had abnormal concentration behavior figure 1.

Table 1. Descriptive statistics of geochemical data.

Element Mean Median Mode Std. Deviation | Variance Skewness Kurtosis
Al 6.14 6.4 7.33 19 3.61 -0.14 0.45
Fe 4.64 471 4.30° 1.44 2.06 -0.17 -0.27
K 1.48 13 1 0.91 0.83 1.75 3.93
Mg 2.08 1.92 1.39 1.16 1.36 0.39 -0.37
Mn 1715.17 1430 720 1041.76 1085254.36 | 1.06 1.57
Na 0.94 0.86 0.17 0.62 0.39 0.79 0.62
Sc 14.76 10 10 5.93 35.22 0.62 -0.27
Ti 0.45 0.46 0.33 0.14 0.02 0.1 0.12
\% 138.37 140 60 54.1 2926.61 -0.13 -0.92
Ba 5.32 5.35 4.94 0.77 0.59 0.21 0.51
Ca 0.64 0.62 2151117 0.82 0.68 -0.37 1.92
Cd 2.39 2.01 2.01 0.84 0.7 2.52 5.9
Co 2.86 3 3 0.45 0.2 -0.2 -0.71
Cr 3.27 3 3 0.93 0.87 0.69 -0.27
Cu 4.01 391 391 1.28 1.65 0.76 0.6
Ni 2.83 2.3 2.3 0.94 0.88 1.12 0.17
P 6.28 6.33 6.31 0.36 0.13 -1.67 7.58
Pb 4.72 3.91 2.71 1.97 3.89 0.88 -0.36
S -0.87 -0.71 -3.28 1.29 1.67 -0.31 -0.63
Sr 4.89 4.87 4.5 0.46 0.21 0.14 -0.03
Zn 6.05 5.48 4.61 1.75 3.06 0.91 0
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Figure 1. Histograms of Element Concentrations (Al, Fe, Pb, Cu, Zn, S).

3.2. Pearson Correlation Coefficient

By using Pearson Correlation method (Zn-Pb) pair was extracted as a very strong positive association
among other elements in the Kirazliyayla ore deposit.
In the second level (Ni-Cr), (Zn-Cd), (V-Ti), (V-Fe) element pairs displayed strong positive
associations. (Pb-Cd), (Zn-Cu), (Mn-Mg), (Pb-Cu), (V-Sc), (Zn-Mn), (Mg-Fe), (Cu-Cd), (V-Co), (Pb-
Mn), (Mn-Fe) had moderate positive associations. Pairs of (Pb-Na), (K-Ca), (Zn-Na), (K-Fe) had
negative correlations.

Table 2. Bivariate correlations.

Al Ba Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sc Sr Ti V.  Zn
Al [
Ba | g2 1
Ca | o6 -09 1
Cd | o7 -00 .02 1
Co |3 -13 16 17 1
Cr o3 08 24 -21 27 1
Culi9 11 00 71 34 -07 1
Fe |48 -25 11 35 65 -01 45 1
K |.08 46 -43 -23 -30 -20 -15 -41 1
Mg |33 -19 18 38 59 .03 38 .72 -32 1
Mn |28 -05 02 55 52 -10 53 .70 -31 74 1
Na |_.07 -15 -15 -34 -19 -06 -37 -18 .08 -34 -38 1
Ni |_02 14 23 -12 27 8 -00 -07 -18 .03 -06 -13 1
P 13 01 -17 -02 14 -09 09 26 .15 .05 .11 .13 -07 1
Pb | 23 05 -04 79 33 -22 73 48 -21 53 70 -44 -14 09 1
S |18 23 -07 51 26 -25 58 .35 .18 42 47 -37 -20 14 62 1
Sc |61 -18 15 17 54 -01 26 69 -25 61 .49 -14 -13 12 .34 24 1
Sr | o6 28 45 -03 -08 28 .01 -19 -02 -07 -15 -27 35 -05 -06 -02 -14 1
Ti |46 -27 -03 12 54 -18 23 69 -20 46 38 11 -25 46 .30 20 63 -28 1
Vo |4 -26 08 .19 .70 -00 .33 80 -33 .59 55 -07 -10 25 .38 26 73 -28 84 1
Zn | 23 03 -06 84 34 -24 77 52 -18 56 72 -42 -18 11 .94 66 36 -10 33 .41 1
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Four associated groups were extracted from CA method: (Zn-Pb-Cd-Cu-S), (Mg-Mn-Ti-V-Fe-Sc-Co-
Al-P), (Cr-Ni-Ca-Sr), and (Ba-K-Na) figure 2. In terms of similarity the strongest pair of elements is
Zn-Pb. In the first cluster, Cd-Cu-S association with Zn-Pb elements are suggest that those are the nature
detectors of sulfide deposits. Therefore, these elements can be used as detectors for sulfide deposits in
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3.3. Hierarchical Clustering Analysis

the vicinity area.

The values of the statistical parameters include of spatial values, variances, and the cumulative variance
of each component with the participation values of each component were calculated and twenty-one

(LY I

1

n_Ba

Ka

MaQ 12

Figure 2. Dendrogram of element concentration.

3.4. Principal Component Analysis

components were extracted table 3.

Table 3. Total variance explained.

j

Component 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 | 19 20 21
Total 73 |3 27 |17 |12 |09 |07 |O6 |O5]04 |04 |03 |03 |03 |02 |02 |02 |JO1]01 |O1 |O
_Initial % of Variance |34.5|142]128]8 56 |44 |32 |3 23121 |17 |14 |13 |12 |1 09 |08 |06|05 |03 |0.2
Eigenvalues
Cumulative % | 34.5]48.7|61.5|695|751]79.5]|827|857|88 |90.1]91.8|932|945]|95.7]|96.7|97.698.4]99 |99.5|99.8| 100
Rotation Total 51 |48 |22 |2 1.7
Sums of | o6 of Variance | 24.3[227]103|95 |82
Squared
Loadings | Cumulative % | 243 |47 |57.4|66.9|75.1
First five among 21 components were selected as playmaker variances in the Kirazliyayla ore deposit
with 75% of the variability factors. PCAL: (Zn-Pb-Cd-Cu-S-Mn): Zn, Pb, Cd, and Cu were the most
significant elements in the first component with 24% of the total variability. Moreover, first component
shown sulfide implied in the Kirazliyayla area. PCA2: (Ti-V-Sc-Fe-Al-Co): Ti, V, Sc, and Fe had the
highest influences in the second component. PCA3: (Ni-Cr): Cr and Ni were the rule makers in the third
component. PCA4: (K-Ba): and Ba and K came for the fourth component. PCA5: (Sr-Ca): In the last
component, Sr and Ca were highlighted table 4.
Table 4. Component matrices.
Component | Al Ba Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sc Sr Ti \% Zn
1 0.1 0.2 0 0.9 0.3 -0.2 08 0.4 -01 05 0.7 -06 -01 -01 09 0.7 0.2 0 0.1 0.2 0.9
2 0.7 -02 01 0 0.7 0 0.2 0.8 -02 06 0.4 0 -01 05 0.2 0.2 0.8 -02 09 0.9 0.2
3 -01 0.2 0.1 -0.1 04 0.9 0.1 0 -02 0.1 0 -0.2 09 01 -01 -02 -01 0.2 02 0 -0.1
4 0.2 0.7 -04 -01 -02 O 0.1 -02 08 -03 -02 O 0 0.4 0 0.3 -01 0.2 01 -02 O
5 0.3 0.2 0.8 0 -0.1 0.2 0 -01 -02 01 0.1 -04 02 02 0 0 0.1 0.8 -02 -01 -01
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4. CONCLUSION

The results of this study can be used as a key in different parts of this region. In this paper, the PCA and
CA model were used to identify geochemical anomalies associated with Zn and Pb mineralization. The
following conclusions were acquired:

(1) The multivariate statistical method is a useful tool to identify geochemical anomalies. PCA is used
to integrate multi-element concentration values, and CA is used to decompose mixed geochemical
paragenesis in a complex geological setting.

(2) The anomalies of Cu, Fe, S, Zn, Pb in the Kirazliyayla ore deposit should be further investigated in
the next phase of mineral exploration studies.

(3) Based on PCA and CA results, the Kirazliyayla ore deposit is a sulfide ore deposit and Zn, Pb, Cu
elements were formed in sulfide phase such as sphalerite, galena, and chalcopyrite minerals.

Acknowledgement: The authors would like to acknowledge ITU BAP (Project number: MDK-2019-42442) and
Meyra Mining Company for their deferential support for analytical studies and the field works.
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Abstract

Corak gold deposit is located in Artvin (NE Tiirkiye). The gold mineralization is structurally controlled
and consists of stockwork of quartz vein carrying variable amounts of gold and sulfides. The Co /Ni
ratios in pyrite in Corak has been studied using EPMA to determine the genesis of the ore mineralization.
It turns out that the average ratios of Co/Ni in late stage pyrites range from 0 to 1.68 with zero gold.
Whereas, the early pyrites’ Co/Ni values span from 3 to 5 with an average gold concentration of 0.02
ppm. Data reveal that the early pyrite (stage 1) carrying gold, originate from highly concentrated gold
and base metal hydrothermal fluid. Whereas, the late pyrite (stage Il) does not contained any gold and
may precipitated from an evolved fluid mixture, consisting of leached pyrite from sedimentary host rock
and less rich hydrothermal fluid.

Keywords: Corak, gold-deposit, EPMA, pyrite, hydrothermal fluids

1. INTRODUCTION

The Corak gold deposit is embedded within Coruh river valley in Yusufeli (Artvin). The deposit is
predominantly underlain by andesitic volcaniclastics and lava flows, at the top of the green and cream
tuffs [1]. The visible and invisible gold are associated to the intense sulfide mineralization, some are
within pyrite and most of them are feeling micro-fissures. The study of Co/Ni ratios in pyrite is a
practicably tool to identify the evolution of the ore-forming fluids. Base on Bralia research [2]. We can
identify the pyrite according to their Co/Ni ratio as follow:

Volcanogenic pyrites: Co/Ni ratios: 5- 10
Hydrothermal veins: Co/Ni ratios: 1.17- 5
Sedimentary pyrites: Co/Ni ratios: 0.63

This study is to make contribution to a better understanding of the Pontides metallogenic province where
a number of different types of ore mineralizations are hosted including well-known Volcanogenic
Massive Sulfides. Besides, porphyry, epithermal and skarn type mineralizations also occur in the area.

This study aims to generate a pyrite chemistry-based data base to compare with those of other deposits
for discrimination purposes.

104


mailto:136107004@kocaeli.edu.tr

Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9"" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

2. MATERIAL and METHODS

2.1. Sampling

The samples have been meticulously chosen from 2 different zones: The stockwork and massive sulfide
zones. Then, they have been sent to ITU lab for further sample preparation through conventional
preparation methods to study the samples under ore microscope. After the study, the most auriferous
samples associated with pyrite were chosen for electron microprobe analysis.

2.2. Electron Microprobe Analysis (EPMA)

Electron microprobe analyses were undertaken operating a Camera SX-100 electron microprobe with
four vertical wavelength dispersive spectrometers at Istanbul Technical University EPMA laboratory.
Acquiring of high resolution of different minerals texture have been realized.

3. RESULTS and DISCUSSION
3.1. Ore microscopy and EPMA study

The mineralization at Corak is structural control by fault, breccia and shear zones. In these structures,
quartz vein and /or calcite as a gangue carryout pervasive (stockwork zone: pyrite-chalcopyrite less
galena and sphalerite) (Figure 1a) and intense sulfide lens (galena-sphalerite-pyrite-gold-tennantite-
tetrahedrite) (Figure 1b).

The EPMA study reveals rare gold in the pervasive mineralization zones (mostly pyrite-chalcopyrite).
But, counter to the pervasive sulfide mineralization, the sulfide lens samples do contain some gold
grains. Based on reflected light and EPMA study two main pyrites can be observed: The stage I, called
as late pyrite, which can be observe in sample Corak 1 and Corak 5 (See Table 1). They are associated
mainly with chalcopyrite (Figure 2c). They are less fractured and contain almost no pore. Their forms
are anhedral and the size is about 100 pm. The early pyrite (stage I) pyrite which contain some cracks
and pores able to contain gold (Figure 2d -2e¢). Their form is euhedral and the size is up to few 100 um
or even more. The native gold occurs also along the boundaries of minerals, in microfractures and the
interstitials spaces (Figure 2d).

The table 1 resumes the mineralization characteristics and the main pyrite encountered. Mostly, the gold
is associated with the intense sulfide zone where stage | pyrite is prevalent.

Table 1. Location and description of the samples.

SAMPLE

IDENTIFICATION DESCRIPTION

MINERALIZATION STAGE

Corak 1: CD -91-88 m

Andesitic Lapilli Tuff,
crosscut by quartz vein

Pyrite and chalcopyrite

Corak 5: CD 173 -93 m

Fracture zone, Pervasive
structure

Quartz vein with pyrite and
spahlerite galena

Corak 13 : CD-105- 180 m

Stockwork, quartz vein
with sulfides

Lappili tuff /intense
sphalerite, galena,
Chalcopyrite and minor gold
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Figure 1. Macro photographs of the main mineralization of Corak ore: (a) Pervasive mineralization type within
the quartz gangue sulfide minerals are visible (stage I1), (b) core drill sample showing quartz vein associated to
the chalcopyrite, pyrite, galena (Stage I), ¢) RLM image of primary pyrite euhedral and chalcopyrite replaces by
tennantite-tetrahedrite, (d) RLM image of intense sulfide sample, with independent gold filling fissure,
chalcopyrite, galena and sphalerite, (¢) RLM image of gold within primary pyrite in quartz gangue, sphalerite
replaces pyrite (Py-pyrite; Ccp-chalcopyrite; Gn-galena; Sl-sphalerite, Au-gold, Qtz-quartz).

3.2 Trace elements distribution in pyrite

EPMA have been done in order to check if any gold in those pyrite compositions, it also analyzes the
trace elements contains in the minerals. Trace metals in pyrite may occur in several ways: (1) as solid
solution within the crystal lattice; (1) as nanoparticles in sulfides; as (111) as micron-sized inclusions of
sulfides. Table 2 summarizes the distribution of trace element in pyrite according to different stage and
mineralization zone. Eleven (11) pyrites were target during the EPMA study.
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Gold concentration in sample pyrite 1 and 5 are below the limit of detection. The concentration of copper
spans between 0 to -0.04 ppm. However, in sample pyrite 13 (Corak pyrite 13); the gold concentration
spans from 0.01 to 0.02 ppm. So, EPMA study reveals that this gold concentration observes in (Figure
2e and d) may be a result of Au-bearing hydrothermal fluid precipitating in discontinuities such as
microfractures, interstices and cracks. The copper values are also relatively higher spanning from 0.04
to 0.24 ppm. Therefore, there is a positive correlation between Cu and gold. That copper value may be
derived from Cu-bearing phases namely chalcopyrite.

To summarize, the stage | pyrite carry gold while secondary stage Il carry none.
The ratio of Co/Ni determining the origin of the pyrite are the following:

«» For pyrite 1 and pyrite 5 (stage Il) their values span from 0 to 1.68 and mineralization may be
affected from sedimentary conditions in late stage of the ore formation (Figure 2b). More data
needed to constrain the formation conditions.

% For pyrite Corak 13 (stage 1) the Co/Ni ratio spans from 3 to 5 identify as originate from
hydrothermal vein (Figure 2c).

Table 2. EPMA spot analysis of pyrite grains.

Pyrite Corak_1 Pyrite Corak_5S Pyrite Corak_13

S /% |5253|52.89 | 5232|5245 | 52.75 | 52.45 | 52.6 | 52.84 | 52.53 | 52.34 | 52.01

Fe /% | 45.38 | 4592 | 45.1 | 46.23 | 46.05 | 45.73 | 45.78 | 45.78 | 46.4 | 46.16 | 45.58

Co/ppm | 0.07 | 0.04 | 0.06 | 0.05 0 0.03 | 0.03 | 0.02 | 0.04 | 0.03 | 0.05

Ni/ppm | -0.01 | -0.02 | -0.01 | 0.03 | 0.02 | 0.03 | 0.02 | 0.02 | 0.01 | 0.01 | 0.01

Cu/ppm 0 0.04 | 002 | 0.02 | 0.01 | 0.03 | 0.02 0 0.04 | 0.04 | 0.24

As/ppm | 0.05 | 0.02 | 0.04 | 0.05 | 0.05 | 0.06 | 0.04 | 0.03 | 0.06 | 0.05 | 0.02

Au/ppm | -0.06 | -0.09 | -0.02 | -0.01 | -0.04 | -0.06 | -0.03 | -0.02 | 0.01 | 0.02 | 0.02

Total 97.96 | 98.79 | 97.51 | 98.81 | 98.85 | 98.28 | 98.45 | 98.67 | 99.09 | 98.66 | 97.92

107



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

0.08 oo e

0.06 §

0.04

B Corak 1
O Corak 5
[ Corak 13

0.02

0.00

-0.02

-0.04

-0.06

-0.08 -

ppm

NI
=
=)

0.2

0 0.01 0.02 0.03 0.04 0.05 0.06
Co (ppm)

Ni (ppm)
W = h
®
®
®

[\]

0 o ® @
0 0.01 0.02 0.03 0.04 0.05 0.06
Co (ppm)

Figure 2. (a) Diagram of repartition of elements in different pyrite from Corak. Only Corak-13 contains pyrite,
(b) binary correlation between Co/Ni in Corak pyrite 1 and 5 (Stage II), with Co/Ni values spanning between 0
and 1.68, (c) binary correlation between Co and Ni in Corak pyrite 13. The Co/Ni values range from 3 to 5.
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4. CONCLUSIONS

Based on the cobalt vs nickel ratio from several pyrites, the copper anomaly and the EPMA study; we
can suggest that, the early pyrite carrying gold originates from highly concentrated gold and base metal-
rich hydrothermal fluid. The late pyrite (stage Il) it has probably precipitated from an evolved fluids
mixture of leached pyrite from mainly host sedimentary rock, meteoric water and lesser rich
hydrothermal fluid.
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Ozet

Kaplankdy Au-Ag-Pb-Zn-Cu cevherlesmesi, Biga Yarimadasi’nin giineydogusunda, Bergama ilgesinin
kuzeydogusunda yer alir. Caligma alani, Tiirkiye Metalojeni Haritasinda “Orojenez Sonrasi
Ardolusumlu (Epijenetik) Hidrotermal Cevherlesmeler Metalojenik Kusagi” bulunur. Ayrica “Biga
Yarimadast Metalojeni Haritasi”nda ise genlesme tektonigi ile ilgili epitermal minerallesme zonu
icerisinde yer almaktadir.

Inceleme alaninin temelini Alt Triyas yash Karakaya formasyonu olusturmaktadir. Alt Miyosen yasli
asidik ve andezitik volkanitler ile linyitli seviyeler iceren Soma formasyonu yanal ve diisey gecisli olup
Karakaya formasyonunu uyumsuz olarak Ortmektedirler. Ayrica bdlgede, gen¢ subvolkanikler
haritalanmigtir. Subvolkaniklerle iligkili oldugu arazide gozlemlenen cevherlesme, yilizeyde yogun
alterasyon ve seyrek, agsal, cevherli barittsilistkarbonat damar-damarciklariyla kendini
gostermektedir.

Caligsma sahasi i¢erisinde damarlarin gézlemlenmedigi ve gémiilii olan yerlerde anomalileri belirlemek
amaciyla toprak jeokimyasi yapimistir. Kaplankdy Au-Ag-Pb-Zn-Cu sahasinda, 2,2 km?lik alanda
yiiriitiilen detay jeokimya calismalar1 kapsaminda (incirli Dere, Kabak, Camhgedik, Kisacaoren,
Taglitarla, Kitik ve Kocaharman Tepe) 500x100 m araliklarla 492 adet toprak 6rnegi alinarak Au, Ag,
As, Sb, Cu, Pb, Zn ve Mo analizleri yaptirilmigtir. Yapilan analizlerde tiim elementler i¢in Kral
Suyu’nda ¢6zme islemi yapilmis ve Au elementi ICP-MS yontemi ile, Ag, As, Sh, Cu, Pb, Zn ve Mo
elementleri ise ICP-OES yontemi ile analiz edilmistir. Deteksiyon limitinin altinda kalan degerlerin
istatistiksel degerlendirmelerinde Au i¢in 10 ppb, Ag i¢in 0,5 ppm, Sb, As ve Mo i¢in 3 ppm degerleri
esas alinmistir. Cu, Pb ve Zn elementleri i¢in sirasiyla 3 ppm, 5 ppm ve 3 ppm’in iizerinde olan degerler
alimmis ve bu elementler i¢in bolgesel esik degerler 34 ppm, 937 ppm ve 521 ppm olarak belirlenmistir.
Toprak orneklerine ait Au, Ag, As, Sb, Cu, Pb, Zn ve Mo igerikleri ile Au, Ag, As, Pb ve Zn elementleri
icin hesaplanan esik degerler bolgesel sedimanter ve magmatik kayag ortalamalari ile yerkabugu
ortalama degerlerinden yiiksektir. Ayrica Au-Ag, As-Sb ve Pb-Zn elementleri arasinda kuvvetli pozitif
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korelasyon, Au-As, Cu-As, As-Mo, Zn-Sh, Pb-Cu, Zn-Cu ve Zn-Mo arasinda negatif korelasyon
saptanmlstlr.

Jeokimyasal ve istatistiksel degerlendirmelere gére incirli Dere ve Kabak Tepe mevkiilerinde Au-Ag-
Sb-Cu-Pb-Mo, Kisacikdren Tepe mevkiinde Au-Ag-Sh-As-Cu-Pb-Zn-Mo, Taglitarla, Kitik ve
Kocaharman Tepe mevkilerinde Au-Ag-Sb-Cu-Pb-Zn ve Camligedik Tepe mevkiinde ise As-Au
anomalileri belirlenmistir.

Anahtar kelimeler: Biga Yarimadasi, Kaplankdy, subvolkanit, toprak jeokimyasi

Abstract

Kaplankdy Au-Ag-Pb-Zn-Cu mineralization area is located in the southeast of Biga Peninsula and
northeast of Bergama District. Study area is geologically located in Map of Tiirkiye Metallogeny "Post-
Orogenic Epigenetic hydrothermal mineralization Metallogenic Belt" and epithermal mineralization
zone related to extensional tectonics in the “Biga Peninsula Metallogeny Map”.

The basement rock of the study area is Lower Triassic aged Karakaya Formation. Karakaya Formation
is unconformably overlain by Lower Miocene aged acidic and andesitic volcanics which is laterally and
vertically transitional with lignite-bearing Soma Formation. Younger hypabyssal rocks are also
mapped. Hypabyssal rock-related mineralization is observed with intense alteration and rare, stockwork,
ore-bearing barite+silica+carbonate vein-veinlets.

Detailed soil geochemistry was carried out in order to determine anomalies in buried areas where veins
are not observed in the study area. Within the scope of detailed geochemistry studies (Incirli River,
Kabak, Camligedik, Kisacadren, Taglitarla, Kitik and Kocaharman Hill) in the Kaplankdy Au-Ag-Pb-
Zn-Cu mineralization area, 492 soil samples were taken at intervals 500x100 meters with grid method
in 2.2 km? area and analyzed for Au, Ag, As, Sb, Cu, Pb, Zn and Mo. All elements were dissolved in
aqua regia extraction. Au element was analyzed by ICP-MS method, Ag, As, Sh, Cu, Pb, Zn and Mo
elements were analyzed by ICP-OES method. In the statistical assessment of the analyzed samples,
detection limits are accepted as 10 ppb for Au, 0.5 ppm for Ag, 3 ppm for Sb, As and Mo were used.
Values above 3 ppm, 5 ppm and 3 ppm were used for Cu, Pb and Zn elements respectively, and regional
threshold values for these elements were determined as 34 ppm, 937 ppm and 521 ppm. Au, Ag, As, Sb,
Cu, Pb, Zn and Mo contents and regional threshold values Au, Ag, As, Pb and Zn are above the average
regional sedimentary and magmatic rocks and earth crust values. Strong positive correlation between
Au-Ag, As-Sb and Pb-Zn element pairs and negative correlation between Au-As, Cu-As, As-Mo, Zn-
Sh, Pb-Cu, Zn-Cu, and Zn-Mo were observed.

The Au, Ag, As, Sh, Cu, Pb, Zn and Mo contents of the soil samples and the threshold values calculated
for the Au, Ag, As, Pb and Zn elements are higher than the regional sedimentary and magmatic rock
averages and the average values of the earth's crust. In addition, a strong positive correlation was found
between Au-Ag, As-Sb and Pb-Zn elements, and a negative correlation was found between Au-As, Cu-
As, As-Mo, Zn-Sh, Pb-Cu, Zn-Cu and Zn-Mo.

Based on the geochemical and statistical evaluation of the soil samples derived from Kaplankdy area
Au-Ag-Sb-Cu-Pb-Mo anomaly around the Incir River and Kabak Hill, Au-Ag-Sh-As-Cu-Pb-Zn-Mo
anomaly around Kisacioren, Au-Ag-Sh-Cu-Pb-Zn anomaly around Taslitarla, Kitik and Kocaharman
Hill and As-Au anomaly around Camligedik Hill were determined.

Keywords: Biga Peninsula, Kaplankdy, subvolcanics, soil geochemistry
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Abstract

Volcanogenic sediment-hosted manganese mineralizations are widespread in southeastern Tiirkiye, and
are generally observed in suture zones with the radiolarite and spilitic basalt intercalations. The Elmalar
manganese deposit is closely associated with radiolarite intercalations with spilitic basalts of Kogali
complex of Upper Cretaceous age. The mineralizations are stratiform, lens-shaped bodies and mainly
composed of pyrolusite, manganite. The gangue minerals are quartz, calcite, and various clay minerals.
Samples taken from the study area and important well-known manganese deposits of Tiirkiye have
analyzed their major oxide, trace elements, and REE by ICP-AES and ICP-MS methods. The average
ratio of Fe/Mn is calculated as 0.01174. And Ba contents of the samples are changed between 2360 ppm
and 11600 ppm which is a very high ratio than normal which suggests that the metal source of deposit
looks like submarine volcanism related. In addition to this, due to the Si-Al, Fe-(Ni+Co+Cu)x10,
(Co+Ni)-(Ag+Cu+Mo+Pb+V+Zn) discrimination diagrams fell into hydrothermal area and are affected
by the diagenetic processes. According to the Co/Zn ratio (2.3 to 4), Co/Ni ratio (2.8 to 5), and sample
distributions for Ni-Zn-Co diagrams, hydrogenetic effects were seen because of the high Co content
from the samples. Spider diagrams generate from the REE analysis show a negative Ce anomaly which
indicates the origin of the deposit is hydrothermal. LREE/HREE ratio refers to enrichment of light
elements which point out to primary enrichment. Elmalar manganese mineralization which is a
volcanogenic sedimentary deposit occurred by precipitation as a chemical sedimentary as a result of
submarine volcanism origin exhalative fluids carrying Fe and Mn ions spread to the ocean floor. Spatial
and temporally related occurrences are known along the Bitlis-Zagros suture especially with Cu and Fe
mineralizations. EImalar (K. Marag) mineralization can be accepted as example in the NW of the suture
zone and Kilis mineralization in the SE.

Keywords: Manganese, Bitlis-Zagros suture, submarine volcanism, volcanogenic sedimentary,
Kahramanmaras

Ozet
Volkanojenik sedimenter kokenli manganez cevherlesmeleri Giineydogu Anadolu'da yaygimn olup,
genellikle radyolarit ve spilit bazalt ara katkili kenet zonlarinda gdzlenir. Elmalar manganez yatagi, Ust

Kretase yaslt Kogali kompleksinin spilitik bazaltlari ile radyolarit ara katmanlar ile yakindan iliskilidir.
Cevherlesmeler stratiform, lens sekilli govdelerdir ve esas olarak piroliizit, manganitten olusur. Gang
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mineralleri kuvars, kalsit ve c¢esitli kil mineralleridir. Bolgeden ve Tiirkiye’nin 6nemli manganez
yataklarindan alinan 6rneklerden ICP-AES ve ICP-MS yo6ntemleri kullanilarak majér, eser element ve
NYE analizleri yaptirilmigtir. Ortalama Fe/Mn orani1 ise 0.01174 olarak hesaplanmigtir. Cevherlesme
ayrica diigiik miktarlarda Al ve Ti icermektedir. Bu da cevherlesmede metal kaynagmin sedimenter
olmadigimni 6nermektedir. Cevherlesmede 2360 ppm ila 11600 ppm aralifinda yiiksek miktarda Ba
icerigi gbzlenmis olmasi1 metal kaynag ile ilgili yorumu destekler nitelikte olup deniz alt1 hidrotermal
etkinligi ile olusmus yataklara benzemektedir. Bunun yani sira yapilan Si-Al, Fe-(Ni+Co+Cu)x10-Mn,
(Co+Ni)-(Agt+CutMo+Pb+V+Zn) ayirtman diyagramlarinda da 6rnekler hidrotermal alana diismiis ve
diyajenetik siireglerden etkilendigi gozlenmektedir. Ote yandan Co/Zn oran1 (2.3 ila 4) ile Co/Ni orani
(2.8 ila 5) olup, Ni-Zn-Co diyagraminda da orneklerin ¢ogunlugu yiiksek kobalt igerigi sebebiyle
hidrojenetik alana diismiistiir. NYE analizlerinden yapilan 6riimcek diyagramlarinda ise negatif Ce
anomalisi yatagin hidrotermal kokenli oldugunu isaret etmektedir. HNYE/ANYE oranina gore ise yatak
hafif elementlerce zenginlesme gostermis olup, bu da birincil bir zenginlesmeye isaret etmektedir.
Elmalar mangan cevherlesmesi denizalti volkanizmi kaynakli eksalasyon iiriinii mangan yataklaria
dahil olup, volkanojenik sedimenter kokenli bir yataktir. Yatagin olusumu, Fe ve Mn iyonlarini tagiyan
denizalti volkanizmi kokenli eksalatif akiskanlarin deniz tabanma yayilmasi sonucu kimyasal
sedimenter olarak cokelmesi ile gergeklestir. Bitlis-Zagros siitiirii boyunca o6zellikle Cu ve Fe
cevherlesmeleri ile uzaysal ve zamansal iligkili olarak birgok zuhurun varlig1 bilinmektedir. Elmalar
cevherlesmesi bu kenet kusaginin KB’sinda, Kilis cevherlesmesi ise GD’sunda yer alan 6rnekler olarak
kabul edilebilir.

Anahtar Kelimeler: Manganez, Bitlis-Zagros siituru, deniz alt1 volkanizmi, volkanojenik sedimenter,
Kahramanmaras

1. INTRODUCTION

Tiirkiye’s manganese deposits are classified into four subgroups according to their genesis, geochemical
features, mineralogy, wall rock relations and formation age. These subgroups are; (a)radiolarian chert
hosted, (b) black shale hosted, (c) volcanic hosted, (d) Thrace basin sediment hosted deposits [1]. The
studied Elmalar manganese deposit which is located on SE Tiirkiye, is a radiolarian chert hosted deposit
with volcanic affinities. The main aim of this study is to understand the mineralization conditions of the
Elmalar deposit. For this purpose; the lithological relations, mineralogical and petrographical properties,
and geochemical characteristics were revealed. The Elmalar manganese deposit, which is observed
comformably between deep sea sediment layers, can also be important for understanding the
characteristics of the abyssal sediments of the Southern branch of Neotethyan suture zone. The deposit
is thought to be originated from the reducing environment in anoxic conditions of the deep oceanic floor
with dissolved manganese rich fluids of the volcanism of subduction related tectonic regime. Study area
is located in Elmalar region, Dulkadiroglu county, Kahramanmaras (Figure 1). The main objective of
this study is to determine geological, mineralogical, petrographic characteristics, geochemical features
and the genesis of the EImalar manganese deposit. The manganese mineralization in the ElImalar region
can be observed as intercalations with radiolarites in the upper parts of the spilitic basalts of the Upper
Cretaceous Kogali complex along the southern Neo-Tethyan suture zone. The mineralization is coeval
with the pre- collisional sedimentation process and generally found as irregular lenses.
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Figure 1. Location of the study area (modified from MTA 1/25000 maps).

2. GEOLOGICAL SETTING

Lithologies exposed in the study area from old to young are Upper Cretaceous aged Kogali Complex
(Kogali ophiolite, Kogali melange), Middle-Upper Maestrichtian aged Besni formation (Keklikpinar
conglomerate member, Siraca marl member, Elmali limestone member, Gokyal¢in conglomerate
member), Eocene-Oligocene aged Midyat group (Ahirdagi formation), Middle Miocene aged
Yenicekale formation (Dongele limestone member), Quarternary aged slope debris and alluviums. The
manganese mineralization in the Elmalar region occurs as intercalated with radiolarites sitting on the
spilitic basalts of Kogali complex of Upper Cretaceous age. The mineralization is concordant, stratiform,
and may form lensial bodies in places. Quartz and calcite veined spilitic basalts can be used as a guide.
In the field, mudstone, clay stone, spilitic basalt and limestone complex mass is overthrusted by the
radiolarite and ore mass. The radiolarite and mineralization were pushed below the complex by faulting
(to the older unit). The beds were intensely folded and fractured due to post-formational tectonic events.
Anticline and synclines are frequently observed in the study area and mineralization is conformable with
these structures.

3. MATERIAL and METHODS

15 ore and wall rock samples taken from the study area and the ore samples taken from important
manganese deposits of Tiirkiye are analyzed by X-ray diffraction method. In the study area, 13 samples
representing the main lithologies and ore were taken. Polished section samples were prepared and
examined by an ore microscope. 6 ore samples were taken from the study area and from the important
manganese deposits of Tiirkiye (e.g., Binkilig, Tavas, Dursunbey ve Kilis). Then, major, trace and rare
earth element analyzes were performed in the ALS Labs (izmir-Gaziemir) with ICP-MS and ICP-AES
methods. To compare the results, geochemical data, ternary and scatter diagrams were utilized.

4. RESULTS
4.1. Mineralogy

According to XRD analysis, main ore minerals are mainly pyrolusite, manganite and minor amounts of
cryptomelane, psilomelane. The gangue minerals observed in the mineralization field are quartz, calcite
and clay minerals. In polished sections, mostly subhedral and anhedral pyrolusite crystals with an
average of 100 microns in size were observed. In addition, coarse grained quartz with intergranular
spaces are filled by a combination manganese oxides (mainly pyrolusite). The coarse-grained pyrolusite
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crystals are generally deformed as a result of highly active compressional tectonic regime. Some
carbonate veinlets can be observed along the fractures of fine-grained and mostly anhedral pyrolusite
crystals. Due to the textural relationships of coarse-grained with fine-grained pyrolusite and
psilomelane; the supergene alterations are the main factor for the mineralization of subhedral
psilomelane crystals.

4.2. Geochemistry

The evaluation of the geochemical data is a key factor to explain the depositional environment and
genesis of Manganese ores. The Fe/Mn ratio is widely used determine the type of the manganese deposit.
The Elmalar deposit has Fe/Mn ratio of 0.01174 indicating a volcanic hydrothermal interfered
sedimentary deposit. Generally, hydrothermal deposits associated with active oceanic spreading centers
show low Fe/Mn ratios. On the other hand, sedimentary manganese deposits have wider range as
0.1>Fe/Mn>10 [6]. The Elmalar deposit is a product of combined processes volcanic hydrothermal
activity and chemical sedimentary processes. Due to the higher solubility of manganese in deep sea
environments with oxidizing conditions, the Fe and Mn precipitated separately. This process is mainly
triggered by the gradual change of pH in the oxidising environment. The low Fe/Mn ratios also can be
interpreted as the formation of manganese deposits took place in distal sites of the oceanic crusts
spreading center [7,8]. The percentage of SiO2, Al203, Fe203 in orderly is between 72.4 and 59.9; 0.59
and 0.84; 0.23 and 0.29. The Si-Al diagram is used to distinguish between hydrothermal and sedimentary
deposits [9]. This diagram is generated for the Elmalar deposit and because of the low Al content and
the high Si content, the deposit plots in the hydrothermal area on this diagram (Figure 2b). This suggests
that the metal source in the mineralization is not sedimentary. The high amount of Ba content observed
in the mineralization in the range of 2360 ppm to 11600 ppm supports the interpretation of the metal
source and is similar to the deposits formed by subaqueous hydrothermal activity. The Fe-
(Ni+Co+Cu)*x10-Mn diagram distinguishes between hydrogenetic and exhalative hydrothermal ferrous
manganese deposits (Figure 2c). Co, Cu, Ni and Zn are reported to be depleted in hydrothermal deposits
according to hydrogenetic deposits [6]. According to Ni-Zn-Co hydrothermal and hydrogenetic
discrimination diagram, hydrogenetic and hydrothermal effects were observed together in manganese
mineralization of Elmalar [5] (Figure 2a). From the trace elements (Ni, Cu, Co) used to construct the
diagram, Ni and Cu indicates the hydrothermal origin and, the Co indicates the hydrogenetic origin [10].
Co/zn ratio is interpreted as the discrimination indicator between hydrothermal and hydrogenetic
deposits that is stated Co/Zn 0.15 for hydrothermal and 2.5 for hydrogenetic deposits [9]. Also,
according to Co+Ni-Ag+Cu+Mo+Pb+V+Zn diagram, samples plot in the hydrothermal area (Figure
2d). Elmalar manganese deposit is similar to submarine hydrothermal deposits with showing negative
Ce anomaly and low total REE content (Figure 2e). In the case of Tavas and Kilis manganese deposits,
Ce gives a positive anomaly and resemble hydrogenetic deposits. However, Kilis did not show a strong
positive Ce anomaly in the manganese sample, such as Tavas, and the total REE contents were very low
compared to the other analyzed deposits and the known hydrogenetic manganese deposits in the world.
Negative Ce anomaly was observed in Binkili¢, Dursunbey and Trabzon samples. The LREE/HREE
ratio of the EImalar deposits is 16.12 and the light elements are enriched. As mentioned in the [13], the
light rare earth elements indicate the primary enrichment in the Mn oxidation process.
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Figure 2. (a) Ni-Zn-Co discrimination diagram of the ore samples (Choi and Hariya 1992), (b) Si-Al
discrimination diagram of the ore samples (Toth 1980), (c) Fe-(Ni+Co+Cu)x10-Mn discrimination diagram of the
ore samples (Bonatti vd. 1972; Crerar vd. 1982, Hein vd. 1992), (d) Co+Ni-Ag+Cu+Mo+Pb+V+Zn discrimination
diagram of the ore samples (Nicholson 1992), () Chondrite normalized (Boynton 1984) REE patterns of study

area rocks.
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CONCLUSIONS

Manganese mineralizations in the EImalar open pit (the deposit is currently operated closed) are
a syngenetic and stratiform formation in concordant with the radiolarites in the Upper
Cretaceous aged Kogali Formation.

In XRD studies, it is observed that mineral paragenesis of the Elmalar (K. Maras) manganese
deposit consists of pyrolusite and manganite as the main ore mineral, trace amount of
cryptomelane and psilomelane; it consists of quartz, calcite and clay minerals as gangue
minerals.

When it is integrated with the geochemical analysis, as a natural result of Fe ion being oxidized
more easily than Mn ions, deposited earlier and Mn ions carried further away due to the high
Eh potential. Here, it is interpreted as chemical exhalatively precipitated with sediments in the
form of manganese oxides and petrified by exposure to the diagenetic process.

Elmalar manganese deposit has been interpreted as a distal exhalative mineralization formed
due to advanced volcanic activities in Bitlis—Zagros suture zone in terms of field observations
and mineralogical and geochemical properties.

As a result of detailed field observations, mineralogical and geochemical studies, it can be
concluded that the Elmalar mineralization field is a volcanic sedimentary type manganese
deposit.

Acknowledgement: This study is supported by the Scientific Researche Projects Unit of Istanbul Technical
University (Project no: 40682).
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Ozet

Calisma alani, Biga Yarimadasi’nda, Balya Pb-Zn maden sahasinin yaklagik 10 km giineybatisinda,
gerilmeli tektonik ile iligkili epitermal cevherlesme zonu igerisinde yer almaktadir. Bolgede Alt Triyas
yash metakonglomera, metakumtasi, kumtasi, aglomera, metavolkanit icerisinde degisik boyutlarda
Permiyen yash kiregtas: bloklari igeren ve Triyas yash sedimanter kayaglar (Karakaya Kompleksi) ile
Ust Oligosen-Alt Miyosen yash andezitik lav ve piroklastiklerden olusan Hallaglar volkaniti, Alt
Miyosen yasl asidik lav ve piroklastikler ile andezitik lav ve piroklastiklerinden olusan Sap¢1 volkaniti
ile kuvars ve biyotitge zengin bol kayag pargali asidik bilesimli lav ve piroklastiklerden olusan Yirekli
dasiti yer almaktadir. Calisma alaninin kuzeyinde, kendisinden 6nceki birimleri kesen diyorit porfir
subvolkanik bir sokulum yer almaktadir. Sokuluma bagli olarak gelismis epitermal sistemin st
kesimlerinde yogun silisli, yer yer bosluklu, yer yer bresik, limonit ve hematitli silislesmis zonlar
gozlenmekte olup, silisli zonlarin alt kesimlerinde ise yogun pirit saginimli, yer yer agsal, koyu gri renkli
silis damar-damarcikli ve bresik zonlar gézlenmektedir.

Cevherlesme potansiyeli ongdriilen yaklasik 2 km*’lik alanda K45B yonlii karelaj yontemiyle toprak
orneklemesi yapilmustir. Toprak 6rneklerinde; ICP-MS metodu ve Kral Suyu Cozeltisi ile Au, ICP-OES
metodu ile As, Bi, Co, Cu, Mo, Ni, Pb, Sb V, ve Zn elementleri, AAS metodu ile Ag elementlerinin
analizleri yapilmigtir. Jeokimyasal analizlerden elde edilen verilere gére Au-Sb, Au-Cu, Ag-Sh, Ag-Cu,
Sb-Pb, Sb-Zn ve Cu-Zn elementleri Au-Zn, ve Ag-Zn arasinda pozitif korelasyonlar goriilmektedir.
Cevher mineralleri pirit, kalkopirit, sfalerit, galen ve sulfotuzlardan olusmaktadir. Yapilan analizlere
gore, cevher-alterasyon-yan kaya¢ baglantilar1 olusumun diisiik siilfidasyon epitermal tip Au-Pb-Zn
yataklari ile benzer oldugunu gostermektedir.

Anahtar Kelimeler: Biga Yarimadasi, Evciler, toprak jeokimyasi
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Abstract

Study area is located on the Biga Peninsula, approximately 10 km southwest of the Balya Pb-Zn mine
site, within the epithermal mineralization zone associated with the extensional tectonics. In the region,
the Lower Triassic metaconglomerate, metasandstone, sandstone, agglomerate, metavolcanic containing
Permian aged limestone blocks of different sizes and Triassic aged sedimentary rocks (Karakaya
Complex) and Upper Oligocene-Lower Miocene andesitic lava and pyroclastic rocks of the Hallaglar
acidic volcanite, Lower Miocene aged Sapg1 volcanite, which consists of lava and pyroclastics, andesitic
lava and pyroclastics, and Yiirekli dacite, which is composed of quartz and biotite rich rock fragments,
acidic lava and pyroclastics. At the the north of the study area, the diorite porphyry subvolcanic intrusion
that cuts through the previous units. Intense siliceous, partly hollow, partly brecciated, limonite-hematite
bearing silicified zones are observed in the upper parts of the epithermal system developed due to
intrusion, while in the lower parts of the siliceous zones, densely disseminated pyrite, occasionally
stockwork dark gray colored silica vein-veined and brecciated zones are observed.

Sampling was carried out using the N45W directional grid method in an area of approximately 2 km?,
which is predicted to have a mineralization potential. In soil samples; Analysis of Au with ICP-MS
method and King's Water Solution, As, Bi, Co, Cu, Mo, Ni, Pb, Sb V, and Zn elements with ICP-OES
method and Ag elements with AAS method. According to the data obtained from geochemical analyzes,
positive correlations are observed between Au-Sh, Au-Cu, Ag-Sb, Ag-Cu, Sh-Pb, Sb-Zn and Cu-Zn
elements Au-Zn, and Ag-Zn. The ore minerals consist of pyrite, chalcopyrite, sphalerite, galenite sulfites
chalcopyrite. According to the analyzes made, the ore-alteration-wall rock relations show us that they
are similar to the low-sulphidation epithermal type Au-Pb-Zn deposits.

Keywords: Biga Peninsula, Evciler, soil geochemistry
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Ozet

Jeokimya, yerkabugunu olusturan kayalarin kimyasal bilesimini ve elementlerin fizikokimyasal
ozelliklerini incelemesi nedeniyle, jeolojik arastirmalarin merkezinde yer almaktadir. Bu 6zelligi ile pek
¢ok disipline hitap etmekte, tarim, hayvancilik, hidrojeoloji, yerlesim alani se¢imi (arazi kullanim
haritalar1)) maden arama/arastirma ve yerbilimleri ile ilgili sorunlarin ¢6ziimiinde jeokimyasal
caligmalardan yararlanilmaktadir. Gegmiste ¢ogunlukla maden yataklarinin aranmasinda kullanilan
jeokimyasal ¢aligmalar, gliniimiizde asir1 kentlesme ve sanayilesmenin ilerlemesi ve beraberinde ortaya
cikan cevresel sorunlar nedeniyle ¢evresel uygulamalara da temel olugturmaktadir. Sanayilesmenin
ilerlemesi ile yerlesim alanlari ile sanayi bolgeleri i¢ ige gegmis, bdylece bolgesel dlgekli jeokimya
haritalarina ihtiya¢ olusmustur. Bu nedenle, bolgesel olarak yiiriitiilen jeokimyasal caligmalar hem
ekonomik hem de yasamsal 6zellikler icermesi nedeniyle 6nem kazanmaistir.

Ulkemizde jeokimyasal arastirmalar Maden Tetkik ve Arama Genel Miidiirliigii (MTA) tarafindan 70°li
yillarin baslarinda ¢cogunlukla maden yataklariin aranmasi ve jeolojik problemlerin ¢6ziimii odakli
olarak baglamistir. Giinlimiizde, {ilkemizin bir¢ok bdlgesinde sanayilesme ve yerlesim alanlarinin i¢ ige
gectigi bilinmektedir. Ne gegmiste ne de giiniimiizde yerlesim alanlarinin se¢iminde kullanilabilecek
giivenilir jeokimya verileri iiretilmemistir. Bu durum, iilkemizde de bdlgesel olgekli jeokimya
haritalarinin olusturulmasina ihtiya¢ dogurmustur. MTA tarafindan “Tiirkiye Genel Jeokimya Haritalari
Projesi” kapsaminda 2011-2018 yillarinda iilke genelinde 5 km? beslenme alanini temsil edecek sekilde,
belirlenen noktalardan aktif dere sedimenti ornekleri toplanmistir. Toplam 143.230 adet ornek, 56
jeokimyasal parametre i¢in (major oksit, eser ve nadir yer element analizleri) MTA Genel Miidiirliigii
laboratuvarlarinda ICP-OES, ICP-MS, AAS ve XRF yontemleri kullanilarak analiz edilmistir. Analizler
neticesinde elde edilen veriler kullamilarak 1/500.000 olgekli 18 adet ve Tirkiye geneli iginde
1/2.000.000 o6lgekli tematik jeokimyasal haritalar hazirlanmistir. Bu haritalarda maden sahalarini isaret
eden bulgular ve sehirlesmenin ve sanayinin yogun oldugu bélgelerde insan kaynakli element
zenginlesmeleri tespit edilmektedir.

Anahtar Kelimeler: MTA, jeokimya, dere sedimenti, element, atlas

Abstract

Geochemistry is at the centre of geological research because it studies the chemical composition of the
rocks forming the Earth’s crust and the physicochemical properties of the elements. With this feature,
geochemistry addresses many disciplines. Geochemical studies are benefited in solving problems related
to agriculture, livestock, hydrogeology, site selection, mineral exploration/research and earth sciences.
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In the past, geochemical studies mostly employed in the exploration of mineral deposits are also the
basis for environmental applications due to the progress of excessive urbanization and industrialization
and the environmental problems arising with it. With the progress of industrialization, residential areas
and industrial zones were intertwined; thus, regional-scale geochemical maps have been needed. For
this reason, geochemical studies carried out as regionally have gained importance as they contain both
economic and vital features. Today, it is known that industrialization and residential areas have been
intertwined in many regions of our country. Reliable geochemical data that can be utilised in the
selection of residential areas have been produced neither in the past nor today. This situation necessitated
the forming of regional scale geochemical maps in our country.

Within the scope of the “General Geochemistry Maps of Tiirkiye Project”, stream sediment samples
were collected from points determined throughout the country by MTA between 2011-2018, with each
sample representing a 5 square kilometre catchment area. A total of 143,230 samples were analyzed for
56 geochemical parameters (major oxide, trace, rare earth element analyses) in the laboratories of the
MTA. Using the data obtained as a result of the analysis, thematic geochemical maps of 18 regional and
of 1 for the whole of Tiirkiye were prepared, with a scale of 1/500.000 and 1/2.000.000, respectively. In
these maps, human-driven high element concentrations in regions where urbanization and industry are
intense and findings pointing to mining areas have been detected.

Keywords: MTA, geochemistry, stream sediment, element, atlas
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Ozet

Orta Pontid kusagi boyunca Orta Jura yasl kirintili kayaglarin igerisinde bir¢ok Cu-Zn cevherlesmesi
bulunmaktadir. Bunlardan birisi de Gokcedogan (Kargi-Corum) dogusunda allokton nitelikli
metamorfik kayaclar icerisinde gozlenen sinjenetik olusumlu Komiirliikkdere ve Gogiikdibi Cu-Zn
cevherlesmeleridir. Bu cevherlesmelerin parajenezinde kalkopirit, sfalerit, magnetit, hematit, kovellit,
malakit ve gotit bulunmaktadir. Cevherlesmenin yigisim kompleksine ait toleyitik karakterli
metabazitler ile iliskili ve stratiform olmasi Besshi tipinde oldugunu gostermektedir. Sfaleritlerin Zn/Cd
oranlarinin 263,64-438,93 arasinda olmasi, piritlerin Co/Ni oraninin 1’den biiyiikk olmasi agsindan
diinyadaki VMS yataklarina benzemektedir. Magnetitlerin Cu/(Si+Ca)-Al(Zn+Ca) ile Cu/Ca-
Al(Si+Zn+Ca) diyagramlarinda da Gokgedogan cevherlesmesinin diinyadaki VMS yataklarina benzer
dagilimlar sergiledigi tespit edilmistir. Magnetit analizlerinden hazirlanan 6riimcek diyagraminda ise
yiiksek Si ve diisiik Cr degerleri ile beraber Zn ve Cu’daki zenginlesme Besi-tipi Windy Craggy yatagi
ile benzerlik sunmaktadir.

Anahtar Kelimeler: Orta Pontidler, stratiform Cu-Zn cevherlesmesi, mineral kimyasi, Besi, Kargi

Abstract

There are many Cu-Zn mineralizations in the Middle Jurassic clastic rocks along the Central Pontide
belt. One of these is the syngenetic formation of Kémiirliikkdere and Gogiikdibi Cu-Zn mineralizations
which were observed in allochthonous metamorphic rocks in the eastern Gok¢edogan (Kargi-Corum).
In the paragenesis of these mineralizations, chalcopyrite, sphalerite, magnetite, hematite, covelite,
malachite, and goethite are found respectively. The fact that mineralization is related to tholeiitic
metabasites belonging to the accretionary complex and stratiform shows that it is of Besshi type.

It is similar to the VMS deposits in the world in terms of the Zn / Cd ratios of sphalerites between
263,64-438,93 and the Co/Ni ratio of pyrites is greater than 1. It is determined that magnetites
geochemistry has similar distributions to VMS deposits in the world in the Cu/(Si+Ca)-Al (Zn+Ca) and
Cu/Ca-Al (Si+Zn Ca) diagrams. In the spider diagram prepared from magnetite analysis, the enrichment

124



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9"" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

in Zn and Cu together with the high Si and low Cr values present a similarity to the Besshi Type Windy
Craggy bed.

Keywords: Central Pontides, stratiform Cu-Zn mineralization, mineral chemistry, Besshi, Kargi
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Abstract

The International Geosciences Program Council (IGCP) held its 7th Session between 14-16 March 2022.
The council approved 5 new projects, a total of 57 active projects. One of these new projects is IGCP
741: The Metallogenic Prediction, Sustainable Development and Integrated Utilization of Mineral
Resources in the Tethyan Metallogenic Domain, which will continue from 2022 through 2026. Project
leaders include Wen-Chang Li (China), Jian-Xing Li (China), Tahseenullah Khan (Pakistan), Faouziya
Haissen (Morocco), Ender Sarifakioglu (Tiirkiye), Arifudin Idrus (Indonesia).

The aim of this UNESCO and IUGS-supported project is to raise awareness by increasing social
acceptance of the sustainable development of the Earth's geological resources. Targets for this purpose
are to integrate the latest research results related to mining activities; conducting research in
metallogenic regularity instead of irregular research methods; conduct continuous enrichment and
smelting research to respond to ecological and environmental problems; meet the requirements of the
globalized market and help update the national mining policy in order to reverse the situations that create
a negative impression in the society due to both vital and environmental risk factors in mining.

Within the scope of this project, workshops will be held in developing countries, especially in the Tethys
belt, stretching from the Alps to the Tibetan mountains and Indonesia, in order to improve the integrated
utilization rates of mineral resources. 10-15 search fields will be defined. It will exchange information
on mining policies. The workshop, which is planned to be held in Tiirkiye in 2025, is expected to
contribute to the development of mining activities in terms of metallic mineral deposits and rare earth
element fields in our country, as it will bring together our country's geoscientists with participants from
other countries.

The participation of geoscientists in Tiirkiye in all workshops of the IGCP 741 project will create a
scientific discussion platform for the development of strategies in the future that will guide the mining
industry of our country, which has an important place in the world market in terms of mineral resources.

Keywords: IGCP 741, Tethys domain, metallogeny, Tiirkiye
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Ozet

Uluslararas1 Yerbilimi Programi Konseyi (IGCP), 7. Oturumunu 14-16 Mart 2022 tarihleri arasinda
gerceklestirilmistir. Yer Bilimleri alaninda toplam 57 aktif proje olmak iizere 5 yeni projeyi
onaylamiglardir. Bu yeni projelerden biri de, 2022-2026 tarihleri arasinda devam edecek olan, IGCP
741: Tetis Metalojenik Alaninda Metalojenik Tahmin, Siirdiiriilebilir Gelisimi ve Maden Kaynaklarinin
Entegre Kullanimi. Projenin liderleri Wen-Chang Li (Cin), Jian-Xing Li (Cin), Tahseenullah Khan
(Pakistan), Faouziya Haissen (Fas), Ender Sarifakioglu (Turkiye), Arifudin Idrus (Endonezya).

UNESCO ve IUGS destekli bu projenin amaci, diinyanin jeolojik kaynaklarinin siirdiiriilebilir
gelisiminde sosyal kabullinii artirarak, farkindalik yaratmaktir. Bu amag¢ dogrultusunda madencilik
faaliyetleri ile ilgili en son arastirma sonuglarini entegre etmek, diizensiz arastirma metotlarinin yerine
metalojenik diizen igerisinde arastirmalari yiiriitmek, ekolojik ve gevresel sorunlara cevap vermek igin
stirekli zenginlestirme ve izabe arastirmalar1 yapmak, madencilikteki gerek yasamsal ve gerekse
cevresel risk faktorleri nedeniyle toplumda olumsuz bir izlenim yaratan durumlari tersine ¢evirebilmek
icin kiiresellesmis pazarin gereksimlerini karsilamak ve ulusal maden politikasinin gilincellenmesine
yardimc1 olmaktir,

Bu proje kapsaminda, maden kaynaklarinin entegre kullanim oranlarini iyilestirmek igin Alp
daglarindan Tibet daglarina, Endonezya’ya kadar uzanan Tetis kusagindaki, 6zellikle, gelismekte olan
tilkelerde calistaylar diizenlenecektir. 10-15 arama alani tanimlanacaktir. Maden politikalar1 tizerinde
bilgi aligverisinde bulunacaktir. 2025 yilinda Tiirkiye’de yapilmasi planlanan c¢alistay, iilkemiz
yerbilimcilerini diger iilkelerden gelen katilimcilarla bulusturacagi i¢in tlilkemizdeki metalik maden
yataklar1 ve nadir yer element sahalar1 bakimindan madencilik faaliyetlerinin gelisimine katki koymasi
beklenmektedir.

Tiirkiye’deki yerbilimcilerin IGCP 741 projesinin tiim c¢alistaylarina katilimi, maden kaynaklar
acisindan Diinya piyasasinda énemli bir yere sahip olan iilkemizin ileri y1llardaki madencilik sektoriine

yon verecek stratejilerin gelistirilmesinde bilimsel bir tartisma platformu olusturacaktir.

Anahtar Kelimeler: IGCP 741, Tetis kusagi, metalojeni, Tiirkiye
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Toros Orojenik kusagi boyunca karbonatli istiflerde dnemli barit yataklar: bulunur. Baz1 yataklarda gang
minerali olarak galenit ve sfalerit de gdzlenmesine ragmen bir¢ok lokasyonda barit gang olarak
degerlendirilmektedir. Inceleme alanmnin yer aldig1 Orta Toroslar’da da birgok bolgede baritli kursun-
cinko cevherlesmeleri bulunur. Cayaras1 (Alanya-Antalya) kuzeybatisinda damar tipi seklinde baritli
kursun-¢inko cevherlesmesi gézlenir. Cevher damar1 Alt-Orta Triyas yash karbonatl kayaglardaki kirik
hatlarinda goriiliir. Cevher uzunlugu 3-5 metre arasinda, cevher kalinligi ise 1-50 cm arasindadir.
Epijenetik olusumlu cevherlesmede mineral parajenezi barit, galenit, sfalerit ve kalsitten olusur.
Jeokimyasal analiz sonuglarma goére PbO %4,01-57,10 arasinda ve ZnO ise %0,03-33,74 arasindadir.
BaO maksimum %37,28 oraninda iken CuO maksimum %0,01’e ulasmaktadir. Analiz edilen 6rneklerde
yiiksek oranda SO3 bulunur. 3S izotop bulgulari baritte ortalama %04,87, galende ise %o4,82°dir.

Saha goézlemleri ve analitik sonuglar bolgede kirik hatlarinda hidrotermal bir aktivitenin oldugunu
gosterir. [zotop sonuglar1 da cevher olusturan hidrotermal ¢ozeltideki kiikiirtiin magmatik kokenli
oldugunu gostermektedir.

Anahtar Kelimeler: Cevher damari, galen, sfalerit, izotop, Cayarasi

Abstract

Along the Taurus Orogenic belt, significant barite deposits can be found in carbonate successions. Barite
is regarded as gangue in many places, despite the presence of galenite and sphalerite as gangue minerals
in some deposits. The research area is located in the Central Taurus Mountains, which also contain
numerous areas with barite-bearing lead-zinc mineralizations. Barite-bearing lead-zinc mineralization
is seen as veins in the northwest of Cayarasi (Alanya-Antalya). In the Lower-Middle Triassic carbonate
rocks' fracture patterns, the ore vein can be detected. The ore is between 1 and 50 centimeters thick and
between 3 and 5 meters in length. Barite, galena, sphalerite, and calcite make up the mineral paragenesis
that occurs during epigenetic mineralization. Geochemical investigation revealed that PbO ranges from
4.01 to 57.10% and ZnO ranges from 0.03 to 33.74%. BaO can be as high as 37.28%, whereas CuO can
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be as low as 0.01%. The samples that were examined have a significant amount of SOs. The average *S
isotope values in barite and galena are 4.87 and 4.82, respectively.

There is a hydrothermal activity in the fracture lines in the area, according to observations made on the
ground and analytical findings. The isotope data also show that the hydrothermal solution that forms
ores contains sulfur that has magmatic origins.

Keywords: Ore vein, galena, sphalerite, isotope, Cayarasi
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Abstract

Dursunbey Fe-Cu skarn system occurred along the boundary between the Tertiary Cataldag Granite and
Mesozoic Kayaciklar limestone at east of Dursunbey town (Balikesir, Tiirkiye). The study area is made
up of four rock units; Paleozoic Kocadere metamorphic rocks, Mesozoic Kayaciklar limestone, Upper
Cretaceous mélange tectonic units, and Tertiary Cataldag granite. By using the mass balance
calculations, this work is to determine the mass/volume gains and losses as well as the geochemical
mobility of the chemical components during the metasomatic and replacement processes in the studied
deposit. Based on the field and geologic relationships and types of ore and metasomatic mineral
assemblages and the accompanied alteration types, there are two mineralization zones;
proximal/exoskarn Fe-Cu rich zone and distal/exoskarn Ba-rich zone. Magnetite, chalcopyrite, pyrite,
covellite, malachite, and goethite represent the ore mineral forming in the Fe-Cu skarn zone with the
metasomatic skarn minerals (e.g. diopside, augite, wollastonite, and serpentine). The mass balance
calculations and isochron diagrams (calculated using the GEOISO-Windows program) revealed that the
Fe-Cu proximal zone is enriched in SiO,, FeO, MgO, CaO, P,0s, Cr,03, SO3, and LOI and depletion in
K20 and Na;O. Cu, Ag, Cd, Sn, and Light REEs are also enriched. While Ba-rich distal zone is enriched
in K20 as an indication of forming sericitization/kaolinitization and muscovitization alteration types
with enrichment of Ba, Nb, Rb, W, and Light REEs and depletion of other elements. In addition, when
comparing the mass changes and fluid-rock ratio (F/R) during the metasomatic process in the two zones,
it is shown that Fe-Cu proximal zone has higher mass change and higher F/R ratio than those of the Ba-
rich proximal zone. It reveals that the greatest mass changes at the Cu-Fe zone are related to
hydrofracturing processes coupled with the F/R interreaction.

Keywords: Skarn deposit, mass balance calculations, Dursunbey, Tiirkiye
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Abstract

The Late Cretaceous Bazman granitoids are situated in Sistan-Baluchestan province, southeastern Iran.
Geology of the study area including Carboniferous clastic sediments and Permian limestone and
dolomite that were intruded by the Bazman granitoids. These granitoids include various phases of
granite, granodiorite, quartz-monzodiorite, monzodiorite, diorite, and gabbro. They are metaluminous
to slightly peraluminous, reduced, calc-alkaline and I-type, and display geochemical characteristics of
continental margin granitoids. There are some skarn-related mineral occurrences adjacent to the Bazman
granitoids, among them Tang-Tiirkan Cu-Au skarn deposit is the most important and largest reserve.
Skarns form by significant fluid-mediated exchange of mass and heat between igneous rocks and their
surrounding wall rocks into which they intruded. Quantification of the mass exchange associated with
skarn alteration requires knowledge of the skarn protoliths, which are often masked by metamorphic
recrystallization and intense calc-silicate metasomatism. To overcome this challenge in characterizing
the Tang-Tiirkan skarn deposit, a cross-section through the complete rock sequence, from the carbonate
wall rock to the pluton, was systematically sampled, and analyzed for bulk-rock major and trace
elements. Underpinned by the skarn zonation model, In(SiO2/AlI203), In(SiO2/TiO02), and REE+Y
values in the skarns were used to distinguish the various skarn protoliths. The effectiveness of the
In(Si02/AI203) and In(SiO2/Ti02) is supported by the variable mobility of Si, Al, and Ti during
magma-derived fluid infiltration into the carbonate wall rocks at Tang-Tiirkan. The effectiveness of
REE+Y is based on their significant concentration differences in the carbonate wall rocks and igneous
rocks at Tang-Tiirkan. These geochemical indexes may be applicable to the characterization of protoliths
and mass transfer in skarn deposits where igneous rocks intruded carbonate wall rocks.

Keywords: Mass exchange, skarn alteration, bulk-rock geochemistry, protolith
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Abstract

The Zaglic Au deposit is located in a Late Oligocene magmatic arc within the Arasbaran Magmatic Belt
of NW Iran and hosted principally by intermediate to mafic volcanic and volcanoclastics assemblages.
The host rocks were affected by extensive silicic, sericitic, argillic, and propylitic alterations. Pyrite
forms the principal sulphide mineral, associated with lesser chalcopyrite and bornite. In the preliminary
stage of geochemical exploration, 912 in-situ lithogeochemical samples with a 50 m x 50 m grid were
collected and analyzed by ICP-OES method. The main purpose of this study is to use the developed
zonality index method based on staged factor analysis with Number-Size (N-S) fractal model. The
developed zonality index is a ratio between factors related to major and minor ore elements based on in-
situ samples. In this study, two factors were extracted after three stages of factor analysis including F1
(As.Sn.Mo) and F2 (Ag.Au.Bi.Cu.Pb.Sb.Te). Based on these factors, F1/F2 is determined as a developed
zonality index. Furthermore, conventional zonality index was calculated on the basis of
Hg.Sb.As/Au.Zn.Pb.Cu.Ag Then, these zonality indexes were classified by the N-S fractal modeling.
Results obtained by the fractal modeling indicates that the main anomalies for the developed zonality
index is correlated with altered units and mineralized rock samples especially in the central and SE parts
of the studied area.

Keywords: Developed zonality index, staged factor analysis, number-size (N-S) fractal model, Zaglic

1. INTRODUCTION

Geochemical haloes are important evidences for detection ore deposits in reconnaissance and
prospecting phases especially for buried mineralization/deposits [6], [10]. [7] introduced zonality index
based on major and minor ore elements which are named supra and sub ore elements in different ore
deposits. The zonality index is used for separation of first and secondary haloes for detection of
prospects which is important for detailed exploration and designing of grid drilling. Several
mathematical approaches can be utilized for better interpretation of zonality index results such as
multivariate and fractal analysis. Multivariate analysis is a conventional method for reduction of many
variables to few groups (factors). These factors contain similar variables, e.g., ore elements in this case
(e.0., [12], [15]). Factor analysis in geochemical exploration can be used for grouping of paragenesis of
main ore elements and their factor scores utilized for modeling of geochemical anomalies or mineralized

132



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9"" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

zones [14]. [16] developed factor analysis and proposed staged factor analysis for qualified of factor
scores in various ore mineralization types. Fractal analysis is a structural methodology for interpretation
of different geological data specifically geochemical data which is established by [11]. Different fractal
models have been developed and used for classification of geochemical anomalies and mineralized
zones, e.g.,, humber-size, concentration-area, concentration-perimeter, concentration-distance,
concentration-volume [9], [2]. In this paper, zonality index model is developed by staged factor analysis
and fractal modeling in Zaglic epithermal system, NW Iran. In this study, ratio between factors of supra
and sub ore elements was calculated and classified by fractal modeling for definition of main prospects.

2. GEOLOGICAL BACKGROUND

The Zaglic areas lie in the Ahar quadrangle in Arasbaran zone that is characterized by extensive outcrops
of Cretaceous flysch type sediments and Cenozoic volcanic and plutonic rocks (Figure 1 A, B). The
oldest rocks include dark grey to green, porphyritic and microlitic andesite, basaltic andesite, porphyritic
trachy-andesite to latiteandesite of Upper Eocene age. Mineralization is mainly restricted to quartz and
guartz-carbonate veins and veinlets. Pyrite is the main sulphide, associated with subordinate
chalcopyrite and bornite. Gold occurs as microscopic and submicroscopic grains in quartz and pyrite.
Hydrothermal alteration minerals developed in the wall rocks include quartz, calcite, pyrite, kaolinite,
montmorillonite, illite, chlorite, and epidote. Gold is locally enriched in the altered rocks immediate to
the veins. The Zaglic has classified as low-sulphidation epithermal systems [4].
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Figure 1. A) simplified map showing the main geological divisions, and the distribution of the Cenozoic magmatic
assemblages, in Iran. The square shows the location of the Zaglic deposit. B) Simplified map of NW Iran showing
the distribution of Cenozoic magmatic rocks. Filled triangles: epithermal deposits, filled circles: porphyry deposits.

3. MATERIAL and METHODS
3.1. Zonality index model

[3] proposed a model for separation of main mineralization with primary geochemical haloes from
secondary dispersion haloes using the geochemical zonality index for various ore deposits on the
regional and local scales [17]. This index consists of a ratio between supra- and sub-ore haloes’ elements
in different mineral deposits [18]. In this research, Au low sulphidation epithermal type is main target.
Main ore elements are copper and molybdenum and Zn, Pb, Au and Ag mineralization occur in regional
parts of this system [3], [18].
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3.2.N-S fractal method

The Number-Size (N-S) is a necessary technique in fractal modeling for the categorization of natural
features specifically geochemical characteristics [13]. Based on this approach, some methods have been
developed such as Concentration-Number (C—N) by [8]. The N-S model is introduced as follows
(Mandelbrot, 1983): N(>p) o« p —P (1) where N(>p) represents the sample number with concentration
values greater than the p value. p is the concentration of mineral element and f is the fractal dimension.

3.3. Staged factor analysis

This model is an index multivariate analysis for extraction of significant multi-element anomalous
signature in various ore types. Based on this method, non-indicator (noisy) elements are progressively
detected and excluded from the analysis until a satisfactory multielement signature is achieved [16].
Furthermore, classical factor analysis with varimax rotation was utilized for extracting the usual factors.
In this study, ratio of factors related to main ores (Ag, Au, Bi, Cu, Pb, Sh, Te) and minor ore minerals
(As, Sn, Mo) was used for calculation of zonality index.

4, RESULTS and DISCUSSION
4.1. Dataset

In this study, 912 in-situ rock samples with a 50 m x 50 m grid were collected. These samples were
analyzed by ICP-OES method for 47 elements in relation with epithermal mineralization by Zarazma
lablatory. For quality control and assurance (Qc/Qa), 70 duplicatedsamples were collected from soil
samples. T-student and Fisher test show that these samples are proper for interpretation and modeling.
Major supra and sub elements have not normal distributions Based on the conventional statistical
parameters consisting of skewness, kurtosis and histograms.

4.2. Multivariate analysis

Firstly, the rock data was transform by a Napierian logarithmic process (Ln). The staged factor analysis
was carried out in three stage. Al, Ba, Be, Cd, Li, Rb, Re and Ti were removed in the first stage and
factors related to low-sulphidation epithermal type were determined in the second stage. These factors
were used for the third stage of this procedure. Main ore elements include Ag, Au, Bi, Cu, Pb, Sb and
Te which are exist in F2. Minor ore elements consist of As, Sn and Mo as named in F1 which are
occurred in the regional parts of the epithermal deposit. Loading plot of last stage shows two different
factors which is indicated in Figure 2.

4.3. Zonality-fractal modeling

Zonality index was calculated by a development method in this study. In this method, ratio between two
factors related to Supra- and Sub-ore elements in epithermal deposits is calculated that is F1 and F2. In
addition, a zonality index on the basis on Hg.Sh.As/Au.Zn.Pb.Cu.Ag was estimated for comparison with
results of factors’ ratio. Then, the N-S fractal model was used for both of them. Log-log plots represent
five and six populations with fractal dimensions (FD) for F1/F2 and Hg.Sh.As/Au.Zn.Pb.Cu.Ag as
depicted in Figure 3. Main anomalous parts are smaller due to fractal modeling of F1 and F2 3 data (<-
1.3) in comparison with Hg.Sb.As/Au.Zn.Pb.Cu.Ag (<-4.18) which are located in the western, northern,
eastern and SE, as depicted in Figure 4. FDs for major anomalies are lower than -3.75 and -5.8 for F1/F2
and Hg.Sbh.As/Au.Zn.Pb.Cu.Ag respectively. A comparison between two models was carried out using
logratio matrix (Carranza, 2011). This matrix is used for calculation of overlapping between two datasets
or models, as depicted in Table 1. An overall accuracy (OA) is calculated by four matrix elements.
Comparison between main anomalous samples with main two classified zonality indexes by the N-S
fractal modeling indicates that the OA is 0.54 that shows there is a good correlation between
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conventional and developed zonality models (Table 1). High anomalous of both zonality model has
more than 88% overlapping based on the logratio matrix, as depicted in Table 1.
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Figure 2. Loading plot for last stage of staged factor analysis.
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Figure 3. The N-S log-log plots for F1/F2 and Hg.Sh.As/Au.Zn.Pb.Cu.Ag with different populations and FDs.

Table 1. Overall accuracy (OA) with and main and high anomalous samples for two zonality indexes.

Number of FI/F2<-1.3
Inside anomaly Outside anomaly
Inside anomaly 225 147 Overall accuracy  0.547
Number of Hg.Sh.As/Au.Zn.Pb.Cu.Ag<-4.16 .
Outside anomaly 265 273
number of F1/F2<-3.75
Inside anomaly Inside anomaly
inside anomaly 75 41 Overall accuracy 0.887
Number of Hg.Sh.As/Au.Zn.Pb.Cu.Ag<-5.8 .
Outside anomaly 62 732

5. CONCLUSION

The developed zonality index is proposed on the basis of ratio of factors related to major and minor ore
elements derived via the SFA in porphyry deposits/systems. This method used in epithermal system that
its results is correlated with volcanic and volcanoclastic host rocks. Staged factor analysis can be used
for separation of supra and sub elements for detection of zonality index. Fractal modeling can be used
for classification of results derived via by the zonality index. This study shows that main prospects for
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the studied area are associated with high anomalies of the developed zonality index especially in the
central, eastern and SE parts of the studied area. The FDs for high and main anomalous parts of the
developed zonality index are -3.75< and -1.3 <, respectively. This method can be improved for other ore
mineralization types. Consequently, this method is an appropriate method for design of grid drilling for
detailed exploration.
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Figure 4. Distribution maps for A) F1/F2 and B) Hg.Sb.As/Au.Zn.Pb.Cu.Ag, based on the N-S fractal modeling.
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Inceleme alan1 Kuzeybati Anadolu’da, Biga Yarimadas: smirlar icinde, Ayvacik (Canakkale) ilgesi
dogusunda bulunur. Arikli ve civarinda temelde Cetmi Ofiyolitik Melanj1 yer alir. Bu birim iizerinde
Arikhi tiif Giyesi ve seyl-kumtagi iiyesinden olusan Kiigiikkuyu formasyonu yer alir. En iist seviyelerde
ise bu birimleri kesen diyabazlar bulunur. Inceleme alani Paleojen donemindeki deformasyonlardan
etkilenmis ve E-W ve NE-SW uzanimli egim atimhi fay sistemleri gelismistir. Arikli kuzeybatisinda
Orencik Tepesi ve Feyzullah Tepesi civarindaki tiifler icerisinde gelisen fay zonlarinda U ve Th
zenginlesmeleri bulunur. U 64-1640 ppm ve Th 302-11813 ppm degerlerindedir. Orencik tepesi
civarinda en yiiksek degerlere ulasan cevherlesme bdlgelerinde hidrotermal magnezitler goriiliir.
Alterasyonlarin gozlendigi cevherlesme alanlarinda kloritlesme yaygin olarak gozlenir. Altere
alanlardan alinan 6rneklerin XRD analizlerine gore magnezit, dolomit, kalsit, kuvars, albit, anortit,
montmorillonit, kaolinit, smektit ve bentonit mineralleri gozlenir. Yapilan caligmalar sonucunda
bolgedeki damar tipi hidrotermal U-Th cevherlesmesinde egim atimli faylarin etkili oldugu
belirlenmistir.

Anahtar Kelimeler: Arikli tif tiyesi, U-Th, alterasyon, Arikli

Abstract

The study area is located in the northwest of Anatolia within the borders of the Biga Peninsula, east of
Ayvacik (Canakkale). Cetmi Ophiolitic Melange is mainly located in and around Arikli. Kiiglikkuyu
formation consisting of Arikli tuff member and shale-sandstone member is located on this unit. At the
top levels, there are diabases that cut these units. The study area was affected by deformation during the
Paleogene period and E-W and NE-SW trending slip fault systems developed. There are U and Th
enrichments in the fault zones developing in the tuffs around Orencik Tepe and Feyzullah Tepe to the
northwest of Arikli. U is between 64-1640 ppm and Th 302-11813 ppm. Hydrothermal magnesites have
developed in the mineralization areas that reach the highest values around Orencik Tepe. Chloritization
is widely observed in mineralization areas where alterations are observed. Magnesite, dolomite, calcite,
quartz, albite, anorthite, montmorillonite, kaolinite, smectite, and bentonite minerals are observed
according to XRD analysis of samples taken from altered areas. As a result of the studies, it has been
determined that dip-slip faults are effective in vein-type hydrothermal U-Th mineralization in the region.

Keywords: Arikli tuff member, U-Th, alteration, Arikli
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Abstract

The Malayer-Esfahan Metallogenic Belt (MEMB) in the central part of the Sanandaj-Sirjan
metamorphic-plutonic belt, west-central Iran, hosts over 200 Zn-Pb-Ba-Fe-F(+=CutAg+Mn) deposits
hosted mainly in Early Cretaceous sediments. The deposits share some key features with those known
as MVT and sub-seafloor replacement deposits. Volcanic materials <20 to >500m thick occur as
interlayers and locally host the deposits, such as in Salehpeighambar, Darrehnoghreh, Babsheikh, and
Ahangaran. The Salehpeighambar Pb-Zn (Cu-Ag) deposit in central MEMB occurs in an area covered
by metamorphosed Upper Triassic-Jurassic shales and sandstones, and Early Cretaceous carbonates,
clastic and volcanic materials. The deposit consists of several vein orebodies in NE-trending extensional
faults, hosted mostly in alkaline felsic-intermediate volcanic rocks. The veins locally branch and form
irregular bedding-parallel replacement lenses and pods. Ore minerals include galena, chalcopyrite,
sphalerite, tetrahedrite-tennantite, pyrite, and pyrrhotite in quartz matrix. Primary liquid-rich fluid
inclusions in quartz yielded Ty and salinities between 125-285°C and 3.60 to 11.22 wt.% NaCl eqg. A
broad correlation exists between the two variables. The 5**S values of sulfides range from -9.6 to +4.3%o.
Reduced sulfur was provided through bacterial and thermochemical reduction of an evolved marine
sulfate. Considering host rocks and ore metals, Salehpeighambar can be compared with VMS deposits.
Fluid salinity, absence of overlying stratiform and stratabound ore, lack of stringer ore and alteration
zoning, however, argue against such affinity. Fluid inclusion and S-isotope data suggest involvement of
two fluid sources. Investigation on the source of ore fluids and timing of ore formation in the geological
evolution of host terrain is in progress.

Keywords: Salehpeighambar Pb- Zn (Cu-Ag), Malayer-Esfahan Metallogenic Belt, volcanic-hosted,
West-Central Iran
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Abstract

Granitoid-hosted gold mineralization in Egypt is commonly confined to the Central Eastern Desert
(CED), where small granitoid stocks cut through ophiolitic rocks and/or molasses sediments. The gold-
bearing sulfidized quartz veins at Um Rus area are hosted by the Precambrian granodiorite rocks located
near the contact with the surrounding gabbros at the so-called hybrid zone (having quartz diorite rocks).
This work deals with the mineralogical and geochemical investigations for better understanding the
genesis of the gold-bearing fluids and ore evolution. Sericitic, argillic, and propyilitic alteration types
representing the main alteration types which occurred in the granodiorite rocks as well as along their
contacts with the gabbroic rocks. These alteration types are commonly proximal to the gold-bearing
quartz veins. The ore mineral assemblage includes arsenopyrite, pyrite, and pyrrhotite with chalcopyrite,
sphalerite, galena, malachite, and goethite that formed during three phases of mineralization (pre-ore,
main ore, and supergene) within an abundant gangue of quartz, sericite, chlorite, and calcite. The stable
isotope studies performed to obtain information on the source(s) of the hydrothermal fluid which
promoted the gold mineralization at the study area.

The 5**Svepr values for pyrite and chalcopyrite are +1.6 to +3.7 %o (mean: +2.9 %o) and -1.3 to +0.5 %o
(mean: -0.4 %o), respectively. These data are close to 0 %o which indicate the formation of the ore by
magmatic processes. Moreover, the §*S values of H,S (-2.4 to +2.6 %o, average +0.9 %o) from the ore
bearing hydrothermal fluids have a magmatic (mantle) source in which the sulfur is either sourced
directly from a magma or has an involvement of fluid with an average crustal sulfur composition.

Keywords: Sulfur isotope analyses, ore mineralogy, Um Rus area, Egypt
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Ozet

Orta Pontidlerde yer alan Kargi (Corum) dogusunda allokton nitelikli metamorfik kayacglar ve bu
birimler iizerinde ise tektonik dokanakla Ofiyolitik Melanj bulunur. Bu bolge ve civarinda bir¢cok
bolgede Cu-Zn cevherlesmeleri bulunur. Ofiyolitik melanja ait diyabazlardaki fay zonlarinda da damar
tipi Cu-Zn cevherlesmesi gozlenir. Dedeninyurdu ve Yergen hatti boyunca gézlenen N75E uzanimli fay
ile iligkili kalinlig1 30 cm ile 5 m arasinda degisen cevher damarlar1 yer alir. Mineral parajenezi
kalkopirit, sfalerit, pirit, hematit, bornit, kovellit, goétit, malakit, limonit ve kuvarsdan olusur. Mineral
kimyas1 ¢aligmasinda piritlerin Co/Ni oraninin 1’den biiylik oldugu ve Se/As-Co/Sb diyagraminda da
hidrotermal alana diistiigii belirlenmistir. Sfaleritlerde ise Zn/Cd oranmi 120-133 arasinda olup magmatik
hidrotermal yataklara benzer orandadir. Mikrotermometrik 6l¢iimlerde homojenlesme sicakliginin 137-
195 °C arasinda olmast ve piritlerin 5**S degerlerinin 3,43-3,96 %o arasinda olmasi mineral kimyasinda
elde edilen sonuglar1 desteklemektedir. Bu veriler 15181nda fay zonunda gozlenen cevherlesme damar
tipi hidrotermal bir yatag: temsil etmektedir.

Anahtar Kelimeler: Orta Pontidler, Ofiyolitik Melanj, Cu-Zn cevherlesmesi, mineral kimyasi, Kargi

Abstract

There are allochthonous metamorphic rocks in the east of Kargi (Corum) in the Central Pontides and
Ophiolitic Melange with tectonic contact on these units. There are Cu-Zn mineralizations in this region
and many other regions. In the fault zones of the ophiolitic mélange diabases, vein-type Cu-Zn
mineralization is observed. There are ore veins with a thickness of 30 cm to 5 m associated with N75E
extending fault observed along the Dedeninyurdu and Yergen. Mineral paragenesis consists of
chalcopyrite, sphalerite, pyrite, hematite, bornite, covellite, goethite, malachite, limonite, and quartz
respectively. In the mineral chemistry study, it is found that the Co/Ni ratio of the pyrites is greater than
1 and it falls to the hydrothermal area in the Se/As-Co/Sb diagram. In sphalerites, Zn/Cd ratio is between
120-133 and similar to magmatic-hydrothermal deposits. In microthermometric measurements, the
homogenization temperature is between 137-195 © C, and the 5**S values of pyrites between 3,43-3,96
%o support the results obtained in mineral chemistry. In light of these data, the mineralization observed
in the fault zone represents a vein type hydrothermal deposit.

Keywords: Central Pontides, Ophiolitic melange, Cu-Zn mineralization, mineral chemistry, Karg1
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Abstract

Cenozoic magmatism in Iran is associated with many epithermal-porphyry Cu-Au ore systems, which
mainly occur within the Alborz Magmatic Arc and Urumieh-Dokhtar Magmatic Arc systems. The
Tarom-Hashtjin metallogenic province in the NW part of Iran is located in the western Alborz Magmatic
Arc, and is host to numerous epithermal deposits within Eocene volcano-plutonic rocks. When we
compare the Tarom-Hashtjin metallogenic province with the Alborz Magmatic Arc and Urumieh-
Dokhtar Magmatic Arc, we find that unlike the other two, which are rich in porphyry ores, this zone
lacks significant porphyry mineralization. Whole-rock geochemical data indicate that granitoid rocks
are characterized by subalkaline, metaluminous to peraluminous, I- to A-type magmatism. Geochemical
and geochronological studies of the igneous rocks associated with epithermal deposits, particularly the
enrichment of large-ion lithophile elements, depletion of high field strength elements, including Nb-Ta
depletion and their Eocene ages, are consistent with extensional back-arc tectonic settings, suggesting
that primary source magmas were generated by partial melting of the mantle-wedge (garnet-bearing
depleted lithospheric upper mantle) and were subsequently affected by both fractional crystallization
and crustal assimilation during their magmatic evolution. Considering strong plagioclase fractionation
relative to hornblende fractionation, an extensional back-arc tectonic setting, the lack of any skarn
mineralization, and a considerably shallower depth of magma generation, the Tarom-Hashtjin
metallogenic province is proposed to be prospective for precious metal epithermal mineralization no
porphyry systems. Also, extensive fractional crystallization, lower Sr/Y (range 1.03-93.71; mostly
below 25), and lower Eu/Eu* indicate lower oxygen fugacity and lower water contents of the parental
magmas preventing the formation of Cu porphyry in the Tarom-Hashtjin metallogenic province.

Keywords: Metallogenic province, porphyry deposits, Iran
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Ozet

Bu ¢alismada, Gokgeyayla (Eskisehir) bolgesindeki grafit iceren sistlerin iginde bulunan grafitlerin
jeokimyasal ve mineralojik 6zelliklerinin sonuglar1 sunulmustur. Karbonun polimorfik formlarindan biri
olan grafit, kendine has 6zellikleri nedeniyle giiniimiizde ¢ok yonlii bir endiistriyel malzeme olarak
kullanilmaktadir. Inceleme alaninda Kezbanalani -Elmaderesi ve Atakli Deresi arasinda genis bir alan
kaplayan Triyas yasli metamorfik kayaclar yesil sist fasiyesinde olup, diisiik derecede metamorfizmadan
etkilenmislerdir. Bu metamorfikler fillit, serizit sist, kuvars-albit-muskovit sist, kuvarsit, mermer
ardalanmasindan meydana gelmis olup, kayaclar yer yer yogun alteresyona ugramislardir. Bu
metamorfik istif iginde ince ve orta kalinlikta koyu siyah renkli degisik karbon oranlari iceren amorf
grafit bulunmaktadir. Ayrica, inceleme alaninda grafitli ve killi seviyelerin yanal ve diisey gegisli
olduklar goriilmiistiir. Bu calismanin amaci, Gokgeyayla (Eskisehir) bdlgesinde varligi bilinen amorf
grafit yataklarmin X-151m1 toz kirmmmminin (XRD), Raman spektroskopi ve jeokimyasal analiz
incelemeleri ve taramali elektron mikroskop (SEM/EDX) incelemeleri yaparak grafit yataklarimin
olusum kosular1 ve 6zelliklerini belirlenmeye ¢aligilmistir.

Anahtar Kelimeler: Grafit, mineraloji, jeokimya, Eskisehir

Abstract

This study presents the results of the geochemical and mineralogical properties of the graphite found in
the graphite-bearing schists in the Gokgeyayla (Eskisehir) region. Triassic aged metamorphic rocks
covering a large area between Kezbanalani -Elmaderesi and Atakli Stream in the study area are in green
schist facies and have been affected by metamorphism at a low degree. These metamorphics are formed
by alternations of phyllite, sericite schist, quartz-albite-muscovite schist, quartzite and marble, and the
rocks have undergone intense alteration from place to place. In this metamorphic succession, there is
amorphous graphite containing different carbon ratios in thin and medium thickness, dark black color.
In addition, graphitic and clayey layers were observed to have lateral and vertical transitions in the study
area. The aim of this study was to determine the formation conditions and properties of graphite deposits
by performing X-ray powder diffraction (XRD), Raman spectroscopy and geochemical analysis studies
and scanning electron microscope (SEM/EDX) examinations of amorphous graphite deposits known to
exist in Gokgeyayla (Eskisehir) region.

Keywords: Graphite, mineralogy, geochemistry, Eskisehir
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Ozet

Bu ¢alisma, Arikli bolgesindeki damar tipi Th-U mineralizasyonunun etrafindaki piroklastiklerdeki
alterasyon zonlarina odaklanmaktadir. Bu alandaki piroklastikler fosfat nodiilleri iceren ignimbiritler
olarak tanimlanmig ve Oligo-Miyosen yagh Kiicliikkuyu formasyonunun tiif {iyesi olarak
isimlendirilmistir. Radyoaktif element zenginlesmeleri tiifler icerisindeki fay zonlarinda olusan
manyezit bakimindan zengin damarlarda bulunmaktadir. Bu ¢caligsmada, radyoaktif element igerikleri ve
ilgili alterasyon zonu mineralleri XRF ve XRD analizleri ile belirlenmistir. XRD c¢alismalarina gore,
kuvars, plajiyoklaz, kaolinit ve smektit mineralleri tanimlanmis olup, bu da feldispatlarin hidrotermal
alterasyon siireglerine maruz kaldigimi gostermektedir. U-Th agisindan zengin kayaglarin gdézlendigi
alanda gergeklestirilen alterasyon jeokimyasi c¢aligmalari, kimyasal alterasyon indeksi (CIA)
degerlerinin 0,57 ile 53,8 arasinda, klorit-karbonat-pirit indeksi (CCPI) degerlerinin 90,6-100 arasinda
ve alterasyon indeksi (Al) degerleri degerlerinin 36,1-92,9 arasinda degistigini gdstermistir. Sonug
olarak, yiiksek Mg-Ca degerlerine sahip zonlarin diisiik CIA degerlerine ve orta-yiiksek Al ve CCPI
degerlerine sahip oldugu goriilmiistiir. Bu sonuglar, yiiksek Ca iceriginin diisiik CIA degerlerine neden
oldugunu gostermektedir; bu nedenle, bu tip Th-U damarlarinda CIA kullanmak uygun degildir. Yiiksek
CCPI ve orta Al degerleri, onemli miktarda Mg igeriginden kaynaklanmistir. Ayrica, (Mg, Ca) ve Th-
U igerikleri arasinda pozitif bir korelasyon belirlenmistir. Her ne kadar cevherlesme ortamlari igin bir
gosterge olarak alterasyon indeksleri yararli bir arag olarak goriilse de Arikl bolgesi gibi karbonat
bakimindan zengin Th-U damar tipi mineralizasyonlarda dikkatli kullanilmalidir.

Anahtar Kelimeler: Alterasyon jeokimyasi, radyoaktif elementler, Arikli tiifleri, Tirkiye

Abstract

This study primarily focuses on alteration zones in pyroclastics around the vein type Th-U deposition in
Arikli area. The pyroclastics in this area were described as ignimbrites with phosphate nodules and
known as the Oligo-Miocene aged Kiigiikkuyu formation’s tuff member. The radioactive element
enrichments are found in magnesite-rich veins which formed in fault zones within tuff member. To
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determine the major, radioactive element contents and related alteration zone minerals were conducted
by XRF and XRD analyses. According to the XRD studies, quartz, plagioclase, kaolinite, and smectite
minerals were identified, respectively, showing that a hydrothermal alteration process occurred within
feldspars. The alteration geochemistry studies in the area where U-Th enriched rocks are observed, show
that; chemical index of alteration (CIA) values range from 0.57 to 53.8; chlorite-carbonate-pyrite index
(CCPI) values from 90.6-100 and the alteration index (Al) values from 36.1-92.9. Overall, it can be
stated that the high Mg-Ca zones have low CIA values and moderate to high Al and CCPI values. These
results indicate that high Ca content caused low CIA values; therefore, it is inappropriate to use CIA in
this type of Th-U veins. The high CCPI and moderate Al values resulted from significant amounts of
Mg content. In addition, a positive correlation between (Mg, Ca) and Th-U contents were determined.
Although, alteration indexes as an indicator for ore deposition environments are considered to be a useful
tool, in carbonate-rich Th-U vein deposits such as Arikli area, it should be used carefully.

Keywords: Alteration geochemistry, radioactive elements, Arikl tuffs, Tiirkiye
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Abstract

Gabbroic rocks form one of the main magmatic lithology of the Late Cretaceous of Central
Anatolia. They expose in areas with high topography within the granitic and/or near the felsic intrusive
exposures in Central Anatolia. Three types of gabbros are observed: ophiolitic origin, directly intruded
into continental crust (intrusive gabbro), and foid-bearing gabbro. The gabbroic rocks mostly coeval
with the granitiods of Central Anatolia in the composition of pyroxene gabbro, hornblende gabbro and
foid bearing gabbro. The geological outcrops of these gabbroic rocks mostly covered by alteration
products of the wall rocks so the contact relations are quite difficult to understand. Field geology,
petrography and geochemistry do not exhibit enough data to differentiate their nature from one
another. This study concerns to understand the types and nature of the gabbroic rocks in central
Anatolia using the detail petrography, Raman spectroscopy, geochemical features and U-Pb zircon age
data from each type of the gabbro.

Degree of partial melting and nature of the gabbroic rocks are determined utilizing whole-rock trace
element compositions and behavior of amphibole, pyroxene and feldspars minerals by Raman shift
spectra within all three types of the gabbro. The Raman shift spectra of feldspar, amphibole and
pyroxene reveal a discrete peak. The distinct Raman spectra peak can be used to classify and definition
of the gabbro in Central Anatolia. The Central Anatolia gabbro enrich in large ion lithophile elements
(e.g., Rb, Sr, and Ba) and depleted in high-field-strength elements (e.g., Nb, Y, and Yb) for both of the
ophiolitic and intrusive gabbro. Foid bearing alkaline gabbro enrich in large ion lithophile elements and
slightly depleted in high field strength elements. The zircon U-Pb dating yielded a Late Cretaceous
crystallization age of 94.91+0.24 Ma, 83.22+0.23 Ma and 82.07-50.18 Ma for ophiolitic, intrusive and
foid bearing gabbro respectively.

The intrusive and foid bearing gabbro originated from the partial melting of a depleted mantle wedge
that had reacted with slab-derived fluids, and the ascending magmas underwent fractional crystallization
without significant crustal contamination in Central Anatolia.

Keywords: Ophiolitic gabbro, foid gabbro, Central Anatolia
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Ozet

Orta Anadolu gabroyik kayalar, Ge¢ Kretase olusumlu ve bélgenin ana magmatik litolojilerinden birini
olusturur. Bu gabrolar, Orta Anadolu'da granitik ve/veya felsik intriizif yakin civarlarinda yiiksek
topografyada yiizlek verirler. Gabrolar ofiyolitik kdkenli, dogrudan kita kabuguna sokulan ve foid igeren
gabrolara olmak tizere {i¢ tipte gozlenmektedir. Gabroyik kayalar, piroksen gabro, hornblend gabro ve
foyid igeren gabro bilesiminde olup ve ¢ogunlukla Orta Anadolu granitiyodi ile birlikte yiizlek verir.
Bolgedeki gabroyik kayalarm jeolojik mostralari c¢ogunlukla yan kayalarin altere iiriinleri ile
ortiildiigiinden dokanak iligkilerinin anlasilmasi oldukga giictiir. Saha jeolojisi, petrografi ve jeokimya,
olusum kosullarim1 ve kdkenlerini birbirinden ayirt etmek icin yeterli veri sergilememektedir. Bu
calisma, ayrintili petrografi, Raman spektroskopisi, jeokimyasal bilesimler ve her bir gabro tiiriinden U-
Pb zirkon yas1 verileri elde ederek Orta Anadolu'daki gabroyik kayalarin tiirlerini ve kdkenini ortaya
koymak tizere yapilmustir.

Kismi erime derecesi ve gabroyik kayalarin kokeni, tiim kaya eser element bilesimlerini kullanarak
irdelenmistir. Gabronun her {i¢ tipinde de Raman kayma spektrumu kullanilarak amfibol, piroksen ve
feldispat minerallerinin davranislar1 belirlenmistir. Feldispat, amfibol ve piroksenin Raman kaymasi
spektrumu kullanilarak Orta Anadolu gabrolarinin tanimlama ve siniflandirmada kullanilmaya
caligilmistir. Orta Anadolu gabrolari, hem ofiyolitik hem de intriizif gabrolarda biiyiik iyon yaricapl
litofil elementleri (Rb, Sr ve Ba gibi) bakimindan zengin ve kalicilig1 yiiksek olan elementler (Nb, Y,
and Yb gibi) agisindan fakir oldugu belirlenmistir.

Foyid igeren alkalen gabro, biiylik iyon yarigapl litofil elementler bakimindan zengin ve kalicilig1
yiiksek olan elementler bakimindan hafif¢e fakirlestigi belirlenmistir. U-Pb zirkon yaslandirmasi,
ofiyolitik, intruzif ve foid igeren gabrolar sirasiyla 94.91+0.24 My, 83.22+0.23 My ve 82.07-50.18 My
olarak Geg Kretase Paleosen yas1 6l¢iilmiistiir.

Intriizif ve foyid igeren gabrolar, dalan levhadan tiireyen akiskanlarla reaksiyona giren tiikkenmis bir
manto kamasinin kismi ergimesinden kaynaklanmis ve yiikselen magmalar, 6nemli bir kabuk kirlenmesi
olmadan fraksiyonel kristallenmeye ugrayarak Orta Anadolu Kristalen Kompleksine yerlestigi sonucuna

varilmigtir.

Anahtar Kelimeler: Ofiyolitik gabro, foyid gabro, Orta Anadolu
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Ozet

Bati Anadolu Magmatik Kompleksi'nde (BAMK) turmalin igeren, Oligo-Miyosen lokogranitler ve
granofirik damar kayaclarina sikga rastlanilmaktadir. Biga Yarimadasinda dort ayr yerde turmalin
iceren magmatik etkinlik (6r. Namazgah, Karadag, Sogucak ve Karadoru) saptanmistir. Granitoid
pliitonlarinin tavan bolgelerinde ge¢ evre magmatik fazda olusan nodiiler yi1gisimli, sagilmis ve damar
tipi turmalin minerallerinin petrografisi, tiim kaya¢ jeokimyasi ve mineral kimyasi g¢alismalar
yapilmistir. BAMK ve kontak metamorfik zonlarda izlenen turmalin mineralleri, X-1511 kirmimi
(XRD), Fourier doniistimlii kizil6tesi (FTIR) ve Raman spektroskopisi kullanilarak yapisal ve kimyasal
olarak karakterize edilmis ve pliitonlarin soguma asamalarindaki magmatik evrimler aciklanmaya
caligilmistir. Aragtirmamizdaki {i¢ turmalin tipinde Taramali Elektron Mikroskobu - Enerji Dagiliml X-
Isin1 Floresan (SEM-EDX) ve lazer agindirma indiiktif olarak eslestirilmis plazma kiitle spektrometresi
(LA-ICP-MS) ile ana, eser ve nadir yer element analizleri ger¢eklestirilmistir. Bilesimlerine bakinca, bu
turmalinler alkali grubunda ve sorl-oksi-sorl-dravit-oksi-dravit kati ¢6zelti serisinde yer alirlar.
Turmalinli 16kogranit ve granofirik damar kayacglari, magmanin evrimi sirasinda AFC iglemleri ile
yiiksek oranda ayrimlagsmig manto kokenli magmalara ve metapelitik kabuk bilesenlerine baglanan sig
yerlesimli bir magmatik sistemi temsil etmektedir.

Anahtar Kelimeler: Ge¢ magmatik evre, turmalin, mineral kimyasi

Abstract

Tourmaline bearing, Oligo-Miocene leucogranites and granophyric vein rocks are frequently observed
in Western Anatolian Magmatic Complex (WAMC). Four tourmaline different occurrences (i.e.
Namazgah, Karadag, Sogucak and Karadoru) were identified in the Biga Peninsula. Petrography, whole-
rock geochemistry and mineral chemistry studies were performed in nodular swarm, disseminated and
vein type tourmaline minerals formed in late-stage magmatic phase at the roof section of the granitoid
plutons. Tourmaline minerals from the WAMC and its contact metamorphic aureole were structurally
and chemically characterized by using X-ray diffraction (XRD), Fourier-transform infrared (FTIR) and
Raman spectroscopy technics, to explain their origin and relationships with the magmatic evolution
during the pluton cooling stages. In our study we performed major, trace and rare earth element analysis
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on Scanning Electron Microscope - Energy Dispersive X-Ray Fluorescence (SEM-EDX) and laser
ablation inductively coupled plasma mass spectrometry from three tourmaline types. In regarding the
compositional range, these tourmalines fall into the alkali group and schorl-oxy-schorl-dravite-oxy-
dravite solid solution series. Tourmaline bearing leucogranite and granophyric vein rocks represent a
shallow seated magmatic system, linked via AFC processes to highly fractionated mantle-derived
magmas and metapelitic crustal components during the evolution of the magmas.

Keywords: Late stage magmatic processes, tourmaline, mineral chemistry
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Abstract

K-feldspar megacrysts are remarkable petrographic phenomena found in calc-alkaline granitoids formed
in various tectonic settings. The origin(s) of K-feldspar megacrysts are still unclear. The granodiorite
and granite of the Cataldag pluton, an Early Miocene epizonal pluton in NW Anatolia, contain K-
feldspar megacrysts in euhedral-subhedral form (up to 8 cm in size). The inclusions of plagioclase and
biotite in the megacrysts align along the zoning pattern. These petrographic data are consistent with the
process occurring under magmatic conditions. The Rhyolite-MELTS algorithm was applied to
approximate the magmatic processes initiating early K-feldspar crystallization, which facilitates
megacryst formation, in both open (magma mixing/assimilation-AFC) and closed (fractional
crystallization-FC) magmatic systems. We used two high-K calc-alkaline mafic end-members with
enriched mantle signatures and three distinct felsic end-members with varied K,O compositions (ranging
from 2.4% to 5.4%) representing the Western Anatolian continental crust.

According to the models, high-K mafic end members cannot generate granodiorite and granite through
fractional crystallization. Furthermore, K-feldspars formed in a closed system crystallize late, leaving
insufficient space for the generation of megacryst. On the other hand, K-feldspar crystallization occurs
earlier in open system models. According to these models, the presence of high-K mafic magma is more
critical than high-K felsic magma for the early crystallization of K-feldspar. In addition, magma mixing
yields more realistic models than assimilation fractional crystallization (AFC). It supports the two end-
members hypothesis, which contends that the mantle and crustal melts developed under the influence of
Aegean extensional system.

Keywords: K-feldspar megacryst, thermodynamics, modeling, NW Anatolia

Ozet

K-feldspat megakristalleri, farkli tektonik ortamlarda gelismis kalk-alkalin granitoyidlerde gdzlenmekte
olan 6nemli petrografik olusumlardir. Megakristallerin kokenlerine yonelik tartismalar ise stirmektedir.
Erken Miyosen yasli epizonal bir pluton olan Cataldag plutonunun granodiyorit ve granitik bilesimli
kayalari icerisindeki k-feldspat megakristalleri plutonun biiylik boliimiine yayilmistir. Boyutlar: 8 cm’ye
kadar ulasan megakristaller 6zsekilli ve yar1 6zsekilli formlarda porfirik dokular olusturmaktadir.
Megakristallerin igindeki plajiyoklaz ve biyotit inkliizyonlari, megakristallerin zonlarina parallel
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konumlanmaktadir. Tim petrografik veriler megakristal olusturan silirecin magmatik kosullarda
gergeklestigine isaret etmektedir. Bu ¢alismada, megakristal olusumuna yaklasimda bulunmak iizere
erken K-feldispat kristalizasyonunu tetikleyen magmatik siiregler Rhyolite-MELTS programi
kullanilarak agik (magma karigmasi/asimilasyon-AFC) ve kapali sistemde (fraksiyonel kristallenme-
FC) modellenmistir. Modellemelerde zenginlesmis manto isaretli, yiikksek potasyumlu kalk-alkalin
niteligindeki iki ayr1 mafik iiye, farkli KO bilesimleri (2.4%’ten 5.4%’e) sunan, Bat1 Anadolu kitasal
kabugu temsilcisi, ii¢ ayr felsik ug iiye secilmistir.

Model g¢iktilarina gore yiiksek potasyumlu kalk-alkali mafik ug¢ iiyeler fraksiyonel kristallenme ile
granodiyorit ve granit olusturamiyor. Ustelik kapal1 sistemde olusan K-feldispatlar genellikle gec evrede
kristalizasyona bagliyor ve megakristal olugturmak i¢in yeterli alan kalmiyor. Agik sistem modellerinde
ise erken evrede K-feldspar kristalizasyonu miimkiin hale geliyor. A¢ik sistem modellerine gore, K-
feldspatin erken kristalizasyonu icin yiiksek potasyumlu mafik magmanin varlhigi, yiiksek potasyumlu
felsik magmadan daha 6nemli. Ayrica magma karigmasi, asimilasyona (AFC) oranla daha gergekei
modeller ortaya koyuyor. Bu da Ege genisleme sistemi etkisinde hem manto ergiyikleri hem de kabuksal
felsik magmalarin olustugunu savunan bimodal magmatizma hipotezini desteklemektedir.

Anahtar Kelimeler: K-feldspar megakristalleri, termodinamik, modelleme, KB Anadolu
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Abstract

Anatolia occurs at the intersection of Eurasia, Africa, and Arabia as part of the Alpine—Himalayan—
Tibetan orogenic belt. Its crustal architecture consists mainly of a mosaic of several continental blocks,
separated by suture zones with ophiolites and mélanges derived from different Neotethyan seaways.
Ophiolites exposed in the Konya Region of south-central Anatolia play an important role in understanding
the distribution of Neotethyan suture zones and paleogeography in the eastern Mediterranean region.

Volcanic—pyroclastic rocks of the Huglu Unit to the south of Lake Beysehir in SW Anatolia alternate
with Middle-Upper Triassic limestones, radiolarites and mudstones, and display geochemical signatures
(Th/Yh:3-4; Ta/Yb:0.15-0.18; Zr/Y:2.60-3.15) typical of P-MORB basalts. They represent the remnants
of an Early Mesozoic oceanic crust. Volcanic rocks that are spatially associated with deep marine
sedimentary rocks of the Huglu Unit correlate with coeval extrusive rocks in the Mersin Mélange,
whereas the upper mantle peridotites of the Dipsiz G6l Ophiolite in Huglu correspond to the peridotites
of the Mersin Ophiolite. Towards the east we can find the continuation of these ophiolite complexes in
the Pozanti—Karsant1 (= Aladag) and Pinarbasi ophiolites in the Central Tauride Belt, and to the west in
the Marmaris Ophiolite in the Western Tauride Belt and in the Pindos (Greece) Zone in the Hellenic belt.

The Yunak Ophiolite of the Afyon Zone to the north is thrust over the Jurassic—Cretaceous marbles, and
represents a relic of a Late Triassic seaway, which developed to the north of the Tauride platform. The
Yunak mafic rocks show negative Nb and Ti anomalies, characteristic of IAT geochemistry.

Cesmelisebil mafic and ultramafic rocks in the Tavsanli Zone in NW Anatolia are tectonically juxtaposed
against Jurassic-Cretaceous marbles (with aragonite horizons), which were deformed and metamorphosed
in a subduction channel during the closure of the Inner-Tauride Ocean. “°Ar/*°Ar whole-rock ages
obtained from dolerite dikes in the Cesmelisebil Ophiolite have revealed Albian ages (110.3+8.3 Ma).
We posit that the Cesmelisebil and Yunak ophiolites in the Western Taurides chronologically and
tectonically correlate with the Alihoca and Divrigi ophiolites in the Central Taurides to the east.

Based on our results we interpret the Dipsiz G6l and Mersin ophiolites as the remnants of a Neotethyan
seaway developed between the Anatolide and Tauride belts (Southern Inner-Tauride Seaway), and the
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Yunak and Cesmisebil ophiolites as the remnants of a seaway (Northern Inner-Tauride Seaway) evolved
between the Anatolide (Afyon and Tavsanli zones) belt and the Central Anatolian Crystalline Massif.

Keywords: Anatolide—Tauride belts, Triassic oceanic crust, P-MORB and IAT volcanics, Inner-Tauride
Ocean, Neotethyan ophiolites

Ozet

Tiirkiye, Alp—Himalaya—Tibet dag kusag: lizerinde, Avrasya, Afrika ve Arap plakalarinin kesisiminde
bulunmaktadir. Bu nedenle, jeodinamik yapisini bircok kitasal bloklar ve bunlar arasinda yer alan ve
farkl1 okyanus havzalarindan kaynaklanan ofiyolit naplar1 olusturur. Konya bdlgesindeki tektonik
birliklerin icinde bulunan ofiyolitik istifler, Giiney ve Orta Anadolu’daki orojenik kenet zonlarmin
irdelenmesinde dnemlidir.

Beysehir Goliiniin giineyindeki Huglu Birimi volkanik—piroklastik kayalari, Orta-Ust Triyas yash
kirectaslari, radyolarit ve ¢amurtaglariyla ardalanmali bir istif olusturur. Huglu volkanitleri Plume
(sorgug)-MORB bazaltlarina ait jeokimyasal 6zellikler (Th/Yb:3-4; Ta/Yb:0.15-0.18; Zr/Y:2.60-3.15)
sunmakta olup, Erken Mesozoyik’te agilan bir okyanusun volkanitlerini olustururlar. Huglu Biriminin
volkanik—derin denizel sedimanter kayaglar1 Mersin Mélanj1 ile korele edilirken, iist manto boliimiini
Mersin Ofiyoliti’nin peridotit eslenikleri olan Dipsiz Go6l ofiyoliti olusturmaktadir. Bu ofiyolit
komplekslerinin doguya dogru devamimi Orta Toroslardaki Pozanti-Karsant1 (= Aladag) ve Pmarbasi
ofiyolitlerinde, batiya dogru ise Bat1 Toroslardaki Marmaris Ofiyoliti ve Hellenik kusagindaki Pindos
(Yunanistan) Ofiyoliti’nde bulabiliriz.

Afyon Zonunda yiizlek veren Yunak Ofiyoliti, Jura—Kretase mermerlerinin iizerine bindirmistir. Yunak
Ofiyoliti, Afyon Zonu kuzeyinde Ust Triyas’da agilan bir okyanusal basenin ultramafik-mafik kayalarin
temsil etmektedir. Mafik kayalar, negatif Nb ve Ti anomali deseni sunmasi ile IAT (ada-yay1 toleyitleri)-
karakterlidir.

Bat1 Anadolu’daki Tavsanli Zonunda, Cesmelisebil dolayindaki ultamafik-mafik kayaclar, Jura—Kretase
mermerleri ile tektonik iliskilidir. Bu mermerlerin yer yer aragonit seviyeleri igermesi, Ig-Toros Kenet
Zonu’nda yitme zonu gémiilme metamorfizmasi gegirdiklerini isaret eder. SSZ (dalma-batma zonu)-tipi
ofiyolitik kayalarini temsil eden diyabaz dayklarindan “°Ar/*°Ar radyometrik yas metodu ile 110.3+8.3
My tiim kaya yasi elde edilmistir. Cesmelisebil ve Yunak ofiyolitleri, Orta Toroslardaki Alihoca ve
Divrigi ofiyolitleri ile korele edilebilir.

Sonug olarak: Dipsiz G6l ve Mersin ofiyolitlerini, Anatolidlerle Toridler arasinda agilan bir okyanusun
kalintilar1 olarak (Giiney I¢-Toros okyanusu), Yunak ve Cesmisebil ofiyolitlerini de Anatolidler (Afyon
ve Tavsanl zonlar1) ile Orta Anadolu Kristalen Masifinin arasindaki bir okyanusal basenin (Kuzey I¢-
Toros okyanusu) kalintilari olarak yorumlamak miimkiindiir.

Anahtar Kelimeler: Anatolid-Torid kusaklari, Triyas yash okyanusal kabuk, P-MORB ve IAT
volkanitleri, I¢-Toros okyanusu, Neotetis ofiyolitleri
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Abstract

The Menderes Massif (MM) forming a component of the Anatolide — Tauride Block which was drifted
to the north during the Early Triassic has a Gondwana-derived crystalline basement. The metamorphic
- magmatic history of this basement has been attributed to the Malagasy Orogeny (~600-500 Ma)
resulted in the final amalgamation of Gondwana. In this study, we focus on the age and origin of
amphibolites widely distributed in the Odemis-Bozdag region. Schists known as Bozdag schists start
with quartzite — quartz schist — mica schist intercalation with rare marble lenses at the base and continue
upward with thick and homogeneous schist unit. They pass gradually into black quartzite - schist -
phyllite intercalation. Marbles form the uppermost unit of this coherent series. The key-mineral
isogrades indicate that this sequence characterized by widespread occurrences of amphibolite sills and
garnet-amphibole-plagioclase schist levels was overturned by Alpine deformation.

LA-ICP-MS zircon U-Pb data obtained from amphibolites occurring both in the homogeneous Bozdag
schists and black quartzite - schist - phyllite intercalation yielded similar ages of 6114+24 Ma and 629 +
13 Ma interpreted as the crystallization ages of basic protolith, respectively. The Bozdag schists also
contain rare acidic veins with well-preserved primary holocrystalline texture yielding 632 Ma and 630
Ma LA-ICP-MS zircon U-Pb ages. These ages indicate that this coherent sequence forms the oldest
rocks of the basement rocks of the MM.

These amphibolites are characterized by slight variations in SiO; (46-63 wt.%), MgO (5.7-8.3 wt.%),
Nb (4.0-12.5 ppm) and Ta (0.1-0.8 ppm) and high Mg# values of 48-61. They have low La/Nb (0.76-
1.75), Nb/Y (0.17-0.47), Zr/Y (3.04-4.30), Th/Ta (0.71-2.83) ratios suggesting a mantle source with
slight crustal contamination for the primary rocks. Major and trace element compositions of these
amphibolites indicate an overall sub-alkaline basalt with tholeiitic affinity. They are characterized by 5-
45 times enrichment in large ion lithophile elements (LILE) and sligtly enrichment in light rare earth
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elements (LREEs) relative to heavy rare earth elements (HREEs). Geochemical features of the
amphibolites suggest a precursor mafic magma derived from partialy-melted enriched mid-ocean ridge
basaltic (E-MORB) source in a continental within-plate tectonic setting. Based on the present data, we
infer that Neoproterozoic basic magmatism occurred in an extensional setting during the East Africa
Orogenic cycle (>600 Ma).

Keywords: Amphibolite, Geochemistry, Bozdag, Menderes Masifi, East African Orogeny

Acknowledgement: This study was supported by TUBITAK Project No: 117Y346.

Ozet

Anatolid — Torid Blogu’nun bir bileseni olan Menderes Masifi, erken Triyas’ta koparak kuzeye
stiriiklenen, Gondvana kokenli kristalen bir temele sahiptir. Ge¢ Neoproterozoyik yash bu temeli
etkileyen tiim metamorfik ve magmatik olaylar Gondvana'min nihai biitiinlesmesini sonuglayan
Malagazi Orojenezi ile iliskilendirilmektedir (~600-500 Ma). Bu ¢alismada, Odemis-Bozdag bolgesinde
yaygin olarak gozlenen amfibolitlerin yasima ve kokenine odaklanilmistir. Bu bolgede genis yayilim
sunan sistler Bozdag sistleri olarak bilinmektedir. Bozdag sistleri tabanda seyrek mermerli kuvarsit —
kuvars sist — mikagist ardalanmasi ile baglar, kalin ve homojen sist birimiyle devam eder. Bunlar uyumlu
ve gegisli bir dokanakla siyah kuvarsit — sist — fillit ardalanmasindan yapili birime geger. Istif, bu birimi
uyumlu olarak {izerleyen kalin karbonatlarla sonlanir. Anahtar minerallere ait izogradlar, yaygin
amfibolit silleri ve granat-amfibol-plajiyoklaz sist diizeylerinin varligi ile karakterize olan s6z konusu
istifin giinlimiizde devrik konumda oldugunu gdstermektedir.

Homojen Bozdag sistleri igerisindeki amfibolitlerden 611+24 my, siyah kuvarsit — sist — fillit
ardalanmasi igerisindeki amfibolitlerden ise 627+12 my LA-ICP-MS zirkon U-Pb kristallenme yaglari
elde edilmistir. Ayrica sistler igerisinde seyrek olarak gdzlenen, ilksel holokristalen dokusu korunmus
asidik damar kayalar1 da benzer sekilde 632 ve 630 my LA-ICP-MS zirkon U-Pb kristalizasyon yaslari
vermistir. Bu yaslar, Bozdag sistlerini igeren istifin Menderes Masifi temel kayaglari igerisinde bugiine
kadar saptanmis en yash kayaclar olduguna isaret etmektedir.

Yiiksek Mg# (46-63) degerleri sunan amfibolitler birbirine yakin SiO; (%46-50), MgO (%5,7-8,3), Nb
(4,0-12,5 ppm) ve Ta (0,1-0,8 ppm) degerleri ile karakteristiktir. Amfibolitler diigiikk La/Nb (0,76-1,75),
Nb/Y (0,17-0,47), ZrlY (3,04-4,30) ve Th/Ta (0,71-2,83) oranlarina sahiptir. Bu oranlar, amfibolitlerin
ilksel kayaci i¢in kabuksal kirlenmenin fazla etkin olmadig1 bir manto kaynagin1 diistindiirmektedir. Ana
ve eser element bilesimleri bunlarn tiimiiniin toleyitik, sub-alkali bazaltlar oldugunu goéstermektedir.
Agir nadir yer elementlerine (HREE) gore biiyiik iyon litofil elementleri (LILE) 5-45 kat, hafif nadir yer
elementleri (LREE) ise hafif bir zenginlesme sunmaktadir. Jeokimyasal 6zellikler, amfibolitlerin ilksel
mafik magmalarinin, zenginlesmis okyanus ortasi sirt1 bazalt1 bilesimli (EMORB) bir kaynagin kismi
erimesi ile iliskili, kitasal levha i¢i magmatik aktiviteden tiiredigini gostermektedir. Bu verilere
dayanarak, Ge¢ Neoproterozoyik yasli bazik magmatizmanin Dogu Afrika Orojenizi (>600 my) ile
iligkili ge¢ evre genlesme siirecine bagli olarak gelistigini soyleyebiliriz.

Anahtar Kelimeler: Amfibolit, Jeokimya, Bozdag, Menderes Masifi, Dogu Afrika Orojenezi
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Ozet

Karincali kdyii yoresinin temelini Kirsehir Masifi’ne ait temel metamorfitler olusturmaktadir. Yesilsist
fasiyeslerinde metamorfizmaya ugramis olan bu kayalar Kirsehir Masifi’ne ait kayalardir. Bu temel
metamorfik istifi; temelden basliyarak, amfibolit, gnays, kuvarssist, mikagist ve amfibolgist
karmasigindan olusan Kalkanlidag formasyonu, kuvars mikasist, mikasist, kuvarssist, kuvarsit, kalksist,
mermer ardalanmasindan olugsan Tamadag formasyonu ve ¢esitli 6zellikte mermer, metacortlii mermer
toplulugundan olusan Bozgaldag formasyonu seklindedir. Metamorfitler ilizerine bazi yerlerde
bindirmeli dokanakla gelen gabro, diyabaz ve volkano-tortul birimler, Cigekdagi napi olarak
ayirtlanmigtir. Bu birimleri kesen felsik intruzifler iri, yer yer mega kristalli siyenitlerden olusan
kesimleri Cayagzi siyeniti; nefelin siyenitlerden olusan kesimleri Buzlukdagi siyeniti; kuvras monzonit
ve monzonitlerden olugan kesimleri ise Baranadag intruzifleri seklinde ayirtlanmistir. Bu birimler, genel
olarak subvolkanik 6zellikler sunan trakit, trakiandezit, latit, riyolit, riyodasit tiirii kayaclardan olusan
Geg Kretase yash Kotiidag volkanitleri tarafindan kesilmektedir. Kirgehir masifi kokende, psamitik,
ortokuvarsitik, pelitik, yaripelitik, kumlu, killi ve ¢ortlii karbonat ¢okellerinden olusmustur. Metamorfik
fasiyes belirlemesinde granat, amfibol ve plajiyoklaz minerallerin tiirleri Konfokal Raman spektroskopi
sinde belirlenmistir. Caligma alaninda yer alan kayalardaki ayrintili petrografi ve Raman analiz
incelemelerinde yaygin mineral toplulugu Klinoamfibol + plajiyoklaz + titanit, klinoamfibol +
klinozoizit + epidot + plajiyoklaz + titanit, Granat amfibolsist mineral toplulugu klinoamfibol + granat
+ klinozoizit + plajiyoklaz, Albit + kuvars + muskovit + biyotit + granat, aktinolit + tremolit + klorit +
kuvars, kalsit + kuvars + muskovit ayrica serisit + kuvars + grafit mineral parajenezlerinden
olusmaktadir.

Anahtar Kelimeler: Kirgehir Masifi, Karincali metamorfitleri, Raman, jeokimya
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Abstract

The main metamorphites of Kirsehir Massif constitute the basis of the Karincali village region. These
rocks, which have been subjected to metamorphism in greenschist facies, belong to the Kirgehir Massif.
This metamorphic sequence; bottom to the top, Kalkanlidag formation which is consist of amphibolite,
gneiss, quartz schist, mica schist and amphibolchist complex, Tamadag formation which is consist of
guartz mica schist, mica schist, quartz schist, quartzite, calcschist, marble sequences, and Boz¢aldag
formation which is consist ofa variety of marbles, marble assemblages with metachortedformation.
Gabro, diabase and volcano-sedimentary units that placed with overlapping contact on some of the
metamorphites are distinguished as Ci¢ekdagi nappe. The felsic intrusives that cut these units consist of
large, partly mega-crystalline syenites define as a Cayagzi syenite; the part of the section includes
nepheline syenites define as a Buzlukdagi syenite; The sections consist of quartz monzonite and
monzonite are distinguished as Baranadag intrusives. These units have been cut by the Late Cretaceous
aged Kotiidag volcanics, which consist of trachite, trachyandesite, lattice, rhyolite, and ryodacite type
rocks which have generally show subvolcanic properties. Kirsehir massive origin is composed of
psamitic, ortho-quartzitic, pelitic, semipelitic, sandy, clayey and cherty carbonate deposits. In the north
of the Karincali, Kirsehir massif firstly amphibolite facies metamorphism and then from the amphibolite
facies to the greenschist facies metamorphism has been occured. In determining metamorphic facies,
the types of garnet, amphibole and plagioclase minerals were determined by Confocal Raman
spectroscopy. In the detailed petrography and Raman analysis of the rocks in the study area, the common
mineral group clinoamfibol + plagioclase + titanite, clinoamfibol + clinozoisite + epidote + plagioclase
+ titanite, garnet amphibol mineral assemblages consists of clinoamfibol + garnet + clinozoisite +
plagioclase, greenschist mineral assemblages consists of albite + quartz + muscovite + biotite + garnet,
actinolite + tremolite + chlorite + quartz, calcite + quartz + muscovite, as well as sericite + quartz +
graphite mineral paragenesis.

Key words: Kirgehir Massif, Karincali metamorphics, Raman, geochemistry
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Ozet

Kristal morfolojisi; jeolojik siire¢ler boyunca bir dizi fiziko-kimyasal parametre tarafindan kontrol
edilmektedir. Sicaklik, basing, soguma hizi, niivelesme, diflizyon, ugucu bilesenler ve viskozite gibi pek
¢ok parametre kristal morfolojisini dogrudan etkilemektedir. Mineraller kristalografik i¢ diizenlerinin
bir yansimasi olarak kendilerine 6zgii bir sekle sahiptirler. Ancak mineraller bu morfolojik 6zelliklerini
sadece ideal kosullar altinda kristallendiklerinde tam olarak yansitabilirler. Kristallenme siirecini kontrol
eden parametrelere bagl olarak mineraller pulsu, prizmatik, ignemsi, lifsi, radyal, orbikiiler ve dendritik
sekillerde kristallenirler. Bunun sonucu olarak kristallenme derecesine, kristal biiyiikliigiine,
kristallenme hizina ve sekline gore kayacin olusum kosullarini yansitan ¢esitli dokular gelisir.

Birgok kayac tiiriinde soguma hizinin bir fonksiyonu olarak farkli kristal dokularinin gelisimi
izlenmektedir (camsi volkanik kayaclar, yastik lavlar vb.). Kayaglarin bir ergiyikten itibaren
kristallenmesine benzer bir mekanizma arkeometalurjik islemlerde elde edilen ciiruflarda ve dokiim
kayaclarinda da gézlenmektedir.

Bu calismada silisik volkanik kayaclarda yaygin olarak gozlenen sferulit ve aksiyolit olusumlarinda,
antik c¢aglarda isletilmis maden ciiruflarinda ve dokiim kayaci olarak iiretilen bazaltlardaki farkli
minerallerde (kuvars, sanidin, olivin, piroksen, plajioklas, manyetit vb.) gelisen kristal sekilleri
(iskeletsi, dentritik, polihedral vb.) ve olusum siireclerindeki fizikokimyasal kosullar tanimlanmaistir.

Anahtar Kelimeler: Kristalizayon kinetigi, ani soguma, kristal morfolojisi, arkeometalurji

Abstract

Crystal morphology is controlled by a series of physicochemical parameters throughout geological
processes. Many parameters such as temperature, pressure, cooling rate, nucleation, diffusion, volatile
components and viscosity directly affect crystal morphology. Minerals have a unique shape as a
reflection of their crystallographic systems. However, minerals can fully reflect these morphological
properties only when they crystallize under ideal conditions. Depending on the parameters controlling
the crystallization process, minerals crystallize in lamellar, prismatic, acicular, fibrous, radial, orbicular
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and dendritic shapes. As a result, various textures develop, reflecting the rock's formation conditions,
depending on the degree of crystallization, crystal size, crystallization rate and crystal morphology.
The development of different crystal morphologies is observed as a function of cooling rate in many
different rock types (i.e. glassy volcanic rocks, pillow lavas). A mechanism similar to the crystallization
of rocks from a melt is observed in slags obtained in archaeometallurgical processes and in cast rocks.
In this study, crystal morphologies (skeleton, dentritic, polyhedral) in different minerals (quartz,
sanidine, olivine, pyroxene, plagioclase, magnetit etc.) developed in the spherulitic and axiolitic
formations commonly are observed in silicic volcanic rocks, in slags from ancient mining and in basaltic
rocks produced as cast rocks and physicochemical conditions in the crystallization processes are defined.

Keywords: Crystallization kinetics, under cooling, crystal morphology, archaeometallurgy
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Ozet

Yeni kesfedilen Tirkali pliitonu Permo-Triyas yasli Karakaya Kompleksi igerisine sokulum yapmis olan
kiiglik (~ 2 x 2 km) bir granitik kiitledir. Tiirkali pliitonu KD-gidisli sin-pliitonik mafik dayk kiimeleri
ile karakteristiktir. Petrografik olarak, sin-pliitonik dayklar hornblend, plajiyoklaz, biyotit ve Fe-Ti-
oksitlerden meydana gelmektedir.

Pliiton ve sin-pliitonik dayklar kalk-alkalen karaterli olup sosonit seri 6zelligini gosterirler. Granodiyorit
ve tonalit bilesimindeki pliiton I-tipinde olup, metalumin karakterindedir. Kondrite gére normalize
edilen RTE dagilimlart konkav sekilli (pliton: Lan/Lun=9-15; dayk: Lan/Lun=12-15) olup, zayif
derecede Eu anomalisi (Eu/Eu* = 0,51-1,03) sunmaktadir.

Pliiton ve iligkili sin-pliitonik dayklarin yasi SHRIMP U-Pb zirkon metodu ile tespit edilmistir. Buna
gore, pliitonun yas1 20,33+0,39 Ma ve 20,52+0,57 Ma arasinda degisirken, sin-pliitonik dayklarin yas1
ise 20,25+0,49 Ma ve 20,61+0,89 Ma (Erken Miyosen) arasinda degismektedir. Ayrica, bu kayalar
benzer Nd-Sr izotopik bilesimlere sahiptir (**Nd/***Nd, pliiton: 0,51231 ve 0,512375; dayk: 0,512307
ve 0,512388 ve #'Sr/%Sr, pliiton: 0,708367 to 0,710552; dayk: 0,708360 to 0,708558).

Tiirkali plittonu Pb, Zn, Cu ve daha az Mo ve Au (0,02-0,03 g/t) cevherlesmelerine ev sahipligi
yapmaktadir. Cu (%0,1-0,5) ve Mo (%0,004-0,01) daha ¢ok pliitonun ¢at1 kesimindeki kirik zonlarinda
sivama seklinde gozlenirken, Pb ve Zn cevherlesmeleri dis zondaki tektonizma sonrasi olusmus
Miyosen yasli volkaniklerin KD-gidisli hidrotermal bres ve damar sistemlerinde gdzlenmektedir.

Pliiton ve sin-pliitonik mafik dayklar carpigma sonrasi ortamda olusmustur ve volkanik-yay granitleriyle
iligkilidirler. Her iki kaya¢ grubunun koken kayaclar1 metabazik ve amfibolitlerdir ve bu kayaglarin

kokeni hem metasomatik manto ve orta-alt kabukdan sekillenmis olan hibrit bir magmadir.

Anahtar Kelimeler: I-tipi granit, sin-plutonik dayk, SHRIMP U-Pb zirkon, polimetalik cevherlesme,
Kuzeybati Tiirkiye
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Abstract

The newly-discovered Tiirkali pluton is a small (ca. 2 x 2 km) granitic stock intruded into Permo-Triassic
Karakaya Complex. The Tirkali Pluton is characterized by NE-oriented syn-plutonic mafic dyke
swarms. Petrographically, syn-plutonic dykes comprise hornblende, plagioclase, biotite and Fe-Ti-
oxides.

The studied plutonic and syn-plutonic dykes are of calk-alkaline character, belongs to the shoshonite
series. The pluton displays properties of I-type affinity. It is metaluminous, and classified as granodiorite
and tonalite in composition. The REE patterns indicate that these rocks have slight negative Eu anomaly
(Eu/Eu* = 0.51-1.03), and chondrite-normalized patterns are concave-shapes (pluton: Lan/Lun=9-15;
dyke: Lan/Lun=12-15).

The pluton and syn-plutonic dykes were dated by the SHRIMP U-Pb zircon method, and same ages
yielded with 20.33+0.39 Ma to 20.52+0.57 Ma, 20.25+0.49 Ma to 20.61+0.89 Ma (Early Miocene),
respectively. Also, they have same Nd-Sr isotopic compositions; ***Nd/***Nd (pluton: 0.51231 to
0.512375; dyke: 0.512307 to 0.512388) and ®'Sr/%Sr (pluton: 0.708367 to 0.710552; dyke: 0.708360 to
0.708558).

The Tiirkali pluton is also hosted by polymetallic mineralization such as Pb, Zn, Cu, slight Mo and Au
(0.02-0.03 g/t). Although Cu (0.1-0.5 wt%) and Mo (0.004-0.01 wt%) are mostly observed as coating
through fractured zones in roof section of pluton, Pb and Zn are seen in NE-directed hydrothermal
breccia zones and veins of post-tectonic volcanics of Miocene in outer zone.

These rocks formed in post-collisional setting, and have affinity of volcanic-arc granites. Source
protoliths of both rocks are metabasic and amphibolite, and origin of these rocks is a hybrid magma
derived from both metasomatic mantle and middle-lower crust.

Keywords: I-type granite, syn-plutonic dyke, SHRIMP U-Pb zircon, ploymetallic mineralization, NW
Tiirkiye
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Abstract

Cataldag leucogranites are a representative example of the Eo-Oligocene magmatic activity in Western
Anatolian orogenic crust and defined by garnet-bearing leucogranite and two-mica leucogranite with
strongly peraluminous nature. Garnet bearing leucogranite is composed of quartz (30-35%), plagioclase
(25-30%), K-feldspar (25-30%), muscovite (5%), garnet (2%) and biotite whereas two-mica
leucogranite display quartz (30-35%) + plagioclase (25-30%) + K-feldspar (20-22%) + biotite (5-8%) +
muscovite (3%) + garnet mineral composition. Mineral chemistry studies suggest that feldspar
compositions of Cataldag leucogranites are oligoclase (Anig-29) and orthoclase (Orsz-93). Garnet crystals
display almandine compositions of Fesz.a; Mnio-27 Ca+Mgs.15 for garnet-bearing leucogranite and Fegz-g2
Mnio.27 Ca+Mgsas for two-mica leucogranite. Biotite compositions of leucogranites are Mg-
siderophyllite (Fe-biotite), while the muscovite composition corresponds to lithium-muscovite.

The garnet-muscovite-plagioclase-quartz thermobarometry calculations on garnet-bearing leucogranite
show that the temperature-pressure crystallization conditions are 459-540 °C and 2.5-4.6 kbar. On the
other hand, thermobarometric calculations (garnet-biotite-plagioclase-quartz geothermobarometry) of
two mica leucogranites indicate higher temperatures and pressure conditions of 621-707 °C and 4.7-9.8
kbar. In particular, the pressure conditions of the garnet crystals in two mica leucogranites decrease
significantly from core to rim with a slight decrease in temperature conditions. These variations on the
thermobarometric calculations of Cataldag leucogranites combined with petrography and mineral
chemistry studies collectively suggest that Cataldag leucogranites were developed as a result of the near
isothermal decompression and partial melting of Western Anatolian orogenic crust.

Keywords: Isothermal decompression, mineral chemistry, leucogranite, Eo-Oligocene, NW Anatolia

Ozet

Bati Anadolu Orojenik Kabugundaki Eo-Oligosen magmatik aktivitesinin temsili bir 6rnegi olan
Cataldag 16kogranitleri, yiiksek peraluminyumlu 6zellikteki garnet-1okogranit ve iki mikali 16kogranit
ile tantmlanmistir. Garnet-l6kogranit, kuvars (%30-35), plajiyoklaz (%25-30), K-feldispat (%25-30),
muskovit (%5), garnet (%2) ve biyotitten olusurken, iki mikali 16kogranit kuvars (%30-35) + plajiyoklaz
(%25-30) + K-feldispat (%20-22) + biyotit (%5-8) + muskovit (%3) + garnet mineral bilesimi sergiler.
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Mineral kimyasi ¢alismalar1, Cataldag 16kogranitlerinin feldspat bilesimlerinin oligoklaz (Anio-20) Ve
ortoklaz (Orgs-g3) oldugunu gostermektedir. Garnet kristalleri, garnet-lokogranit igin Feg.0p MnNig-27
Cat+Mgs.1g bilesimindeyken iki mikali 16kogranit iginse Fegz.go MN1o.o7 Ca+Mgs.1g bilesiminde olup, ikisi
de almandin olarak simiflanir. Lokogranitlerin biyotit bilesimleri Mg-siderofillit (Fe-biyotit) iken,
muskovit bilesimi ise lityum-muskovittir.

Garnet-16kogranitin, garnet-muskovit-plajiyoklaz-kuvars termobarometrik hesaplamalari sonucunda
sicaklik-basing kristallesme kosullarmin 459-540 °C ve 2.5-4.6 kbar oldugunu gostermektedir. Ote
yandan, iki mikali 16kogranitin termobarometrik hesaplamalari (Garnet-biyotit-plajiyoklaz-kuvars
jeotermobarometrisi), 621-707 °C ve 4,7-9,8 kbar, yani garnet-l16kogranitten daha yiiksek sicaklik ve
basing kosullar1 gosterir. Ozellikle, iki mikali 16kogranit icindeki garnet kristallerinin cekirdek
zonlarindan kenar zonlarina dogru, basing kosullar1 6nemli 6l¢giide, sicaklik kosullarinda ise hafif bir
azalma goriiliir. Petrografi, mineral kimyas1 ¢aligmalari ve jeotermobarometre hesaplamalar1 birlikte ele
alindiginda, Cataldag I0kogranitlerinin Bati Anadolu orojenik kabugunun izotermik basing
serbestlenmesi ve kismi ergimesi sonucu gelistigini gostermektedir.

Anahtar Kelimeler: izotermik basing ferahlamasi, mineral kimyasi, 16kogranit, Eo-Oligosen, KB
Anadolu

1. INTRODUCTION

The intrusive magmatism in Western Anatolia has been alive from Eocene to Middle Miocene following
the continental collision between Sakarya Continent and Anatolide-Taurid Platform [1]. Three essential
stages are classified by researchers; Eocene magmatism [2], Eo-Oligocene magmatism [3 and references
therein] and Early Miocene magmatism [4 and references therein].

Eo-Oligocene granitoids are represented by leucogranites and two-mica granites with a strongly
peraluminous nature and S-type affinity [5,3]. Cataldag leucogranites (CL) are included in the Cataldag
Metamorphic Core Complex [6] and representative examples of this Eo-Oligocene granitoids in NW
Anatolia (Figure 1). CL is divided into two members with S-type characteristics: garnet-bearing
leucogranite (GBL) and two-mica leucogranite (TML), which were derived from a metapelitic mica-
schist of Western Anatolian orogenic crust [3].

There are very few published geological and petrographical data on Eo-Oligocene leucogranites [6,3,5]
and no mineral chemistry studies on CL. This study aims to fill this gap by focusing on the petrography
and mineral chemistry studies on plagioclase, K-feldspar, biotite, muscovite and garnet crystals of CL
in order to estimate the crystallization temperature and pressure conditions. These data provide a better
understanding of magmatic processes in the Western Anatolian orogenic crust and regional geology
during Eo-Oligocene.

2. MATERIAL and METHODS

Mineral compositions of CL were determined with CAMECA-SX50 Electron Probe Micro Analyzers
(EPMA) at the University of Kentucky. Thin sections of CL were made and carbon-coated prior to use
in the EPMA. The analyses were run with a probe current of 10 nA, an acceleration voltage of 15 kV
and a beam diameter of 0.5 pm.
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Figure 1. Study area and geological map of Cataldag Core Complex.

3. RESULTS and DISCUSSION

3.1. Petrography and Mineral Chemistry

GBL is composed of quartz (30-35%) + plagioclase (25-30%) + K-feldspar (25-30%) + muscovite (5%)
+ garnet (2%) + biotite. Zircon and monazite are also present as accessory minerals. The magmatic
textures are rarely preserved as a result of the cataclastic deformation.

Similar to GBL, TML is also affected by cataclastic deformation but magmatic textures are preserved
from place to place. TML is made up of quartz (30-35%) + plagioclase (25-30%) + K-feldspar (20-22%)
+ biotite (5-8%) + muscovite (3%) + garnet. Accessory minerals are represented by apatite, titanite,
zircon and monazite. It shows a holocrystalline granular texture.

Feldspars. Plagioclase is the main felsic mineral in both GBL and TML. Subhedral prismatic plagioclase
crystals are common in TML, displaying polysynthetic twinning while they are represented by deformed
anhedral crystals in GBL. Compositions of the plagioclase of TML and GBL range from Ani to Anyg
which represented by oligoclase (Figure 2). K-feldspar, similar to plagioclase, is represented by
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subhedral and anhedral crystals in both TML and GBL. Compositions of K-feldspar of TML and GBL
range from Orgz to Orgs Which correspond to orthoclase (Figure 2).

Micas. Biotite is a common mafic mineral in TML whereas GBL does not contain biotite. They are
dominantly idiomorphic, reddish-brown and represented by Mg-siderophyllite (Fe-biotite) in [7] mica
classification (Figure 2). Muscovite is the common mica mineral in the Cataldag leucogranites. They
are idiomorphic in TML and flaky habitus in the GBL. The muscovite composition is lithium-muscovite
in both TML and GBL (Figure 2).

Garnet. Garnet is present mostly in GBL and minor amounts in TML. Garnet is generally represented
by shattered porphyroclasts in CL. Garnet composition in GBL range from Fegy; Mnjg Ca+Mgs to Feg;
Mny; Ca+Mgis, wWhich is classified as almandine (Figure 3). Similar to GBL, garnets in TML are
characterized by almandine but relatively higher Mn contents (Fe72-92 Mn25-40 Ca+Mg8-28). Garnet
cores show more CaO content than rims, 5% and 3%, respectively.

3
b) .. /N B Muscovite
© Biotite

phyllite

B K-feldspar
@ Plagioclase

orthoclase

sidero
phyllite)

Li-sidero

phyllite Fe-phlogopite

feal

Fe-biotite (Mg biotite)

—

Al-phlogopite

Fe-muscovite

lepidolite eastonite

bytownite

andesine anorthite

labradorite

mgli

Figure 2. a) Feldspar classification of Cataldag leucogranites and b) mica classification of Tischendorf et al.
(1997).

3.2.Crystallization conditions

The application of garnet-biotite geothermometry to TML has yielded temperature estimates in the range
of 621-707 °C, respectively [8]. Garnet-biotite-plagioclase-quartz barometry which is a useful method
for peraluminous granites [9] displays a wide range of pressure, which is between 4.7 and 9.8 kbar [10,
11]. These P and T values correspond to the upper amphibolite facies conditions (Table 1). Garnet-
muscovite geothermometry results from GBL show a range of 459-540 °C while garnet-muscovite-
plagioclase-quartz geobarometry shows a pressure condition of 2.5-4.6 kbar. This condition corresponds
to lower amphibolite-upper greenschist facies (Table 1).

The garnet-biotite-plagioclase-quartz thermobarometry of the TML shows that the pressure conditions
of the garnet crystals decrease significantly from core to rim while the temperature conditions decrease
slightly indicating to near isothermal decompression processes. High-Ca and low-Fe content (grossular)
in the cores of garnet correspond to high-pressure conditions of 9.8 kbar, ~35 km, while the rims have
low-Ca and high-Fe content (almandine), and present lower pressure conditions of ~6 kbar (Figure 3).
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Figure 3. a) Classification of garnets in Cataldag leucogranites; b) Backscattered electron (BSE) image of zoned-
garnet crystal in TML and c) core-to-rim XFe/XCa ratios of TML garnet crystal (b) to interpret pressure changes
in CL.

Tablel. Temperature and pressure conditions of Cataldag leucogranites.

Barometry
Thermometry (2C) (kbar) Average Thermobarometry (2C and kbar) Average
Garnet-biotite- depth |Garnet-muscovite | Garnet-muscovite- | depth
Methods Garnet-biotite plagioclase-quartz | (km) thermometer | plagioclase-quartz | (km)
References Wu and Chang, 2006 | Wou et al. 2004 Wu and Zhao, 2006
o 2 345-core 707 £7 9,8+0,2 35
;_E’ g 345-rim 678 £ 5 79+04 28
o 2 353 665 + 23 6,6+0,7 23 550+ 13 4,1+0,6 14
E § 312-core 685+ 10 6,3+0,2 22 5572 4+0,1 14
= |312-rim 621+ 12 4,7+0,7 17 520+ 12 33+0,1 12
?_:D 9 319 540 + 25 3,7+0,7 13
s S [322-core 487+6 46+0,7 16
= @ [322-rim 459+9 2,5+0,5 9
€ S [399core 53246 4,4+0,1 15
G~ 399rim 494 +7 2,8+0,2 10
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4. CONCLUSION

e (ataldag leucogranites include garnet-bearing leucogranite and two-mica leucogranite.

e Garnets in Cataldag two-mica leucogranites have Ca-rich cores which are represented by high-
pressure conditions while the rims have Fe-rich composition corresponding to lower pressure
conditions.

e The temperatures of the Cataldag leucogranites do not change a lot (max. 80 °C) in uplift
processes, which are represented by near isothermal decompression from ~9 to 6 kbar.

e Following the near isothermal decompression, garnet-bearing leucogranites show near isobaric
cooling (from ~700 °C to ~450 °C at 5-3 kbar).
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Ozet

Karayazi-Goksu bazalt platosu Dogu Anadolu ¢arpisma sonrasi volkanizmasinin en 6nemli bazaltik
piiskiirme merkezlerinden birini temsil etmektedir. Tiim kaya¢ “°Ar/*°Ar yas verileri platonun Orta
Miyosen gegis, Ge¢ Miyosen toleyitik ve Erken Kuvaterner alkali bazaltlar ile temsil edildigini ortaya
koymaktadir. Bazaltik lavlarin tiim kayag karakteristikleri evrimlesmelerinde olivin ve klinopiroksen
fraksiyonlagsmasinin dnemine isaret etmektedir. Klinopiroksen jeotermobarometresi genel olarak gecis
ve toleyitik bazaltlarin alt kabuk (7.8-13.4 Kbar), alkali bazaltlarin ise alt-orta kabuk (5.6-10.7 Kbar)
derinliklerinde kristallendiklerini ortaya koymaktadir. Bazaltlarin Sr-Nd-Hf izotop bilesimleri ve iz
element icerikleri yiten sedimanlarin ergimesinden kaynaklanan yitim bileseninin Orta Miyosen
bazaltlarindan Erken Kuvaterner bazaltlarina dogru azaldigim1 gostermektedir. Cesitli major element
jeokimyasi temelli parametreler ve olivin jeokimyasi Karayazi-Goksu bazaltlarinin tamamen peridotitik
manto kaynak alanindan tiiremedigini, piroksenit/eklojit benzeri bilesenin geng alkali bazaltlarin manto
kaynak alanina katkida bulunmus olabilecegine isaret etmektedir. Bazaltlar1 olusturan ergimelerin
meydana geldigi derinlikler temelinde elde edilen veriler (gegis bazaltlar1 i¢in 63-68 km, toleyitik
bazaltlar i¢in 67-71 km, alkali bazaltlar1 i¢in 78 km) bolgedeki litosfer kalinliginin Orta Miyosenden
Erken Kuvaterner’e dogru biiyiik 6l¢ekte degismedigini ortaya koymaktadir.

Anahtar Kelimeler: Dogu Anadolu, jeokimya, bazalt

Abstract

The Karayazi-Goksu Plateau represents one of the major basaltic eruption centers of post-collisional
volcanism in Eastern Anatolia. Whole rock “°Ar/**Ar age data show that it covers Middle Miocene
transitional, Late Miocene tholeiitic, and Early Quaternary alkaline basaltic rocks. The whole rock
geochemistry suggests that the fractional crystallization of olivine and clinopyroxene played a crucial
role in their magmatic evolution. Clinopyroxene geothermometry indicates that the crystallization of
transitional and tholeiitic basalts occurred at lower crust (7.8-13.4 Kbar), alkaline basalts at lower to
mid-crustal (5.6-10.7 Kbar) depths. Sr-Nd-Hf isotopes and trace element contents of the plateau basalts
show that the effect of the subduction component in the form of melts derived from subducted sediments
decreases from Middle Miocene to Early Quaternary. Major elements-based parameters and olivine
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mineral chemistry yield that Karayazi—Goksu basalts could not be derived from a sole peridotite mantle
source; the pyroxenite/eclogite-like component would have contributed to the mantle source of young
alkaline basalts. The data obtained on the basis of the depths at which basaltic melts occur (78 km, 67—
71 km, and 63-68 km for alkaline, tholeiitic and transitional lavas, respectively), reveal that the
lithospheric thickness in the region has not been changed on a large scale since the Middle Miocene to
the Early Quaternary.

Keywords: Eastern Anatolia, geochemistry, basalt
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Ozet

Yildiz Dag1 Gabroik Sokulumu (YDGI) ve iliskili dayklar, Izmir-Ankara-Erzincan kenet kusaginin orta
kismina sokulmustur. Intruzyon uzun bir sekle sahiptir ve 2 km?lik bir alana yayilmistir. Sokulum
baslica melagabbrolar, 16kogabro kiigiik troktolit anklavlari, hornblend gabrolar1 ve pegmatitlerden
olusmaktadir. Melagabrolar en yaygin kaya tiirleridir ve ¢apraz tabakalanma ve soluk tabakalagsma gibi
karmasik i¢ yapilar sergilerler. Tiim kayag jeokimyasal verileri, Yildiz Dag1 gabrolariin biiyiik olctide
olivin-klinopiroksen ve manyetit gibi ferro-magnezyum minerallerinin fraksiyonlagmasiyla kontrol
edilen kiimiilatlar oldugunu gostermektedir.

Biitiin ornekler, negatif Nb-Ta ve Hf-Zr anomalileri, LILE zenginlesmesi ve ana oksitlerde hafif
zenginlesmis potasyum igerigi sergiler. Lokogabro Zirkon U-Pb ve hornblend gabroya ait Ar-Ar yaslari
Eosen kristallesme zamania isaret etmektedir. Tiim kaya Sr-Nd izotop verileri, manto alani iginde
kiimelenmistir ve kuzey Anadolu'da yer alan Eosen ¢arpisma sonrasi magmatik kayalarina benzer veriler
sunar. Olivin, klinopiroksen, yiiksek-An plajiyoklaz ve manyetit erken kiimiiliis mineralleri iken,
kahverengi hornblend, diisiik-An plajiyoklaz, biyotit, ilmenit ve kuvars interkiimiliis ergiyikten
kristalize olmustur. Hapsolmus ergiyigi tespit etmek i¢in yapilan hesaplamalar %10 — 12 arasinda
ergiyigin varligma isaret eder. Klinopiroksen cekirdeginden klinopiroksen kenar zonlarina dogru
oOlgiilen NTE igeriginin on kat zenginlestigini gdstermektedir. Mineral kimyas1 verileri, olivin forsterit
iceriginin 78'e ulastig1 gdstermekte olup, en primitif kayalarin bile ilksel olarak evrimlesmis kayalardan
gelistiklerini gostermektedir. Yiiksek anortit plajiyoklaz (90'a kadar) ve yaygin interstisyel amfibol ise,
gabronun sulu bir kaynak alandan geldigine isaret edebilir. Klinopiroksen-olivin-plajiyoklaz (COIP)
dengesi, tekli klinopiroksen ve amfibol-plajiyoklaz ¢iftlerine dayali basing hesaplari, orta ve iist kabuk
yerlesim kosullarina karsilik gelen 500 ila 200 Mpa't gostermektedir.
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Bu sonuglar, YDGS'nin olasilikla Eosen zaman araliginda kuzey Anadolu'nun g¢arpisma sonrasi
ortaminda magma kanali olarak hareket ettigini gdstermektedir. YDGS, kiiciik 6l¢ekli s1g gabroik
govdelerde yerinde kristallesme ve soluk tabakalasmanin yaygin olabilecegine isaret edebilir.

Anahtar Kelimeler: Gabro, yerinde kristallenme, kiimiilatlar, sig sokulum

Abstract

The Yildiz Dag1 Gabbroic Intrusion (YDGI) and associated dykes intruded into the central portion of
the Izmir-Ankara-Erzincan suture zone. The intrusion has an elongated shape and is exposed over 2 km?
and consists of melagabbros, leucogabbros, small troctolitic enclaves, hornblende gabbros and
pegmatites. Melagabbros are the most common rock types and display complex internal structures such
as crossbedding and faint layering. Whole-rock geochemical data indicate that the Yildiz Dag1 gabbros
are cumulates largely controlled by the fractionation of ferro-magnesian minerals such as olivine-
clinopyroxene and magnetite.

All rocks display negative Nb-Ta and Hf-Zr anomalies, LILE enrichment and slightly elevated
potassium contents in major oxides. U-Pb data on zircon and Ar-Ar data on hornblende from the
leucogabbro and hornblende gabbro Eocene crystallization ages. Whole rock Sr-Nd isotopic data are
clustered within the mantle array and are like more evolved Eocene post-collisional igneous rocks of
northern Anatolia. Olivine, clinopyroxene, high-An plagioclase, and magnetite are early cumulus
minerals, while brown hornblende, low-An plagioclase, biotite, ilmenite and quartz crystallized from
the intercumulus liquid. Calculations of trapped melt fractions range from 10 — 12 % and resulted in a
tenfold increase of REE contents from clinopyroxene core to clinopyroxene rims. Mineral chemistry
indicates that the most primitive gabbros are already evolved, with olivine forsterite contents reaching
78. High anorthite plagioclase (up to 90) and widespread interstitial amphibole indicate moderately
hydrous source regions for the gabbros. Pressure calculations based on clinopyroxene-olivine-
plagioclase (COIP) equilibrium, single clinopyroxene and amphibole- plagioclase pairs indicate 500 to
200 Mpa corresponding to middle to upper crustal emplacement conditions.

These results indicate that YDGI possibly acted as magma conduit in a post-collisional setting of the
northern Anatolia in Eocene time interval. YDGI might also indicate that in-situ crystallization and faint
layering may be common in small-scale shallow gabbroic bodies.

Keywords: Gabbro, in-situ crystallization, cumulates, shallow intrusion
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Ozet

I¢ Anadolu Temel Birimleri (IATB) i¢indeki mafik ve felsik kayalarin jeolojik konumlari tartismal
olarak literatiir kaynaklarina girmektedir. Her iki kaya grubunun dokanak iliskileri genis toprak ortiisii
ile gizlenmis oldugundan, acik ve net jeolojik konum iliskileri goriilmemektedir. Ancak bolgede sinirl
lokasyonlarda mafik ve felsik bilesimli bu tiir kayalarin dokanak iliskileri azda olsa gbzlenebilmektedir.
IATB’ nin giiney bat1 boliimiindeki Hacimahmutusagi magmatik birligi bu iliskiyi yansitan en giizel
ornektir. Hacimahmutusagi magmatik birligi gabro, diyorit ve granit bilesimindedir. Diyorit
bilesimindeki kayalar ince kristalin dokulu olup granitler ile siniizoidal dokanak iliskisi sergiliyerek
baslica andezin, amfibol, biyotit ve daha az oranda K-feldispat ve kuvars igermektedir. Diger taraftan
gabro bilesimindeki kayalar ile tedrici dokanak iligkisi sergilemektedir. Gabrolar diyoritlere nazaran
daha iri kristalin ve baslica labrador, andezin, piroksen ve amfibolden olugsmaktadir. Granitler ise ince
kristalli, baslica kuvars, K-feldispat, oligoklaz, biyotit ve amfibollerden olugmaktadir. Bu kayalarin
MORB’a gore normalize edilen element dagilim desenlerinde, genis iyon yarigaph litofil (LILE)
elementlerince zenginlesme gozlenirken, kalicilig1 yiiksek (HFSE) elementler bakimindan ise tiiketilme
gbze carpmaktadir. Her ii¢ kaya grubunda gbzlenen amfibol, plajiyoklaz ve biyotit mineralleri Konfokal
Raman Spektrometresi (CRS) ile incelenerek kristalizasyon siireg iliskileri belirlenmeye caligilmistir.
Amfibol ve plajiyoklaz minerallerinden yapilan Konfokal Raman Spektroskopi ¢aligmasi, amfibollerin
aktinolit, plajiyoklazlarin ise andezin ve labrador bilesiminde oldugunu gostermektedir. Amfibollerin
CRS analizlerinde 0-200cm™ araliginda kafes titresim baglari, 200-400cm™ araliginda katyon (Mg, Fe)
baglar;, 400-650cm™ araliginda SisO1; biikiilme baglar1 ile OH salinim-doniisiim modlar1 yer
almaktadir. 650-1200cm™ araligindaki pikler ise O-Si-O ve Si-O-Si bag yapilarmi temsil etmektedir.
Tektosilikatlarin raman spektrumlar1 450-515cm™ araliginda baskindir. Biyotitlerde ise 100-600cm™
araliginda farkli genliklere sahip Mg-Fe-O doniigiim baglan karakteristiktir.

Sonug olarak plajiyoklaz, biyotit ve amfibol gibi minerallerde gbézlenen OH salinim-doéniigiim bag

genliklerindeki sistematik degisimler, gabro, diyorit ve granit kiitlelerinin kdkensel olarak birlikte
kristallestiginin spektroskopik kanitlari olarak yorumlanmaktadir.
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Abstract

The geological relations of mafic and felsic rocks within the Central Anatolia Basement Units (CABU)
are controversially included in the literature. Because the contact relations of both rock groups are
hidden by wide ground cover, geological relations are not observed clearly. However, contact
relationships of such rocks mafic and felsic in composition can be observed in limited locations in the
region. The Hacimahmutusagi magmatic unit which are located in the southwestern part of the CABU
is one of the best examples reflecting this relationship. Hacimahmutusagi magmatic units are gabbro,
diorite and granite in composition. The rocks in the diorite composition are fine crystalline textured and
contain sinusoidal contact between granites and mainly contain andesine, amphibole, biotite and to a
lesser amount K-feldspar and quartz. On the other hand, it has a gradual contact relationship with rocks
in gabbro composition. While compared to diorites, gabbros have coarser crystalline and mainly consist
of labrador, andesine, pyroxene and amphibole. Granites have fine crystals, mainly composed of quartz,
K-feldspar, oligoclase, biotite and amphiboles. According to MORB normalized element patterns of
these rocks reveal enrichment in large ion lithophile (LIL) elements and depletion in the high field
strength (HFS) elements. Amphibole, plagioclase and biotite minerals which observed in all three rock
groups, were examined with Confocal Raman Spectrometry and the relationships of the crystallization
process were tried to be determined. The Confocal Raman Spectroscopy (CRS) study on the amphibole
and plagioclase minerals reveals that while amphiboles are in the composition of actinolite, plagioclases
are in the composition of andesine and labradorite. According to the CRS analysis of amphiboles, latice
vibration bonds are in the range of 0-200cm™, cations (Mg, Fe) bonds are in the range of 200-400cm™,
Si;O11 bending bonds and OH libration-translation are in the range of 400-600cm™. Peaks in the range
of 650-1200cm™ are represented by O-Si-O and Si-O-Si bond structures. The Raman spectra of
tectosilicates are dominant in the range of 450-515cm™.

As a result, systematic changes in OH libration-translatice bond amplitudes observed in plagioclase,
biotite and amphiboles are interpreted as spectroscopic evidence that the granite and gabbro masses are
originally related.

Keywords: Confocal Raman Spectroscopy, coeval crystallization, Hacimahmutusagi-Aksaray
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Ozet

I¢ Anadolunun en dogu kisminda bulunan Ozvatan (Kayseri)’daki foid igerikli siyenitler paleozoyik
metamorfik kayalaria sokulum yapmistir. 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 olugsmaktadir. Minerallerin kimyasal
bilesimleri, alkali feldispat minerallerinin ortoklaz, plajiyoklazlarin bitovnit, piroksen minerallerinin
cogunlukla diyopsit, amfibollerin hastingsit, kankrinitlerin vignevit, granat minerallerinin melanit
(andradit) ve mika minerallerinin annit ve filogopit bilesiminde oldugunu gdstermektedir. Foid
siyenitler igerisindeki klinopiroksenlerin 6nce, mika minerallerinin ise daha sonra ayni sistem igerisinde
kristallestigi mineral kimyasal bilesimlerinden anlagilmaktadir. Buna gore, klinopiroksen
termobarometresi foid igerikli siyenitlerde erken kristallesmelerinden 963-1218°C ve 5,1-15,6 kbar
vermektedir. Mika termobarometresi daha geg kristallesmelerinden 618-546°C ve 0-3,3 kbar igin 10
1686 _ 1019 olan yiiksek oksijen fugasitesi gostermektedir.

Detayli mineralojik, petrografik ve mineral kimyasi ¢alismalarina gére Ozvatan siyenitlerinin tiiremis
oldugu ergiyigin 60 km derinden gelmis olabilecegini gostermektedir. Yapilan jeoloji, petrografi, tim
kaya jeokimyasi ve ozellikle mika minerallerinin mineral kimyasal bilesimlerine gore Ozvatan
siyenitlerinin kabuk-manto karisimindan kaynaklanan bir magmadan olustuklarini ve bolgede Pb-Zn-
Mo-Cu-Fe-Sn-W minerallesmesinin olusumunda rolii oldugunu gostermektedir.

Anahtar Kelimeler: Ozvatan, termobarometre, derinlik, I¢ Anadolu, Tiirkiye

Abstract

Foid bearing syenites in the Ozvatan (Kayseri) at the most eastern part of the Central Anatolia intruded
into the Paleozoic metamorphic rocks. The foid bearing syenites have holocrystalline hipidiomorph
texture and contain nepheline, alkali feldspar, plagioclase, mica, amphibole, clinopyroxene, garnet,
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cancrinite, sodalite with rare amount of sphene, zircon, apatite, fluorite and opaque minerals. The
mineral chemistry reveal that the alkali feldspars are orthoclase, plagioclase minerals are bytownite, the
pyroxenes are mostly diopsite, amphiboles are hastingsite, cancrinite are vishnevite, garnet minerals are
melanite (andradite), mica minerals are annite and phlogopite in compositions. It is understood from the
mineral chemical compositions that the clinopyroxenes within the foid syenites first crystallized, and
the mica minerals later crystallized in the same system. According to this, the clinopyroxene
thermobarometry yielded 963-1218°C and 5.1-15.6 kbar from early crystallization in foid bearing
syenites. Mica thermobarometry shows elevated oxygen fugacity varying from 1066 — 1019 at 618—
546°C and 0-3.3 kbar due to later crystallization.

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. According to the geology, petrography,
whole rock geochemistry and especially the mineral chemical composition of the mica minerals, the
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.

Keywords: Ozvatan, thermobarometry, depth, Central Anatolia, Tiirkiye
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Abstract

In this study, the stratigraphy, petrography and mineral chemistry of the Balikesir Volcanites are studied
in order to construe the crystallization conditions and magma chamber processes. Balikesir Volcanites
are a representative example of the Early Miocene lavas of Balikesir Volcanic Province (NW Anatolia)
and formed from a variety of volcanic rocks including trachyandesite, andesite and dacite lavas, with
associated pyroclastic rocks. The major phenocryst phases in the andesites are plagioclase (An37-48),
amphibole (edenitic hornblende), biotite, quartz and opaque minerals. The mineral composition of the
trachyandesites is represented by plagioclase (An38-57) + amphibole (pargasitic hornblende) + biotite
+ clinopyroxene (endiopside- augite) + sanidine + quartz =+ opaque minerals. Dacite lavas, on the other
hand, present plagioclase (An39-53) + quartz + amphibole (magnesio-hornblende) + biotite + sanidine
+ opaque mineral assemblage. Balikesir Volcanites display disequilibrium textures such as oscillatory
zoning, sieve and honeycomb textures in plagioclase, reverse mantled biotite and hornblende crystals.
Geothermobarometry calculations based on the plagioclase-amphibole crystals indicate that
crystallization of andesite and dacite lavas occurred at av. 813°C / 2.17 kbar and 798°C and 1,98 kbar
temperature and pressure conditions, respectively. Trachyandesites, on the other hand, display similar
temperature but relatively higher-pressure conditions of 825°C and 3,72 kbar. This data combined with
the variations in the mineral chemistry of different volcanic members may indicate that andesite and
dacite lavas were originated from same magma chamber whereas trachyandesites were evolved in a
different magma chamber with relatively deeper depths. Field, petrography and mineral chemistry data
collectively suggest that open system magma chamber processes (such as mixing/mingling and/or AFC)
were dominant during the evolution of the Balikesir Volcanites.

Keywords: Balikesir Volkanik Bolgesi, Balikesir volcanites, mineral chemistry, geothermobarometry

Ozet

Bu calismada, magma odasi siireglerini ve kristallenme kosullarin1 belirlemek amaci ile Balikesir
Volkanitlerinin stratigrafisi, petrografisi ve mineral kimyas1 ¢alisilmigtir. Balikesir Volkanitleri, erken
Miyosen yagh Balikesir Volkanik Bolgesi’nin (KB Anadolu) temsilci drneklerinden bir tanesidir ve
trakiandezit, andezit, dasit bilesimli lavlar ve iligkili piroklastik kayalardan olusmaktadir. Andezitlerdeki
ana mineraller plajioklaz (An35-50), amfibol (edenitik hornblend), biyotit, kuvars ve opak minerallerdir.

177



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

Trakiandezitler ise plajioklaz (An38-57) + amfibol (pargasitik hornblend) + biyotit + klinopiroksen
(endiyopsid- oojit) + sanidin + kuvars + opak mineral bilesiminden olusmaktadir. Dasitler de mineral
bilesimi olarak plajioklaz (An 39-53) + kuvars+ amfibol (magnezyo-hornblend) + biyotit + sanidine +
opak mineral birlikteligini sergilemektedir. Balikesir Volkanitleri osilasyonlu zonlanma, plajioklazlarda
elek ve bal petegi dokulari, ters mantolanmis biyotit ve hornblend kristalleri gibi dengesiz kristallenme
dokular1 sergilemektedir. Plajioklaz-amfibol mineralleri {izerinde yapilan jeotermobarometre
hesaplamalar1 andezit ve dasit lavlarinin sirasi ile 813°C / 2.17 kbar ve 798°C and 1,98 kbar sicaklik -
basing kosullari sundugunu gostermektedir. Trakiandezitler ise 825°C ve 3,72 kbar kristallenme
kosullar1 sunmaktadir. Bu farkli kristallenme kosullari, mineral kimyasindaki degisimler de gz oniine
alindiginda andezit ve dasitlerin ortak bir magma odas1 paylasirken trakiandezitlerin nispeten daha derin
bir magma odasindan tiiredigini isaret etmektedir. Biitiin saha, petrografi ve mineral kimyasi ¢aligmalari
birlikte degerlendirildiginde, Balikesir Volkanitleri’nin evriminde agik sistem siireclerinin (heterojen
veya homojen karigma ve/veya asimilasyon fraksiyonel kristallenme gibi) etkili oldugunu
gostermektedir.

Anahtar Kelimeler: Balikesir Volkanik Bolgesi, Balikesir volkanitleri, mineral kimyasi,
jeotermobarometri

1. INTRODUCTION

The mineral chemistry studies of magmatic rocks provide comprehensive picture of the magma
evolution and magma chamber processes. The chemical compositions of the minerals such as feldspar,
biotite, amphibole and pyroxene are used to estimate the physicochemical conditions of the magma
chamber. In the last decades, many different geothermobarometric models have used to calculate the P
and T conditions of the magmatic systems by using the compositions of plagioclase and hornblende
(e.g., Hollister et al., 1987; Johnson and Rutherford 1989; Schmidt 1992; Anderson and Smith 1995;
Ridolfi et al., 2010; Mutch, 2016).

In Western Anatolia, intensive volcanism produced several volcanic associations during the late
Oligocene- early Miocene time (e.g. Altunkaynak and Dilek, 2006; Kamaci and Altunkaynak, 2019;
Ersoy et al., 2017). Balikesir Volcanites, which corresponds to the Volcanic Association of Unal and
Altunkaynak, 2019, is located in western Anatolia and represented by trachyandesite, andesite and dacite
lavas and associated pyroclastic rocks (Figure 1). Dacites and andesites are calc-alkaline in composition
whereas trachyandesites are mid-alkaline. Their geochemical features show that they have a common
magma source (Unal and Altunkaynak, 2019).
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Figure 1. Location of the study area.
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Even though there are few studies in the literature on the stratigraphy and whole rock/isotope
geochemistry of the Balikesir Volcanites (Aslan et al., 2017; Unal and Altunkaynak, 2019), the mineral
chemistry and the crystallization P-T conditions are missing, which are crucial to understand the magma
chamber processes. In this study, the stratigraphy, petrography and mineral chemistry of the different
lavas of the Balikesir Volcanites have been studied in order to construe the crystallization conditions
and magma chamber processes.

2. MATERIAL and METHODS
2.1. Mineral Chemistry and Petrography

Samples were analyzed at the University of Georgia Department of Geology with JEOL 8600 electron
microprobe using a 15 KV accelerating voltage and 15 nA beam current. Minerals were qualitatively
identified using a Bruker 5010 Silicon Drift Detector (SDD) energy dispersive X-ray (EDS) detector
controlled by a Bruker Quantax energy dispersive analysis system. Petrographical studies were carried
out in the Mehmet Kemal Dedeman Optical Mineralogy lab in Istanbul Technical University
Department of Geological Engineering using the Leica DMLS microscope.

3. RESULTS
3.1. Stratigraphy and Petrography

Balikesir Volcanites are located at the southern and eastern part of the Solarya Pluton (Unal and
Altunkaynak, 2019) and covers an area of approximately 240 km?2. Main lithologies are distinguished in
three different groups; (1) Andesite lavas and associated pyroclastic rocks, (2) Dacite lavas and related
pyroclastic rocks, and (3) Trachyandesite lavas. Pyroclastic rocks are represented by flow breccias,
pyroclastic fall and flow units.

The volcanic sequence starts with the ash-block flow units with andesite blocks/pebbles in an ash matrix
and ash fall units with clear beddings represented by the dip angles of 5-10°. Through the upper parts
they give way to the andesitic flow breccias and lavas. Andesite lavas are pinkish to purple in color and
they represent the most abundant volcanic rock type in the area. At the stratigraphically upper levels,
trachyandesite lavas overlay andesitic lavas and pyroclastic units and they also cut same andesitic units
as dikes. The uppermost part of the sequence is formed from dacitic pyroclastic units and lavas. Dacitic
pyroclastic rocks are represented by ash-block flow and ash fall deposits. Ash-block flow units are
defined by dacitic blocks of different sizes in an ash dominated matrix. Dacitic pyroclastic fall units are
generally represented by lithic tuffs and re-worked tuffs which display clear beddings with dip angles
of 5-10°.

The major phenocryst phases in the andesites are plagioclase (An35-50) + amphibole (edenitic
hornblende) + biotite + quartz + opaque minerals. The mineral composition of the trachyandesites are
formed from plagioclase (An38-57) + amphibole (pargasitic hornblende) + biotite + clinopyroxene
(endiopside-augite) + sanidine + quartz + opaque minerals. Dacite lavas, on the other hand, present
plagioclase (An39-53) + quartz + amphibole (magnesio hornblende) + biotite + sanidine + opaque
minerals assemblage.

Texturally, all the different lavas of the Balikesir Volcanites show similar hemicrystalline- porphryitic
texture. They present few specific textural relations, such as oscillatory zoning, sieve textures and
corrosion in plagioclase crystals, clinopyroxene reaction rims around the hornblende crystals. These
particular textures suggest that the major population of the phenocrysts is in disequilibrium with their
host liquid. These types of textures may be considered as evidence for open system processes (Hatch
and Leventhal, 1992; Streck, 2008).

3.2.Mineral Chemistry
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3.2.1. Amphibole

Amphibole is the most common mafic mineral for all members of Balikesir Volcanites. They commonly
show euhedral and prismatic phenocryst and reach up to 5 mm in diameter. Amphibole crystals
displaysimple twinning in few thin sections. However, the chemical properties of different members of
the Balikesir Volcanites are different from each other. In dacite lavas, amphiboles are mainly magnesio-
hornblendes but in andesites, they are mainly represented by edenitic hornblendes (Figure 2a and b). In
trachyandesites, majority of the amphibole crystals are pargasitic hornblendes (Figure 2b). These
variations in the chemical properties of the amphiboles are mainly attributed to the different pressure
and temperature conditions which may be a result of different magma chambers (Aldanmaz, 2006;
Green et al., 2012).
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Figure 2. a and b) Amphibole phenocrysts plotted on the classification diagram (Hawthorne, 1981).

3.2.2. Plagioclase

Plagioclase is the main felsic mineral in Balikesir Volcanites and represented by phenocrysts and
microlites. Mineral chemistry studies were performed on only the plagioclase phenocrysts in order to
better classify the An% content of the phenocryst phase. For andesites, the An% content varies from 37
to 48 and in dacitic lavas, An% contents range between 39 and 53. The An% contents of trachyandesitic
lavas change between 38 and 57. These similar An% contents indicate that plagioclases are represented
by andesine- labradorite (Figure 3a).

3.2.3. Pyroxene

Pyroxene is only found in trachyandesite lavas of the Balikesir Volcanites as isolated phenocrysts and
microphenocrysts. Both the phenocrysts and microphenocrysts are represented by euhedral- subhedral
clinopyroxene crystals. Mineral chemistry of the clinopyroxene phenocrysts shows that they are mainly
endiopside (Wo043-45 En47-50 Fs5-7) in composition with an exception of only one sample with augite
(Wo40 En46 14) composition (Figure 3b).

3.3 Geothermobarometry

Several different geobarometry calculations were proposed to determine the crystallization temperature
and pressure conditions of magmatic rocks (e.g. Otten, 1984; Hammarstrom and Zen, 1986; Johnson
and Rutherford, 1989; Ridolfi et al., 2010; Putirka, 2016). In this study, total number of 53 spots were
analyzed from plagioclase and 100 from amphiboles. The mean results calculated from different
calculations are given in Table 1. These results are presented separately for three different lithologies.
Geothermobarometry calculations indicate that crystallization of andesite and dacite lavas occurred at
av. 813°C / 2.17 kbar and 798°C and 1,98 kbar temperature and pressure conditions, respectively.
Trachyandesites, on the other hand, display similar temperature but relatively higher-pressure conditions
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of 825°C and 3,72 kbar. These different pressure conditions possibly suggest that andesites and dacites
share the same magma chamber but trachyandesites were probably evolved in a relatively deeper magma
chamber.

4. CONCLUSIONS

Our field and petrography observations show that there are three major rocks groups in Balikesir
Volcanites; 1) Andesite lavas and associated pyroclastic rocks, 2) Trachyandesite lavas, 3) Dacite lavas
and associated pyroclastic rocks. Petrographically, all volcanic rocks display disequilibrium textures
suggesting that major population of the phenocrysts is in disequilibrium with their host liquid and
develops as result of open system processes.

Andesite Dacite Trachy Andesite

Reference Unit AS35 AS50 AS135
Otten 1984 788.38| 747.84 739.58 724.34 717.69 743.08 781.28
Femenias et al 2006 789.08| 747.78 738.95 722.23 714.74 742.71 782.06
Ridolfi et al 2010 T00) 868.25| 858.05 867.88 854.94 877.57 906.74 931.42
Putirka 2016 846.67| 840.93 833.92 828.24 874.63 890.40 906.20
Putirka 2016 828.32| 809.12 821.09 808.63 807.08 836.26 858.65
Putirka 2016 830.72| 811.44 824.31 812.79 805.79 834.31 854.89
825.24| 802.53 804.29 791.86 799.58 825.58 852.42

Average T(°C) 813.88 798.08 825.86
Hammarstrom and Zen 1986 2.71 2.61 2.46 2.31 3.99 4.42 4.95
Hollister et al 1987 2.67 2.57 2.40 2.23 4.11 4.59 5.18
Johnson and Rutherford 1989 2.11 2.03 191 1.78 3.20 3.55 4.00
Thomas and Ernst 1990 0.81 0.71 0.55 0.38 2.17 2.62 3.18
Schmidt 1992 P (kbar) 3.26 3.17 3.03 2.89 4.48 4.88 5.38
Anderson and Smith, 1995 1.71 1.64 1.51 1.39 2.76 3.11 3.54
Larocque and Canil 2010 2.48 2.70 2.86 2.88 4.10 4.03 4.30
Ridolfi et al 2010 1.28 1.24 1.19 1.14 1.85 2.08 2.42
Mutch et al 2016 2.66 2.61 2.52 2.44 3.48 3.78 4.18
2.19 2.14 2.05 1.94 3.35 3.67 4.12

Average P (kbar) 2.17 1.99 3.72

Table 1. Geothermobarometry calculations of the Balikesir Volcanites.
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Figure 3. a) Or-Ab-An ternary diagram showing the plagioclase compositions of the Balikesir Volcanites; b)
pyroxene classification of the trachyandesites.

Mineral chemistry studies show that, the plagioclases in three volcanic members are represented by
andesine and labradorite. The amphiboles are represented by edenitic hornblendes in the andesites and
magnesio-hornblendes in dacites. In trachyandesites, the amphiboles are pargasitic hornblende. These
variations in the chemical properties of the amphiboles possibly developed under different pressure and
temperature conditions. The different pressure and temperature conditions are also evidenced by
geothermobarometry studies. Dacites and andesites present similar crystallization temperature and
pressure conditions whereas trachyandesites have higher pressure conditions suggesting to a deeper
origin. Integrated field, petrography and mineral chemistry data indicate that calc-alkaline
andesites and dacites were originated from the same magma chamber but mid-alkaline
trachyandesites were evolved in a different relatively deeper magma chamber. In both magma
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chambers, open system magma chamber processes such as mixing/mingling and/or AFC were
dominant during the evolution of the Balikesir Volcanites.
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Ozet

Tiirkiye-iran Yiiksek Platosu (TIYP) ve Arabistan plakasi iizerindeki ¢arpisma ile iliskili Geg¢ Senozoik
volkanizma, Tirkiye’de kuzeydoguda Erzurum-Kars Platosu’ndan gilineyde Suriye iilke sinirlarina
kadar genis bir zonda yayilmigtir. Bélgedeki volkanizma etkinligi Geg Oligosen - Erken Miyosen’de
Arabistan ve Avrasya plakalar1 arasindaki carpismayi takiben, TIYP ve Arabistan plakasi iizerinde
Erken-Orta Miyosen’de baglamig ve tarihsel donemlere kadar devam etmistir. Dogu Anadolu ve
Arabistan plakasi gibi farkli tektonik yerlesimler altindaki kitasal ¢arpisma zonlarinda gozlenen Geg
Senozoyik volkanizmasinin zamansal ve mekansal olarak degisimleri ile bazaltik volkanizmanin yasini
(K-Ar), izotopik bilesimini (Sr-Nd-Pb-Hf-Os) ve petrolojik evrimini ortaya koymak ve daha iyi anlamak
amactyla TUBITAK — RFBR uluslararasi projesi (Proje No 220N062) kapsaminda Arabistan Plakasinin
en kuzey ucundaki bazaltik volkanizma iizerine ¢alismaya baslanmustir. Proje kapsaminda {1k olarak
caligilan Cizre-Alemdag, Kurtalan ve Batman-Besiri bdlgelerindeki volkanizmani alkali
karakteristikler sunduklar1 ve Cizre-Alemdag ile Kurtalan bdlgesi lavlarimin bazaltik bilesimde bunun
aksine Batman-Besiri lavlarinin hawaiit bilesiminde olduklar: belirlenmistir. Batman — Besiri bazaltik
volkanizmasi Ge¢ Miyosen-Erken Pliyosen'de 5.92-5.17 My arasinda etkinligini sonlandirirken,
Kurtalan-Tulumtas bazaltik volkanizmas1 Pleistosen'de 1.54-1.29 My arasinda aktif olmustur. Cizre-
Alemdag bazaltik volkanizmasi, en bilyiigii Alemdag olmak {izere birden fazla ¢ikistan piiskiirmiistiir
ve ayrica Geg Pliyosen - Pleistosen'de yaklagik 3.01 - 1.25 My arasinda gelisen volkanik aktiviteye sahip
lavlar piiskiirtmiistiir. Eser element ve izotop verileri kullanilarak elde edilen petrolojik modeller,
Batman_Besiri ve Cizre-Alemdag bazaltik volkanizmasinin evrimlesmis lavlarinin kabuksal kirlenme
ve fraksiyonel kristallenmeden etkilendigini gostermektedir. Buna karsilik, Kurtalan-Tulumtas ve Cizre-
Alemdag bazaltik volkanizmasinin en az gelismis Ornekleri, ihmal edilebilir bir kabuk kirliligi
gostermistir. En az evrimlesmis Orneklerin petrolojik modelleme sonuglari, Kurtalan bdlgesindeki
lavlarin piroksenit benzeri bir kaynaktan tiiremis olabilecegini, Cizre-Alemdag ve Batman-Besiri
bolgelerinin lavlarinin ise peridotit ve piroksenit kaynaklarindan elde edilen ergiyiklerin bir karigimi ile
tiretilmis olabilecegine igaret etmektedir.

Anahtar Kelimeler: Kars Platosu, Melikler volkanitleri, litosfer, astenosfer, petrolojik model
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Abstract

Collision-related Late Cenozoic volcanism in Tiirkiye-lranian High Plateau (TIHP) and Arabian Plate
spreads in a wide zone from the Erzurum-Kars Plateau in the northeast to the Syria border in the south.
Volcanic activities in the region started in the Early-Middle Miocene and continued up to historical
times, following the collision between Arabian and Eurasia plates in the Late Oligocene-Early Miocene.
To better understand and reveal geochronological (K-Ar), petrologic and isotopic (Sr-Nd-Pb-Hf-Os)
evolutions of the characteristics of mantle sources and their spatial and temporal variations within the
northernmost of the Arabian Plate and Eastern Anatolia — the two most significant regions of late
Cenozoic volcanism that appeared in the modern continental collision zone under different tectonic
settings, we have started to study basaltic volcanism in the northernmost of the Arabian Plate within the
framework of a TUBITAK-RFBR international joint project (project number:220N062). We determined
that the Cizre-Alemdag, Kurtalan, and Batman-Besiri regions, which we first studied within the project's
scope, presented alkaline characteristics and the lavas of the Cizre-Alemdag and Kurtalan regions were
basaltic; in contrast, the Batman-Besiri lavas were Hawaiite. While the Batman — Besiri basaltic
volcanism terminated its activity in the Late Miocene-Early Pliocene between 5.92 and 5.17 Ma, the
Kurtalan-Tulumtas basaltic volcanism was active during the Pleistocene between 1.54 and 1.29 Ma. The
Cizre-Alemdag basaltic volcanism erupted from more than one outlet, the largest of which was
Alemdag, and it also erupted lavas with volcanic activities that developed in the Late Pliocene -
Pleistocene, about 3.01 - 1.25 Ma. Petrological models obtained using trace element and isotopic data
indicate that the evolved lavas of Batman_Besiri and Cizre-Alemdag basaltic volcanism are affected by
crustal contamination and fractional crystallization. In contrast, the least evolved samples of Kurtalan-
Tulumtas and Cizre-Alemdag basaltic volcanism showed negligible crustal contamination. In addition,
the petrological modeling results of the least evolved samples indicated that the lavas in the Kurtalan
region may have derived from a pyroxenite-like source, whereas the lavas of the Cizre-Alemdag and
Batman-Besiri regions may have been produced by a mix of melts derived from peridotite and
pyroxenite sources.

Keywords: Kars plateau, Melikler volcanism, lithosphere, asthenosphere, petrological models
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Ozet

Dogu Anadolu'nun 6nemli volkanik piiskiirme merkezlerinden biri olan Kars Platosu, agirlikli olarak
ortac-asidik volkanik iiriinlerle temsil edilmektedir. Kars Platosu’nun volkanik bilesenlerinden biri olan
ve yogun mafik lav akintilari ile temsil edilen Melikler volkanitleri, plato altindaki volkanizmanin manto
kaynak alanlarinin tartisilmasinda ve ortaya g¢ikarilmasinda biiyiik 6nem arz etmektedir. K-Ar yas
sonuc¢larimiz Melikler volkanizmasimin 5.29-1.7 My arasinda piiskiirdiigiinii gostermekte ve erken ile
gec olmak iizere iki farkli evreye ayirmamiza olanak saglamaktadir. EC-RAFC ve MELTS modelleri
erken evre lavlarin asimilasyon ve fraksiyonel kristallenme ile birlikte evrimlesmis magma odasina
primitif bazaltik ergiyiklerin enjekte olmasi ile meydana geldiklerine isaret etmektedir. Diger taraftan,
gec evre lavlar ise %5 ve %9 arasinda degisen asimilasyon orani ile magma odasinda fraksiyonel
kristallenme ve kitasal kirlenmeye maruz kalmiglardir. Her iki evreninde en az evrimlesmis drneklerinin
Sr-Nd-Pb-Hf izotop konsantrasyonlari ile birlikte iz element igerikleri akigkanlardan ziyade dalmus
sedimentlerden tlireyen erigiyiklerden kaynakli olan dalma-batma bilesenlerinin katkisina isaret
etmektedir. Iz element ve izotopik modelleme sonuglar1 en az evrimlesmis rneklerin, dalmis okyanusal
litosferin erken evre ve ge¢ evre lavlara sirasiyla %0,3 — 0,5 ve %0,6-0,8% oranlarinda katkisi
sonucunda metasomatize olmus tiiketilmis okyanus ortast sirt bazalti benzeri bir mantodan tiiremis
olabileceklerini gostermektedir. Erken evrenin en az evrimlesmis 6rnekleri yaklasik 66-69 km derinlikte
ve %1-5 arasindaki kismi ergime dereceleri ile metasomatize olmus amfibolce zengin granat lerzolit
benzeri bir kaynaktan tiiremis olabilirler. Bunun aksine, ge¢ evrenin en az evrimlesmis ornekleri
yaklagik 77-82 km derinlikteki litosfer-astenosfer sinirinda ve %2-4 arasindaki kismi ergime dereceleri
ile metasomatize olmus apatit-rutil tagtyan granat lerzolit benzeri bir kaynaktan tiretilebilirler.

Anahtar Kelimeler: Kars Platosu, Melikler volkanitleri, Litosfer, Astenosfer, Petrolojik model

Abstract

Kars Plateau, one of the important volcanic eruption centers of Eastern Anatolia, is mainly represented
by moderate to acidic volcanic products. The Melikler volcanism, which is one of the components of
the Kars Plateau with intense mafic lava flows, is of great importance in discussing and revealing the
mantle source region(s) of the volcanism under the plateau. Our K-Ar dating results show the Melikler
volcanism erupted between 5.29-1.7 Ma and allows us to divide it into two different stages as early
(5.29-2.53 Ma) and late (2.24-1.7 Ma). EC-RAFC and MELTS models indicate that the early stage lavas
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are a result of the assimilation and fractional crystallization, as well as an injection into evolved magma
chamber of primitive basaltic melts. The late-stage lavas, on the other hand, have been exposed to
fractional crystallization and crustal contamination in the magma chamber with an assimilation rate
between 5% and 9%. Trace element contents together with Sr-Nd-Pb-Hf isotope compositions of the
least evolved samples of both stages indicate the contribution of the subduction component in the form
of melts derived from subducted sediments rather than aqueous fluid. Combined trace elemental and
isotopic modeling results suggest that the least evolved samples may have been derived from depleted
MORB mantle metasomatized with contributions of 0.3 - 0.5% and 0.6-0.8% of the subducted slab in
the early and late stages, respectively. The least evolved samples of the early stage were possibly derived
from the partial melting of a metasomatised amphibole bearing garnet Iherzolite mantle source at a depth
of about 66-69 km, with partial melting degrees between 1% - 5%. In contrast, those of late stage might
have been produced by melting an apatite-rutile bearing garnet Iherzolite source at a depth of about 77-
82 km in the lithosphere-asthenosphere boundary partial melting degrees varying between about 2% and
4%.

Keywords: Kars plateau, Melikler volcanism, lithosphere, asthenosphere, petrological models
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Ozet

KB Tiirkiye’de yer alan Istranca Masifi, Tetis okyanusunun yitimi ve kapanmasiyla olusan Apuseni-
Banat-Timok-Srednogorie (ABTS) magmatik kusagina ait ge¢ Kretase yasli, farkli bilesimlerdeki
intriiziflerle kesilmektedir. Ge¢ Kretase yasl intriizif kayalar baslica: (I) granitik, (II) monzonitik, (III)
siyenitik ve (IV) gabroyik kayaclar olarak dort alt gruba ayrilmaktadir. Bolgede en genis ylizeylenme
alanina sahip Demirkdy Intriizif Kiitlesi; felsikten mafige degisen kaya kompozisyonuna sahiptir. Felsik
kompozisyonlu kayaglar; granitten diyorite degisen bilesimde olup benzer mineralleri farkli oranda
icermektedir. Mikroskobik olarak; holokristalen dokulu kaya¢ baslica, kuvars, ortoklaz, plajiyoklaz,
biyotit, amfibolden olugsmaktadir. Mineral kimyasi ¢aligmalarinda; plajiyoklaz minerallerinin oligoklaz
— andezin (Anig.as Abso7s Orii-21); biyotitlerin Fe-biyotit, amfibollerin ise Mg-hornblend bilesimli
oldugu belirlenmistir. Demirkoy intriizif kiitlesinin felsik kayaglari; kalkalkalen, peraliimina-metaliimali
(peralumin bir kompozisyon manto kaynagi ile uyumlu degildir. Bu kayaglarin ORG normalizasyonu
diisiiniilmemeli) ve orta K iceriklidir. ORG’ye gore normalize edilmis iz element degisim modelleri LIL
(Large Ion Lithophile) elementlerinde zenginlesme ve HFS (High Field Strength) elementlerinde
fakirlesme oldugunu goéstermektedir. Gabroyik kayaglar; holokristalen dokulu olup baslica plajiyoklaz,
amfibol, piroksen, biyotit ve eser olarak olivin tkuvars icermektedir. Mineral kimyas1 c¢aligmalar
sonucunda plajiyoklaz minerallerinin; labrador-bitovnit (Anzs.2s Ab7i24 Orgs.o5), biyotitler Fe biyotit,
amfiboller germakit-pargasit ve piroksenlerin ojit (W027-45 ENsg.46 FS25.13) bilesimli oldugu belirlenmistir.
Jeokimyasal olarak gabroyik kayaclar; toleyitikten kalkalkaliye gecisli ve genel olarak LIL elementlerce
kismen zenginlesme ve HFS elementlerce ise tiiketilme gostermektedir. Petrolojik veriler; Demirkdy
Intriizif Kiitlesine ait kayalar, H-tipi magmadan tiiredigine isaret etmektedir.

Anahtar Kelimeler: H-tipi, magma serisi, petroloji, Demirkdy Intriizif Kiitlesi

Abstract

Strandja Massif, NW located in Tiirkiye, cut by intrusives with different composition of Apuseni-Banat-
Timok-Srednogorie (ABTS) magmatic belt formed by subduction and closure of the Tethys ocean of
during Late Cretaceous. These intrusive rocks are mainly divided into four subgroups: (1) granitic, (I1)
monzonitic, (I11) syenitic and (IV) gabbroic rocks. Demirkdy Intrusive Body (DIB) has the largest
surface area in the region; with felsic to mafic nature in composition. Felsic rocks comprised of granite-
granodiorite-diorite in composition with similar mineral composition and different proportion.
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Microscopically; holocrystalline textured rocks are mainly consisting of quartz, orthoclase, plagioclase,
biotite and amphibole. According to mineral chemistry studies; plagioclases are oligoclase - andesin
(Anig.4s Absg7s Or11-21); biotites are Fe-biotite and amphiboles are Mg-hornblend in composition. Felsic
rocks of Demirkdy intrusive mass; calcalkaline, peralumina-metalised and medium K content in nature.
ORG normalized trace element patterns shows enrichment in LIL (Large lon Lithophile) elements and
depletion in HFS (High Field Strength) elements. Mafic rocks are holocrystalline textured gabbroic
rocks contains mainly plagioclase, amphibole, pyroxene, biotite + quartz and olivine as traces. As a
result of mineral chemistry studies; plagioclase minerals are labrador-bitovnit (Anzs.2s Ab71-24 Oras.05),
biotites are Fe-biotite, amphiboles are tschermakite-pargasite, and pyroxenes are augite (W027-45 Enzg.46
Fs2s.13) in composition. Geochemically gabbroic rocks formed H-type mafic intrusives series with
tholeiitic to calcalkaline and partial enrichment by LIL elements and depletion in HFS elements patterns
in nature.

Keywords: H-type, magma series, petrology, Demirkdy intrusive body
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Ozet

Maden Kompleksi Kahramanmaras’in kuzeyinden baglayip Van’in giineyine kadar devamlilig: takip
edilebilen volkanosedimanter bir kayag¢ toplulugudur. Bu ¢alisma Maden Kompleksi’nin Catak (Van)-
Kozluk (Batman) arasinda yiizeylenen volkanitlerinin jeolojik ve petrolojik &zelliklerini konu
almaktadir. Gilineydogu Anadolu Orojenik Kusagi’nin nap zonunda yer alan kompleks, ¢alisma alani
icerisinde Bitlis Metamorfitleri ve Kretase yash ofiyolitik birimler tarafindan tektonik olarak
tizerlenmektedir. Maden Kompleksi konglomeratik bir istif olan Ceffan Formasyonu, numulitli-
alveolinli kiregtasindan olusan Arbo Formasyonu, pembe-kirmizi renkli ve yer yer kumtasi seyl
ardalanmalar1 i¢ceren Melefan Formasyonu, cogunlukla bazaltik volkanik kayaclardan olusan Karadere
Formasyonu, Bitlis Masifi’ni kesen subvolkanik dayklar ve kumtasi seyl ardalanmasindan olusan
Narlidere Formasyonu ile karakterize edilmektedir. Denizel sedimanlarin planktonik foraminifer yaglar
Erken-Orta Eosen’e, sedimanter birimlerden elde edilen en geng detritik zirkon yaslar1 Ust Eosen’e,
magmatik birimlerin tim kaya¢ “°Ar/*°Ar plato yaslar1 ise Erken-Ust Eosen’e isaret etmekte olup
havzada c¢okelimin ve magmatizmanin Erken Eosen’den-Ust Eosen’e kadar devam ettigine isaret
etmektedir. Baglica plajiyoklas + klinopiroksen # olivin + amfibol fenokristallerinden olusan
volkanik/subvolkanik kayaglar ¢ogunlukla subalkali-toleyitik bazaltlardan olusmaktadir ve nadiren
andezitik ve riyolitik tiirevleri de bulunmaktadir. Klinopiroksen kimyasi kullanilarak hesaplanan
sicaklik ve basinglar volkanitler ve dayklar i¢in benzer kristallenme kosullarina isaret etmektedir. Elde
edilen degerler volkanitler igin sirasiyla 1125-1260°C ve 1,6-10,8 Kbar arasinda, dayklar i¢in 1076-
1215°C ve 1,2-9,4 Kbar arasinda degismektedir. AFC modellemeleri volkanik/subvolkanik kayaglarin,
kabuksal litolojilerden kontaminasyona ugradigini gdstermektedir. Elde edilen veriler Maden
Havzasi’nin Bitlis-Piitiirge Masifi lizerinde agilan bir havza olduguna isaret etmektedir. Kuzeye dogru
Bitlis-Piitiirge Masifi’nin altina dalan Arap levhasinin okyanusal litosferinin Erken Eosen doneminde
kopmasi, Erken-Geg¢ Eosen araliginda yitim bileseninden bagimsiz astenosferik mantoyu karakterize
eden lavlarm havzanin glineyine, yitim bileseni i¢eren ergiyiklerin ise havzanin kuzeyine yerlesmelerine
sebep olmustur.

Anahtar Kelimeler: Eosen, jeokimya, Maden Kompleksi
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Abstract

Maden Complex is a succession of volcano-sedimentary rocks exposed from the north of
Kahramanmaras to the south of Van. This study comprises geology and petrology of the volcanics of
Maden Complex exposed between Catak (Van)-Kozluk (Batman). Complex is a member of nappe zone
of the Southeast Anatolian Orogenic Belt, and tectonically overlain by Bitlis Metamorphics and
Cretaceous ophiolitic rocks within the study area. The succession is characterized by conglomeratic
Ceffan Formation, nummulitid and alveolinid bearing carbonates of Arbo Formation, pink colored
pelagic limestones alternating with sandstones and shales of Melefan Formation, basaltic volcanic rocks
of Karadere Formation, the subvolcanic dykes cutting Bitlis Massive and sandstone and shale
alternations of Narlidere Formation. The planktonic foraminiferal assemblages of marine sediments
yield the age of Early-Middle Eocene, the youngest detrical zircon ages of sandstones designate Late
Eocene and “°Ar/**Ar plato ages of the magmatics indicate Early-Late Eocene revealing that the
magmatism and deposition continued from Early to Late Eocene. Volcanic/subvolcanic rocks are mainly
composed of plagioclase + clinopyroxene =+ olivine + amphibole phenocrysts. The majority of the rocks
are subalkalin-tholeiitic basalts however; a few andesitic and rhylotic derivatives are also present.
Calculated temperatures and pressures from clinopyroxene chemistry indicate similar crystallization
conditions for volcanics and dykes. Obtained values vary between 1125-1260°C and 1.6-10.8 Kbar for
volcanics, 1076-1215°C and 1.2-9.4 Kbar for dykes, respectively. AFC modellings indicate that
volcanic/subvolcanic rocks are contaminated by crustal lithologies. The Maden Basin was formed on
the Bitlis-Piitirge Massif. The Early Eocene rupture of the north dipping oceanic slab of the Arabian
plate beneath the Bitlis Massif give rise to emplacement of the subduction free asthenospheric melts to
the south and subduction modified melts to the north of the basin.

Keywords: Eocene, geochemistry, Maden Complex
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Abstract

The Fialé volcano covered a large area in the form of “AA” basaltic lava and dark in color. The eruption
of the crater of the volcano located to the south of the Fialé caldera flowed into the Fialé lava lake. The
Fialé volcano has flowed south and west, and this flow is seen to be the same as Ghoubet lava. The Fialé
volcano characterized by the presence of hyaloclastite rocks at the basement. Fialé states that the
presence of the rounded coarse plagioclase crystals within the basalt lava may reflect from the deep
source eruption. A phenocryst of the rounded plagioclases reaches up to 1.5 cm in length.

Basalt rocks belonging to Fialé lava have aphyric, vesicular and porphyritic texture. They mostly have
plagioclase, pyroxene and rarely olivine compositions. In general, the rocks are porphyritic and show
porphyritic-phaneritic texture. The plagioclases of this lava are bytownite and the size of the phenocrysts
can reach up to 3-4 mm. It contains abundant inclusion of plagioclase microlith, clinopyroxene and
opaque minerals in a poikilitic texture. Polysynthetic twinning is seen in every plagioclase phenocryst.
Pyroxenes occur as coarse phenocrysts and micro-phenocrysts scattered in the matrix. Pyroxenes have
euhedral to subhedral texture and contain abundant microlith plagioclase inclusions and Olivine
inclusions as a poikilitic in texture. Olivine is generally present as a micro-phenocrystal and has a
subhedral to anhedral texture.

The rocks from Fialé volcano have a composition that falls in the basalt field and it has a character of
the subalkaline series. In the diagram of K,0/SiO,, the rocks from Fialé belong slightly to the Arc
tholeiitic series and for the most part to the calc-alkaline series. According to the P,Os/Zr discrimination
diagram, the rocks from Fialé fall in the tholeiitic basalt range to slightly transitional to alkaline basalt
while in the AFM diagram they have rather a tholeiitic character. thereby the rock from Fialé shows a
continental arc characteristic in Zr/Y vs Zr. The major element variation diagrams of MgO and MnO
exhibits fractional crystallization, especially due to the crystallization of olivine and pyroxene minerals.
A negative correlation is observed between SiO; and CaO, as Ca will be removed from the magma
environment with the formation of Ca-rich plagioclase and pyroxene during crystallization. The Sr value
against SiO, shows both an increase and a constant trend. This Sr element is concentrated in mafic rocks
exhibiting calcic and indicates the crystallization of plagioclases. The incompatible element patterns,
enrichment is observed from Sc to Pb compared to N type MORB. This enrichment is more pronounced
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in Sc, Ba, U, La and Pb. They are rich in LILE (Rb, Ba, K), compared to HFSE (Nb, Zr) and they have
a slight depletion from Srto Y.

Keywords: Fialé, Polysynthetic twinning, magma, calc-alkaline, tholeiitic

Ozet

Fialé volkani genel olarak koyu siyah renkli “AA” bazaltik lav seklinde genis bir alan1 kaplamaktadir.
Fialé kalderasinin giineyinde yer alan Fiale lav golii bu volkanin akmasi sonucu olusmustur. Fialé
volkani giineye ve batiya akarak ve bu akis Ghoubet lavi lizerine gelerek tek bir volkan akisi gibi
gozlenmektedir. Fialé volkanin taban boliimii hyaloklastit kayalarinin varligi ile karakterize edilir. Fialé,
bazalt lavi icindeki yuvarlak iri plajiyoklaz kristallerinin varligi1 daha derin bir magma cikisindan geldigi
sOylenebilir. Bu volkanlar icerisindeki yuvarlaklagmis iri plajiyoklaz feneokristallerinin boyutlar 1,5
cm ‘ye kadar varabilmektedir.

Fial¢ lavlarina ait bazalt kayaglar1 afirik, vesikiiller ve porfirik dokuya sahiptirler. Cogunlukla
plajiyoklaz, piroksen ve az oranda olivin igerirler. Genel olarak kayaglar porfirik ve porfirik-afaneritik
dokulu, hipokristalin doku 6zelliklerigostermektedir. Bu lavin plajiyoklazlari bitovnit bilesiminde olup
ve fenokristallerin boyutlart 1-2 cm'ye kadar ulasabilmektedir. Poikilitik dokulu fazla oranda
plajiyoklazlar, klinopiroksen ve opak mineraller igerirler. Plajiyoklazlarin 6nemli boliimii polisentetik
ikizlenme gosterirler. Piroksenler, hamur i¢inde dagilmis iri fenokristaller ve mikro fenokristaller
halinde bulunur. Piroksenler dzsekilli ile yar1 dzsekilli dokuya sahip olup ve bol miktarda mikrolit
plajiyoklaz kapanimlar ve poikilitik olarak Olivin kapanimlari igerir. Olivinler nadiren bir fenokristal
olarak goriiliir, genellikle mikrtaneli olarak bulunur ve yar1 6zsekilli ile 6zsekilsiz bir dokuya sahiptir.
Olivin mikro kristalleri plajiyoklaz kristali ile piroksenler arasindaki hamurda bulunur.

Fialé volkanik kayalari, bazalt bilesimine sahiptir ve subalkali dizi karakterine sahiptir. K>O/SiO;
diyagraminda, Fialé bazaltlar1 Yay toleyitik seriye ve ¢ogunlukla kalk-alkali alanina diismektedir.
P20s/Zr ayirim diyagramina gore Fialé bazaltlar1 toleyitik bazalt araliginda hafif alkali bazalta kadar
gecisli iken, AFM diyagraminda tamamen toleyitik bir karaktere sahiptirler. Dolayisiyla Fialé bazaltlar
Zr/Y'ye kars1 Zr'de diyagraminda kitasal yay alanina diigemktedirler. MgO ve MnO'nun ana element
degisim diyagramlarinda ise Ozellikle olivin ve piroksen minerallerinin kristallesmesi nedeniyle
fraksiyonel kristallesme o6zelligi gostermektedirler. SiO, ve CaO degisim diyagraminda negatif bir
korelasyon gozlenir, ¢linkii kristalizasyon sirasinda Ca’ca zengin plajiyoklaz ve piroksen olusumu ile
magma ortamindan Ca uzaklagsmistir. SiO2'ye karsi Sr degisim diyagraminda hem artis hem de sabit bir
egilim goriilebilmektedir. Sr elementi, kalsik sergileyen mafik kayaclarda yogunlasmistir ve
plajiyoklazlarin kristallesmesini gosterebilmektedir. Uyumsuz eleman modellerinde, N tipi MORB'a
kiyasla Sc'den Pb'ye zenginlestirme gozlenir. Bu zenginlesme Sc, Ba, U, La ve Pb'de daha belirgindir.
HFSE'ye (Nb, Zr) kiyasla LILE (Rb, Ba, K) bakimindan zenginlesme ve Sr'dan Y'e dogru hafif bir
fakirlesme goriilmiistiir.

Anahtar Kelimeler: Fialé, polisentetik ikizlenme, magma, kalk-alkali, toleyitik
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Ozet

Karapmar kuzeyinde KD-GB dogrultusunda uzanan, yiiksekligi 2100 m’ye, eni ~10-24 km’ye ulagan,
boyu ise ~37 km olan volkanik bir sirt vardir. Bu volkanik yapi, bazalttan riyolite kadar genis bir bilesim
araligindaki lav ve piroklastik ¢okellerden olusur; ii¢ ¢ikis merkezi krater barindirir ve ~980 km?’lik
alan kaplar. Bu volkanik yapi, bu c¢alismada Karacadag Volkanik Kompleksi (KVK) olarak
adlandirtlmigtir.

KVK, yaglar1 Pliyosen ile Kuvaterner arasinda degisen 5 ayri volkanik birimden olusmaktadir. Volkanin
ana govdesini olusturan ilk ii¢ birim (alttan {iste Oymali, Yesilyurt ve Beydren volkanitleri) porfirik
dokulu bazaltik-andezit, andezit, dasit bilesimli lavlar ile bunlarin piroklastitlerinden olugmaktadir.
KVK’nin son evresi, ¢ok sayida kii¢iik monojenetik skorya konisi, maar ve bunlardan tiiremis bazalt ve
piroklastitlerle (Kutoren ve Meke volkanitleri) temsil edilir.

Bu calismada KVK’dan derlenmis tiimii belirgin yay bileseni igeren 26 temsilci lav akintisina ait
orneklerin jeokimyas1 degerlendirilmektedir. SiO2 %46 ile 62, toplam alkali degerleri %3,7-7,5, Mg#
ise 26-61 arasinda degismektedir. LIL (Large-lon Lithophile)- ve LRE (Light Rare Earth)-elementleri
MORB’a nazaran zenginlesme gosterirken, HFS-elementleri fakirlesmistir. 8Sr/®*Sr izotop oranlari
0,704699-0,707285, 1*Nd-'*Nd izotop oranlari ise 0,512386-0,512770 arasinda degisir. “*Nd/***Nd ile
87Sr/%Sr arasinda negatif bir trend bulunmaktadir. Bu durum, KVK lavlarmin kabuksal kirlenme ve
asimilasyon etkisinin bir sonucudur.

Harker diyagramlar iizerindeki trendleri, KVK lavlarimin iki farkli manto kaynagindan tiiremis
olduklarini gostermektedir. Bu iki primitif ug iiye, Kutoren ve Meke volkanitlerinin en primitif bazaltlari
ile temsil edilir. Primitif lavlarin bilesimi temel almarak yapilan non modal batch kismi ergime
petrolojik modelleme sonuglarimiz, sézkonusu bazaltik lavlarniki farkli metasomatik listosferik manto
kaynagmin kismi erimesinden tiirediklerini gostermektedir: (1) spinel peridotit ve (2) flogopit+spinel
peridotit. Bu iki farkli primitif magma, birbirleri ile farkli oranda karisarak ve daha sonra kristallenme
ve AFC evrimi gecirerek volkanik serileri olusturmustur. FC-model sonuglarina gore, ilk ii¢ seriye ait
lavlarda feldispat ve amfibol kristallenmesi baskinken, son iki seriye ait lavlarda olivin ve piroksen
kristallenmesi baskin olmustur.

Anahtar Kelimeler: Orta Anadolu, volkanizm, jeokimya, petrojenez, manto kaynak alani
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Abstract

There is a NE-SW-extending volcanic ridge in the North of Karapmar with a max height of 2100m,
width of ~10-24km and lenght of ~37km, covering ~980 km? area. It contains a volcanic complex with
three craters and lavas / pyroclastics showing a wide composition range from basalt to rhyolite. This
volcanic edifice is named the Karacadag Volcanic Complex (KVC).

KVC consists of 5 volcanic-series, ranging in age from Pliocene to Quaternary. The first three volcanic-
series forming the main body of the volcano (i.e. Oymali, Yesilyurt and Beyoren volcanics) are
composed of porphyritic basaltic-andesites, andesites, dacites and their pyroclastics. The final phase of
KVK is represented by innumerable small monogenetic skoria cones, maars and basaltic lavas &
pyroclastics (i.e. Kutéren and Meke volcanics).

We evaluated geochemistry of 26 representative lava samples from KVC, showing a clear subduction
component. SiO; vary between 46 and 62%, total-alkali values between 3.7 and 7.5%, and Mg# between
26 and 61. They display enrichment in LILEs and LREEs, depletion in HFSEs relative to MORB.
87Sr/8eSr and **3Nd-**Nd isotope ratios vary between 0.704699 and 0.707285, 0.512386 and 0.512770,
respectively. There is a negative trend between ***Nd-**Nd and #Sr/®Sr. This situation is a result of
crustal contamination and assimilation effect of KVK lavas.

Trends on Harker diagrams imply the derivation of KVVK-lavas from two different mantle sources. These
two sources are represented by the most primitive basalts of Kutéren and Meke volcanics. Our non-
modal batch partial melting model results indicate the derivation of lavas from two different
metasomatic lithospheric mantle sources: (1) a spinel peridotite and (2) a phlogopite+spinel peridotite.
These two primitive magmas seem to have mixed into each other in varying ratios then experienced FC
and AFC evolution. FC model results indicate that fractionation was dominated by feldspars and
amphiboles in the first three volcanic series, in contrast to last two series dominated by olivine and
pyroxenes.

Keywords: Central Anatolia, volcanism, geochemistry, petrogenesis mantle source
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Abstract

The rare earth elements (REE) as well as radioactive fuel elements (U and Th) are gaining more attention
in terms of economic importance recently. For this reason, recently various types of rock units are widely
investigated. These elements can be found in cut-off grade levels during various geological processes
and environments. One of the most promising environments for U and Th is alkaline magmatism related
rocks including alkaline pegmatites and syenite-carbonatite complexes. This study focuses on the
northern Kestanbol rocks with their alkaline-potassic affinities in Ezine-Canakkale (NW, Tiirkiye).
These rocks are monzonitic-syenitic-monzogabbroic rocks with considerable amounts of monzonite,
zircon, thorite and apatite as accessory minerals. These minerals host considerable amounts of
incompatible elements in terms of large-ion lithophile elements (LILE) and REE due to late magmatic-
metasomatic processes in entire magmatic evaluation. In addition, these rocks can be considered as an
important source for elevated Th and U contents. In this study, the Y REE values determined up to 635.8
ppm and mostly comprised by light rare earth elements (LREE) elements including La, Ce and Nd. The
U (up to 54.2 ppm) and Th (up to 184.2 ppm) values are also on par with most of the LREE
concentrations mainly caused by thorium-bearing monazites and uranium-bearing thorite minerals. It
can be stated that northern Kestanbol alkaline rocks are the most likely source for the well-known
Geyikli (Canakkale, NW Tiirkiye) radioactive placer.

Keywords: Kestanbol Granitoid Complex, REE-Th-U enrichments, alkali-potassic rocks, petrogenetic
factors, Ezine

Ozet

Nadir yer elementleri (NYE) ile birlikte radyoaktif yakit elementleri (U ve Th) son zamanlarda
ekonomik 6nem agisindan oldukga fazla ilgi gérmektedir. Bu nedenle, gesitli kayag tiirleri bu agidan
yaygin olarak aragtirilmaktadir. Bu elementler, ¢esitli jeolojik siirecler ve ortamlar boyunca sinir tenor
degerlerinde bulunabilmektedir. U ve Th i¢in en umut verici ortamlardan biri, alkali pegmatitler ve
siyenit-karbonatit komplekslerini i¢eren alkali magmatizma ile ilgili kayaglardir. Bu ¢alisma, Ezine-
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Canakkale (KB, Tiirkiye) bolgesinin kuzeyindeki Kestanbol Granitoid Kompleksi’nde yer alan alkali-
potasik ozellige sahip kayaglara odaklanmaktadir. Bu kayaclar, tali mineral olarak 6nemli miktarda
monzonit, zirkon, torit ve apatit igeren monzonitik-siyenitik-monzogabroik kayaglardir. Bu mineraller,
tim magmatik evrimde ge¢ magmatik-metasomatik siire¢ler nedeniyle biiyiik-iyon c¢apli litofil
elementler (LILE) ve NYE acisindan 6nemli miktarda uyumsuz element barindirmaktadir. Ayrica bu
kayaclar yiiksek Th ve U igerikleri i¢in onemli bir kaynak olarak degerlendirilebilmektedir. Bu
caligmada 635,8 ppm'e kadar belirlenen ) NYE degerleri cogunlukla La, Ce ve Nd olmak iizere hafif
nadir yer elementleri (HNYE) elementlerinden olusmaktadir. U (54,2 ppm'ye kadar) ve Th (184,2
ppm'ye kadar) degerleri de esas olarak toryum igeren monazitlerin ve uranyum igeren torit minerallerinin
neden oldugu HNYE konsantrasyonlarinin goguyla aynidir. Iyi bilinen Geyikli (Canakkale, KB Tiirkiye)
radyoaktif plaserinin en olasi kaynagmin bu Kestanbol kuzeyinde yer alan alkali kayaglar oldugu
sOylenebilir.

Anahtar Kelimeler: Kestanbol Granitoid Kompleksi, NYE-Th-U zenginlesmeleri, alkali-potasik
kayalar, petrojenetik faktorler, Ezine

1. INTRODUCTION

Recently, various types of rock units are widely investigated for rare earth elements (REE), which have
economic importance for many countries as a strategic raw material due to the increasing industrial
demand. The radioactive fuel elements, Th and U, are also closely associated with the same geologic
environments, are gaining more attention due to Paris climate agreements strict carbon emission
reduction protocols. Therefore, the studies on the genesis of these elements are consistently arising for
at least two decades. Most of these studies are restricted into the alkaline intrusive-carbonatite
complexes with highly mineralized fenite zones; however, some of the alkaline rocks such as syenites
and monzonites may host considerable amounts of REE-Th and U bearing minerals.

Miocene aged Kestanbol Granitoid Complex can be described as a post collisional, high K-calcalkaline
granitoid, mostly dominated by monzonitic and granodioritic rocks. On contrary, less common alkaline-
ultra alkaline rocks are widely observable in northern parts of the granite. In this context, the northern
borders of the granitoid body which have significantly higher ionizing dose rates than remaining
granitoid body was selected as the primary study area. The elder studies were generally based on the
petrogenetic properties of more common high-K rocks, their isotopic composition and
thermochronology. There are no studies investigating the amount of presence, mineralization and origin
of strategic and radioactive elements. This study focuses on fairly radioactive parts of the Kestanbol
Granitoid Complex which stands out as an important exploration target and source for high grade placer
REE-Th-U depositions. The main objective of this work is to reveal the REE-Th-U potential and
radioactivity of the Kestanbol Granitoid Complex and revealing the factors that cause mineralizations.

2. GEOLOGICAL BACKGROUND

The Kestanbol Granitoid is a product of a widespread, potassium-rich calc-alkaline magmatism occured
after the collision of the Sakarya zone and the Anatolide-Tauride block (Altunkaynak et al., 2012). In
Northwest Anatolia, the first products of Eocene magmatism are defined as Middle-Eocene aged
intrusives and andesitic volcanic rocks (Yilmaz,1990; Harris et al., 1994; Okay and Satir, 2006).
Intrusive rocks which emplaced in the Oligocene-Early Miocene period after Eocene magmatism are
frequently encountered in the region (Kozak, Evciler, Cataldag, Kestanbol, Ilica-Samli, Eybek and
Egrigoz granitoids), there are detailed studies examining the petrological properties of these rocks (Geng
and Yilmaz, 1997; Delaloyle and Bingdl, 2000, Boztug et al., 2009; Altunkaynak et al., 2012; Ozdamar
et al 2021). These Oligo-Miocene aged granitoids show high K-calcalkaline I type magmatism features
mainly derived from the mantle and developed as a result of contamination due to the relatively thick
continental crust (Altunkaynak and Yilmaz, 1998; Geng, 1998; Karacik and Yilmaz, 1998; Sahin et al.,
2010; Figure 1).
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The rocks in the Kestanbol granitoid body in the study area are mainly composed of quartz-monzonites
and granitic rocks (Karacik and Yilmaz, 1998; Sahin et al., 2010). The Kestanbol Granitoid is an
elliptical intrusive body emplaced within the Paleozoic-Permian aged Camlik Metamorphics (Karacik
and Yilmaz, 1998). In other studies, on the Kestanbol Granitoid Complex, it was revealed that the
intrusive body was cut by ultrapotassic dykes in the eastern parts (Akal, 2013). In addition, studies on
the source of radioactivity of the southern Kestanbol Granitoid (()rgﬁn et al., 2007; Sahin et al., 2010)
were thought to be secondary minerals such as zircon, apatite, monazite, thorite and allanite, but no
mineralization zone of economic importance was observed (Figure 1).
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Figure 1. Geological map of the study area (modified from Orgiin et al., 2007).

3. MATERIAL and METHODS

A total of 15 samples were collected for the analyses from alkaline-potassic rocks with high radioactive
anomalies. Whole-rock (major, trace and rare earth elements) analyses were conducted on powders
grounded using an agate mortar muller milling device in Geochemistry Research Laboratories of
Istanbul Technical University (ITU/JAL), Tirkiye. The oxides of major elements, including SiOa,
Al;0s, Ca0o, K;0, Naz0, Fe;03, MnO, MgO, TiO3, and P.Os were determined by a Bruker S8 Tiger X-
ray fluorescence (XRF) spectrometer with wavelength ranges from 0.01 to 12 nm, the analytical
uncertainty is usually\5%. Elan DRC-e Perkin Elmer Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) was used for trace element analyses. A two-step digestion process used approximately 50 mg
of powdered samples: (1) 6 ml of 37% HCI, 2 ml of 65% HNO3 and 1 ml of 38-40% HF acid mixer put
in a pressure- and temperature-controlled Teflon beaker using a Berghoff Microwave at 135 °C; (2) 6
ml of 5% boric acid solution was added to the step one mixer for ICP-MS analyses.

The rock-forming minerals were determined by Leica DM750P microscope and the heavy minerals (in

%) determinations Nikon SMZ 800 N model binocular microscope was used in ITU/JAL. In addition,
ionizing dose rate of studied rocks were determined using by BR6 model Geiger device.
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4. RESULTS and DISCUSSION
4.1. Mineralogical and petrographical characteristics

Petrographic analyses point out that the studied samples of the Kestanbol Granitoid Complex are
composed of quartzmonzonitic to monzogabbroic rocks. Of these, the essexite is medium to coarse-
grained, holocrystalline intrusive rocks of the granitoid complex. Mineralogically, these rocks comprise
pyroxene (30-32%), amphibole (18-20%), biotite (8-10%), plagioclase (20-22%), K-feldpar (20-25%)
as main phases and zircon, apatite, monazite as accessory phases. Alteration minerals are epidote,
chlorite, clay and calcite. The pyroxenes are mostly subhedral clinopyroxene and altered amphibolites
and uralite and chlorite. Amphiboles are generally kaersutitic — subhedral grains. K-feldspars display
poiklitic texture and plagioclase display zoned texture. Biotites are brownish colored-subhedral minerals
(Figure 2).

Figure 2. Photomicrographs of the mineral assemblages of Kestanbol alkaline rocks a-b) plagioclase and
clinopyroxene subhedral crystals with minor amounts of biotite minerals, c) K-feldspar and plagioclase
phenocrystals accompanied by epidote minerals in a pegmatitic sample, d) plagioclase and k-feldspar minerals
with epidotization (abbreviations; cpx: clinopyroxene; ep: epidote; plag: plagioclase; kfs: K-feldspar; bio: biotite).

The mineralogical composition of heavy mineral fractions of Kestanbol Granitoid indicates that the non-
silicate minerals are dominated by magnetite and titanite with lower amounts of apatite, monazite, thorite
and zircon (Figure 3). This mineral assemblage points out that most of the REE and Th concentration
are closely associated with monazite, thorite and apatite minerals. In addition, thorite minerals can also
host a considerable concentration of U.
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Figure 3. Binocular microscope photomicrographs of heavy mineral seperates from non-magnetic (a-b-c) and
magnetic (d) fractions of Kestanbol alkaline rocks.
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4.2. Geochemical signatures

Kestanbol alkaline rocks can be summarized as a silica undersaturated potassic rocks with significant
enrichments of incompatible elements in terms of both large-ion lithophile elements (LILE) and REE.
The high concentrations of K>O (up to 10.7%) and Na>O (up to 5.28%) show that the rocks are sourced
from an alkaline-basic mantle source (Table 1). Consistent with the alkaline-basic source the values of
Fe,Os (avg. 5.40%), CaO (avg. 4.78%) and MgO (avg. 2.33%) are mostly associated with
ferromagnesian minerals including clinopyroxenes and amphiboles.

Table 1. Contents of major-element oxides of the Kestanbol alkaline rocks (in %).

Kestanbol Alkaline Rocks

Major Oxide

E-1 E-2 E-3 E-4 E-5 E-6 E-7 E-8 E-9 E-10 E-11 E-12

Sio, 50.5 55.9 58.6 52.1 50.0 50.3 60.7 59.3 616 543 58.5 57.5
Al,O3 16.8 15.4 15.6 17.7 17.7 17.8 17.9 17.2 17.2 17.1 17.9 17.4
Fe, 05 7.56 5.56 5.88 6.88 7.65 7.43 2.36 4.49 2.38 5.80 4.05 4.79
MgO 321 2.96 2.89 277 3.80 371 0.26 0.50 0.79 3.13 174 2.23
CaO 7.54 4.94 4.12 6.65 6.82 6.75 210 214 3.80 4.41 3.80 4.26
Na,O 3.47 2.42 3.30 331 271 3.05 3.95 419 4.49 528 4.06 4.29
K,0 6.50 6.81 5.19 6.66 6.55 6.48 10.7 9.08 7.48 4.34 7.10 6.22
Sro 0.24 0.09 0.11 0.23 0.18 0.17 0.07 0.10 0.16 0.16 0.10 0.12
TiO, 0.90 0.72 0.73 0.82 0.80 0.79 0.28 0.38 0.37 0.67 0.56 0.60
P,0s 0.75 0.39 0.44 0.78 0.88 0.84 0.09 0.33 0.35 0.56 0.32 0.45
MnO 0.17 0.11 0.12 0.16 0.16 0.15 0.07 0.08 0.06 0.10 0.12 0.10
Cr,0,4 0.48 0.52 0.53 0.38 0.54 0.48 0.50 0.48 <0,01 0.38 <0,01 0.27
LOI 132 379 212 0.98 1.68 1.57 057 112 0.83 336 1.38 128

TOTAL 99.82 99.89 99.89 99.80 99.82 99.81 99.82 99.85 99.90 99.79 99.75 99.76

The discrimination diagrams (Figure 4 a-b) indicate that the studied samples are A-type silica deficient
monzonitic-syenitic rocks.
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Figure 4. a) Total Alkali Silica diagram for studied samples (modified from Le Bas et al., 1986), b) A type
granitoid discrimination diagram (modified from Whalen et al., 1987).

The studied rocks also have P anomalies which were likely to be caused by apatite and monazite group
minerals. In addition, high LILE values alongside Pb and Zn suggest crustal contamination (Table 2;
Figure 5b). U contents range from 6.8 to 54.9 ppm with an average of 26.0 ppm, while Th contents also
have a wide range varying 29.1 to 184.2 ppm with an average of 92.2 ppm. These elevated values of U
and Th (Figure 5b) are probably caused by metasomatic processes during magma evaluation (Table 2).

Most of the XREE (varying 248.6 to 635.8 ppm with an average of 434.4 ppm) values are comprised by
LREE including La (49.2-152.8 ppm), Ce (106.4-290.4 ppm) and Nd (47.0-107.6 ppm). The LREE
values of studied alkaline rocks can be considered relatively low compared to other HFSE concentrations
especially Th and U (Table 3).
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Table 2. Trace element results for studied samples from the Kestanbol alkaline rocks (contents in ppm).

Kestanbol Alkaline Rocks

Element

E-1 E-2 E-3 E-4 E-5 E-6 E-7 E-8 E-9 E-10 E-11 E-12

Th 50.6 48.1 49.5 1111 82.7 88.4 184.2 58.7 29.8 1351 165.6 102.6
u 173 9.0 109 39.7 20.5 21.7 29.5 16.2 6.77 317 54.9 415
Cd 0.64 0.25 0.41 0.06 0.56 0.29 0.56 0.53 0.34 0.36 0.54 0.68
Cs 30.2 3.56 2.19 246 133 233 39.1 141 7.50 18.9 216 30.5
Ga 19.3 226 24.2 285 226 27.0 249 28.7 24.4 30.0 285 253
Rb 2485 247.0 189.9 242.3 209.0 2113 447.1 306.9 226.6 2317 353.8 329.0
Tl 1.75 271 2.08 1.55 1.34 1.08 3.92 3.61 3.19 2.86 3.36 3.62
Sc 13.0 10.0 9.0 9.0 120 11.0 <1 4.00 4.00 8.00 6.00 7.00
\% 103.0 66.0 65.0 84.0 84.0 89.0 17.0 37.0 45.0 76.0 44.0 52.0
Co 26.0 14.0 25.0 25.0 210 24.0 13.0 15.0 17.0 15.0 12.0 11.0
Ni 26.0 16.0 17.0 19.0 27.0 30.0 3.00 18.0 14.0 14.0 11.0 22.0
Cu 74.0 8.0 34.0 67.0 97.0 90.0 320 201.0 87.0 137.0 61.0 49.0
Zn 67.0 43.0 38.0 60.0 71.0 59.0 43.0 27.0 24.0 45.0 47.0 46.0
As 37.0 5.0 12.0 40.0 38.0 40.0 47.0 14.0 5.0 19.0 25.0 27.0

Zr 475.0 209.0 218.0 509.0 504.0 508.0 291.0 2150 193.0 599.0 836.0 919.0

Mo 1.00 1.00 2.00 2.00 6.00 6.00 5.00 8.00 7.00 1.00 <10 4.00
Sn <10 <10 1.00 <10 <10 <10 5.00 <10 <10 3.00 3.00 7.00
Sb <10 <10 2.00 10 <10 1.00 4.00 1.00 <10 2.00 4.00 3.00

Pb 110.0 19.0 420 109.0 101.0 98.0 148.0 118.0 48.0 55.0 60.0 63.0

Table 3. The REE results for studied samples from the Kestanbol alkaline rocks (contents in ppm).

Kestanbol Alkaline Rocks

Element
E-1 E-2 E-3 E-4 E-5 E-6 E-7 E-8 E-9 E-10 E-11 E-12

Y 26.0 19.9 213 28.7 26.2 28.3 20.8 24.2 20.0 282 36.0 30.2
La 109.4 66.0 73.6 119.2 97.7 104.0 100.9 69.2 49.2 148.0 152.8 1334
Ce 207.0 1237 137.5 226.4 190.2 204.5 192.4 144.0 106.4 256.6 290.4 250.1

Pr 23.4 137 15.0 24.6 217 225 18.9 16.5 12.8 26.7 30.2 26.2
Nd 84.7 47.0 53.3 91.3 5.7 84.6 58.5 59.3 473 87.9 107.6 87.8
Sm 177 9.45 104 16.4 145 16.5 9.7 121 10.3 146 16.5 15.4
Eu 4.80 2.38 242 4.67 413 4.49 151 3.48 3.37 3.00 3.14 2.94
Gd 147 7.45 8.72 145 131 14.2 9.12 9.73 8.16 13.36 156 13.6

Tb 1.80 0.96 118 184 1.62 167 115 115 1.09 172 2.04 183
Dy 6.94 4.65 4.52 7.20 6.43 712 4.36 5.88 4.78 6.50 8.08 6.79

Ho 0.96 0.76 0.91 1.03 107 1.03 0.79 0.86 0.73 0.93 127 110
Er 313 247 248 3.45 2.84 361 2.57 2.76 215 311 3.90 3.80
Tm 0.34 0.28 0.31 0.35 0.30 0.32 0.34 0.37 0.27 0.37 0.45 0.41
Yb 2.03 193 217 2.55 248 2.23 1.86 231 1.88 2.61 3.35 3.16
Lu 0.24 0.30 0.28 0.38 0.34 0.35 0.24 0.24 0.24 0.40 0.45 0.35

Eu/Eu* 0.91 0.87 0.78 0.93 0.92 0.90 0.49 0.98 112 0.66 0.60 0.62
IREE 477.1 281.0 312.8 514.0 432.1 467.2 402.4 327.9 248.6 565.9 635.8 546.9
ILREE 4470 262.2 292.2 482.6 404.0 436.6 382.0 304.6 229.3 536.9 600.7 515.8
IHREE 301 18.8 20.6 313 282 30.6 204 233 19.3 29.0 35.1 310

The REE patterns of studied rocks show that the alkaline rocks of Kestanbol Granitoid Complex are
products of an enriched mantle source, with fractional crystallization and metasomatism processes.

Sample/Chondsite

Figure5. a) The chondrite-normalized (éoyn\ton 1‘984)F REE patferns: b) the mantle normalized trace element (Sun
and McDonough 1989) patterns of Kestanbol alkaline rocks.
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HREE patterns are flat as expected due to the lack of garnet group minerals. Negative Eu anomalies are
also observed in Kestanbol rocks; therefore, it can be concluded that the rocks are primarily originated
from an Eu depleted residue (Figure 5a).

5. CONCLUSIONS

This very study was carried out to determine the mineralogical and geochemical features of the
monazite-thorite bearing rocks which have high ionizing dose rates in the northern borders of the
Kestanbol Granitoid Complex.

» The rocks predominantly consist of K-feldspar, plagioclase, clinopyroxene, and amphibole
group minerals with minor amounts of zircon, apatite, and monazite.

» The northern borders of the Kestanbol Granitoid Complex have significantly higher ionizing
dose rates (1.30 uS/h) than remaining granitoid (0.25 puS/h) body. The high ionizing radiation
probably caused by thorite and monazite minerals. The magmatic evaluation of these minerals
may be related to late magmatic, volatile rich fluids.

» The high incompatible element concentrations are primarily associated with the alkaline nature
of the rocks. However, crustal contamination took a major role in the elevation of LILE and Pb-
Zn elements.

» Widely known Geyikli heavy mineral placers in Canakkale (Tiirkiye) are likely to be resourced
from studied rocks due to the monazite and thorite mineralization.

REFERENCES

Akal, C., “Coeval Shoshonitic-ultrapotassic dyke emplacements within the Kestanbol pluton, Ezine—
Biga peninsula (NW Anatolia)”, Turkish Journal of Earth Sciences, 22(2), 220-238, 2013.

Altunkaynak, S., Dilek, Y., Geng, C.S., Sunal, G., Gertisser, R., Furnes, H., Yang, J. “Spatial, temporal
and geochemical evolution of Oligo—Miocene granitoid magmatism in western Anatolia,
Turkey. Gondwana Research”, 21(4), 961-986. 2012.

Altunkaynak, $., and Yilmaz, Y., “The mount Kozak magmatic complex, western Anatolia. Journal of
Volcanology and Geothermal Research”, 85(1-4), 211-231, 1998.

Boztug, D., Harlavan, Y., Jonckheere, R., Can, I., Sari, R., “Geochemistry and K—Ar cooling ages of the
Ilica, Cataldag (Balikesir) and Kozak (Izmir) granitoids, west Anatolia, Turkey”, Geological
Journal, 44, 79-103, 2009.

Delaloye, M., and Bingél, E., “Granitoids from western and northwestern Anatolia: geochemistry and
modeling of geodynamic evolution”, International Geology Review, 42, 241-268, 2000.

Geng, S.C. “Evolution of the Bayrami¢ magmatic complex, northwestern Anatolia”, Journal of
volcanology and geothermal research, 85(1-4), 233-249, 1998.

Geng, S.C., and YILMAZ, Y. “An example of post-collisional magmatism in northwestern Anatolia:
the Kizderbent volcanics (Armutlu peninsula, Turkey)”, Turkish Journal of Earth Sciences, 6(1),
33-42, 1997.

Harris, N.B.W., Kelley, S., Okay, A.l., “Post-collisional magmatism and tectonics in northwest
Anatolia”, Contributions to Mineralogy and Petrology, 117, 241-252, 1994.

Karacik, Z., and Yilmaz, Y., “Geology of the ignimbrites and the associated volcano—plutonic complex
of the Ezine area, northwestern Anatolia”, Journal of Volcanology and Geothermal Research,
85(1-4), 251-264, 1998.

202



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

Bas, M.L., Maitre, R.L., Streckeisen, A., Zanettin, B., and TUGS “Subcommission on the Systematics
of Igneous Rocks. A chemical classification of volcanic rocks based on the total alkali-silica
diagram” Journal of petrology, 27(3), 745-750, 1986.

Okay, A.l., and Satir, M. “Coeval plutonism and metamorphism in a latest Oligocene metamorphic core
complex in northwest Turkey”, Geological Magazine, 137(5), 495-516, 2000.

Orgiin, Y., Altinsoy, N., Sahin, S.Y., Giingér, Y., Giiltekin, A.H., Karahan, G., And Karacik, Z.,
“Natural and anthropogenic radionuclides in rocks and beach sands from Ezine region
(Canakkale), Western Anatolia, Turkey”, Applied Radiation and Isotopes, 65(6), 739-747. 2007.

Ozdamar, S., Roden, M. F., Zou, H., Billor, M. Z., Hames, W., Georgiev, S., Dunkl, I., “Petrogenesis of
Oligocene plutonic rocks in western Anatolia (NW Turkey): Insights from mineral and rock
chemistry, Sr-Nd isotopes, and U-Pb, Ar-Ar and (U-Th)/He geochronology”, Geochemistry,
81(2), 125747, 2021.

Sun, S.S., and Mcdonough, W.F., “Chemical and isotopic systematics of oceanic basalts: implications
for mantle composition and processes”, Geological Society, London, Special Publications,
42(1), 313-345, 1989.

Sahin, S.Y., Orgiin, Y., Giingér, Y. “Mineral and whole-rock geochemistry of the Kestanbol Granitoid
(Ezine-Canakkale) and its mafic microgranular enclaves in northwestern Anatolia: evidence of
felsic and mafic magma interaction”, Turkish Journal of Earth Sciences, 19(1), 101-122, 2010.

Whalen, J.B., Currie, K.L., and Chappell, B.W., “A-type granites: geochemical characteristics,
discrimination and petrogenesis”, Contributions to mineralogy and petrology, 95(4), 407-419,
1987.

Yimaz, Y. “Comparision of young volcanic associations of western and eastern Anatolia under
conpressional regime; a review”, Journal of Volcanology and Geothermal Research, 44, 69-87.
1990.

203



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

Uluslararas1 Katihmh 9. Jeokimya Sempozyumu

9th Geochemistry Symposium with International “
Participation .

th GEOCHEMISTRY
SYMPOSIUM

Petrochemistry of Lavas and Intrusive Rocks in Admiralty Bay, King George Island,
Antarctica: Preliminary Results
Admiralty Korfezi Lav ve Intriisif Kayalarinin Petrokimyasi, King George Adas, Antarktika:

Oncel Sonuclar

Isil Nur Giiraslan®, Safak Altunkaynak

Department of Geological Engineering, Faculty of Mines, Istanbul Technical University, Istanbul, Tzirkiye

*guraslan@itu.edu.tr

Abstract

The South Shetland Islands Archipelago is a part of a magmatic arc, which occurred as a result of the
subduction of the Phoenix plate beneath the Antarctic Peninsula, creating widespread magmatism during
the Early Cretaceous-Miocene. King George Island was formed from subvolcanic and volcanic products
of this magmatic arc. Within the scope of the 4™ Turkish Antarctic Expedition (TAE-1V) and Tiirkiye-
Poland bilateral cooperation, field studies were carried out in Admiralty Bay, King George Island.
Representative samples with different ages and compositions from lavas, stocks, volcanic plugs and
dikes were collected during the field studies. The petrography and major-trace geochemistry of those
samples were investigated to better understand the nature and evolution of magmatism.

The field, petrography and major-trace element geochemistry data gathered from the representative
samples show that the magmatic rocks of Admiralty Bay have compositions ranging from basalt-basaltic
andesite to dacite-rhyolite that originated from a MORB-like mantle-wedge enriched by subduction
components. The magma generated from this mantle wedge was later differentiated by fractional
crystallization, resulting in compositionally different magmatic products.

Keywords: NW Antarctica, magmatic arc, King George Island, Admiralty Bay, major-trace element
geochemistry

Ozet

Phoenix Levhasi’nin Antarktika Yarimadasi'nin altina dalmasi sonucunda olusan Giiney Shetland yayz,
Erken Kratese-Miyosen arasi yaygin magmatik aktivite iretmis bir magmatik yay ortamini temsil
etmektedir. Bu magmatik yay, King George Adasi’nin da iginde bulundugu Giiney Shetland Adalari’ni
olusturmustur. Giiney Shetland magmatik yayinin dogasini ve evrimini ortaya koymak amaci ile,
Tiirkiye Antarktik Seferi (TAE-IV) kapsaminda, Admiralty Koérfezi’nde (King George Adasi), saha
caligmalart gergeklestirilmis, farkli yas ve bilesimdeki magmatik kayaclardan temsilci Ornekler
derlenerek, temsilci 6rneklerin petrografik ve jeokimyasal 6zellikleri incelenmistir.

Saha ve petrografi incelemeleri ile ana-iz element jeokimyasi analizleri sonucu elde edilen veriler
Admiralty Korfezi magmatik kayalarinin bazalt-bazaltik andezit’ten dasit-riyolit’e degisen bilegimler
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sergiledigini ve dalma-batma bilesenleri ile zenginlesmis MORB-benzeri bir manto kamasindan
tiiredigini ortaya koymustur. Bu magma, fraksiyonel kristallenme siirecleri ile farklilagarak, bolgedeki

farkli bilesimdeki magmatik kayalarin olugsmasina sebep olmustur.

Anahtar Kelimeler: KB Antarktika, magmatik yay, King George Adasi, Admiralty Korfezi, ana-iz
element jeokimyasi

1. INTRODUCTION

Investigating the products of a magmatic arc creates an understanding of the modifications that happened
throughout the arc’s history; the chemical compositions and textures in the magmatic rocks are easily
affected by any configurations in the subduction system. The Antarctic Peninsula arc, which was
developed as a result of the subduction of the Pacific oceanic lithosphere (Phoenix Plate) beneath the
Antarctic Peninsula, represents a continental margin arc that produced widespread magmatic activity.
The South Shetland Islands, which were attached to Antarctic Peninsula until the Pliocene is a part of
this magmatic arc. The subduction gradually ceased from south to north between the early Cretaceous
and early Miocene [1-6]. However, it continues at a slow rate along the South Shetland Islands sector.
The volcanic and sub-volcanic rocks that form King George Island are products of this magmatic arc.

King George Island is the largest of these islands, making it a representative site to investigate the arc
magmatism in the area. To understand the nature and evolution of arc magmatism, field studies were
taken out in the western part of Admiralty Bay on King George Island, which contains terrestrial
volcanic and subvolcanic rocks of various compositions (Fig. 1).
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Figure 1. Geological map of Admiralty Bay (King George Island) [7]. The red circles indicate the sampling
locations.
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2. MATERIAL and METHODS
The field studies were carried out near the Henryk Arctowski Polish Antarctic Station in King George
Island, Admiralty Bay, Antarctica. Thin sections were prepared at Istanbul Technical University, Faculty
of Mines, Thin Section Laboratory for petrographical investigations. Major and trace element
geochemistry analyzes were carried out in the ACME Laboratories (Canada). 16 representative samples
from the subvolcanic and volcanic rocks in the study area were analyzed.

3. RESULTS and DISCUSSION

The volcanic rocks in the Admiralty Bay are represented by Uchatka Point, Demay Point, Llano Point,
Arctowski Cove and Point Thomas formations, whereas the intrusive bodies are Wegger Peak stock,
Jardine Peak plug and dykes (Jersak Hill, Half Moon Cove and Sphinx Hill dykes). The ages of these
magmatic products range from Cretaceous to Miocene [7-11]. Uchatka Point Formation is represented
by basalts and basaltic andesites. Demay Point Formation consists of andesitic and dacitic lavas, flow
breccias and pyroclastic rocks. Llano Point Formation consists of basaltic and basaltic andesitic lavas
and associated pyroclastic rocks. Different levels of lava and pyroclastic deposits are easily
distinguishable in the field. The formation is also cut by the biggest dyke in the area, the Sphinx Hill
dyke. Arctowski Cove Formation is represented by black/dark grey, glassy basalts with columnar joints
in the field. The formation is cut by dykes and plugs in Jardine Peak, Jersak Hill and Halfmoon Cove
areas. Point Thomas Formation is composed of lenticular lavas with predominantly basaltic and basaltic
andesitic compositions intercalating with tuffs. Znosko Glacier formation is represented by terrestrial
basaltic andesitic-andesitic lavas and pyroclastic rocks. Wegger Peak Stock is situated at the north of
the study area and it is represented by microgabbro-quartz microdiorite. Jardine peak plug, Jersak Hill
and Halfmoon Cove dykes with aphanitic texture has a basalt-basaltic andesite composition.

The lavas in the study area usually display hemicrystalline intersertal-hyalopilitic texture while some
displays pilotaxitic textures. In basaltic-basaltic andesitic samples, plagioclase is accompanied by
usually clinopyroxene, rarely orthopyroxene. They also display trachytic and glomeroporphyritic
textures (Fig. 2a, ). The dykes and plugs differ from lavas by their microcrystalline and intergranular
textures. In Wegger Peak stock, holocrystalline and microgranular/porphyritic textures can be observed,
amphiboles and interstitial quartz minerals accompany abundant pyroxene and plagioclase minerals
(Fig. 2f). Most of the volcanic and subvolcanic rocks in the area display at least two generations of
plagioclases, plagioclases have sieve textures, polysynthetic and complex twinning as well as patchy
and oscillatory zoning (Fig. 2d). In plugs, quartz xenocrysts can be seen with reaction textures and
pyroxene microcrystals at the rims (Fig. 2e). Embayment textures can be observed both in plagioclase
and pyroxene crystals (Fig 2b). These textures indicate a disequilibrium in the magma chamber.

Geochemically, the volcanic and subvolcanic rocks with different ages and locations display similar
characteristics. The SiO; ratios of the samples range from 50.13% to 68.86%. The basic-intermediate
lavas display basalt, basaltic andesite-andesite compositions whereas the acidic Demay Point lavas have
rhyolite/dacite, dacite and trachy-andesite field in the total - alkali silica (TAS) classification diagram
(Fig. 3a). The composition of the Wegger Peak stock is basaltic andesite-andesite, and the dykes in the
study area display compositions ranging from andesite to dacite/rhyolite. All of the samples are
subalkaline (Fig. 3a, b), basic-intermediate lavas display calc-alkaline affinity while the rocks with
higher SiO; content are high-K calc-alkaline (Fig. 3b).

According to chondrite-normalized spider diagrams, all samples display enrichment in LREE (light rare
earth elements) and depletion in HREE (heavy rare earth elements) (Fig. 4a). The basic-intermediate
lavas are less enriched in REE compared to the more fractionated dykes and Demay Point lavas with
higher SiO; ratios. In basic-intermediate lavas, Eu anomalies are either absent or slightly pronounced
while felsic lavas and dykes display more pronounced negative Eu anomalies. The otherwise similar
REE concentrations of the fractionated samples compared with the other samples point to evolution
through fractional crystallization from basic magma.
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Figure 2. Photomicrographs of the samples from the study area a) Cumulophyric and sieve (Si) texture (Cm) from
Uchatka Point Fm., b) Embayed clinopyroxene (Cpx) from Arctowski Cove basalts, ¢) Plagioclases displaying
glomeroporphyritic texture from Demay Point Fm., d) Plagioclases showing zoning (ZP) and complex twinning
(TP) from Arctowski Cove Formation, e) Quartz (Q) xenocrystal with surrounding pyroxene microcrystals (Pm)
from Jardine Peak Plug, f) Holocrystalline porphyritic texture of Wegger Peak stock.

N-MORB normalized spider diagrams show that the samples display an enrichment in large-ion
lithophile elements (LILE) such as Cs, Ba, Th, U, K, Sr, and a depletion in high field strength elements
(HFSE) such as Nb, Ta, P and Ti for all samples (Fig. 4b). LILE/HFSE ratios do not display a distinct
difference, however, SiO,-rich dykes and Demay Point lavas have higher immobile element
concentrations than basic-intermediate lavas. The most mafic lavas have closer HFSE concentrations to
MORB. The Nb/Yb vs. Th/YDb ratios show that Admiralty Bay rocks have higher Th/Yb ratios than N-
MORB, and display a relative Th enrichment indicating that these magmatic rocks have formed in a
volcanic arc setting enriched by subduction components (Fig. 5).
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Figure 3. Samples from Admiralty Bay lavas and intrusive bodies in a) Total Alkali-Silica [12] and b) KO vs
SiO; [13] diagrams. Admiralty bay magmatic rocks field is compiled from previous studies [8, 15-16].
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4. CONCLUSIONS
The volcanic and subvolcanic rocks with different ages and locations display similar petrographical and
geochemical characteristics and were all associated with subduction-related arc volcanism. Field,
petrography and geochemistry data gathered from the Admiralty Bay, King George Island lavas and
intrusive bodies show that the Admiralty Bay magmatic rocks have originated from a MORB-like
mantle-wedge enriched by subduction components. Fractional crystallization played an important role
in the formation of compositionally different magmatic products.
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Ozet

Karaurgan (Sarikamis) Gabro Pegmatitleri diinit-metagabro kontagi boyunca genellikle serpantinlesmis
diinit ve metagabrolar iginde kiigiik stoklar (2-30 m?) seklinde yer alirlar. Hem serpantinit ve hem de
metagabrolar iginde mostra veren pegmatitlerde hem dokusal ve hem de mineralojik zonlanmalar
mevcuttur. Gabro pegmatit stoklarindaki mega kristal boyu (3-10 cm) stok smirlarina dogru orta-ince
taneli (0,1-3 cm) gabroya gegis gosterir. Mineralojik olarak gabro ve pegmatitik gabrolar baslica
labrador, enstatit, diyopsit, ikincil olarak de albit, pargazit, kaolinit ve klinoklordan olugmaktadir. Gabro
pegmatitlere ait plajiyoklazlar ile (an g1.04) gabrolara ait plajiyoklaslarin bilesimleri (an g2-935) benzerdir.
Gabro pegmatitlere ait piroksenler (enstatit; %wo:2-4; %en: 83-85; %fs: 14-16; diyopsit; %wo: 44-47;
%en: 45-48; %fs: 4-6) ile gabrolara ait piroksenler (enstatit; %wo: 1-4; %en: 70-75; %fs: 23-26,
diyopsit; %wo: 40-47; %en: 42-48; %fs: 3-8) tipki plajiyoklazlarda oldugu gibi benzer bilesim
sergilerler. Metagabro, gabro ve gabro pegmatitlere ait nadir yer element (NYE) igeriklerinin kondrite
normalize edilmis degerleri hafif NYE (LREE) bakimindan tiiketilmis, orta ve agir NYE bakimindan
(HREE) hafif¢e zenginlesmistir. Eu/Eu* dagilimlar1 gabro pegmatitlerde, ince kristalli gabrolarda ve
metagabrolarda sirastyla 1,79-3,10; 1,49-1,79 ve 5,03-23,91 araligindadir. Benzer sekilde La/Smcn
dagilimlar1 gabro pegmatitlerde, ince kristalli gabrolarda ve meta gabrolarda sirasiyla 5,03-23,91; 2,51-
7,55; 2,51-11,33 araligindadir. Gabro pegmatit ve gabrolara ait klinopiroksenlerde yapilan sicaklik
hesaplamalarinda olusum sicakliklarinin sirasiyla 1186-1243°C ve 1136-1208 °C oldugu hesaplanmustir.

Anahtar Kelimeler: Gabro pegmatit, EU/Eu*, La/Smcn, Sarikamig

Abstract

Karaurgan (Sarikamig) Gabbro Pegmatites outcrop in the serpentinized dunites and metagabbros as
small stocks (2-30 m2) along the dunite-metagabbro contact. Both textural and mineralogical zoning are
present in pegmatites outcropping in both serpentinite and metagabbros. Crystal grain sizes (3-10 cm)
in gabbro pegmatite stocks passes to medium-fine grained (0,1-3 cm) gabbro towards stock boundaries.
Mineralogically, gabbro pegmatites and gabbros consist mainly of labrador, enstatite, diopside, and
secondary albite, pargasite, kaolinite and clinochlore. The composition of the plagioclases in the gabbro
pegmatite (an 91-94) and in the gabbros (an 92-93.5) are similar. Pyroxenes of gabbro pegmatites
(enstatite; wo%: 2-4; en%: 83-85; fs%: 14-16; diopside; wo%: 44-47; en%: 45-48; fs%: 4-6) and
pyroxenes of gabbro (enstatite; wo%: 1-4; en:% 70-75; fs%: 23-26, diopside; wo%: 40-47; en%: 42-48;
fs%: 3- 8) exhibit similar composition, just as those in plagioclases. The chondrite normalized values of
rare earth element (REE) contents of metagabbro, gabbro and gabbro pegmatites are consumed in light
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REE (LREE) and slightly enriched in medium and heavy REE (HREE). The Eu / Eu* distributions in
gabbro pegmatites, fine grained gabbros and metagabros are 1.79-3.10;1.49-1.79 and 5.03-23.91
respectively. Similarly, La / Smcy distributions in gabbro pegmatites, fine grained gabbros and
metagabbros 5.03-23.91; 2.51- 7.55; 2.51-11.33, respectively. Calculated crystallization temperature of
clinopyroxenes in pegmatitic gabbros is 1186-1243°C and in the fine grained gabbros is 1136-1208 °C.

Keywords: Gabbro pegmatite, Eu/Eu*, La/Smcn, Sartkamis.
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Ozet

Bu calisma Ankara-Temelli Hisarlikaya mevkiinde yiizeylenen trakitik kayaclari kapsamakta ve
incelenen kayaglarin ana-eser element ve izotop jeokimyas1 analizleri ile kokeninin ortaya konulmasini
amaglamaktadir. Elde edilen kayac jeokimyasi verileri, mineral kimyasi ¢aligmalariyla desteklenerek
s6z konusu kayaglarin olusum kosullari, etkili olan magmatik siirecler ve “’Ar/*°Ar jeokronolojik
analizlerle ise yas1 ortaya konulmustur.

Tiim kayagtan gergeklestirilmis “°Ar/*®Ar yas analizi ile yasmimn 20,25+0,1 My (Alt Miyosen) oldugu
belirlenen Hisarlikaya volkanik kayaglari (HVK), %61-64 arasinda degisen SiO; degerlerine sahip olup,
trakit-trakiandezitik bilesimli ve kalk-alkali karakterlidirler. Harker diyagramlar1 fraksiyonel
kristallesmenin bolgede gozlenen volkanik kayaglar tizerinde etkili bir siire¢ oldugunu; bunun yaninda
olast magma karisimi ve/veya kabuksal kirlenme gibi farkli siireclerin de etkili olabilecegini
gostermektedir. Bu kayaglardaki dengeli kosullarda kristallesen mineral birlikteliklerinden (Amfibol-
Plajiyoklaz) yapilan tahmini sicaklik-basing hesaplamalarina gore, kayag iginde gézlenen minerallerin
yaklagik 6-8,5+0,5 kbar ve 852-911°C sicaklik araliginda olusum kosullarina sahip oldugu
belirlenmigtir.

HVK 6rnekleri iizerinde gerceklestirilen Sr-Nd izotop analizlerinden elde edilen &Sr/2Sr izotop oranlar
0,70537-0,70542; “*Nd/***Nd izotop oranlar1 ise 0,512627-0,512710 degerleri arasinda degismektedir.
Izotop verileri, Hisarlikaya volkanik kayalar1 i¢in zenginlesmis bir manto kaynagim isaret etmektedir.
Kayaglarin, MORB’a oranla daha yiiksek Sr ve daha diisitk Nd degerlerine sahip, OIB benzeri bir
kaynaga yakin degerler sundugu ve trakitik bilesimdeki kayaclardan elde edilen %080 izotop
degerlerine (%08,60-9,20) bakildiginda ise, kayaglarin MORB ve OIB degerlerinden daha yiiksek
degerlere sahip oldugu goriilmektedir. Bunun yaninda Hisarlikaya volkanizmasina ait jeokimyasal
veriler ve Sr. Nd ve oksijen izotop degerleri yitim siirecinin etkilerinin gézlendigini ortaya koymaktadir.
Kaynaga dair modelleme ¢alismalari, HVK’nin yitim siireciyle metasomatize olmus, goreceli olarak si1g
derinliklerde bulunan spinel peridotit kaynaginin diisiik dereceli (%3-6) yigin ergimesi sonucunda
olusan ergiyiklerden itibaren kristallestigini ortaya koymaktadir. Hisarlikaya volkanik kayaglar1 ayni

212


mailto:aslikorkmaz@ankara.edu.tr

Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

zamanda icerdikleri yiiksek Sr/Y (70-90) ve La/Yb (43-55) gibi degerler ile adakitik 6zellik de
sergilemektedir.

Sonug olarak, elde edilen biitlin bu veriler 1s181nda, trakitik karakterdeki Hisarlikaya volkanizmasinin
yitim bilesenleriyle metasomatize olmus litosferik manto kaynagindan olusan ergiyigin, alt kabuk
ergimesiyle olusan bir bagka ergiyikle karistig1 ve bu ergiyigin yukari ¢ikisi sirasinda etkin bir kabuksal
kirlenmeye maruz kalmadig1 ortaya konulmustur.

Anahtar Kelimeler: Hisarlikaya, trakitik volkanizm, OIB-benzer, adakit, yitim

Abstract

This study includes the volcanic rocks cropped out at Ankara-Temelli Hisarlikaya district and aims to
reveal the origin of these rocks by major-trace element and isotope geochemistry. The geochemistry
data of these rocks that were supported with mineral chemistry studies reveal that the formation
conditions of the rocks, the effective magmatic processes and their ages determined by “Ar-*Ar
geochronological dating method.

Hisarlikaya volcanic rocks (HVK) that yielded an “°Ar/*®Ar dating age of 20.25+0.10, have trachyte-
trachyandesitic composition with SiO- values varying between 61-64%, and carry calc-alkaline features.
Harker diagrams show that besides the different processes such as magma mixing and/or crustal
contamination processes, fractional crystallization is an effective process. According to the estimated
temperature-pressure calculations made from mineral associations (Amphibole-Plagioclase) crystallized
in equilibrium conditions in these rocks, it was determined that the minerals crystallized at about 6-
8.5+0,5 pressure and 852-911°C temperature.

87Sr/88Sr and 1*Nd/**“Nd isotope values of HVK samples vary between 0.70537-0.70542 and 0.512627-
0.512710, respectively. Isotopic investigations point to an enriched mantle source for the origin of HVK.
It is seen that the rocks have higher Sr and lower Nd values compared to MORB, close to an OIB-like
source and the §*%0%o isotope values (8.60-9.20%o) obtained from trachytic rocks consider that the rocks
have higher values than MORB and OIB. Geochemical data and Sr, Nd and oxygen isotopic values of
the rocks reveal that subduction is also an effective process during the formation of HVK. Partial melting
modeling studies reveal that the HVK is crystallized from the melts arised from small degree (3-6%) of
batch melting of spinel peridotite source located at relatively shallow depths and metasomatized by the
effect of subduction process. HVK also exhibit adakitic characteristics with their high Sr/Y (70-90) and
La/Yb (43-55) ratios.

As a result, it was revealed that the melt formed from the lithospheric mantle source metasomatized by
the subduction process and mixed with a different melt formed by melting of the lower crust and was
not exposed to an active crustal contamination during their ascending to the surface.

Keywords: Hisarlikaya, Trachytic volcanism, OIB-like, adakite, subduction

213



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

TEMATIK OTURUMLAR 02 / THEMATIC SESSIONS 02
MAGMATIK VE METAMORFIiK PETROJENEZ
IGNEOUS AND METAMORPHIC PETROGENESIS

POSTER SUNUMLAR / POSTER PRESENTATIONS

214



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

Uluslararas1 Katihmh 9. Jeokimya Sempozyumu

9th Geochemistry Symposium with International “
Participation .

th GEOCHEMISTRY
SYMPOSIUM

Investigation of K-Feldspar Potential in Ilgin (Konya, Tiirkiye) Metavolcanics

llgin (Konya, Tiirkiye) Metavolkanitlerinin K-Feldspat Potansiyelinin Arastirilmast

Oral Sarikaya”, Senel Ozdamar
Istanbul Technical University, Department of Geological Engineering, Istanbul, 34469, Tiirkiye

*sarikayal5@itu.edu.tr

Abstract

For our rapidly developing and industrializing country, the best use and processing of our raw material
resources is great importance in point of the country's economy. Among them, feldspars are one of the
indispensable raw materials of the ceramic, porcelain and glass industries. Increasing industrialization
in our country brings the need for K-feldspar to the agenda and brings along production and quality
problems, especially in the ceramic industry. In this context, within the scope of activities to meet
increasing demand for ceramic raw materials, feldspar enrichment in metavolcanic rocks located in the
north of Ilgin (Konya, Tiirkiye) draws attention. In this study, it was aimed to determine the origin of
the metavolcanic rocks in the study area by revealing their mineralogical, petrographic and geochemical
properties and to investigate their potential to be used as a feldspar source in ceramic production. There
are two metamorphic groups, structurally different, Paleozoic and Mesozoic aged in the region, and the
Mesozoic aged group includes metaconglomerate, metasedimentary and metavolcanic rocks.
Metavolcanic rocks are rhyolite and trachyte composition, sub-alkaline chemistry and in-plate products,
and are gray, beige and green in color. They are generally in form of massive metallavas and show
foliation in some regions. They consists of an average of 75-80% matrix and 20-25% quartz, K-feldspar,
albite and muscovite phenocrysts, exhibiting hemicrystalline porphyritic texture. Metavolcanics exhibit
high potassium acidic rock chemistry with an average content of 68.79% SiO, 8.21% K0 and 2.01%
Fe,0s. As a result, although Tlgin (Konya, Tirkiye) metavolcanic rocks are suitable for industrial use in
terms of KO content, they are below the quality limits in terms of Fe>O3; content. Production of high
quality feldspar from these rocks and bringing them to the economy will be possible with the application
of flotation, magnetic/electrostatic separation, and various ore enrichment methods based on density.

Keywords: Feldspar, metavolcanic rocks, raw material, ceramic industry, Ilgin, Konya, Tiirkiye

Ozet

Hizla gelismekte ve sanayilesmekte olan {ilkemiz i¢in hammadde kaynaklarimizin en iyi sekilde
degerlendirilmesi ve islenmesi iilke ekonomisi bakimindan biiyiik 6nem tasimaktadir. Bunlarin iginde
feldspatlar 6zellikle seramik, porselen ve cam endiistrisinin vazgecilmez hammaddelerinden biridir.
Ulkemizde giderek artan sanayilesme, K-feldspat ihtiyacini da giindeme getirmekte, dzellikle seramik
sanayinde tiretim ve kalite sorunlarini da beraberinde getirmektedir. Bu baglamda her gecen giin artan
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seramik hammadde talebinin karsilanmas1 yoniindeki faaliyetler kapsaminda, Ilgin (Konya, Tiirkiye)
kuzeyinde yer alan metavolkanik kayaclardaki feldspat zenginlesmeleri dikkat ¢ekmektedir. Bu
calismada, ¢alisma alanindaki metavolkanik kayaglarin mineralojik, petrografik ve jeokimyasal
ozelliklerini ortaya koyarak kdkeninin tespit edilmesi ve bunlarin seramik iiretiminde feldspat kaynagi
olarak kullanilabilme potansiyelinin arastirilmasi amacglanmistir. Bolgede yapisal olarak farkli
Paleozoyik ve Mesozoyik yasl olmak tizere iki ayr1 metamorfik grup bulunmakta ve Mesozoyik yash
grup metakonglomera, metasedimanter ve metavolkanik kayaglari igermektedir. Metavolkanikler riyolit
ve trakit bilesimli, sub-alkalin kimyasina sahip ve levha i¢i iiriinleri olan kayaclar olup gri, bej ve yesil
renklidir. Genellikle masif metalavlar halindedirler ve bazi bolgelerde yapraklanma gostermektedirler.
Ortalama %75-80 oraninda matriks ve %20-25 oraninda kuvars, K-feldspat, albit ve muskovit
fenokristallerinden olusmakta, hemikristalen porfirik doku sergilemektedir. Metavolkanikler kimyasal
olarak ortalama %68,79 SiO,, %8,21 K>O ve %2,01 Fe;O3 igerigine sahip yiiksek potasyumlu asidik
kaya¢ kimyasi sergilemektedir. Sonug olarak, Ilgin (Konya, Tiirkiye) metavolkanik kayaglari, K-O
icerigi agisindan endiistride kullanilmaya uygun olsa da Fe»Os igerigi agisindan kalite sinirlarinin
altindadir. Bu kayacglardan yiiksek kalite feldspat iiretimi ve ekonomiye kazandirilmasi flotasyon,
manyetik/elektrostatik ayirma, yogunluga dayali g¢esitli cevher =zenginlestirme yontemlerinin
uygulanmasi ile miimkiin olacaktir.

Anahtar Kelimeler: Feldispat, metavolkanik kayalar, hammadde, seramik sanayi, Ilgin, Konya,
Tiirkiye
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Abstract

Uludag and its surrounding Topuk, Tepeldag and Uludag granodiorites (USZG) located in the Izmir
Ankara Sutur Zone. They formed after the collision of the Anatolide-Tauride Block and Sakarya
Composite Units and have an importance in the Cenozoic tectono-magmatic evolution of Western
Anatolia. The discovery of K-rich crustal adakite magmas and leucogranites with new samplings from
intrusive bodies that represent the USZG spatially brought up the question of how these formations
should be evaluated within the current tectono-magmatic evolution. When USZG is evaluated in terms
of age relations, including the Orhaneli Granodiorite, it shows a rejuvenation trend in the opposite
direction to the post-collisional granitoids that rejuvenated under the current north-south extensional
tectonics of Western Anatolia. It is possible to classify this trend with two main tectono-magmatic
processes: Eocene and Post-Oligocene. While the Eocene intrusives show orogenic compressional
tectonic regime trace element chemistry and structural components, post-Oligocene intrusives indicate
escape tectonics with a transition to post-compressional extension. These granodiorites can cause
different illusions as they are affected by the chemistry of the source they are derived from, which is a
problem encountered in many post-collisional environments. However, they can be evaluated similarly
in two distinct classes as presented Eocene and Post-Oligocene, when examined in terms of their
petrogenesis. It is observed that the highly-fractionated crustal adakite magmas, leucogranites and strong
peraluminous calc-alkaline granites formed after the Oligocene, which are observed in Uludag Granite
and its tectonically related structures, were formed by the melting of a previously formed tonalite-
trondjemite-granodiorite (TTG) like a suite. This Eocene-aged TTG-like suite is thought to have been
formed by the partial melting and fractional crystallization of the thickened lower crust in the post-
collisional orogeny. All the components refer to mantle-crust decoupling developed during the
continental collision and continued until the Eocene which led to the thinning of the lithospheric mantle
and thus the melting of the lower continental crust, resulting in Eocene magmatism. Furthermore, by
trace element chemistry it is possible to say that the post-orogenic transition tectonics observed in Oligo-
Miocene granodiorites completely transformed into extensional tectonics since Miocene.
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Ozet

Izmir Ankara Siitur Zonunda yer alan Uludag ve cevresindeki Topuk, Tepeldag ve Uludag
granodioritleri (USZG) Anatolid-Torid Blogu ve Sakarya Kompozit Birliklerinin ¢carpigmasi sonrasinda
olusmus Bat1 Anadolu’nun senozoyik tektono-magmatik evriminde 6nemli yer tutan granodioritlerdir.
USZG’yi mekansal olarak temsil eden intriizif kiitlelerden yapilan yeni orneklemeler ile K-Zengin
kabuksal adakit magmalarin ve 16kogranitlerin kesfedilmesi mevcut tektono-magmatik evrim icerisinde
bu olusumlar1 nasil degerlendirilmesi gerektigi sorusunu da beraberinde getirmistir. Zaten USZG
Orhaneli Granodioriti de dahil olmak f{izere yas iliskileri bakimindan degerlendirildiginde Bati
Anadolu’nun mevcut kuzeyden giineye dogru gerilme tektonigi altinda genclesen carpisma sonrasi
granitoidlerine zit yonde genglesme trendi gostermektedir. Bu trendi Eosen ve Oligosen sonrast olmak
tizere iki ana tektono-magmatik siire¢ ile siiflamak miimkiindiir. USZG’ye ait Eosen intriizifler
orojenik bir sikigma tektonigine Oligosen sonrasi intiiriizifler ise sikisma sonrasi acilmaya dogru gecis
gozlenen bir kacis tektonigine isaret eden iz element kimyasma ve yapisal bilesenlerine sahiptir.
Carpisma sonrasi ortamlarin pek cogunda karsilasilan bir problem olarak tiiredigi kaynagin kimyasindan
etkilendigi i¢in farkli yanilsamalara yol agabilecek bu granodioritler kokenleri bakimindan
incelendiginde ise benzer sekilde Eosen ve Oligosen sonrasi olmak {iizere iki belirgin sinifta
degerlendirilebilirler. Uludag Graniti ve tektonik olarak baglantili oldugu yapilarda gézlenen Oliogosen
sonrasinda olusmus asir1 fraksiyonlagsmig kabuksal adakit magmalari, l6kogranitler ve gii¢lii peraliimine
karakterdeki kalk-alkali granitlerin daha 6nce olusmus tonalit-trondjemite-granodiorite (TTG) benzeri
bir siiitin ergimesiyle olustugu goriilmektedir. Bu Eosen yasli TTG benzeri siiitin ise ¢arpisma sonrasi
orojeninde kalinlagsmis alt kita kabugunun ergimesi ve fraksiyonel kristallesmesiyle olustugu
diisiiniilmektedir. Biitiin bilesenler géz oniine alindiginda Eosene kadar devam etmekte olan kita kita
carpigmasi sirasinda gelisen levha-kabuk ayrismasi siitur zonu ve g¢evresinde st kita kabugunun
sikigsarak kalinlastig1 orojenik bir evreyle es zamanli olarak litosferik mantonun incelmesine ve bu
sayede alt kita kabugunun ergimesine olanak saglayarak Eosen magmatizmasina yol agmustir. Iz element
kimyasima gore Oligo-Miyosen granodioritlerinde goézlenen post-orojenik gecis tektoniginin ise
Miyosenden itibaren tamamen gerilme tektonigine doniistiigiini sdylemek miimkiindiir.

Anahtar Kelimeler: Carpisma sonras1 granodiyoritler, Izmir-Ankara Siitur Zonu, Neo-Tethys, orojen
Bati1 Anadolu magmatizmi
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Ozet

Meydan ofiyolitinin manto tektonitlerinin tabanindaki metamorfik dilim kayalari, serpantinitler ile
birlikte gozlenmekte ve metamorfizma goézlenmeyen mafik dayklar tarafindan kesilmektedirler.
Metamorfik dilim kayalari biyotit amfibol sist (Bt + Hbl + Act + Plg + Rt £+ Zrn), prehnit-pumpellyite-
amfibol sist (Prh + Pmp + Act + Plg + Rt &+ Ttn), amfibol sist (Fe2-Act + Qtz + Plg + Anl £+ Zrn) ve
amfibolit (Mg-Hbl + Plg + Zrn + Rt) tiirii kayalarla temsil edilmektedirler. Ana-iz, NYE tiim kaya
jeokimyasi ve mineral kimyasi analizleri bu kayalarin ada yay1 toleyiteri karakterinde olduklarini ortaya
koymaktadir. Metamorfik taban kayaglarina ve manto tektonitlerini kesen mafik dayklar da toleitik
karakter sunmaktadirlar (Nb/Y = 0.03-0.13) ve jeokimyasal olarak ada-yayr bazaltlarina
benzemektedirler. Coklu element diyagramlari, nadir tyer element trendleri ve iliskili diyagramlar mafik
daylarin dalma-batma zonu ortaminda olustuklarini ortaya koymaktadirlar. Amfibolitler igerisindeki
magnesyo-hornblend kimyasindan elde edilen verile dayanan jeotermobarometrik hesaplamalar, bu
kayalarm yaklasik olarak 2.4 kbar basing (9 km derinlik) ve 630 ‘C’de olustuklarini ortaya koymaktadir.
Metamorfik dilim kayalar1 ile Meydan ofiyoliti arasindaki zamansal ve olusum iligkilerinin
anlagilabilmesi amaciyla, bu ¢aligma metamorfik dilimden iki adet 6rnege ait yeni U-Pb jeokronoloji
verileri sunmaktadir ve bu yaslar sirasiyla 81.4 = 0.69 My ve 85.4 + 0.93 Ma (Santoniyen-Kampaniyen)
olarak ortaya konulmustur. Bu ¢alismada elde edilen jeokimyasal, jeokronolojik, petrolojik kanitlar ve
arazi gozlemleri, Meydan ofiyolit ve mafik dayklarinin dalma-batma zonu ortaminda meydana geldigini
ve metamorfik dilimin Giineydogu Anadolu Orojenik Kusaginda Geg Kretase doneminde okyanus igi
yitimin baglamasi sirasinda olustugunu 6nermektedir.

Anahtar Kelimeler: Metamorfik dilim, Meydan melanji, GD Anadolu, U-Pb jeokronolojisi, zirkon
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Abstract

Metamorphic sole rocks at the base of the mantle tectonites of the Meydan ophiolite are directly overlain
by sheared serpentinites and cut by un-metamorphosed mafic dikes. Metamorphic sole rocks are
described as biotite amphibole schist (Bt+Hbl+Act+Plg+Rt+Zrn), prehnite-pumpellyite-amphibole
schist (Prh+Pmp+Act+Plg+Rt+Ttn), amphibole schist (Fe2-Act+Qtz+Plg+Anl+Zrn), and amphibolite
(Mg-Hbl+Plg+Zrn=+Rt). These rocks are identified as island arc tholeiites because of their major- and
trace-element whole-rock chemistry and mineral composition. The mafic dikes intruding into the
metamorphic sole rocks and mantle tectonites show tholeiitic affinity (Nb/Y = 0.03-0.13) and are
geochemically similar to island-arc basalts. The multi-element, rare earth element trends and related
diagrams suggest that the mafic dikes are generated in a supra-subduction setting. Geothermobarometric
examinations based on chemical compositions of magnesio-hornblende in the amphibolites suggest that
the pressure the pressure was approximately 2.4 kbar (at depths of roughly 9 km) and the temperature
during metamorphism was approximately 630C. To help understand the relationship and timing
between the formation of the Meydan ophiolite and that of the metamorphic sole rocks, this paper
presents new zircon U-Pb geochronological data from two samples of metamorphic sole rocks give ages
between 81.4 + 0.69 Ma and 85.4 + 0.93 Ma (Santonian—Campanian). It is herein proposed that the
geochemical, geochronological, petrological, and field evidence show that the Meydan ophiolite and
mafic dikes occurred in a supra-subduction environment and that the metamorphic sole rocks were
formed as a result of intra-oceanic thrusting during supra-subduction events in the basin throughout the
closing of the South-eastern Anatolian Orogenic Belt (SAOB) in the Late Cretaceous.

Keywords: Metamorphic sole, Meydan mélange, SE Anatolia, U-Pb geochronology, zircon
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Ozet

Aksehir (Konya) glineyinde Sultandagi Birligine ait Ge¢ Devoniyen-Erken Karbonifer yasli dolomit-
dolomitik kiregtas1 ardalanmasi igerisinde tefra (K-bentonit) tabakalar1 yiizeylenmektedir. K-bentonitler
tipik porfiritik dokulu olup, vitrofirik porfirik dokulu matriks icerisinde serizit ve dolomitlerce
ornatilmig ozsekilli feldispat psdydomorflari icermektedir. K-bentonitlerin ana bilesenini illit
olusturmakta, bu minerallere az miktarda dolomit, kalsit ve kuvars eslik etmektedir. 2M1+1M+1Mq
politipi birlikteligiyle temsil edilen illitler yiiksek dereceli diyajenez ve ankizonu temsil eden Kiibler
indeksi degerleri (KI, A°20) sunmaktadir. K-bentonitlerin ayritili mineralojik ve jeokimyasal
ozellikleri daha once incelenmis olup, bu ¢alismada, illitlesmeyle iliskili kuvarslarda sivi kapanim
incelemeleriyle sicaklik verileri elde edilmesi ve illitlerin durayli ve radyojenik izotop jeokimyas1 (50,
3D, “K-*Ar) ozellikleri yardimiyla koken ve diyajenez yaslarmin belirlenmesi amaglanmistir. Sivi
kapanimlarin homojenlesme sicakliklar1 (Th=145-240 °C, ortalama 190 °C) mineralojik verilerle benzer
sicaklik kosullarini isaret etmektedir. Durayli izotop bilesimlerine gore illitler, hipojen-siiperjen sinirina
yakin siiperjen kosullarda olusmustur. Illitlerle dengedeki suyun izotopik bilesimi (5**On20 ve 8Dw20)
illitleri olusturan ¢ozeltilerin magmatik su bakimindan baskin oldugunu gdstermistir. Bu durum,
meteorik suyun 1sinarak magmatik kokenli tefralarla etkilesimi sonucu magmatik su karakterine sahip
oldugunu diisiindiirmektedir. llitleri olusturan suyun sicakliga bagli ayrimlasmasi igin &nerilen
esitliklerden itibaren sivi kapanim verilerine benzer sicaklik verileri (150-175 °C) elde edilmistir. K-
bentonitlerden elde edilen farkli tane boyutundaki illitlerden 90,0-68,1 My ve 58,6-50,2 My seklinde
genig aralilk sunan K/Ar yas verileri elde edilmistir. Politip oranlar1 ve yas verileri birlikte
degerlendirildiginde, 1My illitler icin ~ 80 My, 2M illitler i¢in ~ 50 My illitlesme yaslar1 hesaplanmistir.
Bu verilere gore; ilk asamada 1 Mg illitler, daha sonra artan diyajenez / metamorfizm derecesiyle sirasiyla
1M ve 2M; illitler olusmustur. Illitlesme yaslar1 Toros kusagimin jeodinamik evriminde ofiyolit yerlesimi
(Geg Kretase) ve Toros birliklerinin naplagmasi (Erken-Orta Eosen) donemlerine karsilik gelmektedir.
Elde edilen veriler K-bentonitlerin igerisinde bulundugu birimin jeolojik kayitlarin ortaya
¢ikarilmasinda 6nemli bir litoloji oldugunu gdstermistir.

Anahtar Kelimeler: Orta Toroslar, K-bentonit, illitlegsme, sivi kapanim, izotop jeokimyasi
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Abstract

Tephra (K-bentonite) layers are exposed within the Late Devonian-Early Carboniferous dolomite-
dolomitic limestone alternations of the Sultandagi Unit in the south of Aksehir (Konya) in the Central
Taurides. K-bentonites have typical porphyric textures and contain euhedral feldspar pseudomorphs that
are replaced by sericite and dolomites within the vitrophyric porphyritic matrix. The main component
of the K-bentonites is illite, with a small amount of dolomite, calcite, and quartz. Illites, represented by
the coexistence of 2M1+1M+1 Mgy polytypes, exhibit Kiibler index values (KI, A°26) representing high-
grade diagenesis-anchizone. The detailed mineralogical and geochemical properties of K-bentonites
have been studied before, in this study, it is aimed to the determination of temperature data from fluid
inclusion studies within the illitization-related quartz veins and the age and origin of diagenesis through
the stable and radiogenic isotope geochemistry (5'%0, 8D, *°K-*Ar) of illites. Homogenization
temperatures of the fluid inclusions (Th=145-240 °C, average 190 °C) indicate similar temperature
conditions as mineralogical data. According to stable isotope compaositions, illites were formed under
supergene conditions close to the hypogene-supergene boundary. The isotopic composition of the water
in equilibrium with illites (8*®020 ve 8Dwao) showed that the illite-forming fluids predominate in terms
of magmatic water. This suggests that meteoric water has gained magmatic water character as a result
of its interaction with magmatic originated tephra layers. The temperature data (150-175 °C) were
obtained from the suggested equations for the isotopic fractionation of the illite-forming water that
similar to those of fluid inclusion data. The wide ranges of K/Ar age data, 90.0-68.1 Ma and 58.6-50.2
Ma, were obtained from the different grain sizes of illites extracted from K-bentonites. When polytype
ratios and age data were evaluated together, ~ 80 Ma for 1My illites and ~ 50 Ma for 2M; illites were
calculated. According to these data; 1My illites were formed in the first stage, then 1M and 2M; illites,
respectively, together with increasing grade of diagenesis/metamorphism. The illitization ages
correspond to the ophiolite emplacement (Late Cretaceous) and napping (Early-Middle Eocene) periods
of the Taurus units during the geodynamic evolution of the Taurus Belt. The data obtained showed that
the unit in which K-bentonites are found is an important lithology in revealing the geological records.

Keywords: Central Taurides, K-bentonite, illitization, fluid inclusion, isotope geochemistry
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Abstract

Baddeleyite (ZrO2) is very important mineral for U-Pb isotope geochronology while less commonly
used. Geochemical features of baddeleyite are still poorly stuied, though first data on REE
concentrations was published (Reishmann et al., 1995) and as distributions used as a geochronometer
for precise U-Pb dating of basic and alkaline rocks (Balashov et al., 1993; Rubatto et al., 2003;
Bayanova, 2014).

The Paleoproterozoic PGE-bearing province is a LIP (N-E Fennoscandian shield) and the second-
biggest PGE-bearing province in Russia after the Norilsk. It is commercially important, containing Co-
Cu-Ni (Monchegorsk ore area) and low-sulfide Pt-Pd ores with Au+Ag (Fedorovo-Pansky ore complex
and Imandra Cr ore deposits) which are origin on continental crust (Mitrofanov et al., 2013).

Isotope methodic for precise U-Pb dating on baddeleyite from the deposits with artificial 2°Pb spikewere
published (Bayanova et al., 2014). All isotopic determinations for zircons and baddeleyites were made
on a seven-collectors Finnigan MAT-262 (RPQ) mass spectrometer (Thermo scientific, USA) in static
mode.

New precise U-Pb ages provides of baddeleyite and zircon for the Paleoproterozoic PGE layered
intrusions — Monchegorsk ore region and Cr-reefs (Imandra Lopolith) in the north-eastern
Fennoscandian Shield, Arctic region (Figure 1).

Isotope U-Pb data for baddeleyite and zircon from Cu-Ni reefs of Mt. Nud and Pt-Pd reefs of Mt.
Vurechuayvench in the Monchegorsk ore area yielded an age of 2500+5 Ma and a more precise age on
single grains of 2498+6.7 Ma, respectively. Baddeleyite points on U-Pb diagrams are more concordant
compared with zircon ones. All layered PGE intrusions with Cu-Ni and Pt-Pd reefs were originated on
continental crust (Bayanova et al., 2009, Mitrofanov et al., 2019).
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Figure 1. Isotope U-Pb diagram for baddeleyite (1-2) and zircon from (a) “Critical horizon” gabbronorite, Mt.
Nyud (Co-Cu-Ni ores); (b) coarse-grained metagabbronorite, Vurechuayvench foothills (Pt-Pd reef) —
Monchegorsk pluton. Sizes of zircon — baddeleyite grains vary within 100-150 pum (c). For baddeleyite crystals
from metagabbro of the upper layered zone of the Khibiny area, Imandra Lopolith. Sizes of baddeleyite crystals
are about 100-120 pm.

Commersial Cu-Ni, PGE and Ti-Cr-V deposits — Pados, Pechenga and Kolvitsa were formated on
oceanic crust in subduction substance (Mints et al., 2015; Barkov et al., 2021) with Paleoproterozoic
ages. All new isotope U-Pb dating on baddeleyite and zircon are shown in (Figure 2) and zircon grains
have shown discordanses and xenocryst nature compared with baddeleyite.
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Figure 2. Isotope U-Pb diagrams for baddeleyite and zircon from (a) Pados-Tundra Cr-deposit gabbronorite;
(b) Pechenga gabbro from Cu-Ni Zdanovskoe deposit. Sizes of zircon — baddeleyite grains vary within 100-150
um, and (c) for single grain baddeleyite (1) and zircons (2-4) from clinopyroxenite Ti-Mag ores from the
Kolvitsa deposit. Sizes of zircon-baddeleyite grains are 130-150 pm.

As to conclusions isotope pricise U-Pb dating on baddeleyite from multimetal Paleoproterozoic
depostits are most important mineral compared with zircon, due to mostly magmatic genesis.

First occuranses of baddeleyite grains inside on orthomagmatic orthopyroxene crystalls were found in
thin section in Kivakka layered PGE intrusion in Karelia region and reflected primary origin (Balashov
etal., 1993).

In the framework of this study, baddeleyite was sampled from important Paleoproterozoic Cu-Ni and
Pt-Pd layered intrusions in the East Scandinavian LIP. Analyses of the sampled minerals indicated their
primary magmatic genesis.

In terms of the U-Pb geochronology, baddeleyite is important in indicating the formation time and
duration of the magmatic activity. It is also crucial for the reconstruction of the supercontinents.

225



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9™ Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

According to new precise U-Pb data on baddeleyite, was assumed that the Paleoproterozoic multimetal
deposits formed in periods of the plume activity 2.5 —2.4 Ga on continental crust. They, in turn, correlate
with supercontinental cycles.

Keywords: U-Pb dating, baddeleyite, paleoprotorozoic, geochronology
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Ozet

Bu calisma Mersin, Karaman, Adiyaman ve Malatya bolgelerinden alinan karbonat birimleri tizerinde
87Sr/%Sr analizlerinin gerceklestirilmesiyle olusmustur. Elde edilen verilerin, kabul gormiis kiiresel
deniz suyu ®'Sr/%Sr degerleri ile cakistirilip, paleontolojik veriler ile desteklenmesi sonucunda
jeokronoloji uygulamalarinin ortaya konulmasi amaglanmistir. Mersin bolgesinde gozlenen resifal
kiregtaslar1 iizerinde 3 adet stronsiyum analizi gerceklestirilmis ve sonuglar 0,708849- 0,708902 ve
0,708868- 0,708902 degerlerini vermistir. Bu degerler ostrakod verileri ile desteklendiginde, 9,7 ile 11,4
my arasi yaglara ulagilmistir. Karaman bdlgesinde (Ayranci baseni) ise kiregtaslari-killi kirectaglarindan
alinan 3 numune lizerinde yapilan analizlerden 0,708399-0,708951 verileri elde edilmistir. Bu veriler
calisilan karbonat birimlerinden (Divlek-Mazi Form.) bulunan planktonik foraminifer ve ostracod
yaslari ile korele edilerek 7,1-20,9 my yaslarin1 vermistir. Malatya-Adiyaman bolgelerinde ofiyolitik
birimler lizerinde gdzlenen Nummulitik kiregtaglarindan alinan 4 adet 6rnekten stronsiyum analizleri
yapilmistir. Bu analizler planktonik foraminifer verileri ile desteklenmistir ve elde edilen analiz
sonuglarina dayanilarak (0,707663- 0,707784) incelenen birimlere 45,1-51,9 my yaslar1 verilmistir.

Anahtar Kelimeler: Stronsiyum izotop, karbonat kayalar, Miyosen, Eosen, G/GD Anadolu
Abstract

In this study, it is aimed to reveal geochronological applications by coinciding the 87Sr/86Sr analyzes
carried out on carbonate units in Mersin, Karaman, Adiyaman and Malatya regions with the accepted
global seawater 87Sr/86Sr values and supported by paleontological data. Three strontium analyzes
performed on reefal limestones observed in Mersin region yielded values of 0.708849-0.708902 and
0.708868-0.708902, and these values were supported by ostracod data and gave ages between 9.7 and
11.4 Ma. In the Karaman region (Ayranci basin), the data of 0.708399-0.708951 were obtained from the
analyzes made on 3 samples of limestones-clay limestones. These data were confirmed by the planktonic
foraminiferal and ostracod ages from the studied carbonate units (Divlek-Mazi Form.), giving ages of
7.1-20.9 Ma. Strontium analyzes were made from 4 samples on Nummulitic limestones observed on
ophiolitic units in Malatya-Adiyaman regions. These analyzes were supported by planktonic foraminifer
data and based on the analysis results obtained (0.707663- 0.707784), the ages of 45.1-51.9 Ma were
given to the units examined.

Keywords: Strontium isotope, carbonate rocks, Miocene, Eocene, S/SE Anatolia
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Abstract

The Magnet Cove alkaline igneous complex, which was emplaced ~95 to 99 million years ago, is located
within the northeastern region of Hot Spring County (Arkansas), and consists of alkaline silicate rocks
such as nepheline syenite, ijolite, and jacupirangite along with associated carbonatite. This study
presents new geochemical, radiogenic (Sr, Nd, Pb) and stable (C, O) isotope data, and first-time reported
stable B isotope compositions (5''B values) for carbonatites and associated silicate rocks from the
Magnet Cove complex. The 8"*Cppg (~ -5 %o) and 3"®*Osmow (~8 to ~12%o) values for most of the
carbonatites plot within or proximal to the primary igneous carbonatite (PIC) field and are therefore
indicative of pristine mantle values. The radiogenic Nd, Sr, and Pb isotope compositions for both the
carbonatites and alkaline silicate rocks are relatively constant, and contrast with the highly variable 5''B
values, in particular for the alkaline silicate rocks which range from -5.7 to ~ +26 %o. The combined
results indicate that the petrogenetic history of the Magnet Cove complex does not reflect melt
differentiation in a closed-system involving a unique parental magma, and several of the alkaline silicate
rocks and one carbonatite sample experienced low-temperature alteration and/or crustal contamination.
The 8B values and radiogenic isotope data from the non-contaminated carbonatites and silicate
samples indicate derivation from a mantle source characterized by a mixed HIMU-EMI signature, which
is consistent with relatively young (<200 Ma old) carbonatite occurrences worldwide. The 5''B values
for pristine samples indicate that the mantle source region for the Magnet Cove complex contains
recycled (subducted) crustal material, and prove their greater effectiveness in detecting open-system
processes compared to their radiogenic and stable isotope counterparts.

Keywords: Magnet Cove, carbonatite, boron isotopes, alkaline complex, crustal contamination

Ozet

~95 ila 99 milyon yil 6nce sokulum yapan Magnet Cove alkali magmatik kompleksi, Hot Spring
County’nin (Arkansas) kuzeydogu bolgesinde yer almaktadir. Kompleks, nefelin siyenit, ijolit ve
jakupirangit gibi alkali silikat kayaclar ile bunlarla iligkili karbonatitler igermektedir. Bu ¢alisma,
Magnet Cove kompleksindeki karbonatitler ve iligkili silikat kayagclari i¢in yeni jeokimyasal, radyojenik
(Sr, Nd, Pb) ve durayli (C, O) izotop verileri ile sahadaki kayaglar tizerinde ilk kez uygulanan durayli B
izotop degerlerini (8*'B degerleri) sunmaktadir. Calisma alanindaki karbonatitlerden alinan 8**Cppg (~ -
5 %o) ve 8*¥0smow (~8 ila ~12%o) degerlerinin cogu birincil magmatik karbonatitlerle (P1C) uyumluluk
gostemektedir. Bu nedenle tiiketilmemis bir manto kaynagina igsaret etmektedirler. Hem karbonatitler
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hem de alkalin silikat kayagclari i¢in radyojenik Nd, Sr ve Pb izotop bilesimleri nispeten sabittir fakat
ozellikle alkali silikat kayaglarindan elde edilen ve -5,7 ila ~ +26 %o arasinda olduk¢a degisken degerler
sunan 8B verileriyle uyumsuzdur. Kombine sonuglar, Magnet Cove kompleksinin petrogenetik
gecmiginin, tek bir ana magma igeren kapali bir sistemdeki eriyik farklilagmasini yansitmadigini,
sahadaki bazi1 alkalin silikat kayaglar ile bir karbonatit numunesinin diigiik sicaklikta alterasyona ve/veya
kabuksal kontaminasyona maruz kaldigini1 gostermektedir. Kontaminasyona ugramamis karbonatitler
ve silikat 6rneklerinden elde edilen 8''B degerleri ve radyojenik izotop verileri, diinya genelindeki
nispeten geng (<200 Ma) karbonatit olusumlari ile tutarli olan ve HIMU-EMI karisimi karakterize edilen
bir manto kaynaginca tiiretildigini gostermektedir. Alterasyona ve kabuksal kontaminasyona maruz
kalmayan numunelere ait 5''B degerleri, Magnet Cove kompleksini olusturan manto kaynaginin dalma-
batma ile iligkili kabuksal malzeme icerdigini agik¢a gostermektedir. Veriler bu yonii ile bor
izotoplarinin, radyojenik ve diger kararli izotoplara kiyasla agik sistem siireglerini tespit etmek agisindan
¢ok daha avantajli oldugunu goéstermektedir.

Anahtar Kelimeler: Magnet Cove, karbonatite, bor izotoplari, alkali kompleks, kabuksal kirlenme
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Ozet

Glineydogu Anadolu Orojenik Kusagimin (GAOK) FElazig-Malatya Bolgesi'nde, kitasal carpisma
ve/veya yakinsak orojenez sonucunda yogun intruzif ve volkanik magmatizma olusmustur. GAOK,
Elaz1g-Malatya bolgesinde, Ust Kretase donemi boyunca Giineydogu Anadolu'nun jeodinamik
konumunun daha iyi anlasilmasi agisindan Onemli olan ¢ok sayida stratigrafik, metamorfik ve
tektonomagmatik birime sahiptir. Baskil intruzif Kompleksi (BIK), temel olarak tonalitik/granodiyoritik
ve diyoritik/gabroik pliitonik kayaglardan olusurken, yari derinlik fazi1 granofir, aplit ve mikrogabro ile
temsil edilir. Bu kayalar iilkemizin giineydogusunda Ust Kretase yasli, dalma-batma zonunda olusmus
Ispendere ofiyolitini kesmektedir. Yeni U-Pb LA-ICP-MS zirkon verileri, Baskil Intriizif Kompleksi
kayalar1 i¢in 84,3 ila 81,5 My arasinda degisen kristallesme yaslar1 saglanustir. Baskil Intriizif
Kompleksine ait mafik ve felsik kayaglar diisiik ila orta potasyumlu, kalk-alkali, I tipi metaliimin
karaktere sahipken, bu kompleksin asir1 evrimlesmis felsik kayaclar1 peraliiminli bir bilesim gosterir.
Baskil intruzif kayaglarindaki magnezyo-hornblendlerin hornblend i¢inde aliiminyum barometresi
(yaklasik 196 ila 299 MPa), minimum 7,3 km ila maksimum 11,1 km derinlikte sig-orta pliitonik
seviyelerinde yerlestiklerini gdsterir. Baskil intruzif kayaclar, ilkel mantoya gore Ti, Nb, Ta ve hafif
REE bakimindan tiiketilme ve biiyiik iyon yarigapli litofil elemenlerinde (Rb, Ba, Sr, Th) nispi
zenginlesme sunarlar, bu nedenle belirgin bir yitim imzas1 ortaya koymaktadirlar. Hem mafik hem de
felsik intriizifler diisiik baslangig 8 Sr/%Sr oranlar1 (0,70357-0,70561) ile birlikte yiiksek bir baslangic
SNd/***Nd oranlar1 (0,51279-0,51289) ve yiiksek ENdr) degerleri (5,0-7,0) vermektedirler ve nispeten
geng Nd kabuksal model yaslari sunmaktadirlar (Tpm=0.31-0.48 milyar yil). Arazi gozlemleri,
mineralojik ve jeokimyasal bulgulara dayanarak, BiK'nin dalma-batma zonu i¢indeki dalan okyanusal
levhadan tiiremis magmalar ile etkilesime giren amfibolitik bir kaynaktan tiiremis olduklar1 ve Toros
platformunun kenar kesiminde gelisen kisa omiirlii volkanik yay magmatizmasinin erken asamalarinda
stvilar tarafindan degistirildigini 6nermekteyiz.

Anahtar Kelimeler: Baskil intriizif kompleksi, Giineydogu Anadolu, Sr—Nd izotoplari, Tiirkiye, U-Pb
jeokronolojisi, volkanik yay
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Abstract

The voluminous intrusive and extrusive magmatism was formed in the Elazig-Malatya region of the
Southeast Anatolian Orogenic Belt (SAOB) as a consequence of the continental collision and/or
convergent orogeny. The SAOB holds a great number of stratigraphic, metamorphic and
tectonomagmatic units in the Elazig-Malatya region that are crucial for recognition of the geodynamic
setting of southeast Anatolia during the Upper Cretaceous. The Baskil Intrusive Complex (BIC) is
composed of mainly tonalitic/granodioritic and dioritic/gabbroic plutonic rocks, while its sub-volcanic
phase is represented by granophyre, aplite and microgabbro, which were intruded into the Upper
Cretaceous supra-subduction zone (SSZ)-type Ispendere ophiolites (SE Tiirkiye). New U—-Pb laser
ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) zircon data provided
crystallization ages ranging from 84.3 to 81.5 Mafor the BIC. Mafic and felsic rocks of the BIC have a
low- to medium-K calc-alkaline, I-type, metaluminous character, whereas extremely evolved felsic
rocks of this complex show a peraluminous composition. The aluminium-in-hornblende barometery
(~196 to 299 MPa) of magnesio-hornblendes in the Baskil intrusive rocks indicates their emplacement
in the shallow- to moderate crustal plutonic levels at a minimum of 7.3 km to a maximum of 11.1 km
depth. The Baskil intrusive rocks present depletion in Ti, Nb, Ta, light REE with respect to primitive
mantle, and relative enrichment in large-ion lithophile element (Rb, Ba, Pb, Sr, Th), thus infer a
pronounced subduction signature. Both mafic and felsic intrusives show low initial Sr/%Sr ratios
(0.70357-0.70561) together with a high initial ***Nd/***Nd ratios (0.51279-0.51289), and high éNdm)
values (5.0-7.0) and relatively young Nd crustal residence model ages(Tom=0.31-0.48 Ga). Based on
our field, mineralogical and geochemical findings, we suggest that the BIC was originated from an
amphibolitic source that interacted with melts derived from a subducted oceanic plate within SSZ and
was changed by fluids during the early stages of the short-lived volcanic arc magmatism that evolved at
the fringe of the Tauride Platform.

Keywords: Baskil intrusive complex, southeast Anatolia, Sr—Nd isotopes, Tirkiye, U-Pb
gechronology, volcanic arc.
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Ozet

Variskan metamorfik temele ait kiitlelerden biri olan Kurtoglu Masifi, Sakarya Zonu dogusunda 0.3-3
km genislige ve 28 km uzunluga sahip bir alanda yiizeylemektedir. Masif, Variskan metamorfizmasi-
Oncesi bir bindirme fay: ile bir araya gelen iki tektonik dilimden olusur. Altta yer alan tektonik dilim
Variskan-oncesi granitik magmalar tarafindan kesilen ¢esitli sistlerden meydana gelmektedir. Fillit ve
kalksistler ise tizerleyen tektonik birimin temel bilesenleridir.

Alt tektonik birime ait gist orneginden elde edilen kirint1 zirkon U-Pb yaglar1 2760 ila 553 my arasinda
degismektedir. Sadece iki adet zirkon Mesoproterozoik yast (1544+16 ve 1484411 my) vermistir. En
biiyiik zirkon toplulugu ge¢ Neoproterozoyik yasli olup 747+5 ila 553+4 my arasinda degisen bir yas
araligina sahiptir. Yogunlagma ise 610 ila 570 my arasindadir. Granitik gnays 6rnegine ait 42 adet zirkon
tizerinde bazilar1 kenar ve merkez olmak iizere toplam 47 adet yaslandirma yapilmistir. En yagh kalinti
zirkonun yas1 Neoproterozoyiktir (688+4 my). En gen¢ populasyonun yas araligi 511+4 ila 45243 my
(41 adet zirkon) arasinda degismekte ve 481,5+5,7 my’a karsilik gelen agirlikli ortalama yas
tiretmektedir (MSWD=0.27). Diger bir magmatik kiitle olan muskovit metagranitin intriizyon yas1 ise
388.3+3.6 my olarak ol¢iilmiistir (MSWD=1.6).

Granitik kayaglar oldukca yiiksek radyojenik Srg izotop oranlarina (0,712—0,745) ve negatif Enag
degerlerine (-5,13 —-8,55) sahiptirler. Benzer sekilde Pb izotop oranlar1 da kitasal kabuk iginde yer alan
bir kaynak alana isaret etmektedir. CaO/NayO, Al,03/TiO2, Rb/Sr and Rb/Ba oranlar1 granitik kayaglarin
kilce-fakir ve -zengin kaynaklardan itibaren kismi ergime yolu ile olustuklarini 6ngérmektedir. Negatif
Nb, Ta, Ti ve pozitif Pb anomalileri granitik magmanin olusumu sirasinda yitim iligkili bir ortami ima
etmektedir. Elde edilen veriler 151831nda, erken Ordovisiyen yash granitik magmatizmanin Reyik
Okyanusu’nun agilmasi sirasinda, Devoniyen yasli granitik magmatiznin ise kapanmasi sirasinda
olustugu ve ge¢ Ediyakara yaslhi kirmtili istif igerisine yerlestikleri degerlendirilmektedir.

Anahtar Kelimeler: Kurtoglu Masifi, Variskan temel, Ordovisiyen ve Devoniyen magmatizmalar1, U-
Pb zirkon yaslari, St—Nd-Pb izotoplari
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Abstract

Kurtoglu Massif, one of the metamorphic bodies of the Variscan basement in the eastern Sakarya Zone,
Tiirkiye, crops out in an area of ~0.3-3 km wide and ~ 28 km long. The massif consists of two tectonic
slices juxtaposed by a thrust fault prior to the Variscan metamorphic events. The lower tectonic slice is
formed by various schists, intruded by granitic magmas before the Variscan metamorphism. Phyllites
and calcschists are the main constituents of the overlying tectonic unit.

The detrital zircon U-Pb ages, obtained from a metapsammite sample of the lower tectonic slice, range
from 2760 to 553 Ma. Only two grains with ages of 1544+16 Ma and 1484+11 Ma are Mesoproterozoic.
The largest zircon population is late Neoproterozoic (Ediacaran) falling in the range between 747+5 and
553+4 Ma, however, is dominated in the range of 610 to 570 Ma. A total of 47 spots were analysed on
42 grains from the granitic gneiss sample. The oldest residual grain is 688+4 Ma old (Neoproterozoic).
Forty-one zircon grains form the youngest population in the age range of 511+4 Ma to 452 + 3 Ma and
have yielded a weighted mean age of 481.5+5.7 Ma (MSWD=0.27). The muscovite metagranite, which
is the other igneous body within the massif, has yielded an intrusion age of 388.3+3.6 Ma with a MSWD
value of 1.6.

The granitic samples have highly radiogenic Sr isotope ratios (0.712-0.745), negative enqq) Values (-5.13
—8.55) and Pb isotope ratios, referring precisely to a source located in the continental crust. CaO/Na;O,
Al,O3/TiO,, Rb/Sr and Rb/Ba ratios suggest that granitic rocks were derived by partial melting of clay-
poor and -rich sedimentary sources. Negative Nb, Ta, Ti and positive Pb anomalies imply a subduction-
related tectonic setting during their formation. In the light of the data obtained, the early Ordovician and
Devonian aged granitic bodies are regarded to have been occurred during the opening and closure of the
Rheic Ocean, respectively, and emplaced into a sedimentary pile deposited in the late Ediacaran already
before the Cadomian Orogeny.

Keywords: Kurtoglu Massif, Variscan basement, Provenance, Ordovician and Devonian magmatisms,
U-Pb zircon ages, Sr—Nd—Pb isotopes
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Ozet

Bu caligmada, Biiyiik Menderes grabeninin dogusunda Saraykdy (Denizli) ve Buharkent (Aydin)
arasinda yer alan Kizildere jeotermal sahasindaki hidrotermal karbonat ve siilfat olusumlarinin izotop
jeokimyasi incelemeleri ile jeotermal sularin kdken ve sicaklik kosullari ile jeotermal aktivitenin yasina
iligkin verilerin elde edilmesi amaglanmistir. Bu kapsamda yiizeyden ve sondaj numunelerinden
mikroskop altinda ayrilan saf karbonat (kalsit, dolomit) ve siilfat (jips, anhidrit) minerallerinin izotop
jeokimyas1 (8**Cppg (%o), 5®Oppe (%o), 5**Scot ve 8*®Osmow, U/Th ve U/Pb) incelemeleri yapilmistir.
Karbonat minerallerinin §*3Cppg (%0) ve 8'®Oppg (%o) verileri, karbon izotopu igin dar, oksijen izotopu
icin daha genis aralik sunmaktadir. Kalsit ve dolomit 6rnekleri birbirlerinden farkli ve kiregtasi ve
mermer bilesimleri arasinda bilesime sahiptir. Yiizey kalsit — sondaj kalsit — sondaj dolomit — yiizey
dolomit yoniinde artan 5®Oswow (%o) dagilimi s6z konusudur. Kalsit ve dolomitlerin §*3Cppg
verilerinden itibaren 0-300 °C sicaklik araligi igin kalsit-CO, ve dolomit-CO; igin hesaplanan izotopik
ayrimlasma egrileri glinlimiiz-6ncesi karbonat minerallerini olusturan CO2’in izotop bilesiminin giincel
COy’in bilesiminden daha yiiksek izotop degerini ve daha diistik sicaklik kosullarini yansitmaktadir. Jips
ve anhidritlerin 5*Scpr ve 8®Oswow bilesimleri ve jips-H2S ve anhidrit-H,S izotop ayrimlasma
esitliklerinden hesaplanan H»S bilesimlerine gore; anhidritler Kizildere jeotermal sahasi jeotermal su
bilesimine benzer bilesime sahiptir. Jips ve anhidritlerin §**Scor ve 5'®Osmow yonelimi, ilk asamada
sicak sularca siilfat1 karasal evaporitlerden ¢cozerek Kizildere jeotermal su bilesimini olusturdugunu ve
bu sulardan itibaren jips ve anhidrit ¢okelimini isaret eder niteliktedir. U/Th ve U/Pb yas analizleri
sonuglarna gore; jeotermal karbonat mineralleri 10.000-20.000 y1l (Ust Pleyistosen-Alt Holosen),
200.000-500.000 y1l (Orta Pleyistosen) ve 500.000 yildan yash (Orta Pleyistosen-Ust Miyosen) olmak
tizere birbirini izleyen ii¢ donemde ¢okelmistir. Kalsit ve dolomitlerin yas, sivi kapanim ve izotop
verileri birlikte degerlendirildiginde, Kizildere jeotermal sahasinda Alt Pleyistosen’den giiniimiize
dogru sicaklik agisindan dereceli bir artis s6z konudur. Sondajlardaki karbonat mineralleri igin izotop
bilesimlerinden itibaren belirlenen sicaklik verileri 200-230 °C arasinda degismekte olup, glinlimiiz
rezervuar sicaklik verilerine yakin degerler sunmaktadir.

Anahtar Kelimeler: Jeotermal, hidrotermal alterasyon, karbon ve siilfiir izotop jeokimyasi

Katki Belirtme: Bu calisma Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) 117Y353 nolu proje
ile desteklenmistir.
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Abstract

In this study, it is aimed to obtain data on the origin and temperature conditions of geothermal waters
and the age of geothermal activity by isotope geochemistry investigations of hydrothermal carbonate
and sulfate formations in the Kizildere geothermal field located between Saraykdy (Denizli) and
Buharkent (Aydin) to the east of the Biiyiik Menderes Graben. In this context, isotope geochemistry
(8"*Crpg (%), 6*0pps (%o0), 5**ScoT and ¥ 0smow, U/Th and U/Pb) analyzes of pure carbonate (calcite,
dolomite) and sulfate (gypsum, anhydrite) minerals separated from the surface and drilling samples
under the microscope were carried out. The §**Cppg (%o0) and 5*®Oppg (%o) data for carbonate minerals
present a narrow range for the carbon isotope and a wider range for the oxygen isotope. Calcite and
dolomite samples are different from each other and have compositions between limestone and marble
compositions. There is an increasing 6**Osmow (%o) distribution in the direction of surface calcite —
drilling calcite — drilling dolomite — surface dolomite. The isotopic fractionation curves calculated for
calcite-CO; and dolomite-CO, for the 0-300 °C temperature range from the §*3Cppg data of calcite and
dolomites reflect a higher isotope value of the isotope composition of CO;, which forms the pre-modern
carbonate minerals, than the composition of current CO>, and lower temperature conditions. According
to the 8*Scor and 8®¥0smow compositions of gypsum and anhydrides and the H,S compositions
calculated from the gypsum-H,S and anhydrite-H.,S isotope fractionation equations; anhydrites has a
composition similar to the geothermal water composition of the Kizildere geothermal field. The §**Scpr
and 8" 0smow trends of gypsum and anhydrites indicate that, in the first stage, hot waters dissolved
sulfate from terrestrial evaporites and formed the Kizildere geothermal water composition, and gypsum
and anhydrite precipitation from these waters. According to the results of U/Th and U/Pb age analysis;
geothermal carbonate minerals were deposited in three successive periods, 10,000-20,000 years (Upper
Pleistocene-Lower Holocene), 200,000-500,000 years (Middle Pleistocene) and older than 500,000
years (Middle Pleistocene-Upper Miocene). When the age, fluid inclusion and isotope data of calcite
and dolomites are evaluated together, there is a gradual increase in temperature from the Lower
Pleistocene to the present in the Kizildere geothermal field. The temperature data determined from the
isotope compositions for the carbonate minerals in the boreholes vary between 200-230 °C and present
values close to today's reservoir temperature data.

Keywords: Geothermal, hydrothermal alteration, carbon and sulfur isotope geochemistry
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Ozet

Dogu Pontidler’de Jura volkanik ve volkanoklastik kayaglari 6zellikle giiney zonda yaygin olarak
ylizeyleme vermektedir. Giimiishane civarinda Senkdy Formasyonu olarak tanimlanan Erken-Orta Jura
yagh volkano-sedimanter kayaclar ¢alisma sahasinda tabanda kiltagi-marn-kirectast ve silttaglarinin
ardalanmasindan olusmakta, volkanik kayaglar ile devam etmekte ve yer yer kumtagi ara seviyeleri
icermektedir. Istifin devami volkanoklastik kumtaslari ile ardalanmali tiifler ve Ammonitico Rosso
fasiyesine ait kirectaglarindan olusur. Senkdy Formasyonu igerisinde yer alan, K-bentonitlerin
mineralojileri, jeokimyalari ile olusum ortam/kosullari marn/kiltaglar ile karsilagtirmali olarak; X-
1sinlar difraktometresi ¢aligmalari, tiim-kayag jeokimyasi, durayli izotop verileri ve K-Ar yaslandirmasi
ile irdelenmistir. K-bentonitlerdeki kil mineralleri; illit/simektit, klorit/simektit, kaolinit ve volkanik
katkiy1 isaret eden imogolittir. Marn/kiltaglarindaki kil mineralleri; illit, klorit, illit/simektit, simektit ve
klorit/simektittir. K-bentonitler ve marn/kiltaslarindaki kil dist mineraller ise kuvars, kalsit, plajiyoklas
ve az miktarda pirittir. Nb/Y’a karst Zr/TiO2*0.0001 smiflama diyagramma gore K-bentonitler
riyolit/dasit ve marn-kiltaglari ise andezit/bazaltik andezit, bazalt bilesimlidir. K-bentonit ve marn/kiltasi
ornekleri toleyitik-gegis, kalkalkalen karakterli olup; K-bentonitlerin tiiketilmis okyanus ortast sirti
bazaltina (NMORB) normalize edilen ¢oklu element oriimcek diyagramlarinda biiyiik iyon yarigapl
litofil elementler (LILE; K, Rb) bakimindan zenginlesme, Sr ve Ti bakimindan ise tiiketilme
belirlenmistir. K-bentonitlerin kondrite normalize nadir yer element (NYE) dagilimlarinda hafif nadir
yer elementlerinde zenginlesme (Lan/Lun=1,69-9,44) ile negatif Eu (Eun/Eu’=0,35-0,73) anomalisi
belirgindir. illit/simektitlerin 80 ve 8D degerleri K-bentonitlerde %o14,8-15,6 ve %o-70 ve -99,
marn/kiltaglarinda ise %o11,6-13,9 ve D %o-55 ile -126 arasinda degismektedir. I/S’lerin K-Ar
yaslandirmasi 103-125 My’lik simektit transformasyon yasini vermektedir.

Anahtar Kelimeler: K-bentonit, jeokimya, illit/simektit

Abstract

Jurassic volcanic and volcanoclastic rocks are widely exposed especially in the southern zone of the
Eastern Pontides. In the study area Early-Middle Jurassic volcano-sedimentary rocks, defined as Senkdy
Formation near the Glimiishane area consist of intercalations of claystone-marl-limestone and siltstone,
volcanic rocks and sandstone levels in some places, respectively. The sequence continues with
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volcaniclastic sandstones with alternations of tuffs and Ammonitico Rosso-type limestones. In the
Senk6y Formation, mineralogical and geochemical features, formation environments/conditions of K-
bentonites with respect to marl/claystone were investigated by means of X-ray diffraction studies,
whole-rock geochemistry and stable isotope data, and K-Ar dating. K-bentonite consists of
illite/smectite, chlorite/smectite, and kaolinite as clay minerals and imogolite indicating volcanic
contribution. Clay minerals in marl/claystone are illite, chlorite, illite/smectite, smectite and
chlorite/smectite. Non-clay minerals were determined as quartz, calcite, plagioclase, and rare pyrite.
Based on Nb/Y vs Zr/TiO,*0.0001 classification diagram; K-bentonites are generally in rhyolite/dacite
composition while the marl/claystone are in andesite/basaltic andesite, andesite-basalt in composition.
K-bentonite and marl/claystone have tholeiitic-transitional, calc-alkaline in character. N-MORB
normalized multi-element spider diagrams of the K-bentonites characterized by enrichment of large ion
radius lithophile elements (LILE; K, Rb) and depletion of Sr and Ti. Chondrite normalized rare earth
element (REE) patterns of K-bentonites show a relative enrichment in light REE (Lan/Lun=1.69-9.44)
with negative Eu (Eun/Eu*=0.35-0.73) anomaly. 5'®0 and 8D values of illite/smectites are from %014.8
to 15.6 and from %o-70 to -99 in K-bentonites and from %011.6 to 13.9 and from %.-55 to -126 in
marl/claystone, respectively. K-Ar dating of illite/smectites indicate103-125 Ma transformation age of
smectites

Keywords: K-bentonite, geochemistry, illite/smectite
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Ozet

Bu ¢alismada, Samsun ydresi ve yakin ¢evresinde yiizeylenen Orta Eosen yash bazik volkanitlerin tiim-
kaya oldukgea siderofil element (OSE: Os, Ir, Ru, Pd, Pt, Re) ve Os izotop jeokimyasal 6zellikleri ortaya
konularak gelisimlerinde etkili olan petrolojik siireclerin (kismi ergime, fraksiyonel kristallenme ve
kabuk asimilasyonu) irdelenmesi amaglanmustir. inceleme alaninda yiizeylenen bazik volkanitler,
TekkekOy, Kulacadag ve Bafra volkanitleri olmak tizere ii¢ grupta incelenmis ve bazaltik- tefritik
lav/sil/dayk oneklerinden olugmaktadir. Bazaltik lav/dayk 6rnekleri genellikle olivin, klinopiroksen,
plajiyoklaz ve Fe-Ti oksit mineralleri igerirken, tefritik lav/sil/dayk ornekleri ise klinopiroksen,
plajiyoklaz analsim, flogopit ve Fe-Ti oksit mineralleri igermektedir. Ayrica 6rneklerin cevher
mikroskobu incelemelerinde olivin ve/veya klinopiroksen mineralleri igerisinde kapanim halinde ve
hamur igerisinde siilfid mineralleri gdzlenmektedir. Incelenen volkanitlerin OSE bolluklari dikkate
alindiginda, toplam platin grubu element (PGE) igerikleri (0.13 — 14.26 ppb) genel olarak diisiik olup,
1870s/'880s izotop oranlari ise 0.15—1.20 arasinda degismektedir. Incelenen bazik volkanitlerin toplam
paladyum grubu-PGE igerikleri 0.06-14.17 ppb arasinda degisirken, toplam iridyum grubu-PGE
icerikleri 0.03-0.87 ppb arasinda degismektedir. Ayrica, incelenen bazik volkanitlerin diisiik toplam
PGE igerikleri ve Cu/Zr oranlar ile yliksek Cu/Pd oranlarina sahip olmalari, volkanitlerin kiikiirtce
doygun bir magmadan itibaren geligimleri sirasinda silikat fraksiyonlagmasiin yaninda siilfid
fraksiyonlasmasinin da etkili oldugunu isaret etmektedir. Incelenen bazik volkanitlerin asimilasyon-
fraksiyonel kristallenme (AFC) modellemeleri ile OSE ve Os izotop sistematikleri birlikte
degerlendirildiginde, ana magmalarin gelisiminde fraksiyonel kristallenmenin yaninda az miktarda
kabuk asimilasyonunun etkili oldugu ileri siiriilebilir.

Anahtar Kelimeler: Oldukgea siderofil element, Os izotoplari, jeokimya, Samsun, Tiirkiye

Katki Belirtme: Bu calisma, TUBITAK tarafindan 117Y075 nolu proje ve KTU BAP tarafindan FBA 2018-7747
nolu proje kapsamindan desteklenmistir.

238



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

Abstract

In this study, it is aimed to determine the whole-rock highly siderophile element (HSE: Os, Ir, Ru, Pd,
Pt, Re) and Os isotope geochemical characteristics of Middle Eocene aged basic volcanics outcropping
in the Samsun and surrounding areas, and to examine petrological processes (partial melting, fractional
crystallization and crustal assimilation), which are effective in their evolution. The basic volcanics in
the study area are examined in three groups; Tekkekdy, Kulacadag and Bafra areas and composed of
basaltic and tephritic lava/sill/dykes. Basaltic lava/dyke samples generally contain olivine,
clinopyroxene, plagioclase and Fe-Ti oxide, while tephritic lava/sill/dyke samples contain
clinopyroxene, plagioclase, analcime, phlogopite and Fe-Ti oxide. Moreover, sulfide minerals are
observed as inclusions within olivine and/or clinopyroxene phenocrystals, and in the groundmass. Based
on the OSE abundances of the studied volcanics, total platinum group element (PGE; Os, Ir, Ru, Pd, Pt)
contents (0.13 — 14.26 ppb) are generally low, and *¥’Os/**¥QOs isotope ratios range from 0.15 to 1.20.
The total palladium group-PGE contents of the studied volcanics are between 0.06 and 14.17 ppb while
total iridium group-PGE contents are between 0.03 and 0.87 ppb. Besides, the low total PGE contents
and Cu/Zr ratios, and high Cu/Pd ratios of the studied basic volcanics represent that sulfide fractionation
as well as silicate fractionation is also effective during their evolution from a sulfur saturated magma(s).
Assimilation-fractional crystallization (AFC) modeling together with OSE and Os isotope systematics
of the studied basic volcanics suggests that fractional crystallization and lesser crustal assimilation are
effective in the evolution of parental magmag(s).

Keywords: Highly siderophile element, Os isotopes, geochemistry, Samsun, Tiirkiye
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Abstract

The Malayer-Esfahan metallogenic belt (MEMB) in central Sanandaj-Sirjan metamorphic belt, west-
central Iran, contains more than 200 Zn-Pb-Ba-Fe-F(+Cu+Ag+Mn) deposits hosted mainly in Early
Cretaceous carbonates, clastic rocks, and volcanic materials in a transgressive sequence. The Cretaceous
series unconformably overlie a thick sequence (>2500m) of Triassic-Jurassic terrigenous rocks. Most
deposits occur as discordant to concordant ore bodies with massive to brecciated and laminated textures,
and display features comparable to those known as MVT and sub-seafloor replacement deposits. These
deposits are locally and regionally controlled by the extensional and normal faults. The volcanic rocks,
dominated by trachyte, latite, and rhyolite, exceed 700m in Golpayegan district in central MEMB, but
pinch out towards southeast and northwest. Our geochemical study indicates that these rocks should be
developed in a ‘within-plate’ setting. We suggest a back arc setting for the early Cretaceous sediments
and volcanic materials. Fe-Mn deposits in the northwestern MEMB represented by Ahangaran and
Sarchal, are partly hosted in tuffaceous siltstones. The deposits in the Golpaygan district are Pb-Ag-Cu
rich, and ore bodies mostly occur in volcanic rocks. They show lower Pb isotope ratios (207Pb/204Pb
of 15.640-15.661 vs 15.652-15.868 respectively) than those in limestones. No significant difference can
be distinguished in S-isotope ratios, implying a common fluid and sulfur source. No direct role for
submarine volcanism in ore genesis in MEMB can be established. The volcanic materials might have
provided certain metals to circulating fluids. Studies are in progress to better understand the geological
setting of the deposits and the timing of ore formation.

Keywords: Malayer-Esfahan metallogenic belt, Zn-Pb-Ba-Fe-F(+Cu+Ag+Mn) deposits, MVT and sub-
seafloor replacement, submarine volcanism
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Abstract

The Paleoproterozoic PGE-bearing province in the north-eastern Fennoscandian Shield is the second-
biggest PGE-bearing province in Russia after the Norilsk one. It is commercially important, containing
Co-Cu-Ni (Monchegorsk ore area) and low-sulfide Pt-Pd ores with Au+Aq (Fedorovo-Pansky ore
complex) (Mitrofanov et al. 2013). Distribution of rare-earth elements (REE) in zircon, baddeleyite and
sulfides minerals from rocks of complex Paleoproterozoic Cu-Ni deposits in the north- eastern
Fennoscandian Shield, the second-biggest PGE-bearing province after Norilsk (Mitrofanov et al., 2019)
are presented in Fig 1-2. Zircon and baddeleyite were sampled from deposits in the north-eastern
Fennoscandian Shield and separated from a 50-100 kg reference specimen using the technique, all
isotopic U-Pb determinations for zircons and baddeleyites with 2®Pb spike were made on a seven-
channel Finnigan MAT-262 (RPQ) mass spectrometer (Thermo scientific, USA) in static mode
(Bayanova et al. 2009, 2014).

Laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS, ELAN-9000,) technigues
applied for in situmeasurement of concentrations and distribution of rare-earth elements (REE), Hf, U,
Th, Y and Ti in mineral grains of zircon and baddeleyite were published (Steshenko et al. 2017, 2018).
Geochemical analysis REE and platinum- group elements (PGE) in sulfides were done using LA-ICP-
MS techniques ELAN 9000 DRC-e (Perkin Elmer) quadrupole mass spectrometer equipped with a 266
nm UP-266 MACRO laser (New Wave Research) were applied to provide in situ measurements of noble
metals (PGE, Au, Ag), as well as siderophilic and chalcophilic elements, in sulfide minerals in order to
study their distributions in chalcopyrite, pentlandite and pyrite from the Pechenga and Allarechka Cu-
Ni deposits, Fedorova Tundra and Severny Kamennik PGE deposits of Paleoproterozoic ages. For the
first time, REE concentrations in sulfide minerals have been estimated in situ using the LA-ICP-MS
technique (Nikolaev et al. 2016).

The above methods had been formerly put into practice recently (e.g. Zhu et al. 2016). In the
Fennoscandian Shield, this technique had been used to estimate PGE, U, Th, Ti and Hf in zircon
extracted from basic and acidic granulites and garnet-amphibole gneisses of the Lapland belt, pegmatites
in granites of the Keivy area, gabbro-anorthosites of the Kandalaksha and Kolvitsa area, as well as vein
pegmatites of the gabbronorite composition from the Cu-Ni deposit (Terrace, Mt. Nyud). Concentrations
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of Ti in zircon grains were used to estimate the temperature of accessory minerals crystallization and
the temperature of the U-Pb-system closure, using the technique by (Watson et al. 2006).
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Figure 1. Chondrite-normalized distribution of REE on zircon (a) and baddeleyite (b) from pegmatites vein of
gabbronorite composition, Cu-Ni Terrace deposit, Nyud Mt., Monchegorsk pluton (Sun et al 1989).
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Figure 2. Chondrite-normalized distributions of PGE, Au, Cu and Ni in pentlandite Allarechka, Pechenga Cu-Ni
deposit (McDonough et al 1995).
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Ozet

Bu c¢aligma, Maden Tetkik ve Arama Genel Midiirliigii (MTA) biinyesinde yiiriitiilmekte olan “Kuzey
Anadolu Fay Sistemi (KAFS) ve Dogu Anadolu Fay Sistemi (DAFS) Boyunca Gelismis Havzalarin
Ekonomik Potansiyellerinin Uzaktan Algilama ve Cografi Bilgi Sistemleri (CBS) Yontemleri ile
Incelenmesi” baslikli projeye dayanmaktadir. Sakarya Havzasi (SH) Ulkemizin en aktif tektonik
yapilarindan biri olan sag yanal dogrultu atimli KAFS tarafindan kontrol edilmektedir. KAFS boyunca
olusmus diger ¢ek ayir havzalarindan farkli bir gelisim siireci gdsteren SH, kuzeyde Karadeniz’e dogru
Sakarya Nehri’nin sedimantasyon siirecleri ve bunun yani sira giineyde tamamiyla diri faylarin
kontroliindedir. Bu nedenle hem jeotermal hem de deformasyon bakimindan incelendiginde SH’nin
jeolojik &nemi tamamen giiney sinir1 etrafinda yogunlasmaktadir. inceleme alanindaki Paleosen ve
Eosen yasl kiregtaglart bol kirikli, ¢atlakli ve erime boslukludur. Rezervuar karakteri gosteren
kirectaglarmin iizerinde Pliyo-Kuvaterner yasli c¢okellerin killi-siltli seviyeleri de oOrtii kaya
ozelligindedir. SH’da acilan kuyulardan iiretilen sicak akiskanlardan ve ¢esitli soguk su kaynaklarindan
orneklemeler yapilarak kimyasal ve izotopik &zellikler belirlenmistir. Orneklenen soguk ve sicak sularin
sicakliklar1 24-80°C ve oOzgiil elektriksel iletkenlikleri 199-7250 uS/cm arasinda degismistir.
Uluslararasi Hidrojeologlar Birligi (IAH) standartlarina gore Sakarya sicak sular1 bor iceren sodyumlu,
kloriirlii, bikarbonatl sicak ve mineralli sular olup derin dolagimlidir. Sapanca-Uzunkum ve Akyazi
sularinin olgunlagsma indeksi 2’den biiyiiktiir. Bu sulara silis jeotermometresinin yani sira katyon
jeotermometreleri de uygulanmistir. Bu sularin silis ve katyon jeotermometreleri ile hesaplanan
rezervuar sicakliklari sirasiyla 44-109°C ve 34-99°C’dir. incelenen orneklerin 50 icerikleri -3,71%o
ile -13,53%o, 6°H degerleri ise -62,27%o ila -90,4%o arasindadir. Bu sonuglar, Akyazi ve Sapanca-
Uzunkum sularindaki oksijen izotopu bakimindan zenginlesme, bunlarin derin dolasimli ve rezervuar
kayaglariyla daha uzun siire etkilesimli olmalarina baglanabilir.

Anahtar Kelimeler: Sakarya (Adapazari) Havzasi, sicak su, jeokimya, durayl izotop, jeotermometre
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Abstract

This study based on the project titled "Examination of the Economic Potentials of the developed Basins
Along the North Anatolian Fault System (NAFS) and East Anatolian Fault System (EAFS) with Remote
Sensing and Geographic Information Systems (GIS) Methods" carried out by the General Directorate of
Mineral Research and Exploration (MTA). The Sakarya (Adapazari) Basin is controlled by the right
lateral strike-slip North Anatolian Fault Zone (NAFS) which is one of the most active structures in
Tiirkiye. The Basin showing a different evolution mechanism from the pull-apart basins along the NAFS
is represented by the sedimentation by the Sakarya River in the northern site towards the Black Sea.
Moreover, the southern margin of the basin is shaped by the active faults. On the accounts of these
factors, the geological significance of the basin for both geothermal and deformation features entirely
focuses around the southern margin of the basin. In the study area, the Paleocene and Eocene aged
limestones have abundantly broken, cracked and Karstic cavity. The clayey-silty levels of the Plio-
Quaternary sediments on the limestones showing the reservoir character are also cover rock. Chemical
and isotopic compositions were determined by sampling from hot fluids produced from wells drilled in
the Sakarya Basin and various cold-water sources. The electrical conductivity of cold and hot waters
varies between 199 and 7250 puS/cm. Temperatures of fluids taken from wells and springs are between
24 and 80° C. According to the classification of International Association of Hydrogeologists (IAH),
Sakarya hot waters are classified as boron-containing sodium, chlorinated, bicarbonate hot and mineral
waters and are deeply circulating fluids. The maturation index of Sapanca-Uzunkum and Akyazi waters
is greater than 2. The cation geothermometers have been applied to these waters as well as silica
geothermometers. The reservoir temperatures of these waters calculated by silica and cation
geothermometers are 44-109°C and 34-99°C, respectively. These results can be attributed to the
enrichment of oxygen isotopes in Akyazi1 and Sapanca-Uzunkum waters, their deep circulation and
longer interaction with reservoir rocks.

Keywords: Sakarya (Adapazari) Basin, thermal water, geochemistry, stable isotope, geothermometry
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Ozet

Yerbilimleri ingilizce literatiirine bakildiginda &nceleri yaklasik 14 bin terim (1957; American
Geological Institute in cooperation with the National Academy of Sciences) varken 1960 larda buna
yaklasik 4 bin ilave terim daha eklenmistir. Zaman icerisinde bu say1 6nce 33 bin (1972; AGI’nin tek
ciltlik Glossary of Geology 1. edisyon) daha sonra 36 bin terime (1979; AGI'nin tek ciltlik Glossary of
Geology 2. Edisyon) ulagmustir.

Yerbilimleri Tiirkge literatiiriine bakildiginda I. Enver Altinl’nin “Yerbilimleri Sozliigii” (1989)’nde 25
bin terim (1989) igerirken, Emin Cift¢i’nin “Yerbilimleri Teknik Terimler Soz/igi” (2003) nde yeni alt
disiplinlere bagh eklemeler ile bu sayin 30 bine yaklasmistir. Bu ortalama bir yetigkinin kelime
dagarcigina neredeyse esittir.

Jeolojik terimler cogunlukla Ingilizce, Latince, Almanca, Fransizca kaynaklidir. Bu terimlerin
yerbilimlerinin Tirkce literatiiriine kazandirilmasi ¢eviri ve Tiirkgelestirme olmak tizere iki temel
yontemle olagelmistir. Ceviri yontemi zaman igerisinde dilin gelismesi ve zenginlesmesi ile farkliliklar
sunmakla birlikte asil karmasik durum Tiirkcelestirmelerde goriilmektedir. Bunun baglica nedenleri,
uistlinkortiliik, onemsememe, egitim kaynakli 6n yargi ve ekol saplantilar1 (Alman ekolii, Fransiz ekolii
gibi) ile anadil ve/veya kaynak dile yeterince vakif olmamaktir.

Yanlis veya eksik ¢eviri kaynakli terimlere 6rnekler asagida siralanmigtir: Fluid inclusion (akigskan
kapanimi olmasi gerekirken sivi kapanim), polished section (parlatilmis kesit olmasi gerekirken parlak
kesit), Rare Earth Elements (Nadir Yer Elementleri (NYE) olmasi gerekirken Nadir Toprak Elementleri
(NTE)), subduction (yitim olmas1 gerekirken dalma-batma) ve coal seam (komiir tabakasi olmasi
gerekirken komiir damar).

Tiirkcelestirmelerdeki hatalara ya da tutarsizliklara en 6nemli 6rnekler dilimizde kullanilmakta olan
oturmus sozciiklerle aymi sozciik yapisina sahip terimlerde goriilmektedir. Ornegin “tectonism,
magmatism, volcanism” gibi —sm ile sonlanan sozciiklerin —izma (tektonizma, magmatizma,
volkanizma gibi) seklinde Tiirk¢elestirilmesidir ki bu durum “egoizm, turizm, dinamizm, sosyalizm”
gibi bir oturmus Tiirkgelestirme ile ¢elismektedir.

Diger hatalar ise Tiirk¢e olmayan, 2 veya daha fazla sesli veya sessiz harf iceren terimlerin
Tiirkgelestirmelerinde rastlanilmaktadir. Bunlar: au = o (autochthonous - otokton), uo - o (buoyant
-> boyant), oe, ue, eu = 6 (loess = 16ss, europium => éropiyum, coesite = sozit (siklikla koezit olarak
kullanilmaktadir), eo = eo (Eocene - Eosen; geology —> jeoloji; Paleozoic - Paleozoyik).
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Sézciiklerdeki 6n ve son eklerin tutarsiz Tiirkgelestirmesi de sik rastlanilan hatalardandir: Syn- - sin-
(syntetic - sentetik, synthesis > sentez iken synergy -> sinerji olarak kullanilmaktadir). — cite > — sit
(calcite - kalsit; sericite = serisit (siklikla serizit olarak kullanilmaktadir); brucite > brusit); -site >
- zit (diopside > diyopzit (siklikla diyopsit olarak kullanilmaktadir); gibbsite = gibzit (siklikla gibsit
olarak kullanilmaktadir), cerussite = seriizit (siklikla seriisit olarak kullanilmaktadir), -sonite = -zonit
(-sonit olarak kullanilmamalidir 6rnegin smitsonit degil smitzonit olarak kullanilmasi tercih
edilmelidir).

Mineral adlandirmalarinda farkli motivasyon kaynakli tercihlerde ¢ok onemli karisikliklara neden
olmaktadir. Mineral adlandirmalarinda otorite IMA (International Mineralogical Association-
Uluslararas1 Mineraloji Birligi)’dir. Dolayis1 ile esas alinmasi gereken IMA’nin adlandirmasi
olmaliyken literatlirimiizde 1srarli yanlis kullanimlar olduk¢a yaygindir. Baslicalar1 garnet yerine granat
veya grona, galen yerine galenit, selestit yerine sélestin, kalkosit yerine kalkozin, feldispar yerine
feldispat, pirotit yerine pirrotin’dir. Plajiyoklaz yerine plajioklas kullanimi da s6zciik ortasinda bulunan
—i0- nun Tiirk¢ede bircok 6rnekteki —iyo olarak telaffiiz edilmesine aykiridir (6rnek ion = iyon, cation
-> katyon gibi).

Siilfit, siilfat ve siilfiir terimlerinin tutarsiz kullanimlar1 da ayr1 bir dnem arzetmektedir. Kimyasal
adlandirmalarda — ide - -id veya —iir seklindedir (chloride = kloriir, bromide = bromiir, sulfide =
siilfiir, lanthanide = lantaniir gibi). Aksi kullammlar 6rnegin siilfiir yerine siilfit (ki siilfit SOs* anyon
grubu igeren herhangi bir bilesik) ve kloriir yerine klorit kullanim1 (ki klorit bir fillosilikat mineral
grubu) tercih edilmemelidir. Dolayis1 ile SO4 bilesikleri icin siilfat, SOs bilesikleri igin siilfit ve S*
bilesikleri i¢in siilfiir terimleri kullanilmalidir.

Igerisinde -gn- bulunduran yabanci terimlerin hatali Tiirkcelestirilmesi de oldukca dikkat ¢ekicidir:
Magnetite > magnetit yerine manyetit, magnetism - manyetizm, magnesite - magnezit yerine
manyezit (oysa magnezyum asla manyezum olarak kullanilmamaktadir ve magnezit bir magnezyum
mineralidir), lignite = lignit yerine linyit (oysa lignin asla linyin olarak kullanilmamaktadir).

Ayrica; province > provins (provens degil), syncline = senklin (senklinal sifat hal — senklinal yap1
gibi), anticline - antiklin (antiklinal sifat hal — antiklinal yap1 gibi), sediment = sediment (sediman
degil), sedimentology > sedimentoloji (sedimantoloji degil), fluorite = florit (fliiorit degil zira flor
elementi asla fliior olarak kullanilmamaktadir).

Geleneksel olarak fosil adlarinin Tiirkcelestirilmesi oretilmemektedir. Fosil adlar1 6zel isim oldugundan
oldugu gibi yazilmali ancak okunurken yukarida muhtelif 6rneklere uygun olarak Tiirk¢e okunmalidir
(Cnideria = Sniderya; Conodont > Konodont; Echinoidea - Ekinoyitler, Coelenterate = So6lenteratlar

gibi).
Dilimizdeki tim bu kural disiliklar bazen diizeltilmesi zor hatta imkansiz kaniksanmis hatal
kullanimlara da neden olmustur (6rnegin jeografi yerine cografya; kuartz yerine Kkuvars,

tektonomorfoloji yerine morfotektonik gibi).

Anahtar kelimeler: Jeolojik terimler, geviri, Tiirkgelestirme
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Ozet

Giliniimiizde lityum (Li) elementi kullanim alanlar1 agisindan oldukg¢a 6nemli bir yere sahip muadili
bulunmayan nadir bir elementtir. Li elementi elektronik cihazlarin iyon bataryalarinin yapiminda, ugak
pargalarinin iiretiminde, niikleer faaliyet alanlarinda, yapi sektdrii malzemelerin  hammadde
katkilarinda, cam-seramik-ilag endiistrilerinde, arag tiretiminde ve riizgar panelleri yapiminda kullanim
alan1 olan 6nemli bir elementtir. Tiirkiye’de su anda bilinen bir Li iiretimi bulunmamakla birlikte, bu
durum hig¢ potansiyel olmadig anlamina gelmemektedir. Ulkemizde Li varligi konusundaki ayrintili
caligmalar olduk¢a azdir. Bu da lityumun diinya iizerindeki kullanim alanlart dikkate alindiginda
ilkemizde Li konusunda bir calisma boslugu oldugunu ve {izerinde c¢alisilmasi gerektigini
gostermektedir. Diinyada Li’un %50’sinden fazlas1 daha ucuz maliyetli olmasi nedeniyle tuzlu géllerden
alinan ¢ozeltilerden iiretilmektedir. Uretim oraninin gelecek yillarda gl suyu ydniinde daha da artacag
tahmin edilmektedir. Gol sularinin lityum igerigi nispeten diisiik olmasina karsin bu sulardan lityum
kazanimi kolay ve ekonomiktir [1]. Bu calisma kapsaminda Kirsehir’e 30 km mesafede bulunan Seyfe
Goli'nde Li varligmin ve oraninin tespit edilmesi ayrica Seyfe Golii’nlin lityum igerigi agisindan
ekonomik potansiyelinin ortaya konulmasi amaglanmistir. Bu kapsamda Seyfe Golii kenarlarindan
alian sediman ve su 6rneklerinin XRD, XRF, ICP ve LIBS yontemlerine gore Li igerik analiz sonuglari
sirastyla 30-150 ve 25-30 ppm arasinda oldugu belirlenmistir. Bolgedeki Li element kaynaklari
cevredeki foid siyenit porfir felsik bilesimli alkali intruzif kayalarin ayrigmasi ile Seyfe gdliinde
zenginlesmis olabilir.

Anahtar Kelimeler: Kirsehir, lityum, LIBS, Seyfe Goli

Abstract

Recently, lithium (Li) is a rare element that has a very important place in terms of usage areas. Li element
is an important element with its use in the production of ion batteries of electronic devices, in the
production of aircraft parts, in nuclear fields of activity, in the raw material additives of the building
sector materials, in the glass-ceramic-pharmaceutical industries, in vehicle production and in the
production of wind panels. Although currently there is no known a Li production in Tiirkiye, this does
not mean that there is no potential for the Li exploration. Many studies on the presence of Li in Tirkiye
have been carried out in a very limited number of the exploration. This reveals the importance of Li in
Tiirkiye considering the usage areas of Li in the world and the importance of working on lithium. More
than 50% of Li in the world is produced from the salt lakes since it has low coast during the production.
It is estimated that the production rate will increase further in the direction of lake water in the near
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future. Although the lithium content of the lake waters is relatively low, Li recovery from these waters
is easy and more economical than the others [1]. Within the scope of this study, it is aimed to determine
the presence and rate of Li in Seyfe Lake, which is 30 km away from Kirsehir, and to reveal the economic
potential of Seyfe Lake in terms of lithium content. In this context, XRD, XRF ICP and LIBS analyzes
of the sediment and water samples taken from the edges of Seyfe Lake were made. As a result of this
investigations, it has been determined that the Li content ratios of the sediments and water are between
30-150 and 25-30 ppm respectively. Li element sources in the region may have been enriched in Seyfe
Lake due to the decomposition of foid syenite felsic alkaline intrusive rocks from the surrounding
environment.

Keywords: Kirsehir, Lithium, LIBS, Seyfe Lake
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Abstract

The increasing global demand for energy has made it imperative to explore and exploit unconventional
oil and gas resources. Silurian shale formations in Tauride Belt in Tiirkiye can be considered as the
counterpart of well-known Silurian-aged source rock in the Middle East and North Africa. Working
with outcrop samples, this work evaluates the geological and geochemical characteristics of Silurian
gas-shales in central Taurides, and makes a comparison with world shale basins. Central Taurides
mudstones were originally a Type Il oil/gas prone marine shale. The present-day total organic carbon
(TOC,q) contents range from 0.56 to 4.06 wt. %. These mudstones have lost 97.4% of their original
hydrocarbon potentials as a spent hydrocarbon source rock. However, these mudstones originally may
have good to very good source rock potential, according to calculated potential yields (S1,+S2, values
ranging from 7.89 to 55.1 mg HC/g TOC). In addition, the targeted zone is in the over-mature stage/dry
gas window and has a significant silica content (with an average of 53%) and calcite minerals. Clay
minerals are mainly illite and chlorite, and have <30% contents. The permeabilities of studied mudstones
are low (less than 1000 nD) and the porosities are typically between 4 to 7%. Although the characteristics
of central Taurides mudstones seems to be nearly compatible with data of Utica Shale that can be
commercially exploited, considering the paleogeographical location and geological evolution of the
study area. it is possible that the source rock could be very deep and deformed from the past to the
present day. Considering the low TOC and S2 values & high Tmax Values of the studied outcrop samples
which could have been degraded under atmospheric conditions during the long geological time on the
surface, and the having been decomposed or reworked organic matter should also be considered. Core
samples from are needed to produce better and more accurate results for central Taurides mudstones for
further evaluation of unconventional gas potential.

Keywords: Silurian gas-shales, source rock, geochemical characteristics, reservoir properties, Central
Taurides
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Ozet

Artan kiiresel enerji talebi, geleneksel olmayan petrol ve gaz kaynaklarini arastirmay1 ve kullanmay1
zorunlu kilmistir. Toros Kusagi’ndaki Siluriyen yagh formasyonlar, Orta Dogu ve Kuzey Afrika'da iyi
bilinen bir kaynak kaya olan Siluriyen seyllerinin Tirkiye'deki karsiligi olarak g6z Oniinde
bulundurulabilmektedir. Bu ¢alisma, Orta Toroslar’da yer alan Siluriyen gaz seyllerinin jeolojik ve
jeokimyasal karakteristiklerinin degerlendirilmesini ve diinya seyl havzalan ile karsilagtirilmasini
kapsamaktadir. Orta Toroslar’daki camurtaglar1 baslangicta Tip II petrol / gaz egilimli denizel kokenli
olup, bugiinkii toplam organik karbon (TOCpq) icerigi de % 0,56 ile 4,06 arasinda degismektedir. Bu
camurtaglari orijinal hidrokarbon potansiyelinin % 97,4’{inii kaybetmistir, bu da harcanmis hidrokarbon
kaynak kayasi olduguna ve gaz icin iyi derecede riske isaret etmektedir. Bununla birlikte, hesaplanan
potansiyel verim degerlerine gore bu ¢camurtaslarinin baslangigta iyi-¢ok iyi kaynak kaya potansiyeline
sahip oldugu sdylenebilir (S1, + S2, degerleri 7,89-55,1 mg HC / g TOC arasindadir). Ek olarak, hedef
bolge asir1 olgun / kuru gaz penceresindedir ve 6nemli miktarda silika i¢erigine (ortalama% 53) sahiptir.
Kil mineralleri ise cogunlukla sismeyen killer olan illite ve klorit olup igerigi < % 30’dur. incelenen
camurtaglarinin permeabilitesi diisiik (1000 nD'den az), porozitesi ise tipik olarak % 4 ile 7 arasindadir.
Her ne kadar Orta Toroslar ¢amurtaslar ticari olarak iiretim yapilan Utica seyllerinin verileriyle
neredeyse uyumlu gibi goriinse de (sistemler icerisindeki bazi farkliliklar ile birlikte), ¢aligma alaninin
paleocografik konumu ve jeolojik evrimi géz oniinde bulunduruldugunda, kaynak kayaclarin oldukga
derinde bulundugu ve gegmisten giiniimiize kadar deforme oldugu muhtemeldir. Buna ek olarak,
incelenen yiizey 0rneklerinin neredeyse diisiik TOC ve S2 degerlerine ve yliksek Tmax degerlerine sahip
olmasinin yani sira yiizeyde gecen uzun jeolojik zaman boyunca atmosferik kosullarda bozunmus
olabilecegi ve organik maddenin parcalanmig veya tekrar islenmis olabilecegi de g6z Oniinde
bulundurulmalidir. Daha ileriye yonelik degerlendirmek, daha iyi ve daha dogru sonuglar elde etmek
adina sondaj karot 6rneklerine ihtiya¢ vardir.

Anahtar Kelimeler: Siluriyen gaz-seylleri, kaynak kaya, jeokimyasal karakteristikler, rezervuar
ozellikleri, Orta Toroslar

1. INTRODUCTION

An investigation of new and unconventional energy resources has become mandatory for countries like
Tiirkiye with very limited supplies of conventional oil and natural gas, considering an increasing global
energy demand, depletion of readily available and accessible resources, rapid decline in production in
existing production areas, extreme rise in oil prices, population growth and industrialization, along with
the latest development of advanced and environment-friendly production techniques. As a natural gas,
shale gas is one of several forms of unconventional gas, being trapped within shale formations with
ultra-low permeability. Shale (or mudstone) is defined as an organic-rich and fine-grained reservoir in
which gas is self-sourced, with some of them stored in the sorbed state (Bustin et al., 2009). Silurian-
aged formations in Tauride Belt in Tiirkiye are the counterparts of Silurian shale which is a well-known
rock in the Middle East and North Africa. In this context, Silurian mudstones in central Taurides, located
in the southern part of Tiirkiye between Aydincik, Giilnar and Silifke districts of Mersin province
covering an area of approximately 550 km?, can be considered as an unconventional shale gas resource.
The aim of this study is to evaluate the geologic and geochemical properties of Silurian gas-shales in
central Taurides, in terms of mineralogical constituents & lithofacies, organic geochemical
characteristics, reconstruction of original hydrocarbon generative potential and petrophysical properties
for shale play evaluation. For this purpose, we will present these properties and then make a comparison
with world shale basins.
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2. GEOLOGICAL BACKGROUND

The Silurian mudstones belong to the Karayar and Pusgutepe Formations in the Ovacik tectonic slice of
Geyik Dagi1 Unit (Doner et al., 2019). The accumulation of the studied mudstones was in the Upper
Silurian-Lower Devonian time (Doner et al., 2019). Silurian anoxic—oxic cycles are well known globally
(Jeppsson, 1990). North Africa, Arabia (including most of Tiirkiye), and central and northwest Iran were
part of the long and wide northern passive margin of Gondwana from the Late Proterozoic to the Late
Palaeozoic (Beydoun, 1991). During the early Silurian, a North Gondwana shelf anoxic event occurred
over a short period. The main reason for this anoxic event is the short-lived (<0.5 Myr) Hirnantian
glaciation in the Late Ordovician. By Lower Silurian time, the retreat and melting of the glaciers resulted
in an abrupt sea-level rise and the deposition of the upward-coarsening Pusgutepe Formation in the
Central Taurides (Husseini, 1990). During this ice-melting period, marine and nutrient-rich
environments were generated due to coastal upwelling of shelf seas over the craton margins (e.g., Liining
etal., 2000a; Le Heron et al., 2009). Subsequently Karayar Formation, comprising of an alternated shale
(thickness of 20-30 cm) and limestone (10-15 cm), was deposited during a regressive cycle.
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Figure 1. Geological map of the study area in Taurides (modified from Alan et al., 2014). Red box and text mark
the location and sample ID of organic-rich samples and blue ones of organic-lean samples. The white areas in the
map do not show geological units.

3. MATERIALS and METHODS

This work uses outcrop samples with different lithotypes of mudstones with both organic-rich and -lean
samples (Fig. 1). Pyrolysis analyses were performed using Rock-Eval VI according to IFP 160000
(Institut Francais du Pétrole) standard in Turkish Petroleum Research and Development Center. Rock-
Eval VI analyzer shows the presence of free oil and the remaining generation potential for the calculation
of kerogen transformation, provides an indication of thermal maturity and the present-day kerogen type
(oil or gas prone). The X-Ray Diffraction (XRD) analyses were performed to qualitatively and
guantitatively investigate the mineral composition of the rock samples using Shimadzu Center for
Environmental, Forensics and Material Science (CEFMS) Laboratory located at University of Texas at
Arlington (UTA). To evaluate the reservoir quality, the fluid immersion porosimetry (FIP), and mercury
intrusion porosimetry (MIP) were conducted using a custom-designed vacuum saturation apparatus (a
ref) and Micromeritics 9520, respectively. Three fluids with different hydrophilicity and hydrophobicity
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were used in this work, and they included DI water, 2DT (n-decane: toluene, v/v of 2:1) and THF
(tetrahydrofuran, (CH2)40) to understand the fluid-mudrock interactions.

4. RESULTS and DISCUSSION
4.1. Mineralogical Constituents and Lithofacies

Although industry parlance commonly describes studied rocks as shale plays, these are truly mudstones
(Jarvie, 2012). The Silurian mudstones of central Taurides can be considered as a hybrid system where
organic-rich and organic-lean intervals, for example silts, carbonates or sands were juxtaposed
(overlying, underlying, or interbedded), that could be grouped into three rock types: siliceous, carbonate-
dominated, and mixed mudstones (Fig. 2). In addition, clay minerals in mudstones of central Taurides
are mainly illite, with some kaolinite and chlorite, which are non-swelling clays (Table 1).
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Figure 2. XRD-based lithofacies diagram for central Taurides mudstones according to Diaz et al. (2013).

Table 1. Mineralogical compositions of the central Taurides samples from XRD measurements.

Location Sample 1D Lithotype Quartz Feldspar Calcite Total Clay Illite Kaolinite Chlorite TOC
AGC-9 46.8+5.5 4.60£0.5 31414 17.2+0.5 11.1£0.9 0.80£0.1 4.06
AGC-11 45.4+4.6 5.50+0.5 31.6+16 18.3+0.7 16.4£1.2 2.72
AGC-12 39.0£3.0 7.00£0.5 42.5¢1.4 11.5¢0.6 11.3:0.5 284
AGC-17 27.2£16 21.8£1.0 26.6x1.0 24.8+0.4 6.00£0.5 7.70£0.6 2.20£0.2 213
mixed mudstone
AKD-20 26.8+16 5.40+0.2 50.9+1.6 17.2+0.6 14.8£1.0 0.70£0.1 0.75
SANT-2 38.2£2.3 3.20£0.2 48.8+29 9.60+1.0 6.30£0.6 0.80£0.1 0.50
SNT-22 41.2+24 5.30£0.4 27.9:16 22.7x0.4 18.0£1.0 1.00£0.1 0.96
SNT-26 39.1£2.2 7.70£0.5 31.1+18 20.50.4 13.0£0.6 5.00£0.4 0.60+0.1 0.70
. AKD-0 58.143.5 3.10+0.3 34.3+21 4.40£0.2 2.30£0.2 0.40
Central Taurides
AKD-7 " 53.9+32 6.90£0.5 20.7¢13 18.5¢0.7 17.7¢1.2 0.80£0.1 0.23
siliceous mudstone
ISK-7 63.1£3.9 15.3£1.0 20.9+0.5 13.3£1.1 1.00£0.1 0.28
SANT-3 53.5+2.0 5.10+0.4 22.9+25 18.5+0.3 7.90+0.6 4.800.4 1.70+0.1 0.25
AGCL-4 17.2¢1.2 8.00£0.4 71.8+23 3.00£0.2 2.30£0.3 0.70£0.1 0.37
AKD-1 7.70:0.6 3.30£0.4 89.0:6.1 0.17
AKD-8 carbonate-dominated ~ 11.2+0.8 1.30£0.1 83.3+55 42005 420405 0.32
AKD-12 mudstone 18.741.2 1.80+0.2 75.5+2.4 4.00£0.5 4.00+0.5 0.32
AKD-15A 5.40:0.4 1.00£0.1 93.7¢6.5 0.17
AKD-17 7.00£0.5 6.40£0.5 86.6+3.0 0.16

4.2.0rganic Geochemical Characteristics
4.2.1. Organic matter type

The Silurian mudstones in central Taurides were originally a Type Il oil/gas prone marine shale and
were not originally a Type IV no potential or limited gas prone kerogen, based on hydrogen indices
[present-day Hlyqg: 0.32-42.7 and original Hlo: 434-461 mg HC/g TOC (Jarvie, 2001)]. The hydrocarbon
type indices (S2/S3: 0.02-5.50; Peters and Cassa, 1994), and HI vs. Ol plots (Fig. 3) of studied
mudstones also support this assessment. For shale gas exploration, the current targets are heavily
dominated by type Il kerogen, like Barnett, Marcellus, and Haynesville shale plays in the United States
and Western Canadian Basin (Tan, 2014). With an increased thermal maturation, these mudstones were
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essentially converted from a Type Il into a Type IV source rock. The decrease in HI values follows a
trend of increasing thermal maturity.
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Figure 3. The current kerogen types, its origins, and producible hydrocarbon types (Glennie, 2009).

4.2.2. Organic matter quantity

It’s commonly accepted that ta minimum present-day TOCpq of 1 wt.% is required for shale gas
accumulation (Zhang et al., 2008; Jarvie, 2012; Liang et al., 2014). The central Taurides mudstones have
a moderate amount of present-day TOCpq contents ranging from 0.56 to 4.06 wt.%. The original content
(TOC, =TOC,q/ 0.64) of the mudstones range from 0.88 to 6.34 wt.% (average of 2.35 wt.%), and these
values indicate good potential for oil and gas (Jarvie et al., 2004).

Table 2. Rock-Eval data and calculated geochemical parameters of central Taurides mudstones.

Central Taurides

Tocwe SL(M S2(mg S3(Mg g, Hi(ng Ol(mg GoC  NGoc Toco So(mg S20(mg Hio(mg Slo  S2o  Slo+S2o
sampleld T, HClg MGy HClg 0 HClg COJg  PI RC(%) PC(®) MINCOS) SUSI (o0 qpopy (og) HCI9 HOS HClg TROG) Plo  (wllac- (bl (oHClg HCG  GRo  EVRol
TOC) TOC)  TOQ) TOO)  T00) TOC) TOC) TOC) ft) f)  TOC)
AGCO 406 00l 002 009  50L 049 222 033 405  0OL 007 022 037 597 63 215 215 438 999 0500 5528 5530 5506 7.0B+13 470 358
AGC10 308 001 001 008 502 03 260 050 307 001 004 013 037 444 481 209 209 434 999 0500 4194 4194 4177 6E+13
AGC-11 272 001 0.01 039 498 0.37 143 0.50 270 0.02 0.07 0.03 0.37 388 4.25 184 184 434 9.9 0.500 3704 3704 3689 5.3E+13 491 363
AGC-12 284 001 002 015 442 070 528 033 28 00l 001 013 037 407 444 193 193 434 998 0500 3867 3869 3852 5.5E+413 479 360
AGC-13 286 001 012 016 443 420 55 008 284 002 007 075 037 410 447 194 195 435 990 0499 3804 3916 3890 5.5E+413 454 355
AGC-14 275 001 0.01 024 499 0.36 873 0.50 274 0.01 0.12 0.04 0.37 393 4.30 186 186 434 9.9 0.500 3745 3745 3729 5.3E+13
AGC-17 213 002 002 070 316 0% 329 05 211 002 154 003 037 29 333 145 145 434 998 0500 203 203 2891 4.1E+13
AKD3 066 003 015 067 501 227 1015 017 062 004 279 022 038 06 103 450 462 448 949 0493 904 928 913 13413
AKD-6 166 0.08 0.44 0.08 481 265 482 0.15 161 0.05 023 5.50 0.38 221 259 13 17 451 941 0.492 2215 2348 2302 3.1E+13 183 146
AKD-9 069 011 024 006 484 348 870 031 066 003 174 400 039 069 108 479 492 4% 924 0493 %1 987 970 13413
AKDA1 091 032 032 011 480 352 121 050 08 006 169 201 039 108 142 649 649 45 923 0500 1303 1303 1207 17E+13 152 145
AKD-15 0.56 011 0.19 0.16 515 339 286 0.37 053 0.03 161 119 0.39 049 0.88 391 39 455 926 0.495 784 800 7.89 1.1E+13
AKD-16 074 009 026 008 488 351 108 026 071 003 188 325 039 077 116 511 528 4% 923 0492 1025 1059 1038 14E+13
AKD20 075 035 03 024 4% 427 320 052 068 007 295 133 03 078 117 543 540 461 907 0501 1091 1085 1084 14413 178 170
SNT-21 0.67 0.01 0.03 105 441 4.48 156.7 0.25 063 0.04 266 0.03 0.37 068 105 455 457 437 9.0 0.499 914 918 912 1.3E+13
SNT-22 096 001 00l 066 607 104 688 050 094 002 176 002 037 113 150 65 65 43 998 0500 1309 1309 1303 19E+13 283 255
SNT23 126 001 002 017 608 15 135 03 125 001 288 012 037 160 197 855 85 435 996 0500 1717 1719 1711 24E413 274 246
SNT-24 0.98 0.02 0.02 013 344 204 133 0.50 097 0.01 281 0.15 0.37 116 153 6.66 6.66 435 95 0.500 1338 1338 1332 1.9E+13 268 240
SNT-25 076 002 007 02 431 921 289 02 074 002 283 032 037 081 119 517 52 440 979 0498 1038 1048 1039 15E+13
SNT26 070 001 003 016 345 420 229 025 069 001 219 019 037 072 100 475 477 43 990 0499 955 959 953 14E+413 297 268
SNT-27 0.76 0.01 0.03 011 608 395 145 0.25 075 0.01 250 0.27 0.37 0.82 119 5.16 518 436 9.1 0.499 1036 104.0 1034 1.5E+13 280 252
ISK2 062 001 003 079 59 48 1274 025 059 003 063 004 037 060 097 421 423 437 989 0499 846 850 844 12E+13
ISK-8 148 0.12 0.09 126 519 6.08 85.1 0.57 142 0.06 0.09 0.07 0.37 194 2.31 102 101 438 98.6 0.501 203.8 203.2 2027  2.9E+13 149 142

Clearly, the calculated original TOC, values are greater than the measured TOCpq values, because TOCpq
decreases with an increase of thermal maturity and amount of hydrocarbons generated. In addition, in
the gas window, TOC may be reduced by 30-50% (Jarvie et al., 2004).

4.2.3. Thermal maturation

The decrease in HI values follows a trend of increasing thermal maturity. Studied mudstones are in
overmature stage and dry gas window, based on graptolite reflectance (GR,: 1.49-4.91), equivalent
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vitrinite reflectance (EqQVRo-1 of 1.42-3.63) (Wang et al., 2019), and S2/S3 ratios (from 0.02 to 5.50 as
shown in Table 2) (Clementz, 1979; Peters, 1986).

4.2.4. Hydrocarbon resource potential and risk prospects based on geochemical data

Carbon and hydrogen loss are due to hydrocarbon generation, thereby reducing the original source
potential of the rock. These mudstones seem to be a spent hydrocarbon source rock. The central Taurides
mudstones have lost 97.4% for their original hydrocarbon potentials, according to calculated TR
(Transformation ratio based on hydrogen index) rates of 90.7-99.9 %, indicating good risk for gas (Jarvie
et al., 2004). Gas was derived from both thermogenic cracking of kerogen and from cracking of any
retained oil in the shale. The original amount of hydrocarbons that can be produced by the system in
potential area (Jarvie et al., 2004) was calculated as 2.90 x10** kg HC (assumptions for calculation are;
5.5 x10' cm? areal extent, 3000 cm average thick, density 2.6 g/cm?, with approximate depth of 3500-
5500m). The potential yield of central Taurides was calculated as 207 (bbl/ac-ft). In addition, the original
S1o+S20 values (ranging from 7.89 to 55.1 mg HC/g TOC) indicate that central Taurides mudstones
originally may have good to very good source rock potential. Moreover, these mudstones, with average
values of generative organic carbon (GOC) at 0.38 and non-generative organic carbon (NGOC) at 1.98)
(Table 2) can be said to nearly resemble Ordovician Utica shales (Jarvie, 2010) in terms of the shale gas
systems.

4.2.5. Petrophysical characteristics

Our experimental results of reservoir properties for outcrop samples indicate that the mixed and siliceous
zones of central Taurides are a suitable interval for hydraulic stimulation. The brittleness [expressed as
Bl = (Qtz+Dol)/(Qtz+Dol+Cal+Clay+TOC); Wang and Gale, 2009] of mixed and siliceous mudstones
are 0.48 and 0.52 for these two lithofacies, that are between expected brittleness values according to
Jarvie et al. (2007). These zones for central Taurides have significant silica content (average of 53%)
with calcite minerals (Table 2). The porosities are moderate to high; for 1 cm-sided cubic samples, they
are 1.3-7.4% (as obtained by FIP and 0.4-6.1% from MIP; Table 3). Tortuosity values of mixed and
siliceous mudstones are moderate [effective tortuosity: 8.78-88.3; geometrical tortuosity Le/L (as
defined in Hu et al., 2015): 0.213-2.01], meaning that there are complex passageways for fluid
movement. Due to the low permeability (an average of 1.03x10° nD) of siliceous and mixed mudstones,
the hydrofracturing would be needed for viable hydrocarbon production for central Taurides mudstones.

Table 3. Pore structure properties from MIP and FIP analyses for 1 cm cubed samples.

MIP FIP

Sample 1D Lithotype

. Porosi
Porosity (%) | Permeability k Effective Geometrical (%)ty

(nD) tortuosity Dy/D, | tortuosity L./L
AKD-20 0418 3.330E+05 109 021 1.261+0.199

ISK-9 mixed mudstone 6.131 3.934E+04 293 134 5.496+2.332

SNT-22 0.480 1.034E+04 298 0.38 2.107+0.771

ISK-7 5.250 1.280E+05 8.78 0.68 6.629+1.483
siliceous mudstone
SANT-2 4.588 2.823E+03 88.3 201 7.432+0.604

AGCL-4 1.150 1.050E+04 3.0 0.62 1.178+0.601

AKD-1 0.184 5.166E+04 116 0.15 0.547+0.021
AKpg  Carbomate-dominated 0.202 6.319E+05 478 010 1.089:0.243
mudstone

AKD-15A 0.116 3.335E+05 5.08 0.08 0.396+0.118

AKD-17 0.588 1.566E+07 274 0.13 0.170+0.018

4.2.6. Comparison with world shale-gas resource systems

Central Taurides mixed mudstones can be considered as targeted zone for shale gas. These mudstones
were originally a Type Il oil/gas prone marine shale. The present-day TOC,q values are moderate. These
mudstones originally may have good to very good source rock potential, according to calculated
potential yields. In addition, this targeted zone is in the overly mature stage / dry gas window and has
significant silica content (average of 48%) with calcite minerals, is generally >40%. Clay minerals are
non-swelling clays and have <30% contents. The permeabilities of studied mudstones are low (less than
1000 nD) and the porosities are typically between 4 to 7% (less than 15%).
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All these properties of central Taurides mixed mudstones are compared with 10 shale basins in North
America, and seems to be a nearly compatible with data of Utica shales in terms of the hydrocarbon
generative potential (based on the GOC, TOC,q and S2, values), as shown from the polar shale-gas risk
plot (Fig. 4) that have been commercially exploited (Table 4).

Table 4. Data on shale gas systems of important shale gas basins in the world and shale characteristics of central
Taurides (Jarvie et al., 2001; Bowker, 2003a; Jarvie et al., 2004; EIA, 2011, Jarvie, 2012).

Shale Montney Eagle Ford Haynesville Bossier Bamett Fayetteville Muskwa Woodford Marcellus Utica Central Taurides

A Brish Colmbia,  Eagl Ford (Austn Chak Sal Basin (East Texes-  SallBasi (East Texas-  Fort Worth Basi ArkomaBasin  Horn River Basin (Brish  Arkoma Basin xﬁa:‘::"ﬁz‘;::‘: st Lawrece (Lowernd, | r oy e
Aberta, West Carade) trend, Texas, USA)  North Louisiana, USA) ~ North Lousiane, USA)  (Texas, USA) (Arkansss, USA)  Colorbia, Carade)  (Oklehoma, USA) West Vigina, USA | Quebec, USA) :

Age Triassc Cretaceous Late Jurassic Late Jurassic Mississippian Mississippin Devorian Devorian Devorian Ordovician Sikrin
Estimated basin area (ki) 64750 10425 23310 23310 12950 23310 38850 28490 246050 6475 550
Depth (m) 1007- 2743 1219- 3048 3200- 4115 3ss1 1081 - 2591 1736 21342743 1629 - 3962 1219- 2501 701- 1629 ~ 3500 - 5500
Thickness (m) 274- 457 31-90 69 8 61-305 15-99 110- 152 31-274 58 91-305 30
Gas Type Thermogenic Thermogenic Thermogenic Thermogenic Thermogenic Trermogenic Thermogenic Thermogenic Thermogenic Thermogenic Thermogenic
Porosity (%) (range, average) 4-6 6-14 4-1461) 75 4-66) 2-86) 1-90) 3-96) 4-12(612) 70 04-61(34)
Permeability (nD) (range, average) 5-75(30) 700 - 3000 (1000) 0-5000 (350) 0-100(10) 0- 100 (50) 0- 100 (50) 0-200 20) 0-700(25) 0-70(20) 0-50 (10 134107
Silica content (%) ’ 2 15 20 25-30 45 35 60 ’ 55 a7 12-51 53
Clay content (%) 15 15 30 35-50 5 38 2 2 35 1526 16
Carbonate content () £ 60 2 525 15 12 10 5 2 3%
Thermal maturity (Ro%) (range, average)  0.9- 25 (L6) 08-16(1.2) 12-24(15) 11-24(15) 09-21(16) 20-45@5) 14-22(20) 07-40(15) 09-50(15) 08-30(20) 15-36(32)
HI present-day (mg HC/ g TOC) ’ 17 ’ 8 14 15 45 . 15 10 ’ 60 20 27 12
Hi original (mg HCIg TOC) ’ 354 an 2 419 43 404 532 503 507 a9 a1
TR (%) % 9 % % %0 % % 8 % % 97
:/gcPmse""da‘/(“nge'mm”"i"“ 02-11.0 (1.95) 20-85(276) 05-4.0(3.01) 05-42(L64) 30-120(374) 20-100377) 1.0- 100 2.16) 30-120 (5:34) 20-13.0(4.01) 08-50(1.33) 0.56 - 4.06 (L50)
TOC original (average inwt. %) ’ 279 424 779 255 ’ 592 574 394 ’ 933 820 196 235
GOC original (average inwt. %) ’ 084 148 478 091 218 197 178 399 353 063 038
Zlc ;/;gmrsgrguay +52 present-day (mg 067 ’ 376 : [ ’ 0.40 ’ 195 035 062 405 123 225 017
2 original (mg HCIg TOC) 987 1742 5551 1067 2565 2318 2095 4691 4033 743 103

TOC (wt. %) [10]

o

Minimum values for a potential shale gas system

Central Taurides
[ Utica Shales

Silica £ Ro (%) [3.2]
content (%) [60] 8

Porosity (%) [15] 1% TR (%) [100]

Figure 4. Polar shale-gas risk plot, showing minimum values for potential shale gas systems, the values of Utica
Shales and central Taurides (Jarvie et al., 2007; Jarvie, 2012)

5. CONCLUSION

Although the characteristics of central Taurides mudstones seem to be a nearly compatible with these
of Utica Shale that can be commercially exploited, it is possible that the source rock is very deep and
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deformed from the past to the present day, considering the paleogeographical location and geological
evolution of the study area. Considering the low TOC and S2 values & high Tmax values of the studied
outcrop samples which could have been degraded under atmospheric conditions during the long
geological time on the surface, and the having been decomposed or reworked organic matter should also
be considered. As a result, it is seen that during the organic matter thermal evolution, a series of physical
and chemical reactions occur, including the conversion of organic carbon, the decomposition of organic
matter and the generation of hydrocarbon. Contemporaneously, a large amount of nano-pores could be
generated, which may act as storage space for shale gas in the source rocks.

For further prospect evaluation, such as the determination of GIP (gas in place), depth (to top and base
of shale interval), organic-rich gross & net shale thickness, burial depth, net areal extent, pressure, first-
year decline rates, principal stress fields, revealing the continuous mappable systems, risked shale gas
& shale oil in-place, and calculating the technically recoverable shale gas & shale oil resource, core
samples from wells are needed to provide better and more accurate results for central Taurides.
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Abstract

Hydrocarbons (HCs) in the forms of oil and gas phases are the primary energy sources which mankind
depends on to provide fuel for the advanced technologies that we rely on to make our lives easier.
Considering the geological periods, more than 90% of the world’s original recoverable HC reserves
were obtained from the source rocks of six anoxic stratigraphic ranges. Eocene black shales in Camalan
Formation in Ankara area (central Anatolia of Tiirkiye) and Silurian black shales in Eregli-Zirze
Formation in Karabiik-Kastamonu area (western part of Tiirkiye) are of the alternative unconventional
resources. Unconventional sources are HC sources, but they are a set of energy sources separated from
other conventional deposits due to differences in formation, occurrence or production. The Total
Organic Carbon (TOC) values of Eocene black shales range from 2.37 to 5.69 wt.%. Tmax Values of these
shales (from 434 to 439°C) indicate the immature-early mature stage of maturity. Hydrogen Index (HI)
values range from 643 to 801 mg HC/g TOC and the organic matter type is Type | kerogen that can
yield oil products. The HC generative potential (S1+S2) of 1.88-4.30 mg HC/g rock show a good source
rock potential. Silurian black shales” TOC contents at the present time vary from 0.68 to 1.57 wt.%.
Abnormal Tmax values (<400°C and >550°C) and low HI values (1-27 mg HC/g TOC) indicate that these
black shales are thermally over-mature. The remaining HC generative potential of 0.04-0.22 mg HC/g
rock also supports this assessment. The recent organic matter type is Type 1V kerogen that can yield
limited gas products. According to the interpretion of shale gas potential parameters based on Jarvie’s
equation reconstructed average original value of TOC, is 1.68 wt. %, Hl, is 442 mg HC/g TOC and TR
is 97 % indicating a primarily dry gas window. The original kerogen type of Silurian gas shales is oil/gas
prone Type Il kerogen, which is compatible with current targets for shale gas exploration. Overall, these
results point out that they have different system characteristics and accordingly production mechanisms,
although both HC resources are unconventional sources. While Eocene black shales can be considered
as an oil shale system that generated oil by retorting source rocks (in situ or ex situ processing), Silurian
black shales are an example of the shale gas system that horizontal drilling and hydraulic fracturing are
the primary enabling technologies for production. As a result, it is clear that extracting unconventional
HCs will be much costlier, compared to conventional oil and gas.
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Pontides
Oz

Petrol ve gaz fazlan seklindeki hidrokarbonlar (HCs), hayatimiz1 kolaylastirmak i¢in giivendigimiz ileri
teknolojiler i¢in yakit saglamak amaciyla insanoglunun bagimli oldugu birincil enerji kaynaklaridir.
Jeolojik donemler dikkate alindiginda, diinyadaki orijinal geri kazanilabilir HC rezervlerinin %90'indan
fazlasi alti anoksik stratigrafik araligin kaynak kayalarindan elde edilmistir. Ankara (Ig Anadolu,
Tiirkiye) civarinda yiizlek veren Camalan Formasyonu'ndaki Eosen siyah seyller ve Karabiik-
Kastamonu bdlgesindeki (Bati Pontidler, Tiirkiye) Eregli-Zirze Formasyonu'ndaki Siliiriyen siyah
seylleri alternatif geleneksel olmayan kaynaklardir. Geleneksel olmayan kaynaklar yine HC kaynaklar
olmasina ragmen olusum, olusum veya tretim farkliliklar1 nedeniyle diger geleneksel yataklardan
ayrilan bir dizi enerji kaynaklaridir. Eosen siyah seyllerinin Toplam Organik Karbon (TOC) degerleri
% wit. 2,37-5,69 araligindadir. Bu seyllerin Tmax degerleri (434-439°C) olgunlagsmamis-erken olgun
asamasini gostermektedir. Hidrojen indeksi (HI) degerleri 643-801 mg HC/g TOC arasinda degismekte
olup organik madde tiirli, cogunlukla petrol tiireten Tip I kerojendir. 1,88-4,30 mg HC/g arasinda
degisen HC iiretim potansiyeli (S1+S2), iyi bir kaynak kaya potansiyelini gostermektedir. Siluriyen
siyah seyllerin giiniimiiz TOC igerikleri % wt. 0.68-1.57 arasinda degismektedir. Anormal Tmax degerleri
(<400°C ve >550°C) ve diisiik HI degerleri (1-27 mg HC/g TOC), bu siyah seyllerin termal olarak asiri
olgun oldugunu gostermektedir. 0.04-0.22 mg HC/g kaya hidrokarbon {iretim potansiyeli de bu
degerlendirmeyi desteklemektedir. Son organik madde tiirli, sinirh gaz iriinleri iiretebilen Tip IV
kerojendir. Jarvie denklemine dayanan seyl gaz potansiyeli parametrelerinin yorumlanmasina gore,
orijinal TOC, degerleri ort. % ag.1,68, Hl, degeri ort. 442 mg HC/g TOC ve TRu %97'dir ve seyllerin
kuru gaz penceresinde oldugunu gdstermektedir. Siluriyen gaz seyllerinin original kerojen tipi ise
petrol/gaz egilimli Tip II kerojen olup seyl gazi arastirmalart i¢in mevcut hedeflerle uyumlu kerojen
tipine sahiptir. Genel olarak, bu sonuglar her iki HC kaynaginin geleneksel olmayan kaynaklar olmasina
ragmen farkli sistem 6zelliklerine ve buna bagl olarak {iretim mekanizmalarina sahip olduguna isaret
etmektedir. Eosen siyah seylleri kaynak kayalarin retortlanmasiyla (in-Situ veya ex-situ) petrol tireten
bir petrol seyl sistemi olarak kabul edilebilirken, Siliiriyen siyah seylleri yatay sondaj ve hidrolik
kirilmanin iiretim i¢in birincil etkinlestirme teknolojiler oldugu seyl gaz sistemine bir 6rnektir. Sonug
olarak, geleneksel petrol ve gaza kiyasla geleneksel olmayan hidrokarbonlari ¢ikarilmasinin ¢ok daha
maliyetli olacag asikardir.

Anahtar Kelimeler: Eosen petrol-seylleri, Siluriyen gaz-seylleri, geleneksel olmayan kaynaklar, Orta
Anadolu, Bat1 Pontidler
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Ozet

Kimyacilarin  heniiz atomlar1 bilmedikleri donemlerde, yaygmn olan mineral ve kristal
koleksiyonculugunda, kristallerin diizenli yiizey sekilleri, konuyu inceleyenler icin 6nemli bir sorun idi.
Oysa yiriiyiis sirasindaki askerlerin diizenli diziliminden veya ingaatgilarin tuglalart diizenli
istiflemelerinden kaynaklanan geometrik ¢agrisimlar sonucu, bu kristal yapilarin i¢inde de diizenli bir
dizilimin olmasi gerektigi yorumunu daha o giinlerde yapabilmislerdir. Jeokimyanin kurucularindan
olan, kimya kokenli Goldschmidt, once elementlerin jeolojik dagilimindan hareketle, kalkofil, litofil
gibi siniflandirmalar yapmis ise de bunun yetersizligini gorerek, kimyasal gergeklerden hareketle, iyon
potansiyeli (Z/r) diyagramini 6nermistir. Ancak o giinlerde jeokimyasal verilerin yetersizliginden dolay1
yeterli 6rnek veremez. Oysa giiniimiiz jeokimyasinda bu diyagram element siniflandiriimalarinda en
saglikli bagvuru kaynagidir. Tim bu konular ile ugrasirken, g¢elik fabrikalarindaki demir eritme
potasindaki katmanlasmalar ile goktaslarinin, tas ve Fe-Ni goktaslar1 gibi farkliliklarin1 karsilastirarak
Goldschmidt’ in ulastig1 ¢agrisim, yeryuvarinin da katmanlardan olusmasi gerektigidir. Kuvars
kristalinin dilinimli veya dilinimsiz sorunu, altmiglt yillarda hala tartisma konusudur. Tiibingen
Universitesi, Mineraloji Enstitiisii baskani olan Prof. Dr. W. von Engelhardt, ileri optik mineraloji
dersinde, tiniversal tablo konusunda 6grencilere ne d6dev verecegini diisiiniirken, ine Kesit yerine, lam-
lamel arasina, immersiyon sivisina yerlestirilmis, 6gitiilmiis kuvars kristallerinin 6rnekteki yiizey
dagilim oranlarinin hesaplanmasini uygulatir. Sonug; kétii de olsa kuvars kristalinin dilinimli oldugudur.
Tim bu cagrigimlar, sorunu sorgulamalarin karmasiklasmadigi, kafa karigtirmayan, sade ve basit
yaratici diisiincelerin eserleridirler. Jeokimyasal ¢agrisimlart en yogun yasayabilecegimiz yerler ise
doga tarihi miizeleri olup bu miizeler, hayal giiciine bagl yaraticiligin ¢ok daha yogun oldugu gengler
icin daha da 6nemli mekanlardir.

Anahtar Kelimeler: Cagrisimlar, yaratici diisiince, yorumlamalar
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Abstract

The regular surface shapes of crystals were an important problem for those who study the subject, in the
mineral and crystal collecting common in the times when chemists did not know about atoms yet.
However, as a result of the geometric associations arising from the regular arrangement of the soldiers
on the marching column or the regular stacking of the bricks by the builders, they were able to interpret
that there must be a regular arrangement within these crystal structures as well. Goldschmidt, one of the
founders of geochemistry, with chemistry background, first made classifications such as chalcophile and
lithophile based on the geological distribution of the elements, but seeing the inadequacy of this, he
proposes the ion potential (Z/r) diagram based on chemical facts. However, he cannot give enough
examples due to the inadequacy of geochemical data in those days. However, in today's geochemistry,
this diagram is the healthiest application for element classification. While dealing with all these issues,
Goldschmidt's connotation by comparing the stratifications in the iron-melting crucible in steel factories
and the differences of meteorites, such as stony and Fe-Ni meteorites is the need for the earth to be
composed of layers as well. The question of whether the quartz crystal is sliced or not is still a matter of
debate in the sixties. Head of the Mineralogy Institute, University of Tiibingen, Prof. Dr. W. von
Engelhardt, in his advanced optical mineralogy course, was thinking about what homework he would
give to the students in the universal table box. He applied the calculation of the surface distribution
ratios of the ground quartz crystals in the sample, placed in the immersion liquid, between the lamella
instead of the cross section. Conclusion: The quartz crystal is cleaved, albeit badly. All these associations
are the works of plain and simple creative thoughts, where the questioning of the problem is not
complicated and not confusing. The place where we can experience the geochemical connotations most
intensely is the natural history museums, and these museums are even more important for the young
people whose imagination-based creativity is much more intense.

Keywords: Associations, creative thinking, interpretations
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Ozet

Bu calismada; Cavuscugol bolgesindeki kil olusumlarinin jeolojisi ortaya konulmus, mineralojik ve
jeokimyasal oOzelliklleri incelenmistir. Cavuscugdl killeri Miyosen yasli Harmanyazi formasyonu
icerisinde bulunmaktadir. Formasyon en altta linyit kdmiirlii seviyeleri barindiran kiltasi, marn ve
kiregtaglarindan meydana gelmektedir. Birimlerin stratigrafik ve sedimantolojik 6zellikleri
formasyonun gol ve bataklik ortaminda meydana geldigini gdstermektedir. Bolgedeki killer linyit
seviyeleriyle stratigrafik iliskilerine gore komiir iistii ve alt1 killeri olarak 2 grupta toplanmistir. Bu
caligmada komiir dstii killerinin mineralojik ve jeokimyasal 6zelliklerinin belirlenmesi i¢in ¢alisma
alaninin farkli bolgelerinden kil 6rnekleri alinmis ve alinan 6rneklere x-1s11 kirinimi (XRD), taramali
elektron mikroskop (SEM) ve major element analizleri yapilmistir. Yapilan XRD incelemelerinde kil
orneklerinin kuvars, illit, kaolinit, pirofillit minerallerinden olustugu belirlenmistir. Baz1 6rneklerde be
minerallere simektit ve klorit eslik etmistir. Cavusgugdl killerinin major element analizlerinde,
orneklerdeki Si02’in %55-66 araliginda, AlO3’in %17-26 araliginda, Fe;O3’in %3,40-5,50 araliginda,
TiO2’in %1,10-1,80 araliginda, K>O’in %2,70-5,50 araliginda ve MgO’in ise %0,50-1,30 araliginda
degistigi goriilmiistiir. Na,O’in ve SO3’1n ise eser miktarda oldugu goriilmiistiir. SEM incelemelerinde
kil minerallerinin morfolojik 6zellikleriyle mikrokimyasal bilesimine dair veriler iiretilmistir.

Anahtar Kelimeler: Kil, mineraloji, jeokimya, seramik, teknoloji, Cavusgugél, Konya

Abstract

In this study; the geology of the clay formations and their mineralogical and geochemical properties in
the Cavuscug6l region was examined. The Cavuseug6l clays were found within the Miocene-aged
Harmanyazi formation. This formation consists of claystone, marl, and limestones with lignite coal
layers at the bottom. The stratigraphic and sedimentological features of these units indicate that the
formation occurred in a lake and swamp environment. Clays in the region were outcropped into 2
groups; named as upper and under coal clays according to their stratigraphic relations with lignite levels.
The clay samples were taken from different parts of the study area in order to determine the
mineralogical and geochemical properties of clays associated with coal using X-ray diffraction (XRD),
Scanning Electron Microscope (SEM) and major element analyses methods. The XRD analyses show
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that the clay samples consist of quartz, illite, kaolinite and pyrophyllite minerals. Rarely associated with
smectite and chlorite. The major element analyses of Cavuscugél clays, composed of SiO, (range of 55-
66%), Al,Os (range 17-26%), Fe,O3 (range 3.40-5.50%), TiO, (range 1.10-1.80%), KO (range 2.70-
5.50%) and MgO (range 0.50-1.30%) and Na,O and SOz values showing trace amounts. In SEM studies,
data on the morphological properties and microchemical composition of clay minerals were produced.

Keywords: Clay, mineralogy, geochemistry, ceramic, technology, Cavusgugol, Konya
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Ozet

Enerji agigim1 kapatmak icin yapilan ithalat, Tiirkiye'nin en bilyiik dis harcamasini olugturmaktadir.
Tiirkiye, 2015 verileri itibartyla %75 olmak iizere, enerjisinin ¢ok biiyiik bir kismini ithal etmektedir ve
bu konuda disa bagimlidir. Enerji agiginin giderilmesine ek tedbir olarak 5346, 5686 ve 6094 sayili
kanunlar sirastyla 18.05.2005, 13.06.2007 ve 08.01.2011 tarihlerinde yiiriirliige sokulmus ve ozel
kuruluslarin elektrik enerjisi iireterek iilke ekonomisine katki saglamalarina yol verilmistir. Bu
cercevede, diger yenilenebilir kaynak tiirlerinde oldugu gibi elektrik enerjisi liretmeye yonelik jeotermal
kaynak arama ve isletme faaliyetleri Tiirkiye genelinde 2008 - 2011 yillar1 arasinda ivme kazanmis ve
sonrasinda yayginlasmistir. Buna karsin, Tarim ve Orman Bakanlig1 Su Yonetimi Genel Midiirliigii
tarafindan, Gediz havzasinda jeotermal isletmecilik faaliyetlerinin artmasinin yeraltisulariin kalitesi
tizerinde olumsuz bir baski unsuru olusturdugu, yeraltisularindaki arsenik (As) kirliliginin jeotermal ve
madencilik faaliyetlerinin yogunlugundan kaynaklandigi one siiriilmektedir. Su Yonetimi Genel
Midiirligii, sadece 2,5 yil igerisinde toplam 3 dénem (2015-2016-2017) boyunca yaptig1 goézlemleri
esas alarak, jeotermal ve madencilik faaliyetlerine yeni izin ve ruhsatlarin verilmemesi gerektigini
14.08.2017 tarihinde Manisa ve Izmir Valiliklerine teblig edilmistir. Oysa, igme ve kullanma suyu
iiretiminin yapildig1 s1g ve orta derinliklerdeki akiferler, fay diizlemleri boyunca yiizeye dogru yiikselen
jeotermal sular tarafindan dogal siireglerle hizli bir sekilde kirletilirken, jeotermal enerji kuruluslar bu
suyu derin dongliye sokarak kirlenmenin Oniine gegilmesinde onemli bir rol istlenmektedir. Bati
Anadolu grabenlerinde jeotermal enerji iiretim faaliyetlerinin yayginlasmasi éncesindeki 50 yila kadar
uzanan ve yeraltisuyu kalitesi tizerine gerceklestirilen ¢ok sayida bilimsel ¢alisma, Su Yonetimi Genel
Midirliigii’niin  degerlendirmesine aykirt yonde veriler sunmaktadir. Bu oOnceki c¢aligmalarin
bircogunda, Bati Anadolu’da icme ve kullanma sularinda yiiksek diizeylerde rastlanan As igeriginin
akiferlerde dogal siireclerle zenginlesmesine agiklik getirilmektedir. Gediz havzasinda jeotermal enerji
tiretim faaliyetleri baglamadan 6nce, analizleri 2005-2009 yillar1 arasinda yapilan ve Alasehir — Salihli
arasinda yiiriitiilmiis olan onceki bir ¢calismada ¢ok sayida toprak (56 adet) ve su (125 adet) Oornegi
incelenmistir. S6z konusu calisma, As, glimiis (Ag), potasyum (K), selenyum (Se), nikel (Ni), antimon
(Sb) ve bizmut (Bi) derigsimlerinin toprak érneklerinin yaklagik tamaminda, bor (B), kiikiirt (S), bakir
(Cu) ve lityum (L1i) derisimlerinin ise toprak 6rneklerinin biiyiik bir kisminda referans sinir degerlerinin
iizerinde oldugunu ortaya koymustur. Su Orneklerinde, sulama suyu niteligine yonelik olusturulan
Wilcox diyagramina gore “siipheli — kullanilabilir” iki 6rnek bulunmakta, diger tiim ornekler ise
“stipheli — kullanilamaz” veya “kullanilamaz” &zelliklidir. Diger taraftan, Ege Bolgesinin jeotermal
kaynaklarindan 1969-1974 yillar1 arasinda yapilmis olan erken donem hidrojeokimyasal analiz
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caligmalari, As ve B derisim degerlerinin yaklasik 50 y1l 6nce de referans sinir degerlerinin (As igin 10
ug/L ve B igin 1 mg/L) ¢ok iizerinde olan varhigmi vurgulamaktadir. Bu erken dénem analiz
caligmalarinda, Gediz havzasinda yaklagik 220 pg/L’ye ¢ikan As degerleri Biiyilk Menderes havzasinda
1016 ug/L’ye ulasirken, B degerlerinin Gediz havzasinda yaklasik 70 mg/L’ye ve Biiylik Menderes
havzasinda da 50 mg/L’ye ulastigi goriilmektedir. Gediz havzasindaki yeraltisularinda ve ova
topraklarinda basta As ve B olmak iizere element zenginlesmesine bagli kirlenmenin jeotermal enerji
iireten isletmeler Oncesindeki varligi ve kokenleri, bir kisminin sonuglarina yukarida da deginildigi
iizere, bircok Onceki calismada ele alinmigtir. Bu veriler gercevesinde Bati Anadolu grabenlerinde
yeraltisularindaki As zenginlesmesinin, ylizbinlerce hatta milyonlarca yildir devam etmekte olan
jeolojik siireglere iliskin dogal aktivitelerle meydana geldigi soylenebilir. Jeotermal enerji iireten
isletmeler bir yandan fay diizlemlerini kesen derin kuyularla iiretim yaparlarken diger taraftan kullaniyor
olduklari rezervuardaki kaynagin tilkenmesini engellemeye yonelik mecburiyet ile kullanilan sicak suyu
yaklagik ayni derinliklere tekrar geri basarlar. Bu nedenle jeotermal enerji kuruluslari, 6zellikle iiretim
ve geri basma kuyularinin yaygin oldugu alanlarda, derinlerden fay diizlemini dogal yollarla takip
ederek si1g akiferleri kirletici element ve bilesenlerle zenginlestirecek olan sicak suyun miktarinin ve
dolayistyla kirletici etkisinin azalmasma 6nemli katki saglamaktadirlar. Tiim bu veriler 15181nda, kuyu
delme calismalar1 sirasindaki kisa siireli ihmal edilebilir kirlenmeler ve olas1 nadir isletme kazalari
haricinde, jeotermal enerji liretim santrallerini Gediz Havzasi yeraltisularindaki mevcut As kirliligi ile
iligkilendirmenin uygun olmayacagi sylenebilir. Su Ynetimi Genel Miidiirliigli’niin, giiniimiize yakin
ve oldukga kisa bir periyoda s1gdirdig1 gozlemlerini eksik ve/veya yanlis degerlendirdigi ve buna paralel
olarak havza su kalitesinin iyilestirilmesi ve korunmasina yonelik yanlis ve aceleci kararlar almis oldugu
diistiniilmektedir.

Anahtar Kelimeler: Arsenik, jeotermal enerji, yeraltisuyu kirlenmesi, su ve havza yoénetimi, Gediz

Abstract

Imports to meet the energy deficit constitute the biggest foreign expense of Tiirkiye. Tiirkiye imports a
very large part of its energy, 75% as of 2015 data, and is dependent on abroad in this regard. As an
additional measure to eliminate the energy deficit, laws numbered 5346, 5686 and 6094 allowing private
companies to generate electricity were put into effect on 18.05.2005, 13.06.2007 and 08.01.2011,
respectively. In this framework, geothermal resource exploration and operation activities for electricity
generation, as in other types of renewable resources, accelerated between 2008 and 2011 throughout
Tiirkiye and became widespread afterward. Despite that, it is argued by the General Directorate of Water
Management of the Ministry of Agriculture and Forestry (Tiirkiye) that the increase in geothermal
operations in the Gediz basin creates a negative pressure on the quality of groundwater, and that arsenic
(As) pollution in groundwater is caused by the intensity of geothermal and mining activities. In this
context, it was notified to Manisa and Izmir Governorships that new permits and licenses should not be
given to geothermal and mining activities. The General Directorate of Water Management has notified
the Governorships of Manisa and Izmir on 14.08.2017 that new permits and licenses should not be
granted to geothermal and mining activities, based on the observations made during only 2.5 years
covering 3 periods (2015-2016-2017) in total. In fact, while the aquifers at shallow and medium depths
used in the production of drinking and utility water are quickly polluted by the hot waters rising towards
the surface along the fault planes by natural processes, geothermal energy enterprises play an important
role in preventing pollution by putting this hot water into the deep cycle in wells before it reaches the
shallow aquifers. Numerous scientific studies on groundwater quality dating back to 50 years before the
spread of geothermal energy production activities in the Western Anatolian grabens provide data
contrary to the assessment of the General Directorate of Water Management. In many of these previous
studies, it is clarified that the As content, which is found at high levels in drinking and utility waters in
Western Anatolia, is enriched by natural processes in aquifers. A large number of soil (56) and water
(125) samples were examined in a previous study conducted between Alasehir and Salihli, the analyzes
of which were carried out between 2005-2009, before starting geothermal energy production activities
in the Gediz basin. The aforesaid study revealed that the concentrations of As, Silver (Ag), Potassium
(K), Selenium (Se), Nickel (Ni), Antimony (Sb) and Bismuth (Bi) in nearly all of the soil samples and

270



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 Octoberl 2022, Aydin, Turkey

the concentrations of Boron (B), Sulfur (S), Copper (Cu) and Lithium (L) in great majority of soil
samples are above reference values. In the water samples, there are two “permissible to doubtful”
samples according to the Wilcox diagram using for irrigation water quality, while all other samples are
“doubtful to unsuitable” or “unsuitable”. On the other hand, the early period hydrogeochemical analysis
studies carried out from the geothermal resources of the Aegean Region between 1969 and 1974
emphasize the presence of concentration values for As and B that about 50 years ago were also well
above the reference limit values (10 pg/L for As and 1 mg/L for B). It was determined that As
concentrations reached approximately 220 pg/L in Gediz basin and 1016 ug/L in Biiyiikk Menderes
basin. B values were found to reach approximately 70 mg/L in Gediz basin and 50 mg/L in Biiyiik
Menderes basin. The existence and origins of contamination due to element enrichment, mainly As and
B, in the groundwater and plain soils of the Gediz basin, before the activities of the enterprises producing
geothermal energy, has been discussed in many previous studies that the results of some of them have
been mentioned above. Within the framework of these data, it can be said that the As enrichment in the
groundwater of the Western Anatolian grabens occurred due to natural activities related to the geological
processes that have been going on for hundreds of thousands or even millions of years. Enterprises
producing geothermal energy, on the one hand, take the thermal water to the manufacturing plants from
the depths through the wells that cut the fault planes, on the other hand, they re-inject the treated hot
water to approximately the same depths with the obligation to prevent the depletion of the source in the
reservoir they are using. For this reason, geothermal energy enterprises, especially in regions close to
areas where production and reinjection wells are spread, make a significant contribution to reducing the
amount of geothermal waters and their polluting effects, which would normally enrich shallow aquifers
with polluting elements and components by naturally rising from the depths via the paths on fault planes.
On all these data, it can be said that it would not be appropriate to associate the geothermal power
generation plants with the current As pollution in the groundwater of the Gediz Basin, except for the
short-term negligible contaminations during the well drilling works and possible rare operational
accidents. It is thought that the General Directorate of Water Management has misjudged their
observations, which were only compressed into a relatively short period close to the present day, and
accordingly, it has taken wrong and hasty decisions to improve and protect the quality of groundwater
in the basin.

Keywords: Arsenic, geothermal, energy, groundwater pollution, water and basin management, Gediz
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Abstract

Boron is an important element while could be harmful in large quantities. For the drinking, industrial
and irrigation waters the boron concentration must comply the standards. There are many different
methods in the literature for boron removal from water, membrane processes are one of them. Membrane
distillation separates the contaminants from the water based on vapor pressure difference. The low flux
and temperature requirements create negative effects on the use of the process. In this study, in order to
solve the low flux problem, to improve the membrane properties, hydrophobic membranes were
developed and vacuum assisted air gap membrane distillation configuration was tested. Since the
geothermal water is a hot spring water, it eliminates the need for heating in the membrane distillation
process so it can be attributed as a very suitable energy source for the process. The used vacuum support
and the increasing vacuum pressures enhanced fluxes as expected. Both the produced membranes and
the membrane distillation configuration that used and the applied pressures were resulted with very
successfully in terms of treatment performance. Boron concentrations in all permeate waters remained
below 0.5 mg / L limit value accepted by the World Health Organization.

Keywords: Vacuum assisted air gap membrane distillation, boron removal, geothermal water, nanofiber
membranes, electrospinning

Ozet

Bor oldukca 6nemli ancak fazla miktarlarda zararli olabilen bir elementtir. igme, endiistriyel kullanim
ve sulama suyu olarak kullanilacak sularda belirlenen limit degerlere uyulmasi gerekmektedir.
Literatiirde sulardan bor giderimi i¢in farkli birgok yontem bulunmaktadir, membran prosesler
bunlardan biridir. Membran distilasyonu buhar basinci farkindan yararlanarak kirleticileri sulardan
aymrmaktadir. Disiik aki ve sicaklik ihtiyaci prosesin kullaniminda olumsuz etkiler yaratmaktadir. Bu
caligma kapsaminda diisiik aki problemini ¢c6zmek bununla birlikte membran 6zelliklerini gelistirmek
amaci ile hidrofobik membran tiretimi yapilmis ve vakum destekli membran distilasyon konfigiirasyonu
denenmistir. Aritim ¢aligmalar1 yapilan jeotermal su ise sicak bir kaynak suyu olmasi sebebi ile
membran distilasyon prosesindeki 1sitma ihtiyacini ortadan kaldirmasi ile proses i¢in olduk¢a uygun bir
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enerji kaynagi olmaktadir. Kullanilan vakum destegi ve artan vakum basinglar akilarda beklendigi gibi
artisa sebep olmustur. Gerek iiretilen membranlar gerek kullanilan membran distilasyon konfigiirasyonu
ve uygulanan basinglar aritim performanslari bakimindan oldukga basarili sonuglara ulagmistir. Tiim
siiziintii sularinda ulasilan bor konsantrasyonlar1 Diinya Saglik Orgiitii tarafindan kabul edilen 0,5 mg/L
degerinin altinda kalmustir.

Anahtar Kelimeler: Vakum destekli hava bosluklu membran distilasyonu, bor giderimi, jeotermal su,
nanofiber membran, electrospinning

1. INTRODUCTION

Boron can be found in water, rocks and soil but only in low concentrations. The geochemical nature of
drainage area can increase the boron concentration of water resources Boron is one of the most important
elements for humans and plants. It is necessary element for human metabolism and for plants it plays
an important role for growth. Beside its benefits it could be harmful in excessive amounts which can
cause health problems for human and toxic effects for plants. Boron has also wide range of usage in
industrial fields as glass, cosmetic, cleaning, nuclear etc. [1-5].

Geothermal waters also contain boron in high concentrations. Boron could be generate complexes with
some heavy metals which are very harmful [6]. Water resources are getting scarce day by day. Because
of these reasons treatment of geothermal waters gaining importance. There are a lot of study about
geothermal water and also boron removal in the literature. Membrane processes are one of the options
for treatment of geothermal waters. Geothermal waters are hot springs. Membrane distillation is the
thermally driven membrane process. It separates water via vaporizing from contaminants so it needs hot
feed water on operation. MD can be a good alternative especially in terms of energy efficiency for
geothermal water treatment. There are studies for geothermal water treatment by using MD in the
literature [6]-[9]. Beside the advantage’s MD has some disadvantages. Low permeate flux is one of
these disadvantages To overcome this handicap different configurations were tested as sweeping gas
MD, vacuum MD etc. [10, 11].Vacuum enhanced air gap membrane distillation (VAGMD) was used in
this study which can be also named as vacuum membrane distillation but in the literature it is possible
to see this configuration as VAGMD. There are few studies of VAGMD in the literature. Abu-Zeid et.al.
used vacuum pump for improving the performance of AGMD. They changed operation conditions to
observe their effect and compared also the AGMD and VAGMD. They obtained higher flux values for
VAGMD [12].

Membrane type is also very important for MD process. It needs hydrophobic membranes due to the
based on a vapor pressure difference. There are a lot of study for developing hydrophobic membranes
for MD in the literature [13-18] Wide range of polymers can be used for electrospinning process to
produce hydrophobic membranes. PVDF was selected as main polymer for this study and PTFE was
used to enhance hydrophobicity of membranes. Both membranes tested with synthetic boron solution
and real geothermal water by VAGMD system.

2. MATERIAL and METHODS
2.1. Material and Experimental Method

Synthetic geothermal water solution was prepared with 10 mg B/L of boron concentration. 0.05 M
NaHCO; which was purchased from Merck company was added to synthetic solution for ion balance.
pH was adjusted to 8.5 using NaOH supplied from Sigma Aldrich. The real geothermal water was
obtained from one of the power plants of Aydin, Tirkiye. The geothermal water characterization was
given in Table 1.
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3. MATERIAL and METHODS
3.1. Material and Experimental Method

Synthetic geothermal water solution was prepared with 10 mg B/L of boron concentration. 0.05 M
NaHCO3; which was purchased from Merck company was added to synthetic solution for ion balance.
pH was adjusted to 8.5 using NaOH supplied from Sigma Aldrich. The real geothermal water was
obtained from one of the power plants of Aydin, Tiirkiye. The geothermal water characterization was
given in Table 1.

Table 1. Geothermal water composition.

Parameter

Value

pH

7.67

Conductivity

5.6 mS/cm

Na*

3622.20 mg/L

K*

335.95 mg/L

Ca2+

41.22 mg/L

Mg2+

8.32 mg/L

Li*

6.46 mg/L

NH4*

117.85 mg/L

CI-

3297.19 mg/L

PO

41.60 mg/L

S04*

514.13 mg/L

E

9.17 mg/L

NOs~

108.45 mg/L

B

60.84 mg/L

Si

113.7 mg/L

Fe

0.096 mg/L

Mn

As

0.237 mg/L

Membranes were fabricated by electrospinning method in lab scale. The device has energy source,
polymer feeding syringe and collector. Polymer feeding rate was 1.6 mL/h, 15 cm syringe-collector
distance, 29 kV of voltage and 2 hours working period during production experiments. Two types of
polymer were selected for membranes. PVDF was selected as base polymer for each membrane and
PTFE was selected as a second polymer. 15% PVDF ratio was selected for the PVDF polymer and 7.5%
ratio was selected for PTFE polymer. Then these membranes were tested with synthetic and geothermal
water in lab scale VAGMD system at 70°C. Conductivity of feed water and permeate water was
monitored during experiments. And the fluxes were recorded. The boron concentrations were analyzed
via ICP-OES (Perkin EImer Optima 7000 DV).

‘ collector

Taylor cone

Power supply @—3 Polymer feeding tip

Figure 1. Typical electrospinning device.
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4. RESULTS and DISCUSSION

Synthetic boron solution was used to determine the efficiency of boron removal of fabricated MD
membranes before testing with the real geothermal water. Flux vs. vacuum pressures graph was given
in Figure 2.

With the increasing vacuum pressures flux values were increased. It is also possible to see the positive
effect of PTFE addition in terms of flux enhancement.

Conductivity values for both feed and permeate water was measured and then the removal efficiencies
were calculated. Boron concentration of feed and permeate water also analyzed and boron removal
efficiencies were determined and given in Figure 2. All salt removal efficiencies were higher than 94%.
In accordance to the flux results the removal efficiencies were decreased with the increasing pressures
and also PTFE addition. Boron removal efficiencies were obtained higher than 99.8%. The permeate
boron concentrations were given in Table 2.

All permeate water boron concentrations were below 0.5 mg/L which is the limit value for drinking
water accepted by World Health Organization.

140 100

120 95

100 %0
%15 PVDF M %15 PVDF %7.5 PTFE

80
85

Flux (L/m2h)

60
80

Removal efficiencies (%)

40
75

20
70
0 0.02bar 0.04bar 0.06bar

0.02bar 0.04bar 0.06bar Vacuum pressures (bar)
Salt removal-%15 PVDF M Salt-removal-%15 PVDF %7.5 PTFE

Vacuum pressures (bar)
Boron removal-%15 PVDF M Boron removal-%15 PVDF %7.5 PTFE

a b

Figure 2. a) Flux vs. vacuum pressures, b) Removal efficiencies vs. vacuum pressures for synthetic boron solution.

Table 2. Permeate boron concentrations for synthetic boron solution, mg/L.

Pressures(bar) 15% PVDF 15% PVDF + 7.5% PTFE
0.02 0.019 0.029
0.04 0.020 0.096
0.06 0.022 0.136

After synthetic boron solution experiments, real geothermal water also tested in the same operation
conditions. Flux graph was given in Figure 3. Same trend with synthetic boron solution was observed
for real geothermal water. With the increasing vacuum pressures fluxes also increased. For the 0.06 bar
vacuum pressure 220 L/m?h flux value was obtained which means very high flux for MD process. Chen
et.al. and Jia et.al. reported that flux values increase with the increasing vacuum pressures in their studies
[19, 20].

275



Uluslararasi Katilimli 9. Jeokimya Sempozyumu, 17-20 Ekim 2022, Aydin, Tiirkiye
9" Geochemistry Symposium with International Participation, 17-20 October 2022, Aydin, Turkey

250 100

95

90

i
o
o

%15 PVDF W %15 PVDF+%7.5PTFE 85

Flux (L/m?h)

80

=
o
)

Removal efficiencies (%)

75
50

70

0.02 0.04 0.06
Vacuum pressures (bar)
0

Salt removal- %15 PVDF B Salt removal-%15 PVDF+%7.5PTFE
0.02 0.04 0.06
Vacuum pressures (bar) Boron removal-%15 PVDF M Boron removal-%15 PVDF %7.5 PTFE
a b

Figure 3. a) Flux vs. vacuum pressures b) Removal efficiencies vs. vacuum pressures for geothermal water.

Salt and boron removal efficiencies were given in Figure 3. Salt removal efficiencies of all membranes
and pressures were higher than 95%. With the increasing pressure and increasing flux the removal
efficiencies decreased very slightly. Boron removal efficiencies also very high which were higher than
99.5%. Permeate boron concentrations were analyzed via ICP-OES and the results were given in Table
3. While the feed water has 60.84 mg/L boron concentration all permeate boron concentrations were
lower than 0.5 mg / | the limit set by the World Health Organization for the boron concentration

Table 3. Permeate boron concentrations for geothermal water, mg/L.

Pressures(bar) 15% PVDF 15% PVDF + 7.5% PTFE
0.02 0.13 0.39
0.04 012 043
0.06 0.11 0.49

5. CONCLUSIONS

The results obtained from this study can be concluded as;
e Vacuum pressure has the positive effect on water fluxes

e Beside that removal efficiencies of salt and boron were also very high. The permeate boron
concentration conform to standards, too.

e With this outputs, VAGMD system could be reported as an appropriate and effective technology
for boron removal and geothermal water treatment

e PTFE addition enhanced water fluxes. With the increasing vacuum pressures the fluxes also
increased but the removal efficiencies were decreased slightly.

Acknowledgements: This study was supported by the TUBITAK, the Scientific and Technological Research
Council of Tiirkiye (Project No: 115Y610).
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Ozet

Antik donem doga bilimcisi Plinius, Hellenistik ve Roma doneminde yaygin olarak kullanilan almandin
bilesimli lal taglarmin (garnet) Anadolu'da Karia' da Alabanda (Cine) ve Orthosia' da (Yenipazar)
cikarildigindan bahsetmektedir. Caligmaya konu edilen garnet ornekleri Hacialiler (Cine-Aydin)
bolgesinde Menderes Masifi’ne ait orta-yiiksek dereceli, gnays ve mikasist bilesimli metamorfik kayalar
icerisinde bulunmaktadir. Boyutlar1 0,5-2 cm arasinda degisen, morumsu-kahverengi renkli ve mat
parlaklik gdsteren garnet porfiroblastlart dodekahedron formda kristallesmislerdir. Mikroskobik
incelemelerinde poikiloblast doku gosteren garnet mineralleri oldukg¢a kirikli bir yapida olup, bol
miktarda kuvars, muskovit ve opak mineral kapanimlar1 igermektedir. Tahribatsiz bir analiz teknigi olan
Konfokal Raman Spektroskopisi ¢alismalarma gore garnetlerin 910-912, 349 ve 553-555 cm™ giiglii
olmak iizere toplam 11 farkli Raman titresimi gdsterdikleri ve tipik olarak almandin bilesiminde
olduklan tespit edilmistir. Mineral kimyasi sonuglarina gére granatlar Almo 72-0.87 GrSo.07-0.19 PYr0.02-0.13
SpSoco-002 kimyasal formiiliine sahiptirler. Granat — Biyotit jeotermometre hesaplamalarina gore
garnetlerin ortalama 565,3 + 20,8°C sicaklikta, 6,6 kbar basing altinda olustuklari belirlenmistir.
Hacialiler garnetleri Ortalama kitasal kabuk ¢oklu element degisim diyagraminda LIL elementleri (Cs,
Rb, Ba, K, Sr, Pb) bakimindan fakirlesme gosterdigi belirlenmistir. Kondrit’e (CHONDRITE) gore
normalize edilmis NYE ¢oklu element degisim diyagraminda garnet drneklerinin NYE bakimindan
zenginlesme gosterdikleri (3 NYE: 192,2-212,1), (La/Sm) oran1 2,62-2,89, (Sm/Yb)n oran1 0,31-0,8 ve
(EU/Eu’)n oram 0,41-0,44 arasinda degistigi belirlenmistir. Tahribatsiz olarak yapilan gemolojik testlere
gore de garnet kristallerinin 6zgiil agirliklar 3,33 ile 3,64 arasinda degistigi, kirilma indis degerlerinin
1,81-1,95 civarinda oldugu gorilmistir. L*a*b* renk sistemine gore garnet kristallerinin renk
ortalamas1 L*: 46,25, a*: 6,55, b*: 6,60 (morumsu kahverengi) olarak belirlenmistir. Mineralojik,
jeokimyasal ve gemolojik degerlendirmeler sonucunda Hacialiler garnetlerinin ¢cok evreli metamorfizme
ugramig olmasi ve sonrasinda gelisen jeolojik siireclerle (ayrigsma, alterasyon vb.) parlak ve seffaf olan
kristal formlarmi kaybettikleri bu nedenle siistas1 6zelligi gostermedikleri degerlendirilmistir. Ayrica
garnet Orneklerinin NYE igerikleri bakimindan Onemli bir potansiyele sahip olabilecekleri
diistiniilmektedir.

Anahtar Kelimeler: Garnet, siistasi, [ICP-MS, Konfokal Raman Spektrometrisi, Hacialiler, Cine
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Abstract

Ancient period naturalist Plinius referred that almandine composition Lal Stones (Garnet) which had
been widely used in the Hellenistic and Roman periods, were extracted from Alabanda (Cine) and
Orthosia (Yenipazar) in Karia in Anatolia. The garnet samples, which are the subject of this study, are
found in the middle-high grade, gneiss, and mica-schist in the Menderes Massif in Hacialiler (Cine-
Aydin) region. Purplish-brown and matt garnet porphyroblasts, varying between 0.5-2 cm in size, have
crystallized in dodecahedron form. Garnet minerals, display poikiloblastic texture in microscopic
examinations, are in a highly fractured structure and contain plenty of quartz, muscovite, and opaque
mineral inclusions. In line with a non-destructive analysis technique, Confocal Raman Spectroscopy
studies, it has been determined that garnets present a total of 11 different Raman vibrations, 910-912,
349 and 553-555 cm™ strong, and are typically in almandine composition. According to the results of
mineral chemistry, garnets have the chemical formula of Almg72-0.87 Grso.07-0.19 PYro.02-0.13 SPSo.00-0.02. IN
accordance with garnet - biotite geothermometer calculations, it was determined that garnets are formed
at an average temperature of 565.3 £+ 20.8°C and under the pressure of 6.6 kbar. It was concluded that
Hacialiler garnets demonstrated depletion in terms of LIL elements (Cs, Rb, Ba, K, Sr, Pb) in the average
continental crust (MCC) multi-element variation diagram. It was discovered that garnet samples
demonstrated enrichment in terms of REE (3 REE: 192.2-212.1), (La/Sm)y ratio 2.62-2.89, (Sm/Yb)n
ratio 0.31-0.38 and (Eu) /Eu*)n ratio vary between 0.41-0.44 in REE multi-element variation diagram
normalized to chondrite. According to the non-destructive gemological tests, the specific gravity of
garnet crystals varies between 3.33 and 3.64, and the refractive index values were found to be around
1.80-1.81. According to the L*a*b* color system, the color average of garnet crystals was determined
to be as L*: 46.25 a*: 6.55 b*: 6.60 (purplish brown). As a result of mineralogical, geochemical and
gemological evaluations, it has been concluded that Hacialiler garnet samples have undergone multi-
stage metamorphism and have lost their bright and transparent crystal forms through the subsequent
geological processes (weathering, alteration, etc.); therefore, they do not present the characteristics of
gemstones. In addition, it is thought that garnet samples may have an important potential in terms of
their REE contents.

Keywords: Garnet, gemstone, ICP-MS, Confocal Raman Spectroscopy, Hacialiler, Cine
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Ozet

Bu c¢alismanin amaci, Aksaray’in kuzeybatisindaki Ekecik beslenim alani (EBA)’nda se¢ilmis su
kaynaklarini hidrojeokimyasal verilerle su-kaya etkilesimi agisindan incelemektir. EBA’da, Paleozoyik
yasl metapelit, kalksilikat ve mermer tiirii metamorfik kayalar ile Ust Kretase yash gabro, diyorit,
granodiyorit, granit ve alkali feldspat granit tiirli magmatik kayalar ylizeylenmistir. EBA’daki kayalar
kirikli, ¢atlakli ve yer yer bozusmus olduklari i¢in heterojen ve anizotrop niteliginde sinirli serbest
akiferdir. Tektonik kontrollii ve genelde dokanak tiirii olan bu kaynaklarin baslarinda yapilan
olgiimlerde sularin debi, pH, sicaklik ve 6zgiil elektriksel iletkenlik (OEIQ) degerleri sirastyla 0.1-0.42
L/s, 6.52-7.99, 11.8-16°C, 95-269 uS/cm arasinda degismistir. EBA’daki sularda Ca*? ve HCOj3 iyonlari
baskindir. Izotopik (5'*0 ve §°H) agidan meteorik kokenli olan bu sular, s18 ve hizli dolasimli ve kismen
karigim 6zelliklidir. Sularla kayalarin major ve iz element igerikleri karsilastirildiginda, Si, Mg, Ca, Na,
K, Cr, Co, Ni, Cu, Zn degerleri kaya-su etkilesimini yansitir bicimde kayalarla uyumlu artis géstermistir.
CAI (Chloro alkaline indice) -1 igin tiim sular negatif; CAI-II i¢in ZC4, ZC5, ZC7 ve ZC8 pozitif; diger
sular ise negatif degerlere sahiptir. Negatif CAI degerleri tiim sularda ters iyon degisimine, pozitif CAI-
IT degerleri ise bu sularda dogrudan iyon degimine isaret eder. Ca-montmorillonit, illit, kaolinit, K-mika
ve kuvarsa doygun sular silikat/plajiyoklas ayrismasina; kalsit, aragonit ve dolomite doygun sular ise
karbonat minerallerinin ayrigmasina isaret eder. Bu sular akis yolu boyunca doygun oldugu mineralleri
¢okeltebilme; doygun olmadig1 mineralleri ise ¢dzebilme 6zelligine sahiptir. igme suyu standartlarina
gore sular genelde igmeye uygundur.

Anahtar kelimeler: igme suyu kaynagi, Kaya-su etkilesimi, EBA, Ortakdy, Aksaray

Katki Belirtme: ASU BAP tarafindan FEB-034 No’lu proje ile desteklenmis bu calismada, 5. Ulusal Hidrolojide
Izotop Teknikleri Sempozyumu Bildiriler Kitabi’ndaki Afsin vd. (2019) yayimindan biiyiik 6l¢iide yararlanilmistir.
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Abstract

The aim of this study is to investigate the water springs selected in the Ekecik recharge area (ERA) in
the northwest of Aksaray in terms of water-rock interaction with hydrogeochemical data. In the ERA,
Paleozoic aged metapelite, calc-silicate and marble type metamorphic rocks and Upper Cretaceous
gabbro, diorite, granodiorite, granite and alkali feldspar granite type magmatic rocks were exposed. Due
to their fractured, cracked and altered structures, the rocks in the ERA have the characteristics of a
heterogeneous and anisotropic limited unconfined aquifer. In-situ measurements at the discharge points
of these springs, which are tectonically controlled and generally contact type, the discharge, pH,
temperature and specific electrical conductivity (SEC) values of the waters are ranged between 0.1-0.42
L/s, 6.52-7.99, 11.8-16 °C, 95-269 uS/cm, respectively. Ca*? and HCOj3 ions predominate in the waters
in the EBA. These waters are of meteoric origin in terms of isotopic ((8'*0 and §%H), shallow and fast-
circulating and partially mixed. When comparing the major and trace element contents of the rocks with
the waters, Si, Mg, Ca, Na, K, Cr, Co, Ni, Cu, Zn values showed an increase consistent with the rocks
reflecting the rock-water interaction. For CAl (Chloro alkaline indice) -1, all waters are negative; ZC4,
ZC5, ZC7 and ZC8 positive for CAl-I1; other waters have negative values. Negative CAl values indicate
reverse ion exchange in all waters, and positive CAI-Il values indicate direct ion exchange in these
waters. Ca-montmorillonite, illite, kaolinite, K-mica and quartz saturated waters indicate decomposition
of silicate/plagioclase while calcite, aragonite and dolomite saturated waters point out carbonate mineral
dissolution. These waters can precipitate minerals that are saturated along the groundwater flow path; it
has also the ability to dissolve minerals that are not saturated. According to drinking water standards,
waters are generally suitable for drinking.

Keywords: Drinking water spring, rock-water interaction, ERA, Ortakdy, Aksaray

Ackbowledgement: For this study, which was supported by ASU BAP with the project numbered FEB-034,
Afsin et al. (2019) in the Proceedings Book of the 5th National Isotope Techniques in Hydrology Symposium
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Ozet

Dogu ve Orta Pontidlerde bugiine kadar jeolojik amaghi birgok calisma yapilmistir. Pontidlerin
jeotektonik smirlar {izerinde genellikle fikir birligi mevcuttur. Ancak Dogu ve Orta Pontidleri ayiran
tektonik sinir iizerinde detayli olarak durulmamistir. Bu c¢aligmada iki alt tektonik birimi birbirinden
ayiran kriterler iizerinde durulmustur. iki kusag1 birbirinden ayiran tektonik sinirn her iki tarafinda yer
alan litolojik birimler petrolojik, jeokimyasal ve jeokronolojik agidan karsilastirilmistir. Dogu
Pontidlerdeki magmatik ¢esitlilik, Orta Pontidlerde ¢ok daha az oranda goriilmektedir. Dogu
Pontidlerdeki Paleozoyik, Kretase ve Eosen yash granitoidler I-tipi karaktere sahiptir. Buna karsin, Orta
Pontidlerdeki Paleozoyik yasl granitoidler S-tipi, Jura yash olanlar da I-tipi karaktere sahiptirler.
Paleozoyikte bu tektonik alt birimler birbirleriyle iki zit jeotektonik ortami yansitirlar. Ancak, Juradan
itibaren benzer ortamlar1 karakterize ederler. ~ Ayrica Orta Pontidlerde Kretase ve Eosen
granitoyidlerinin olmayis1 farkliligin bir bagka sebebi sayilabilir. Volkanitler agisindan
degerlendirildiginde durum biraz daha farklidir. Eosen ve Ust Kretase volkanitleri Dogu Pontidlerde
yaygin olarak bulunmaktadir. Orta Pontidlerde ise sadece Sinop kuzeyinde dar bir alanda Ust Kretase
volkanitleri mevcuttur. Hem granitoyid ve hem de volkanitlerin petrolojik, jeokronolojik 6zellikleri ve
yayilimlar dikkate alindiginda, bunlarin var-yok smirlar her iki tektonik alt birligin ayirtman siiri
olarak kabul edilebilir.

Anahtar kelimeler: Dogu ve Orta Pontid, karsilastirma, jeoektonik ayirim

Abstract

Many studies as geological purposes have been carried out in Eastern and Central Pontides. There is
generally consensus on the geotectonic boundaries of the Pontides. However, tectonic discrimination
of between the two has not been elaborated in detail. In this study, the criteria that distinguish two sub-
tectonic units are emphasized. The lithological units on both sides of the tectonic boundary that separates
the two belts are compared petrologically, geochemically and geochronologically. Magmatic diversity
in the East Pontides is much less common in the Middle Pontides. The Paleozoic, Cretaceous and Eocene
granitoids in the Eastern Pontides have an I-type character. On the other hand, Paleozoic granitoids in
the Middle Pontides are S-type and Jurassic ones have I-type character. During Paleozoic, these tectonic
subunits reflect two opposite geotectonic environments with each other. However, they have
characterized similar environments since the Jurassic. In addition, the absence of Cretaceous and Eocene
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granitoids in the Middle Pontides can be considered as another reason for the difference. The situation
is slightly different when it is evaluated in terms of volcanics. Eocene and Upper Cretaceous volcanics
are commonly found in Eastern Pontides. In the Middle Pontides, Upper Cretaceous volcanics are found
only in a narrow area in the north of Sinop. Considering the petrological, geochronological properties
and distribution of both granitoids and volcanics, their absence-boundaries can be regarded as the
distinction boundary of both tectonic sub-units.

Keywords: East and Central Pontide, comparison, geotectonic discrimination
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Abstract

The study area is located at Zawita location in Duhok province, Iraq. Twelve surface soil samples were
collected on catena. Soil's physical and chemical properties were determined according to the standard
methods. Total carbonate was decreased in soil samples at the back slope for both aspects. Active
carbonate content corresponds with the summation of clay and silt particles for studied soil samples.
Exchangeable cations are higher concentration in the north aspect when compared with the south aspect,
and the cation exchange capacity values were low for all soil samples and ranged from (10.29- 21.53)
Cmolec.kg™. The highest value of organic matter was found in the surface soil sample (8) between the
summit and back slope in the south aspect, (47) g.kg™. The studied soils were slightly alkaline and non-
saline. The soil texture varied from clay loam to sandy loam. The highest bulk density value was found
at the north aspect in the surface soil sample (7) between summit and back slope (1.92) Mg.m=. There
are no considerable differences in soil samples values concerning particle density, and porosity. The
study conclusions include, that the total and active carbonate content in surface soil samples in the north
aspect was less than in the south aspect. The cations are higher concentration in the north aspect when
compared with the south aspect. The humification process was more dominant in north aspect than in
south aspect, and there is a loamy texture of soil along the catena.

Keywords: Mollisols, Catena, aspects, carbonate, cations, texture, organic matter
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Ozet

Su kaynaklarinin azaldig1 ve dnemlerinin gittikge arttig1 giiniimiizde su kirliligi, dnemli bir ¢evre ve
saglik sorunu olarak giindemde yer almaktadir. Buna bagli olarak Afyonkarahisar ilindeki jeotermal
sularin, evsel-hayvansal-tarimsal ve sanayi atiklarinin boélgenin en 6nemli ylizeysel su yapist olan
Akarcay nehrine olasi etkilerinin belirlenmesi olduk¢a 6nemlidir. Akar¢ay Havzasinin en 6nemli su
kaynag1 olan Akargay Nehri 144 km boyunca havzayi bati-dogu yoniinde kat ederek Eber Golii’ne
bosalir. Farkli kirlilik parametrelerinden etkilenecegi diisiiniilen 12 noktadan alinan su 6rneklerinin
analiz sonuglarina gore; akarsu giris noktalarindan alinan 6rneklerin CaHCOj3 bilesimli oldugu buna
ragmen, akis yolu boyunca 6rneklerin kimyasal bilesiminin degiserek NaHCO3-NaCl bilesimlerine
sahip oldugu belirlenmistir. Orneklerin sahip olduklar1 yiiksek EC (ort. 2619 us/cm), Cl (ort. 552,1
mg/l), SO4 (ort. 116 mg/l), F (ort. 2,3 mg/l), B (ort. 3,59 mg/l) ve As (ort. 0,8 mg/l) degerleri, igme ve
sulama suyu olma agisindan uygunsuz olduguklarini géstermektedir. Su kirliligi kontrol yonetmeligi’ne
gore orneklerin III ve IV. siif su kalitesine sahip oldugu belirlenmistir. Orneklerde tespit edilen
koliform bakteri ve E.coli varhigi evsel-hayvansal organik atiklarin nehri dogrudan kirlettigini
gostermektedir.

Anahtar Kelimeler: Su kirliligi, su kalitesi, hidrojeokimya, Akargay nehri

Abstract

Water pollution is an important environmental and health problem, where water resources are decreasing
and their importance is increasing. It is crucial to determine the possible effects of geothermal waters,
domestic-livestock-agricultural and industrial wastes in Afyonkarahisar province on the Akargay river,
which is the most important surface water of the region. The Akarcay River is the most important water
resource of the Akargay Basin. It crosses the basin along the west-east direction for 144 km and
discharges to Eber Lake. The analysis results of the water samples taken from 12 points thought to be
affected by different pollution sources were evaluated. The upstream samples are of the CaHCO3 type,
whereas the downstream samples have NaHCO3-NaCl type. The high EC (mean. 2619 ps/cm), CI (mean.
552.1 mg/l), SO (mean 116 mg/l), F (mean 2.3 mg/l), B (mean 3.59 mg/l) ve As (mean 0.8 mg/l)
concentrations of the samples show that they are unsuitable for drinking and irrigation. Water pollution
control regulation showed that the water quality classes are 111 and 1V. The presence of coliform bacteria
and E.coli detected in samples indicates that domestic-animal organic wastes directly pollute the river.

Keywords: Water pollution, water quality, hydrogeochemistry, Akarcay river
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Ozet

Diyadin’de (Agr1, Dogu Tiirkiye) bilinen mevcut jeotermal saha, Diyadin ilge merkezinin yaklasik 6 km
giineybatisindadir. Diyadin'in yakin kuzeyinde herhangi bir jeotermal saha ve sicak su kaynaginin
varlig1 literatiirde daha Once bildirilmemistir. Bu g¢alismada, Diyadin’in 15 km kuzeybatisinda,
Karapazar koyii yakinlarinda Murat Nehri yatagii da i¢ine alan kiiclik bir tektonik ¢okme sahasi
cevresindeki kaynaklardan toplanan 14 adet su Orneginin hidrojeokimyasal analizleri
degerlendirilmistir. Orneklerin sicaklik, pH ve 25 °C’deki 6zgiil elektriksel iletkenlik (EC25) degerleri
sirastyla 8,92 — 21,39 °C, 6,9 — 8,4 ve 132 - 7101 uS/cm arasinda degigsmektedir. Piper diyagraminda,
11 6rnegin Ca-HCOs3, bir 6rnegin Na-HCOs3 ve iki ornegin ise Ca-SOs tipi sular sinifinda yer aldigi
belirlenmistir. Bu ¢ergevede su 6rneklerinin baskin anyonu 12 6rnekte HCOj3 ve iki 6rnekte SOs ile,
baskin katyonu ise bir 6rnekte Na ve 13 Ornekte Ca ile temsil edilmektedir. Bu durum, bir 6rnek
haricinde inceleme alanindaki tiim sularin karbonath akiferlerden bosaldiklarimi gostermektedir. Sularin
kalsedon ve kuvars gibi silika minerallerinin yani sira aragonit ve kalsit gibi karbonat minerallerine ve
dolomite doygun olmasi da yine bu sularin karbonatli kayaglar ile temas ettigine ve/veya karbonath
akiferlerden bosaldiklarina isaret etmektedir. 5 su 6rneginin diger 6rneklere goreceyle yiiksek Cl, SO4
ve toplam ¢ozlinmiis katt madde icerigi, bu sularin yeraltinda kalis siiresinin ve dolayisiyla su-kayag
etkilesim siiresinin daha fazla olduguna ve/veya bu sularin derin dolasimli olduklarina isaret etmektedir.
1328-7101 uS/cm arasindaki EC25 degerleri itibariyla termal kdkenli oldugu diisiiniilen 5 su 6rneginin
kaynaklari, tektonik ¢okme sahasinin giiney kenarma yakin ve Murat nehrine paralel olarak
dizilmislerdir. Bu kaynaklarin ¢ékme sahasmin giineyindeki fay diizleminden termal akiskanlarla
beslendigi diistiniilmektedir. Su 6rnekleri Cl1 — B ve Cl — Li grafiklerinde tek bir karisim dogrusu
iizerinde yer almaktadir. Bu grafiklerde, Murat Nehrine yakin 5 kaynagin 6rneklerinde soguk su karisim
etkisinin baskin oldugu anlasilmaktadir. Bu kaynaklarin Cl, B ve Li derisimleri, ¢cok yiiksek degerleri
olan sadece bir 6rnege (Cl: 412,7 mg/L, B: 113,4 mg/L, Li: 5,8 mg/L) goreceyle daha diisiik ve birbirine
yakin degerlere (Cl: 49,6 — 86,0 mg/L, B: 0,1 - 8,3 mg/L, Li: 0,1 — 0,4 mg/L) sahiptir. Diisiik ve birbirine
yakin degerler kapsaminda, bu diyagramlar ile karisim siirecinin aydinlatilmasi olduk¢a giigtiir. Bu
nedenle, karigim siiregleri i¢in yaygin olarak kullanilan Cl-Entalpi diyagrami kullanilmistir. Bu
diyagramda soguk sulardan itibaren biri artig gosteren Cl derigsimleri (0,6 — 412,7 mg/L) yo6niinde ve
digeri artig gosteren entalpi degerleri (38 - 101 kJ/kg) yoniinde olmak {izere iki farkli karigim dogrusu
ortaya ¢ikmistir. Bunlardan birincisi, Murat Nehrine daha yakin olan 4 su noktasini, ikincisi ise
birincidekilerin sicakliklarina (T: 11,05-14,42 °C) gbreceyle daha yiiksek sicakliklarda 6rneklenen 2 su
noktasimt (T: 19,79-21,39 °C) kapsamaktadir. Bu durum inceleme alaninda, su kaynaklar1 Murat
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Nehrinden uzaklastik¢a soguksu karisim siireglerinin etkisini yitirdigini gostermektedir. C1 — Entalpi
iligkisi, 14 su noktasindan 6 su Orneginin sicak bir rezervuardan yiikseldiklerini ve/veya magmatik
aktiviteye bagli yiiksek jeotermal gradyan ile 1sitilmis sular olabileceklerini énermektedir. Inceleme
alanindaki su 6rnekleri igin kuvars ve kalsedon jeotermometreleri ile sirasiyla 90,8 — 128,3 °C ve 61,6
— 99,7 °C arasinda rezervuar sicakliklar1 hesaplanmistir. Bu degerlendirmeler Karapazar ¢okiintii
havzasinin jeotermal potansiyel arz ettigine isaret etmektedir.

Anahtar Kelimeler: Diyadin, Karapazar, tektonik ¢6kme havzasi, jeotermal, hidro-jeokimya

Abstract

The geothermal field known in Diyadin (Agri, E Tiirkiye) is roughly 6 km southwest of the district
center of Diyadin. The presence of any geothermal field and hot water source in the near-northern part
of Diyadin has not been reported in the literature before. In this study, the hydrogeochemical analyzes
of 14 water samples collected from the sources around a small tectonic subsidence area including also
the Murat River bed in the vicinity of Karapazar village, 15 km northwest of Diyadin, were evaluated.
The temperature, pH and specific electrical conductivity (EC25) values of the samples varies between
8.92-21.39°C, 6.9 - 8.4, and 132 - 7101 uS/cm, respectively. It is determined in the Piper diagram that
11 samples are in the Ca-HCO3, one sample Na-HCO3 and two samples in the Ca-SO4 type water class.
In this context, the dominant anion of water samples is represented by HCO3 in 12 samples and SO, in
two samples, while the dominant cation is represented by Na in one sample and Ca in 13 samples. This
shows that, except one of the samples, all the waters in the study area are discharged from carbonate
aquifers. The fact that the waters are saturated to silica minerals such as chalcedony and quartz, as well
as to carbonate minerals such as aragonite and calcite, and to dolomite, also indicates that these waters
come into contact with carbonate rocks and/or are discharged from carbonate aquifers. The high ClI, SO4
and total dissolved solids content of the 5 water samples relative to the other samples indicate that the
underground residence time of these waters is longer and therefore the water-rock interaction time is
longer and/or that these waters are deeply circulated. The sources of the 5 water samples which are
thought to be of thermal origin in terms of EC25 values chancing between 1328-7101 uS/cm are lined
up the southern edge of the tectonic subsidence area and parallel to the Murat river. These springs are
thought to be fed by thermal fluids from the fault plane in the south of the tectonic subsidence area.
Water samples are located on a single mixing line in the Cl — B and CI — Li graphs. In these graphs, it is
seen that the cold-water mixing effect is dominant in the samples of 5 springs close to the Murat River.
The CI, B and Li concentrations of these sources have lower and close values (CI: 49.6 - 86.0 mg/L, B:
0.1-8.3mg/L, Li: 0.1 - 0.4 mg/L) compared to only one sample with very high values (Cl: 412.7 mg/L,
B: 113.4 mg/L, Li: 5.8 mg/L). It is quite difficult to elucidate the mixing process with these diagrams in
the context of values low and close to each other. For this reason, the CI-Enthalpy diagram, which is
also widely used for mixing processes, was additionally used. In this diagram, starting from cold waters,
two different mixing lines emerged, one in the direction of increasing Cl concentrations (0.6 - 412.7
mg/L) and the other in the direction of increasing enthalpy values (38 - 101 kJ/kg). The first of these
includes 4 water points that are closer to the Murat River, and the second includes 2 water points sampled
at relatively higher temperatures (T: 19.79-21.39 °C) than those in the first (T: 11.05-14.42 °C). This
indicates that the cold-water mixing processes lose their effectiveness as the water springs are located
further away from the Murat River in the study area. The Cl — Enthalpy relationship suggests that 6
water samples from 14 water points rise from a hot reservoir and/or may be waters heated by a high
geothermal gradient due to magmatic activity. Using quartz and chalcedony geothermometers for the
water samples in the study area, the reservoir temperatures were calculated as 90.8 — 128.3 °C and 61.6
—99.7 °C, respectively. These evaluations indicate that the Karapazar tectonic subsidence basin has a
geothermal potential.

Keywords: Diyadin, Karapazar, tectonic subsidence basin, geothermal, hydro-geochemistry
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Ozet

21. yiizyilin stratejik sektdrleri arasinda gdsterilen tarim ve gida sektorii, 2050°de 9 milyara ulasacagi
hesaplanan Diinya niifusunun beslenmesinde yetersiz kalma riskini tastyor. Bilimsel raporlarda iklim
degisikliginin etkisiyle Diinyada su kitliginin ve kurakligin artacagi, tarimsal verimliligin diisecegi, gida
fiyatlarinda Diinya genelinde yiizde 85’e varan artiglarin gergeklesebilecegi belirtiliyor. Tarimin en
onemli konularindan bitki besleme ve entegre zararli yonetiminde kullanilan elementlerin ana kaynagi
olan yerkabugu, siirdiiriilebilir tarimin bilylimesi ve gida {iretimini artirmanin yani sira artan kiiresel
1sinmanin etkileri nedeniyle cesitli abiyotik ve biyotik streslere maruz kalan bitkiler iizerinde olumlu
etkiler yaratabilecek ¢ok sayida temel mineralle donatilmistir. Son yillarda bitki popiilasyonlarinda
farkli mikro elementlerin biiyiime ve gelisme tizerindeki etkilerinin arastirilmasina artan bir ilgi vardir.
Bu elementlerden biri olan Silisyum, yerkabugunda oksijenden sonra en bol bulunan ikinci elementtir.
Silisyumun bitki biiytimesi tizerindeki faydal etkileri, genellikle karbon ve besinlerin biyojeokimyasal
dongiilerindeki 6nemli rolleri nedeniyledir. Silisyumun bitkiler iizerinde olan etkilerine ydnelik
caligmalar sonucunda, farkl bitkilerin saglikli biiyiimesini ve gelisimini arttirdigr ve cesitli bitki
fizyolojik siireclerini tesvik ederek bitkilerin biyotik ve abiyotik streslere karsi direncinde 6nemli bir
katki saglamasi nedeniyle verimliligi artiran degerli bir element oldugu bildirilmistir. Bu olumlu etkilere
sahip olmasi nedeniyle tarimsal pestisit kullanimini azaltma potansiyeli de bulunmaktadir. Bugiine
kadar yapilan arastirmalar, Si ve bir¢ok toprak bileseni arasindaki kimyasal dinamiklerin, toprak
cozeltisinde bitkiye yarayishh Si miktarint etkiledigini ortaya koymaktadir. Bununla birlikte farkli
silisyum igeren malzemelerin giibre olarak kullanilmasi konusunda da tartigmali sonuglar elde
edilmistir. Stres yonetimi gibi bitki yasam siireclerinde silisyumun alimi, taginmasi ve rolii hakkinda
acikliga kavusturulmasi gereken birgok soru bulunmaktadir. Bu sorunlari ele almak icin gelecekteki
arastirmalara ihtiyag vardir. Bu derleme, biyotik ve abiyotik stresleri diizenlemek i¢in silisyumun
bitkilerdeki roliinii ve faydali etkilerini tartigmaktadir. Amacimiz, siirdiiriilebilir tarimda ve peyzaj
uygulamalarinda silisyumun rolii ve 6nemi hakkinda son arastirmalara genel bir bakis saglamak ve daha
fazla aragtirma i¢in olas1 yonleri vurgulamaktir.

Anahtar Kelimeler: Silisyum, siirdiiriilebilir tarim, bitki besleme, siirdiiriilebilir peyzaj
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Abstract

The agriculture and food sector, which is shown as one of the strategic sectors of the 21st century, carries
the risk of being insufficient to feed the world population, which is calculated to reach 9 billion in 2050.
In scientific reports, it is stated that with the effect of climate change, water scarcity and drought will
increase in the world, agricultural productivity will decrease, and food prices may increase up to 85%
worldwide. The earth'’s crust, which is the main source of elements used in plant nutrition and integrated
pest management, which is one of the most important issues of agriculture, is equipped with many
essential minerals that can have positive effects on plants that are exposed to various abiotic and biotic
stresses because of increasing global warming, as well as increasing sustainable agriculture and food
production. In recent years, there has been an increasing interest in investigating the effects of different
microelements on growth and development in plant populations. Silicon, one of these elements, is the
second most abundant element in the earth's crust after oxygen. The beneficial effects of silicon on plant
growth are often due to their important role in the biogeochemical cycles of carbon and nutrients. As a
result of studies on the effects of silicon on plants, it has been reported that it is a valuable fertilizer that
increases productivity because it increases the healthy growth and development of different plants and
makes a significant contribution to the resistance of plants against biotic and abiotic stresses by
promoting various plant physiological processes. Due to these positive effects, it also has the potential
to reduce the use of agricultural pesticides. Research to date reveals that the chemical dynamics between
Si and many soil components affect the amount of plant available Si in the soil solution. However,
controversial results have been obtained on the use of different silicon-containing materials as fertilizer.
There are many questions to be clarified about the uptake, transport, and role of silicon in plant life
processes such as stress management. Future research is needed to address these issues. This review
discusses the role and beneficial effects of silicon in plants to regulate biological and abiotic stresses.
Our aim is to provide an overview of recent research on the role and importance of silicon in sustainable
agriculture and landscape practices and highlight possible directions for further research.

Keywords: Silicon, sustainable agriculture, plant nutrition, sustainable landscape

1. GIRIS

21. ylizyiln stratejik sektorleri arasinda gosterilen tarim ve gida sektorii, 2050°de 9 milyara ulasacagi
hesaplanan Diinya niifusunun beslenmesinde yetersiz kalma riskini tasiyor. Arastirmalar, 2050 yilinda
diinya niifusunu beslemek igin, tarim ve gida iiretiminin, bugiinkii diizeyinden en az yiizde 50 oraninda
daha fazla olmasi gerektigini ongoriiyor. Hiikiimetler arasi Iklim Degisikligi Paneli’nin (IPCC)
degerlendirme raporlarinda da iklim degisikliginin etkisiyle Diinyada su kithginin ve kurakligin
artacagi, tarimsal verimliligin diisecegi, gida fiyatlarinda Diinya genelinde yiizde 85’e varan artiglarin
gerceklesebilecegi belirtiliyor. Kiiresel gida gilivenligi ve arzinin bir doniim noktasinda oldugu
giiniimiizde demografik degisiklikler, yenilenebilir kaynaklar {izerindeki rekabet, iklim degisikliklerinin
giderek artan ciddi sonuglar1 ve biyogesitlilik kayb1 karsisinda tiim ilgili alanlarda derin bir doniisiime
ihtiya¢ duyulmaktadir. Tarimin en 6nemli konularindan bitki besleme ve entegre zararli yonetiminde
kullanilan elementlerin ana kaynagi olan yerkabugu, siirdiiriilebilir tarimin biiylimesi ve gida iiretimini
artirmanin yan sira artan kiiresel 1sinmanin etkileri nedeniyle ¢esitli abiyotik ve biyotik streslere maruz
kalan bitkiler tizerinde olumlu etkiler yaratabilecek ¢ok sayida temel mineralle donatilmistir. Son
yillarda makro besinlerin (N, P, K) uygulanmasia ek olarak bitki popiilasyonlarinda farkli mikro
elementlerin biiylime ve gelisme {izerindeki etkilerinin arastirilmasina artan bir ilgi vardir. Bu
elementlerden biri olan Silisyum (Si), yerkabugunda oksijenden sonra en bol bulunan ikinci elementtir
ve bitkilerin mineral beslenmesinde bir dizi 6énemli rol oynar. Silisyumun bitki biiylimesi iizerindeki
faydali etkileri, genellikle karbon ve besinlerin biyojeokimyasal dongiilerindeki 6nemli rolleri
nedeniyledir. Bitki biiylimesi igin gerekli bir element olmamasina ragmen, silisyumun bitkiler tizerinde
olan etkilerine yonelik caligmalar sonucunda, farkli bitkilerin saglikli biiylimesini ve gelisimini arttirdig1
ve gesitli bitki fizyolojik siireglerini tesvik ederek bitkilerin biyotik (bitki hastalik ve zararlilart ) ve
abiyotik (UV-B radyasyon, osmotik stres, metal ve agwr metal stresi, ekstrem sicaklik stresi, oksidatif
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stres ve tuzluluk stresi vb.) streslere kars1 direncinde 6nemli bir katki saglamasi nedeniyle silisyumun
verimliligi artiran degerli bir element oldugu bildirilmistir. Bu olumlu etkilere sahip olmas1 nedeniyle
tarimsal pestisit kullanimini azaltma potansiyeli de bulunmaktadir. Bununla birlikte bitkilerin
kullanabilecegi topraklarin silisyum igerigi, toprak tipine bagli olarak biiyiik dl¢lide degisebildiginden,
birgok olumlu sonug, son on yilda siirdiiriilebilir tarimda bir besin maddesi olarak silisyuma olan ilginin
artmasina neden olmustur. Fitolitlerin olusumu ve bitkilerdeki rolii hakkinda da bir¢ok yeni arastirma
sonucu bulunmaktadir. Ayrica topraklardaki silisyum kimyasal dinamikleri yakin zamana kadar
yeterince ¢alisilmamistir. Simdiye kadar yapilan aragtirmalar, Si ve birgok toprak bileseni arasindaki
kimyasal dinamiklerin, toprak ¢oOzeltisinde bitkiye yarayish Si miktarini etkiledigini ortaya
koymaktadir. Farkli silisyum iceren malzemelerin giibre olarak kullanilmasi konusunda da tartismali
sonugclar elde edilmistir. Stres yonetimi gibi bitki yagsam siireglerinde silisyumun alimi, taginmasi ve rolii
hakkinda agikliga kavusturulmasi gereken birgok soru bulunmaktadir. Bu sorunlar ele almak igin
gelecekteki arastirmalara ihtiyag vardir. Bu derleme, biyotik ve abiyotik stresleri diizenlemek icin
degerli bir element olarak silisyumun bitkilerdeki roliinii ve faydal etkilerini tartigmaktadir. Amacimiz,
stirdiiriilebilir tarimda ve peyzaj uygulamalarinda silisyumun rolii ve énemi hakkinda son aragtirmalara
genel bir bakis saglamak ve daha fazla arastirma i¢in olas1 yonleri vurgulamaktir.

2. TARIMDA SILISYUMUN KULLANIMI

Oksijenden sonra yerkabugunda en bol bulunan ikinci element olan silisyum, bitkilerin gesitli abiyotik
ve biyotik streslerin iistesinden gelmesine yardimei olur (Debona ve ark., 2017). Ne yazik ki, kismen
silisyumun dogadaki bollugu ve eksiklik veya toksisitesinin goriinlir semptomlarinin olmamasi
nedeniyle, silisyumun faydalari 20. yiizyilin basmna kadar ¢ogunlukla gbéz ardi edilmis ve bitki
fizyologlar1 bu elementi bilimsel denemelerde biiyiikk 6l¢lide degerlendirmeye almamislardir. Son
yillarda yiiriitiilen arastirmalar, tarla ve sera ortamlarinda bitkilerin 6zellikle ¢oziiniir silisyumun diigiik
veya smirli oldugu kabul edilen topraklarda, diizenli olarak farkli streslere maruz kaldigimi
gostermektedir. Gelinen noktada, topraklardaki Si eksikliklerinin farkindaligi sonucunda genel bitki
gelisimi, {iretimi ve saglig1 iizerinde sinirlayict bir faktdr oldugu kabul edilmistir. Bu gelismelerin
ardindan tarimda Si {izerine, bilim adamlari, tarimda ¢alisan profesyoneller ve Si malzemeleri {ireten
sirketlerin katildig1 yedi uluslararasi konferans (Birlesik Devletler 1999, Japonya 2002, Brezilya 2005,
Giiney Afrika 2008, Cin 2011, Isveg 2014 ve Hindistan 2017), silisyumun faydalarmin tartisildigi ortak
bir forum saglama ana temasiyla yapilmigtir. Uluslararast Tarimda Silisyum Dernegi de 2015 yilinda
kurulmustur. (http://www.issag.org/home.html). Bu sonuglara ragmen silisyumun bir¢ok iilkede
yetistiriciler tarafindan bir bitki koruyucu veya tarimsal iiretimde giibre olarak kullanilmasinin
gerceklesmesi yavas olmustur.

2.1. Toprakta Silisyumun Formlari

Diinyanin yiizeyi oksijenden sonra %28,8 (kuru agirlik esasi) silisyum ile kaplidir, ancak Si'nin saf
haliyle varlig1 son derece nadirdir. Silisyum yerkabugunda kuvars, feldspat, mika ve kil mineralleri
icerisinde bulunur (Song ve ark., 2021). Topraklarda silikon genellikle ti¢ farkli fraksiyona ayrilir: 1-
siv1 faz, 2-adsorbe edilen faz ve 3-kat1 faz. Kat1 fazdaki silisyum formlar1 ii¢ ana gruba ayrilir: amorf
formlar, zayif kristalli ve mikro kristalli formlar ve kristal formlar. Toprak ¢ozeltisinde farkli formlarda
bulunan silisyum esas olarak monomerik (H4SiOa, bitki i¢in biyoyararli formu), oligomerik veya
polisilisik asit olarak olusur. Toprak ¢ozeltisindeki baz1 ¢oziinmiis silisik asit, organik ve inorganik
bilesiklerle kompleksler olusturur. Monosilikik asit formu bitki emilimi ve beslenmesi ile ilgiliyken,
polisilisik asit toprak agregasyonunu etkiler. Norton'a (1984) gore, polisilisik asit, 6zellikle hafif dokulu
topraklarda, sonunda toprak agregasyonunu, su tutma kapasitesini ve tamponlama kapasitesini gelistiren
silika kopriilerinin olusturulmasi yoluyla toprak pargaciklarini birbirine baglar. Toprak ¢ozeltileri 2,8
ile 17,1 mg Si/litre™* arasinda Si konsantrasyonlari igerir, ancak daha diisiik ve daha yiiksek degerlerle
karsilasilabilinir (Epstein., 1994). Bununla birlikte, silisyumun toprak minerallerinden ¢dziinmesi
yavastir ve tekrarlanan ekimler ile birlikte toprak tarafindan adsorpsiyon veya absorbsiyon, seviyelerini
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maksimum mahsul verimi igin takviyenin gerekli oldugu noktaya kadar azaltabilir (Zellner ve ark.,
2021).

2.2. Bitkilerde Silisyumun Alinimi, Tasinmasi ve Depolamasi

Bitkiler, ¢ogu tarim topraginda bulunan pH seviyelerinde 0,1 ila 0,6 mM arasinda degisen
konsantrasyonlarda yaygin olarak bulunan H;SiO; formunda toprak g¢ozeltisinden silisyum alirlar
(Knight ve Kinrade, 2001). Ma ve ark. (2001), ¢eltigin sekonder koklerinin silisyum aliminda rol
oynadigini, Cornelis ve ark., (2011) ise silisyumun bitkiler tarafindan absorbe edildigi aktif, pasif ve
reddedici mekanizmalar1 tamimlamistir. Aktif mekanizma tarafindan silisyum alimmin miktari, kiitle
akisina baglh olarak tahmin edilenden daha fazladir ve bu durum kok hiicrelerinin zarlari boyunca
absorpsiyon siirecini kolaylastiran kokler ve siirgiinlerdeki silisyum tastyicilarin yogunluguna atfedilir.
Ayrica, bu tagtyicilar yakin zamanda tanimlanan ve koklerde Lsil ve Lsi2 ve siirgiinlerde Lsi6 gibi
diisiik silisyumlu genler tarafindan kodlanmistir. Emilen H4SiOa, ksilem yoluyla tasinir ve fitolit olarak
da bilinen sert, polimerize bir silika jel (SiO2-nH20O) halinde yogunlasarak yaprak epidermal
yiizeylerinde biriktirilir (Yoshida ve ark. 1962). Absorbe edilen H4SiOs, tercihen abaxial epidermiste
biriktirilir ve yine yaprak biiyiidiik¢e epidermiste birikme meydana gelir (Hodson ve Sangster, 1988).
Biriken silika hareketsizdir ve aktif olarak biiyliyen dokulara veya meristematik dokulara aktarilmaz.

2.3. Silisyumun Bitki Biiyiimesi Uzerine Etkileri

Silisyumun cesitli tarla ve bahge bitkilerinin biiylimesi tizerindeki faydalarini1 belgeleyen literatiir ¢ok
genistir ve artmaya devam etmektedir. Silisyumun yararl etkileri, bitkiler stresli (biyotik veya abiyotik
stres) ortamlarda iken, optimal kosullar altinda biiyiiyenlere gére daha belirgin hale gelmektedir. Bitki
biiylimesi ve gelisimi iizerindeki faydali etkileri; silika tortularindan olusan koruyucu bir dis tabakanin
olusumu, absorbe edilen silisyumun agir metal iyonlar ve bitkideki diger bilesiklerle etkilesimi ve stresli
bitkilerde silisyumun metabolik fonksiyonlarini igeren ¢esitli mekanizmalara dayanir (Tubana ve
Heckman, 2015). Silisyum, bitkilerin biiylimesini ve verimini arttirir, dik biiylimeyi tesvik eder (daha
giiclii ve daha kalin gdvdeler, daha kisa internodlar), yatmay1 onler, yapraklarin fotosentetik aktif
radyasyonu en uygun sekilde almasina neden olur, bakteri ve fungal hastaliklarina karsi direng saglar ve
asir1 sicaklik, tuzluluk, agir metal ve aliiminyum toksisitesi gibi bazi abiyotik stresleri azaltir.

2.4. Bitki Stres Mekanizmalar1 Uzerine Etkileri

Olumsuz ¢evre kosullari, siirdiiriilebilir tarimin en kritik diismanidir. Bitkileri biyotik ve abiyotik stres
tehditlerinden korumak icin son yillarda tasarlanmis ¢esitli yeni stratejiler arasinda, mineral elementlerin
'stres azaltict' olarak kullanilmasi en 6nemli ve ilging yon olarak ortaya ¢ikmistir (Khan ve ark., 2021).

2.4.1. Abiyotik Stresler

iklim degisikliginde gozlenen artis, bitki iiriin veriminde &nemli kayiplara neden olan tarimsal
iiretkenligi tehdit eden ¢oklu abiyotik streslere neden olmaktadir (Vaughan ve ark., 2018). Kuraklik,
tuzluluk, asir1 sicak ve soguk, agir metaller ve oksidatif stres gibi abiyotik stresler tim Diinyada
yaygindir ve bitkilerin biiyiimesini, liretkenligini olumsuz yonde etkileyerek gida gilivenligi konusunda
ciddi endiseler olusturan tarimsal bitkilerin yaklasik %70 oraninda verim kaybina neden olurlar.
(Tigchelaar ve ark., 2018; Vaughan ve ark., 2018). Bitkilerin abiyotik strese maruz kalmasi, tohum
cimlenmesinden generatif evreye kadar ¢ok sayida biyokimyasal reaksiyonda degisikliklere neden olur
ve bu da bitkilerin biiyiimesinde ve iiretkenliginde ciddi kayiplara yol agabilir. Genel olarak, abiyotik
stres; membran biitiinliigiiniin kaybi, enzim aktivitesinde bozukluk, fotosentetik etkinlik, besin alimi ve
asimilasyonu, suyun fonksiyonlari, ozmotik diizensizlik ve hormonal dengesizligi iceren bitkilerin
sayisiz fizyolojik, biyokimyasal ve molekiiler dengesini degistirir (Moradtalab ve ark., 2018; Ahanger
ve ark., 2019). Homeostatik yollar1 (6rnegin, su ve besin dengesi, sicaklik, 11k ve gaz degisimi)
degistiren ve biyolojik olmayan abiyotik stres (Meena ve ark. 2017) bitkiler bu degisikliklere uyum
saglayamadiginda, biiyiime, canlilik ve verimde azalmanin yani sira patojen enfeksiyonlara ve
zararhlara karsi artan duyarlilik da meydana getirebilir. Son zamanlarda, abiyotik stres tepkilerini
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yonetmede silikonun (Si) roliine odaklanilmakta ve diger uyarici faktorlerle etkilesimi arastirilmaktadir.
Son on yilda bildirilen son ¢alismalar, Si'nin tarim ve peyzaj bitkilerinde ¢esitli kuraklik, tuzluluk, asir1
sicak ve soguk, agir metal toksisitesi, ultraviyole-B (UV-B) radyasyonu ve mekanik strese karsi koyma
kabiliyetini ortaya koymustur (Deshmukh ve ark., 2017). Yiiriitiilen aragtirmalarda Si'nin sinyal iletimi
yoluyla, 6zellikle jasmonik asit (JA) diizenleyici yol sistemi ile coklu savunma yanitlarini gelistirdigini
bildirilmistir (Hall ve ark. 2019). Si'nin bitki biiylimesini iyilestirmedeki olas1 bir rolii de, ¢esitli abiyotik
stres kosullar1 altinda hiicresel ve biyokimyasal mekanizmalarda yarattig1 degisikligin yani sira sagladig:
gelismis membran biitiinliigii ve antioksidan savunma sistemine atfedilir (Farooq ve Deitz, 2015). Ek
olarak, bitkilerdeki Si aracili savunma mekanizmalari, (a) fiziksel ve mekanik direng saglamak i¢in
Si'nin birikmesini (b) bitki-stres etkilesimi sirasinda karmasik sinyal yollar1 aginin ve biyokimyasal
direncin diizenlenmesini ve (¢) defans cevabinda gen ifadesinin diizenlenmesini igerir (Wang ve ark.,
2017).

2.4.2. Biyotik Stresler

Bitki hastaliklar1 ve zararlilar1 biyotik stresler grubuna girmektedir. Ekonomik agidan 6nemli birgok
bitki tlirlinde, Si giibrelemesinin olumlu etkileri nedeni ile patojenlerin neden oldugu hastaliklarin
yogunlugunda 6nemli bir azalma tespit edilmistir (Debona ve ark. 2017). Sonug olarak, bakteriyel
yaniklik, kahverengi leke, tane renginin degismesi, yaprak yanikligi, yaprak ve salkim yaniklig1 ve
govde ciiriimesi gibi hastaliklarin yogunlugu o6nemli dlglide baskilanmistir (Debona ve ark. 2017).
Bitkilere Si verilmesi, bitki direncinin bazi énemli bilesenlerini (6rnegin, patojenin kulucka dénemi,
koloni veya lezyon boyutu, yaprak alani bagina lezyon sayisi, lezyon genislemesi ve enfeksiyon bolgesi
bagina tiretilen inokulum) 6nemli 6lgiide etkilemis bu durum daha diisiik seviyede hastalik gelismesine
katkida bulunmustur. (Debona ve ark. 2017). Hem yapraktan hem de kokten uygulanan Si'nin bir¢ok
yaprak hastaligini azaltmada etkili oldugu kanitlanmis olsa da elementin bitkinin savunma tepkilerini
giiclendirmeye yardimci oldugu i¢in kdk uygulamasinin daha verimli oldugu gosterilmistir. Silisyum ile
giibrelemenin ayrica belirli hastaliklar1 fungisitlerle ayn1 yogunluk diizeyine indirdigi de elde edilen
bulgular arasindadir (Brecht ve ark., 2004; Seebold ve ark., 2004). Bu ve diger bulgulara dayanarak,
silisyum Onemli bitki hastaliklarinin ve salginlarinin olusumunu yonetmek i¢in uygun bir ara¢ olma
potansiyeline sahiptir. Silisyum ayrica hayvanlarin, 6zellikle boceklerin bitkilere verdigi zarari da
sinirlar. Si ile giibrelenmis otlarin otlayan hayvanlar tarafindan yenmesi daha az olasidir. Si'nin faydali
etkileri, emgi yapan bdcekler, akarlar ve yaprak biti saldirilarini igeren diger bir¢ok tiiriin saldirilar
tizerinde kanitlanmustir. Si, bocek zararlilar1 veya yabani tavsanlar gibi otcul hayvanlari neden oldugu
zararlar1 azaltabilir, ayrica otlayan hayvanlar Si uygulanmis otlar1 tercih etmez. Arastirmalar Si
biriktiren ve biriktirmeyenlerin yan1 sira monokotiledonlar ve dikotiledonlarin hepsinin boceklere karsi
benzer Si savunma mekanizmalarina sahip oldugunu gostermektedir. Direng mekanizmasinin, bitkilerde
lignin, fenolik bilesikler ve fitoaleksinlerin birikmesi dahil olmak iizere mekanik bariyerler olusturan
amorf silika oldugu diisiiniilmektedir. (Kovaks ve ar., 2022).

3. SONUCLAR

Silisyum uygulamasinin faydali etkileri arasinda toprak yapisini iyilestirmek, giibre verimliligini
arttirmak, stresli kosullar altinda bitkilerin daha fazla korunmasini saglamak, degisen fotosentez hizi,
daha iyi su kullanim verimliligi, stoma iletkenligindeki degisiklikler, artan su potansiyeli gibi farkl
biyolojik mekanizmalarla, yapisal giiclendirme, mineral aliminda ve birikiminde degisiklik kuraklik,
sicak, soguk, agir metaller, radyasyon, tuzluluk gibi abiyotik stres faktorlerinin olumsuz etkilerinin
hafifletilmesi sayilabilir. Silisyum, biyotik stresleri kontrol eden etkili bir ara¢ olabileceginden, pozitif
cevresel etkiler saglarken pestisitlerin say1 ve oranlarini azaltmaya ve uygulama maliyetlerinden tasarruf
etmeye yardimci olabilir. Son yillarda yapilan aragtirmalar, bu konuda daha detayli arastirmalar
yapilmasina ihtiya¢ duyuldugunu belirtmektedir.
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Ozet

Granitik kayalarm Dalgaboyu Dagilimli X-Ray Floresans (WD-XRF) ile ana element oksit
analizlerinde, analiz sonucunu etkileyen en énemli etkenlerden birisi de partikiil boyu etkisidir. Analiz
sonuclarinin dogruluklari konusunda birgok diizeltme faktorleri kullanilsa da elementlerin siddet
dagilimlarmi dogrudan etkileyen partikiil boyu dagilimlarn genellikle goz ardi edilmektedir. Granitik
kayalarin ana oksit element 6l¢iimlerinde partikiil boyu etkisinin aragtirildigi bu ¢alismada, agirlikli
partikiil boyu dagilimi 260 ile 55 mikron arasinda Ogiitiilmiis granit numuneleri kullanilmistir.
Dogruluklar sertifikali referans metaryal (CRM) ile kontrol edilen 6l¢iimlerde, degisen partikiil boyuna
bagh olarak kayalardaki en 6nemli ana element oksit degiskeninin SiO, oldugu ortaya ¢ikmaktadir.
Partikiil boyu kiiciildiikge Si siddetinde artis gozlenmekte, bu da SiO; analiz sonucunda yaklasik %
23,5’lere varan bir degisim oranini ortaya koymaktadir. Partikiil boyunun biiylimesine bagli olarak
Al>O3, Na;O ve K,O konsantrasyonlarinda artig ve sirasiyla %19,11, %35,02, %3,41 oraninda farklar
ortaya c¢ikmaktadir. Fe;03, CaO, MgO ve MnO analizlerinde partikiil boyunun kii¢lilmesi ile dogru
orantili olarak pik siddetlerinde diisiis gézlenmektedir. P2Os’de ise partikiil boyutunun diismesiyle
konsantrasyonda once hizli bir diisiis daha sonra kismen bir yiikselme ile sabit kalmaktadir. WD-XRF
icin hazirlanan press-pellet numunelerde en uygun partikiil boyutunun ortaya konulmasini amaglayan
bu ¢alisma 60 mikrondan kii¢iik partikiil boyundan sonra 6l¢iim sonuglarinin <%0, 1 hata pay1 ile benzer
sonuclar verdigi gorilmistiir.

Anahtar Kelimeler: Partikiil boyutu etkisi, Dalgaboyu dagilimli X-Ray Floresans Analizi, ana element
oksit analizi

Abstract

In the major element oxide analysis of granitic rocks with Wavelength Dispersive X-Ray Fluorescence
(WD-XRF), one of the most important factors affecting the analysis result is the particle size effect.
Although many correction factors are used for the accuracy of the analysis results, the particle size that
directly affects the intensity distribution of the elements is often ignored. In this study where the particle
size effect was investigated during the major element oxides measurements of granitic rocks, the particle
size distribution between 260 and 55 microns was used. In the measurements, the accuracy of which is
controlled by certified reference materials (CRM), it is revealed that the most important main element
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oxide variable in the rocks is SiO», depending on the varying grain size. As the grain size gets smaller,
an increase in Si intensity is observed, resulting in differences of up to 23.5% in the total SiO..
Depending on the increase in particle size, Al,O3, Na,O and K>O concentrations with the differences of
19.14%, 35.02%, 3.41% and 0.53% go up, respectively. Fe;03;, CaO, MgO and MnO analyses, there are
a decrease in peak intensities concordant with the particle size reduction. In P2Os, on the other hand, the
concentration first decreases rapidly with the decrease in particle size and then remains constant with a
negligible increase. This study, which aims to reveal the most suitable particle size of the press-pellet
samples prepared for WD-XRF, has shown that the particle size less than 60 microns gives results with
a difference less than <0.1%.

Keywords: Particle size effect, Wavelength Dispersive X-Ray Fluorescence analysis, Major element
oxide analysis
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Abstract

Usak is a city in western Tiirkiye. Although its population is only about 370,000, it has had a large share
of rapid industrialization, with a variety of negative effects on the environment, including heavy metals
contamination. It is well known that contamination of urban soils by the accumulation of heavy metals
can pose serious effects on soil ecosystems and can threaten the well-being of humans and animals.
Thus, 48 agricultural soil samples were collected from 0-20 cm and analyzed with ICP-MS as a
preliminary study. Heavy metal concentrations are then used to identify potential pollution, ecological
risk, and locations of potential pollutants. To achieve these goals; pollution assessment methods such as
enrichment factor (EF), geoaccumulation index (Igeo), pollution degree (Cdeg), potential ecological risk
index (RI), and pollution load index (PLI) were calculated, and maps were created for further
investigation. The concentrations of Chromium, Zinc, and Cadmium heavy metals in the agricultural
soils collected from Usak and its vicinity were between 25.6 and 459,1 mg/kg for Cr; 21.9 and 83,3
mg/kg for Zn, and 0.03 and 0,51 mg/kg for Cd. Also, Cdeg values ranged from 4.41 to 38.78; PLI values
ranged from 0.34 to 1.97 and RI values ranged from 42.04 to 384.84. These values were compared to
those of the World’s average, Earth crusts, and the standardized limits for Tiirkiye. Similar results of
different assessment methods confirm the presence of anthropogenic heavy metal pollution in the
agricultural soils of Usak, especially in the eastern and western, northeastern, and southeastern parts of
the study area. The presence of textile manufacturing, automotive industry sites, a civil airport in the
east, a leather tanning industrial site in the southeast, and the largest industrial campus of the city in the
west confirm that the source of heavy metal pollution in these regions is anthropogenic.

Keywords: Agricultural soils, heavy metal contamination, degree of contamination, pollution load
index, potential ecological risk
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Ozet

Usak, Tiirkiye’nin Ege bolgesinde yer alan, niifusu sadece 370,000 civarinda olmasina ragmen sanayii
ve tarimsal {iretimin yogun olarak yapildigi bir sehirdir. Tarimsal topraklarda agir metallerin
birikmesiyle olusacak kirlenmenin toprak ekosistemleri i¢in ciddi etkiler olusturabilecegi ve insan ve
hayvanlarin saghigim tehdit edebilecegi bilinmektedir. Bu sebeple, Usak ilinde daha 6nce yapilmamig
olmasi itibariyle bir 6ncel ¢alisma olarak 48 adet tarimsal toprak numunesi 0-20 cm’den toplanarak ICP-
MS ile analizleri saglanmustir. Oncel bir ¢alisma olmasi sebebiyle krom, ¢inko ve kadmiyum agir metal
konsantrasyonlarinin potansiyel kirlilik, ekolojik risk ve kirlilik kaynaklarinin tespit edilmesi igin
zenginlesme faktorii (EF), jeobirikim indeksi (Igeo), kirlilik derecesi (Cdeg), potansiyel ekolojik risk
indeksi (RI) ve kirlilik yiik indeksi (PLI) gibi degerleri hesaplanip haritalar1 yapilarak yakindan
incelenmistir. Usak ve civarindan orneklenen tarim topraklarindaki krom, ¢inko ve kadmium agir
metallerinin konsantrasyonlari sirastyla Cr igin 25,6 ila 459,1 mg/kg, Zn i¢in 21,9 ila 83,3 mg/kg ve Cd
icin 0,03 ila 0,51 mg/kg arasinda degismistir. Ayrica, Cdeg degerleri 4,41 ila 38,78; PLI degerleri 0,34
ila 1,97 ve RI degerleri 42,04 ila 384,84 arasinda degismistir. Bu degerler diinyadaki toprak agir metal
derisim ortalamalari, yerkabugu ortalamalar1 ve Tiirkiye’deki benzer ¢aligmalar ile karsilastirilmigtir.
Farkli degerlendirme yontemlerinin benzer sonuglari, 6zellikle calisma alaninin dogu, bati, kuzeydogu
ve glineydogu kesimlerinde Usak’in tarimsal topraklarinda antropojenik agir metal kirliliginin varligini
dogrulamaktadir. Usak’in dogusunda tekstil imalati, otomotiv sanayi siteleri, sivil havaalani;
giineydogusunda deri tabaklama sanayi sitesinin varligi, batisinda ise Usak’in en biiyiik sanayi
yerleskesinin bulunmasi bu bolgelerde agir metal kirliliginin kaynaginin antropojenik oldugunu
dogrulamaktadir.

Anahtar Kelimeler: Tarim topraklari, agir metal kirliligi, kirlilik derecesi, kirlilik yiik indeksi, ekolojik
risk indeksi
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Ozet

Bu c¢alismada, Biiyliik Menderes grabeninin dogusunda Saraykdy (Denizli) ve Buharkent (Aydin)
arasinda yer alan Kizildere jeotermal sahasinda, giiniimiiz-Oncesi jeotermal aktiviteyle iliskili
hidrotermal olusumlarin mineralojik ve jeokimyasal dzelliklerinin ortaya konulmasi amaglanmistir. Bu
kapsamda yiizeyden ve farkli derinlikleri temsil eden sondaj numunelerinden alinan jeotermal sistemle
iligkili kaya¢ ve/veya minerallerin dokusal-petrografik (optik ve elektron mikroskop), mineralojik (X-
1511 kirmnimi) ve jeokimyasal (katyon ve anyon kimyasi) incelemeleri yapilmistir. K-G yonlii agilma
triinii jeolojik olusumlara ev sahipligi yapan sahada giiniimiiz ve giiniimiiz-6ncesi fiimerol ¢ikis
noktalar1 ve alterasyon zonlar1 tektonik hatlar ile dogrudan iliskilidir. Neojen-Kuvaterner yagh kirintili-
karbonatli kayaglardaki bosluk veya catlak dolgusu bi¢iminde ¢Okelmis karbonat (kalsit, dolomit,
stronsiyanit), silis (kuvars, kalsedonik kuvars), siilfat (jips, anhidrit, sélestin), kil (kaolinit, illit-smektit
ve smektit) ve demir oksit-hidroksit mineralleri (bohmit, gotit/limonit) saptanmustir. Stronsiyanit,
solestin, anhidrit ve bohmit ilk kez bu c¢alismada belirlenmistir. Mineral birliktelikleri giiniimiiz
jeotermal kuyularda oOlgiilen sicakliklara benzer 100-250 °C sicaklik kosullarini temsil etmektedir.
Dokusal-petrografik veriler jeotermal kokenli mineraller icin kalsit-jips-anhidrit-kuvars yoniinde bir
olusum sirasini isaret etmektedir. Kirmtili ve karbonatli yan kayaglardaki silisli-karbonatli damarlarda
kaynamay1 igaret eden bigaksi/prizmatik rombohedral kalsit ve bunlar1 ornatan kuvars olusumlar1 da
gozlenmistir. Sondaj 6rneklerindeki hidrotermal alterasyon iiriinii olusumlar baslica kalsit, dolomit ve
anhidrit olup, diisey yonde anhidrit, dolomit ve kalsit mineral zonlanmasi belirlenmistir. Bu dagilim
jeotermal sularin derinlerde metakarbonat kayalardan, yiizeye yakin kesimlerde ise evaporitik
kayaglardan etkilenmesiyle iliskilidir. Jeotermal kdkenli karbonat ve siilfat minerallerinin katyon analiz
verilerine gore; Si, Al, Mg, K ve Na elementleri pozitif korelasyon iliskisi sunmakta olup
metapelitlerdeki (sist, gnays) silikat minerallerinden, bu elementlerle negatif iliskili Ca ise metakarbonat
(mermer, kalksist) ve/veya Neojen yaslt kirectaglarindaki karbonat minerallerinden tiiremistir. Giincel
jeotermal su bilesimine gore havzanin derin kesimlerinde Ca, havza kenarina yakin s1g derinliklerde Mg
ve B zenginlesmesi belirlenmistir. Jeotermal kokenli karbonat ve siilfat minerallerinin katyon
bilesimlerinin diisey ve yanal yondeki dagilimlari jeotermal sularin fizikokimyasi ve yan kayag
bilesimleri tarafindan denetlenmektedir.

Anahtar Kelimeler: Jeotermal, hidrotermal alterasyon, mineraloji, jeokimya
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Abstract

In this study, it is aimed to reveal the mineralogical and geochemical properties of hydrothermal
formations associated with pre-recent geothermal activity in the Kizildere geothermal field located
between Saraykdy (Denizli) and Buharkent (Aydin) to the east of the Biiylik Menderes graben. In this
context, textural-petrographic (optical and electron microscopy), mineralogical (X-ray diffraction) and
geochemical (cation and anion chemistry) investigations of rocks and/or minerals related to the
geothermal system taken from the surface and from drilling samples representing different depths were
carried out. Active and fossil fumarole points and alteration zones are directly related to the tectonic
zones in the area, which hosts geological formations that are the product of N-S directional extension.
Carbonate (calcite, dolomite, strontianite), silica (quartz, chalcedonic quartz), sulfate (gypsum,
anhydrite, celestine), clay (kaolinite, illite-smectite, and smectite) and iron oxide-hydroxide minerals
(boehmite, goethite/limonite) precipitated in the form of void or crack fill in Neogene-Quaternary
clastic-carbonate rocks were determined. Strontianite, celestine, anhydrite and boehmite were
determined for the first time in this study. Mineral associations represent temperature conditions of 100-
250 °C, similar to the temperatures measured in geothermal wells today. The textural-petrographic data
indicate an order of occurrence for minerals of geothermal origin in the calcite-gypsum-anhydrite-quartz
direction. In the siliceous-carbonate veins of the clastic and carbonate host rocks, blade-like/prismatic
rhombohedral calcite and replacement of quartz occurrences, which indicates boiling, were also
observed. Hydrothermal alteration related occurrences in the drilling samples are mainly calcite,
dolomite and anhydrite, and mineral zoning of anhydrite-dolomite-calcite has been determined in the
vertical direction. This distribution is related to the fact that geothermal waters are affected by
metacarbonate rocks at deeper parts and by evaporitic rocks near the surface. According to the cation
analysis data of geothermal origin carbonate and sulfate minerals; Si, Al, Mg, K and Na elements show
a positive correlation relationship and are derived from silicate minerals in metapelites (schist, gneiss),
and Ca, negatively related to these elements, is derived from carbonate minerals in metacarbonate
(marble, calcschist) and/or Neogene aged limestones. According to the current geothermal water
composition, Ca enrichment in the deep parts of the basin, Mg and B enrichment in shallow depths near
the basin edge were determined. The vertical and lateral distributions of cation compositions of
geothermally originated carbonate and sulfate minerals are controlled by the physico-chemistry of
geothermal waters and the country rock compositions.

Keywords: Geothermal, hydrothermal alteration, mineralogy, geochemistry
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Ozet

Meteoritler, uzayda bulunan gezegen ve asteroit gibi cisimlerin ¢arpigmalar1 sonucu etrafa sagilarak
yeryliziine diismiis pargalaridir. Bu nedenle meteoritler, uzaydaki bu cisimler hakkinda somut fiziksel
ve analitik veri sunan 6nemli kaynaklardir. Meteoritler hem diinyamizdakinden farkli kimyasal bilesim
sergiledikleri icin hem de geldikleri cisimlerin ge¢misi hakkinda bilgiler sunabildikleri i¢in oldukca
onemli numunelerdir. Mineralojik ve petrografik 6zelliklerine gore meteoritleri kabaca tas (kondrit),
tags1 demir ve demir olmak {izere ii¢ ana grupta siniflandirilirlar. Ancak igerdikleri mineral bilesimi,
mineral tiirii, kristal yapi, kimyasal bilesim ve diger baz1 6zelliklere bagli olarak daha detayli ve spesifik
alt sinif ve gruplara ayrilmaktadir. Diinyani her yerinde oldugu gibi Tiirkiye’de de meteorit drnekleri
bulunabilmekte ve bu 6rneklerin kimyasal karakterizasyonunun yapilmasi gerekmektedir. Bu ¢alismada,
hem meteoritlerin genel olarak karakteristik 6zellikleri hem de tilkemizde bulunan bazi numunelerin
analitik ilksel verileri sunulacaktir. Numuneler iizerinde kimyasal kompozisyonunu belirlemek i¢in X-
1s1n1 Floresan Spektroskopisi (XRF), kristal yapisi ve mineral bilesiklerini belirlemek i¢in Konfokal
Raman Spektroskopisi (CRS), i¢indeki minerallerin kimyasal bilesimini belirlemek icin ise Elektron-
Mikroprob analizi (EPMA) ve optik mikroskop caligmalari ile ayrintili mineralojik ve petrografik
incelemeler yapilmistir. Yapilan aragtirmalarin ilksel sonuglari, 6rneklerin kondrit bilesiminde oldugu
ve bagslica forsterit, fayalit ve daha az oranda magnetit icerdigine isaret etmektedir.

Anahtar Kelimeler: Meteorit, kondrit, Raman, XRF, EPMA

Abstract

Meteorites are the fragments that have fallen to the earth after scattering as a result of the collisions of
objects such as planets and asteroids. Therefore, meteorites are important sources that provide concrete
physical and analytical data about these objects in space. Meteorites are very important samples because
they exhibit different chemical composition than those on our world and provide information about the
history of the objects from which they originate. According to their mineralogical and petrographic
properties, meteorites are mainly classified into three groups: stony (chondrite), stony-iron and iron.
However, they are divided into more detailed and specific subclasses and subgroups depending on the
mineral composition, mineral type, crystal structure, chemical composition and other properties.
Meteorite samples can be found in Tirkiye as well as anywhere in the world, and chemical
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characterization of these samples is required. In this study, both the general characteristics of meteorites
and the preliminary analytical data of some samples found in Tiirkiye will be presented. X-ray
Fluorescence Spectroscopy (XRF) was conducted to determine the chemical composition of the
samples, Confocal Raman Spectroscopy (CRS) was conducted to determine the crystal structure and
mineral compounds, Electron-Microprobe (EPMA) analysis and optical microscope studies were
conducted to determine the chemical composition of the minerals in the samples. The preliminary results
of our investigation indicate that the samples are in chondrite composition and contain mainly forsterite,
fayalite, and to a lesser extent magnetite.

Keywords: Meteorite, chondrite, Raman, XRF, EPMA
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Ozet

Bu ¢alismada Afsin-Elbistan Kiglakdy sektorii susuzlastirma sisteminde mevcut 10 adet kuyudan drene
edilen sularin hidrojeokimyasal 6zellikleri belirlenmistir. Karstik akiferde agilmis olan drenaj
kuyularindan bazilar1 ¢cevre yerlesim alanlarina igme-sulama suyu kaynagi olarak kullanilmaktadir. Bu
baglamda jeokimyasal Ozelliklere dayanilarak bdlgedeki yeralti sularinin  hidrojeokimyasal
degerlendirmesi yapilmistir. Caligma kapsaminda, kurak ve yagish donemlerde alinan su 6rneklerinin
kimyasal karakterine bakildiginda yeraltt sularinin Ca/HCO3+COs tipinde olduklart belirlenmistir.
Havzanin baskin litolojisinin kiregtasi olmasi su tipinin Ca-HCO3 olmasinda temel etkendir. Drenaj
kuyularindaki anyon degisimleri ise HCO3>S0,>Cl seklindedir. Kurak ve yagishi dénemlerde alman
orneklerde fasiyesin donemsel olarak degisimi gozlemlenmemistir. Wilcox diyagramina gore ¢ok iyi-
iyi sular smifinda yer alan yeralti sular1 SAR degerlerine gore de ¢ok iyi Ozellikte sulama sulari
ozelligindedir. Orta tuzlu-az sodyumlu sular sinifinda yer alan yeraltt sularinin analiz sonuglari
degerlendirildiginde dénemsel olarak artis gézlenen NO; konsantrasyonu 0.007-0,499 ppm (ort 0.05
ppm) arasinda iken Cr konsantrasyonu 0.024-0.077 ppm (ort 0.048 ppm) arasinda degismektedir.
Doénemsel NO; konsantrasyonundaki artisin bdlgedeki tarimsal faaliyetlerle iligkili olabilecegi; Cr
konsantrasyonundaki artiglarin ise jeojenik kokenli olup madencilik faaliyetleri ile degisim
gosterebilecegi diisiiniilmektedir.

Anahtar Kelimeler: Yeralt1 sulari, kémiir sahasi, Afgin, hidrojeokimya

Abstract

In this study, the hydrogeochemical properties of the waters drained from 10 existing wells in the
dewatering system of Afsin-Elbistan Kislakdy sector were determined. Some of the drainage wells
drilled in the karst aquifer are used for drinking-irrigation water sources for the surrounding residential
areas. In this context, a hydrogeochemical evaluation of groundwater in the region was made based on
geochemical features. In the scope of the study, when the chemical character of the water samples taken
during the dry and wet periods was examined, it was determined that the groundwaters were of
Ca/HCO3+CO3 type. The predominant lithology of the basin is limestone, which is the main factor in
the water type being Ca - HCOs. The anion changes in the drainage wells are in the form of HCO3- >
SO, 2>ClI". Periodic changes of facies were not observed in the samples taken during dry and wet periods.
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Groundwaters, which are classified as very good-good waters according to Wilcox diagram, are also
very good irrigation waters according to their SAR values. When the analysis results of the groundwaters
in the middle salty-less sodium water class are evaluated, the NO» concentration, which is observed to
increase periodically, is between 0.007-0.499 ppm (avg. 0.05 ppm), while the Cr concentration ranges
between 0.024-0.077 ppm (avg. 0.048 ppm). The increase in seasonal NO, concentration may be related

to agricultural activities in the region; It is thought that the increases in Cr concentration are of geogenic
origin and may change with mining activities.

Keywords: Groundwaters, coal field, Afsin, hydrogeochemistry
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Ozet

Bu calismada, Aksaray ili kuzeyinde yer alan Ortakdy ilgesi civarindaki yiizey sularmin agir metal
kirliligi bakimindan degerlendirilmesi amaglanmaktadir. Baslica Al, Cr, Cu, Fe, Mn, Ni, Pb ve Zn
elementleri bakimindan kirliligin ele alindig1 ¢alismada Nisan 2022 tarihinde Kiiltepe Baraj Golii, Catin,
Balcil, Balci2, Balci13, Balci4 ve Bozkir Géletleri olmak tizere toplam 7 lokasyondan yiizey suyu
ornekleri alinmistir. Alinan numunelerden agir metal parametrelerinin dl¢limleri gerceklestirilmistir.
Calismada elde edilen analiz sonuglar1 ilk dénem ornekleme sonuglarinin oncel degerlendirilmesini
kapsamaktadir. Elde edilen sonuglar Yeriistii Su Kalitesi Yonetmeligi (YSKY)’nde yer alan
nehirler/goéller icin izin verilebilir maksimum degerlere normalize edildiginde Al, Fe ve Cu bakimindan
bir kirlilik gbéze carparken, Mn, Ni, Pb ve Zn bakimindan 6nemli bir kirliligin olmadig1 ifade
edilebilmektedir. Analizi yapilan agir metallerden 6zellikle Al ve Fe yer kabugunda ana element bileseni
olarak yer almaktadir. Bu da yiizeysel sularda litoloji kaynakli bir kirlenmenin varligin
diisiindiirmektedir. Cu igerigindeki artisin ise evsel ve desarjlar, tarimsal faaliyetler ve/veya jeokimyasal
siireglerle iligkili oldugu ifade edilebilir.

Anahtar Kelimeler: Ortakdy, yiizey sular, agir metal, su Kirliligi, su kalitesi

Abstract

In this study, it is aimed to evaluate the surface waters around Ortakdy district, located in the north of
Aksaray Province, in terms of heavy metal pollution. Surface water samples were taken from a total of
7 locations, namely Kiiltepe Dam Lake, Catin, Balci1, Balc12, Balc13, Balci4 and Bozkir Ponds in April
2022, in which the pollution was handled mainly in terms of Al, Cr, Cu, Fe, Mn, Ni, Pb and Zn elements.
Measurements of heavy metal parameters were carried out from the samples taken. The analysis results
obtained in the study include the preliminary evaluation of the first period sampling results. When the
results are normalized to the maximum allowable values for rivers/lakes in the Surface Water Quality
Regulation (YSKY), it can be stated that while there is a pollution in terms of Al, Fe and Cu, there is no
significant pollution in terms of Mn, Ni, Pb and Zn. Among the heavy metals analyzed, especially Al
and Fe are the main element components in the earth's crust. This suggests the presence of lithological
pollution in surface waters. It can be stated that the increase in Cu content is related to domestic and
discharges, agricultural activities and/or geochemical processes.

Keywords: Ortakdy, surface waters, heavy metal, water pollution, water quality
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Abstract

How and what extend microbes contribute to basalt weathering and more importantly what are the end
product of these interactions gained increasing attention over the years. In order to understand these
processes experimental studies including basaltic rocks and selected extremophiles (A. ferrooxidans and
V. marismortui), resistant to acidic and hypersaline conditions, were performed. For these experiments,
basalt samples with different Fe content obtained from Deception Island, Antarctica and Kizilcahamam,
Ankara were used in the biotic experiments carried out under nutrient limited condition and compared
to abiotic experiments conducted without the bacteria. Elemental concentrations in the reactive fluids
along with changes in pH were monitored throughout the entire experimental time (22 and 147 days).
Preliminary results revealed that elemental concentrations (Si, Mg, Ca, Fe and Fe) were significantly
higher in the biotic experiments than those in the abiotic conditions suggesting that microbial processes
may significantly contribute to weathering of volcanic rocks even under extreme conditions and may
have been active in the early earth conditions.

Keywords: Weathering, extreme environment, Virgibacillus marismortui, Acidithiobacillus
ferrooxidans

Ozet

Bazaltik ayrismanin hangi nihai {iriinlerinin mikrobiyal aktivitenin sonuglar1 oldugunu anlamak yillar
icinde popiilarite kazanan bir konu haline gelmistir. Bu ¢alismada asidik ve hipersalin kosullara direngli
eksteremofiller (A. ferrooxidans ve V. marismortui) ile bazaltik kayalar bir araya getirilmis ve ayrisma
mekanizmalar1 irdelenmistir. Deception Adasi, Antarktika ve Kizilcahamam, Ankara'dan alinan
numuneler ile, kisitli besin iceren ortamda kimyasal ve biyolojik ayrisma mekanizmalar1 karsilagtirilmak
tizere deney setleri hazirlandi. Deney siiresi boyunca pH degisimi kaydedildi ve kayaglardan ortama
saliman major iyonlarin anlagilmasi i¢in periyodik 6rnekler alindi. Salin ortam deneyinden elde edilen
ilksel sonuglara gore mikrobiyal aktivite ayrismayi arttirici etki gostermistir. Si, Fe, Ca ve Mg biyolojik
sette daha biiylik miktarlarda bulunmaktadir. Silikat minerallerinin ayrigmasinin bir sonucu olarak her
iki deney i¢in pH degerinin baslangica gore ylikseldigi goriilmiistiir.
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1. INTRODUCTION

Due to their low silica content and glassy nature, as a result of rapid cooling, basaltic rocks are more
prone to weathering processes compared to more evolved rocks. Therefore, they are more affected by
environmental conditions such as water interaction and temperature [1]. Corrosion and alteration traces
seen on rocks with basaltic composition was excessively investigated in the previous studies but the role
of microbial activity on the alteration of basaltic rocks gained popularity in the last couple decade as
geomicrobiology became more widespread along with planetary science studies focusing on habitability
and biosignatures [2,3]. Bacteria may cause the release of metals such as Fe, Mn, Co, and Zn and utilize
them for their metabolic activities [4]. This direct bacteria-rock surface contact or organic acids
emergence as a result of lysis reactions may enhance the dissolution rate of the rocks and minerals [5].
Therefore, interaction between rocks with basaltic composition and the water holds potential to create
habitable environments. It has been conducted two sets of in vitro experiment to monitor the dissolution
of basaltic rocks under two extreme (acidic, salty) environments and tested the effect of microbial
activity compared to chemical weathering using; V.marismortui is a gram positive, aerobic, moderately
halophilic rode shape bacterium originally isolated from Dead Sea in 1999 [6] and Acidithiobacillus
ferrooxidans, which is a gram-negative, acidophilic, and iron and sulfur-oxidizing bacteria. In this
study, we will present preliminary experimental results obtained from biotic and abiotic basalt
experiments and further discuss their biosignature potentials.

2. MATERIAL and METHODS

Chemical and biotic experiments were conducted under two different extreme conditions: (1) Acidic
environment + acidophilic bacteria, (2) Saline environment + halophilic bacteria.

2.1. Basaltic rock samples

Rock samples from Deception Island, Antarctica (sample name BD) and Kizilcahamam, Ankara (sample
name K25) were used for these experiments. Their major oxides content is presented in Table 1.
Pulverization was conducted to create high water/rock ratio to favor high dissolution rate in short period
for BD basalt sample while K25 was prepared as rock chips to investigate surface morphology as well
as possible secondary phases on the rocks’ surfaces.

Table 4. Initial major oxide compositions of rock samples.

SiO2 Al203 Fe203 Ca0o MgO Na20 K20 MnO

Sample % % % % % % % %
BD 53,2 16,76 9,56 9,35 3,9 4,57 0,64 0,18
K25 48,6 15,9 9,01 8,76 9,44 3,61 1,97 0,14

2.2.Bacteria and medium

2.2.1. Saline Experiments
Virgibacillus marismortui strain TPA3-3 was used as microbial agent. Subculture of the bacteria
transferred to nutrient limited medium where peptone, yeast and glucose provided in restricted amounts
(2.5/L, 1/L, 1/L respectively). Experimental flasks containing a. pulp and bacteria, b. only pulp and c.
control group with only sterilized medium were kept at incubator shaker at 25 °C for 22 days. Flasks are
kept in both non-agitated and agitated (130 rpm) conditions. Aliquots were taken in days 0, 4, 8, 11, 15,
18 and 22 and were filtered through 0.22-micron syringe filters and pH was immediately measurement.
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Approximately 15 ml of aliquot was taken for each sampling, filtered and acidified until further
elemental analysis. After 22 days, pulps removed from medium and stored for further analysis.

2.2.2. Acidic Experiments
Acidithiobacillus ferrooxidans (ATCC 23270) was used in these experiments. DSMZ 888.
Leptospirillum medium was used to cultivate the bacteria. Minimal A. ferrooxidans medium was used
for the basalt experiments. Minimal medium was prepared by excluding iron solution from the medium.
Basalt chips were prepared and were carefully placed to the bottom of the flasks. 100 ml of minimal
medium was added to the flasks. Samples were incubated at 28 °C with 130 rpm shaking. Experiment
was applied for 147 days with the sampling by 5 days intervals for the first 35 days, and 7 days intervals
for the days 35-91, and 14 days interval until 147 days. 15 ml aliquot was taken at each sampling interval.
Total iron, ferrous iron, silica, calcium, and magnesium concentration were determined by the
spectrophotometric measurements, and pH of the solution was measured for each sampling. Samples

were kept at 4 °C for the future analyses.

3. RESULTS and DISCUSSION

3.1. pH

Changes in pH versus time are presented in Figure 1. Rapid increase in pH was measured for all the
experiments within first 4 days. However, the final pH was higher in the biotic experiments reaching
8.4 at the end of the experiments. Values are distinctive between the groups but agitation or non-

agitation did not affect pH values in the abiotic experiments.

9,0

4,0

b

3,8
' /

35 -

0 25 50 75 100 125

Figure 4. a. pH change in acidic abiotic experiment; b. pH change in saline experiment. BBNS: incubated bacteria
and rock pulp in non shake condition, BBS: incubated bacteria and rock pulp in shake condition, ABNS: sterile
medium and pulp in non shake condition, ABS: sterile medium and pulp in shake condition, CNS: sterile medium

in non shake condition, CS: sterile medium in shake condition.

In acidic abiotic experiments, samples were started with the 2.1 pH value. At day 25, pH of the sample
reached to 3.42. Then, pH value increased more slowly until day 147 then reached to 3.78 at the end of
the experiments. The majority of the dissolution occurred between 4 and 8 days (Table 2). Rapid increase
and nearly constant Si dissolution behavior was attributed to easily soluble nature of glassy material and
the finer grained particles of the rock pulp. Ca ang Mg were well correlated with Si concentration but
total iron (Fer) reaches its highest concentrations in the reactive fluid at day 8. Composition increase in
water at day 8 is also applies for Mg. This common trend may be linked to olivine dissolution. Difference
between biotic and abiotic dissolution is more pronounced for Mg for all stages of the experiment where

change Ca becomes inseparable among the groups after day 11.
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Figure 5. Changes in the solution chemistry during saline experiments.

This is also the case for Fe but based on this experiment, Fe dissolves in larger amounts in stable
conditions when the bacteria present in the system. It was demonstrated that the concentration of Fe, Fe
(1), Fe (I11), Si, Mg and Ca increased with the dissolution of basalt rock chips in acidic solutions. Fe
concentration in the solution kept increasing until day 119 following a decreasing trend. Si concentration
in the solution increased rapidly until day 25 and then followed a decreasing trend. Compared to Si
concentration Ca and Mg concentrations increased until day 147 was much lower. The effects of the

Acidithiobacillus ferrooxidans on the acidic weathering of basalt and dissolution of these elements will
be investigated with following studies.
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Figure 6. Changes in solution chemistry during acidic experiments.
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4. CONCLUSION
Our preliminary results demonstrated that Virgibacillus marismortui and Acidithiobacillus ferrooxidans
could survive and grow even in nutrition-depleted environment and basaltic rocks may provide bio
essential elements required for biomass synthesis [7,8]. Also, our results suggest that these processes
may have been active in microbial consortium throughout the earth history.
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Abstract

A new recovery technique based on microbial catalysis for lithium (Li) was proposed. To test the
efficiency of the proposed technique, a series of laboratory studies was conducted with a model
microorganism Virgibacillus marismortui strain: TPA3-3. In these experiments, we aimed enhancing
the extraction and separation of Li from hypersaline Lake Acigdl, a close playa lake in the southwestern
of Tirkiye. Virgibacillus marismortui is a moderately halophilic, gram positive, strictly aerobic
bacterium requiring 5 — 25 % salinity and 8 % salinity for optimum growth. Two growth media were
prepared for preliminary Li extraction experiments; biotic and abiotic. We will present preliminary data
to evaluate influence of Virgibacillus marismortui on Li recovery from Li contain brines and discuss
possible economical application.

Keywords: Lake Acigdl, lithium recovery, biogeochemistry, brines

Ozet

Bu caligmada Lityum (Li) geri kazanim i¢in mikrobiyal katalize dayali yeni bir geri kazanim teknigi
onerilmistir.  Onerilen teknigin etkinligini test etmek igin, Virgibacillus marismortui: TPA3-3
mikroorganizmast ile bir dizi laboratuvar calismasi yapilmistir. Bu deneylerde, Tiirkiye'nin
giineybatisinda bulunan ve hipersalin bir playa golii olan Acigdl'den, lityumun ekstraksiyonunu ve
ayristirilmasini hedeflemekteyiz. Virgibacillus marismortui, %5-25 arasinda tuzluluk iceren ortamlarda
biiyiiyebilen, optimum %8 tuzluluk isteyen, orta derecede halofilik, gram pozitif ve aerobik bir
bakteridir. V.marismortui kullanilarak biyotik ve abiyotik olmak iizere iki ayri biiyiime ortami, Li
ekstraksiyon deneyleri igin hazirlandi. V.marismortui 'nun lityum i¢eren tuzlu sulardan Li geri kazanimi1
iizerindeki etkisini degerlendirmek i¢in On verileri sunacagiz ve olast ekonomik uygulamalari
tartisacagiz.

Anahtar Kelimeler: Acigdl, lityum eldesi, biyojeokimya, asir1 tuzlu sular
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1. INTRODUCTION

Lithium plays an important role in many sectors, particularly in high technology applications for the
batteries of hybrid cars and electronic devices [1]. Lithium finds an application in rechargeable ion
batteries as well as it finds an use in ceramics, lightweight alloys, nuclear energy applications, military,
specialized glasses, polymer productions, lubricated greases and medicine [2,3]. Estimated usage of
lithium has shown at Figure 1 according to the global market needs [4]. Due to high demand of lithium
around the world, it’s very important to recover of lithium from Li-rich brines which are the most
economically recoverable sources on earth. The main sources for the commercial production of lithium
metal and lithium compounds which are rapidly progressing to be an indispensable raw material in the
future are salt lake brines, pegmatites and sedimentary rocks. Due to their more useable reservoirs and
lower production cost, recovery of lithium from continental brine has been on the rise in the industry of
lithium and is foreknown to continue to increase [2].
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Figure 1. Global Lithium consumption in various sectors [4].

Lithium is 25" the most abundant element in the earth’s crust [5]. Whereas lithium concentration is 20
ppm in the sea water, lithium concentration on earth is 0.007% [4]. Although there are other lithium
reservoirs for lithium production, saltwater resources contain 80% of world’s available lithium supply.
There are more than 150 lithium minerals are known on the planet, only a few of them could be evaluated
commercially. These minerals are spodumene (LiAl (SiOs)2), lepidolite (KLi2Al (Al, Si) 3010 (F, OH).),
petalite (LiAlISi4O10) and amblygonite (Li, Na) Al (PO.) (F, OH) [3].

The focus of this paper is Lake Acigdl containing Li. Lake Acigél is located in endorheic basin which
contain Na-CI-SO4 (Table 1). The lake at the junction between Denizli, Afyonkarahisar and Burdur
Proviences. The surface area of the lake varies greatly through seasons, with 100 km? in spring and
35 km? (14 sq mi) in late summer, with a maximum depth of 1.63 m. The lake has significantly large
sodium sulfate servers which are extensively used in the industry. The production of sodium sulfate
from the lake is 400.000 tons annually which represents 85% of Tiirkiye’s sodium sulfate industry [6].
Lake water contains high concentration of cations and anions, particularly sulfate, sodium and
magnesium which is considered to have inhibition effect on Li recovery [7].
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Table 1. Physico-chemical characteristics of the lake water and the saltern ponds water [6,7].

Sample LW1 LW2 SP1 SP2
pH 8.2 8.6 8.3 8.7
T (oC) 22 26 24 26
EC (uS/cm) 62100 85200 95230 123532
Li 15 14 15 17
Cl (mg/L) 39600 42500 142500 55250
SO4 (mg/L) 9600 12500 78815 85600
Mg (mg/L) 3325 2960 2890 3250
Na (mg/L) 21200 25630 29962 18500
K (mg/L) 865 960 450 890
Ca (mg/L) 690 1200 530 750
Salinity (g/L) 110 75 n.d n.d
2. METHODS

Water samples from the lake Acigdl were used for all the experiments as well as the growth for
Virgibacillus marismortui. As presented in Table 2, Protease peptone, yeast extract, and glucose were
added to the lake waters to supply organic matter required for Virgibacillus marismortui growth.

Table 2. Organic matter concentration for optima growth media for VBM.

Organic added Percentage from ATCC 2101
Protease peptone 5% (g/L)
Yeast extract 10% (g/L)
Glucose 1% (g/L)

After autoclaving for sterilization at 121 °C for 15 minutes, the growth media were leaved overnight for
cooling and precipitation. The next day supernatants carefully obtained without collecting precipitation
from the medium bottles were placed into the experimental containers which was previously acid
washed and sterilized. The medium was further filtered with sterile 125 mm filter paper to facilitate the
following measurements. Virgibacillus marismortui grown in the optimum media was collected and
rinsed several times in distilled water and centrifuged. 1 mL of bacteria was inoculated in 100 mL of the
mediums. One control set for each lake sample was prepared as 100 mL medium without addition of
bacteria. Both biotic and control flasks were placed in an incubator at 37 °C with 130 rpm shaking.
Sampling was conducted at days 1, 3, 6, 8 and 10 to monitor changes in Li concentrations.

3. RESULTS AND DISCUSSION

According to our preliminary results, all the biotic experimental flasks contain precipitation appeared to
be related to the microbial growth and were observed within the bacterial colonies (Figure 2).
Consequently, mineralogical and chemical identification of these precipitation seem to be the first vital
step to evaluate Li recovery from the lake water as well as capacity of the bacteria. As in the current
experiments, bacteria can control mineralization by playing both an active and a passive role by
increasing alkalinity in the microenvironments as indicated pH profile of the experiments and by
providing abundant reactive sites in the EPS (extra cellular polymeric substance), cell walls and external
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sheaths of bacterial cells that bind dissolved mineral-forming elements. Therefore, there may be two
main processes to influence Li recovery from the experimental solution, thus lake water: 1-Li may be
co-precipitated with the precipitation in the flask and/or 2- Li is related to the EPS matrix representing
an extension for the microbial cell and functions as a chelator for cations.
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Figure 2. An example for precipitation under the experimental conditions.

Bacterially induced precipitation may occur as a consequence of by-product of microbial metabolic
processes the particular case of Virgibacillus marismortui strain used in the experiments cultivated by
MM medium containing amino acids and peptides (as source of carbon, nitrogen, and energy), amino
acid metabolism resulted in a release of ammonia and CO,, increasing pH and, therefore, causing
precipitation of Li (Figure 3) [7].

6 —8—AG-C
AG-B

Days

Figure 3. pH trends of the experiments throughout the entire experimental time. AG-C (abiotic control Acigol
Lake), AG-B (biotic Acigol Lake).

Lake Acigol has defined as hypersaline continental and evaporite depositional environment and presents
playa lake characteristics [8,9]. Lake Acigol deposit also considerable number of lithium contains which
is between 0.3-16.0 mg/l due to seasonal variations [8]. Because of the continental brines are the most
economical recoverable forms of Lithium, the experiments that we are performing with a microorganism
which developed in the laboratory may hold a framework for future studies and explorations in the field
of biogeochemistry.
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Abstract

Salt tolerance is a multigenetic complex trait. Considering the great complexity of the mechanism and
magnitude of variation in this trait at intra-specific and inter-specific levels, it is difficult to identify one
single criterion for screening large population and correspondingly, led to the quest for rapid screening
techniques for salinity tolerance. Screening in the field is difficult, due to spatial heterogeneity of soil
physico-chemical properties and seasonal fluctuations in rainfall. Assessment of salinity tolerance of
halophytes is more complicated than in agronomic and horticultural plants and no consistent criterion
has been used as are used for glycophytes. Keeping in view this idea, pot experiment was conducted for
screening four Atriplex species ( A. halimus, A. nummularia, A. canescens and A. lecolada) under effect
of different levels of salinity (0, 1000, 3000, 6000 and 12000 mg 1) of NaCl grown in soils collected
from AL-Jazeera northern Irrigation project / Nineveh Governorate / Iraq using simple indirect selection
criteria such as dry weight, water content, net NaCl transport, ability for accumulation of Na* and CI
and selectivity for Na* over K*. Based on results of this study, A.haimus was more efficient with respect
to the above selection criteria and showed best salt tolerance performance on overall basis.

Keywords: Salt tolerance, atriplex, screening, sodium chloride, Selecti
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