TURKIYE JEOLOJI BULTENI

Geological Bulletin of Turkey

Ocak 2026 Cilt 69 Say 1 ISSN 1016-9164
Januray 2026 Volume 69 Issue 1

TMMOB JEOLOJI MUHENDISLERI ODASI
Chamber of Geological Engineers of Turkey


https://dergipark.org.tr/tr/pub/tjb
https://dergipark.org.tr/en/pub/tjb
https://dergipark.org.tr/tr/pub/tjb

TMMOB
JEOLOJi MUHENDISLERI ODASI
Chamber of Geological Engineers of Turkey

YONETIM KURULU / EXECUTIVE BOARD

Huseyin ALAN
Seckin GULBUDAK
D. Malik BAKIR
Duzgiin ESINA
Ozgiir DEGIRMENCI
Zeynel Abidin GOK
Burcu GORBIL

Bagkan / President

ikinci Baskan / Vice President

Yazman / Secretary

Sayman / Treasurer

Mesleki Uygulamalar Uyesi / Member of Professional Activities
Sosyal Illgkller Uyesi / Member of Social Affairs

Yayin Uyesi / Member of Publication

TURKIYE JEOLOJI BULTENI
Geological Bulletin of Turkey

Yayim Kurulu / Publication Board

Bas Editor / Editor in Chief
Erding YIGITBAS
eyigitbas@comu.edu.tr

Editorler / Editors

Mustafa AVCIOGLU
m_avcioglu@comu.edu.tr

ismail Onur TUNGC
onurtunc@comu.edu.tr

ingilizce Editorleri / English Editors

Catherine YiGIiT

Sercan Hamza BAGLAMA

Editor Kurulu / Editorial Board

AKSOY Ercan (Elazig, Turkiye)

ALDANMAZ Ercan (Kocaeli, Turkiye)
AYDOGAN Mustafa Selman (Balikesir, Tirkiye)
BABA Alper (izmir, Tiirkiye)

BOULTON, Sarah J. (Plymouth, Birlesik Krallik)
BOZKURT Erdin (Ankara, Turkiye)

CEMEN, IBRAHIM (Alabama, ABD)

EKINCI, Yunus Levent (Bitlis, Turkiye)
EYUBOGLU Yener (Trabzon, Tiirkiye)
GURSOY Halil (Sivas, Tiirkiye)

HELVACI Cabhit (izmir, Turkiye)
KAYSERI-OZER Mine Sezgiil (izmir, Tirkiye)
KAZANCI Nizamettin (Ankara, Turkiye)

NAZIK Atike (Adana, Turkiye)

OZDEN Siiha (Canakkale, Tirkiye)

Yazigsma Adresi

TMMOB Jeoloji Muhendisleri Odasi
PK. 464 Yenigsehir, 06410 Ankara

Tel: (0312) 434 36 01

Faks: (0312) 434 23 88

E-Posta: tip@jmo.org.tr

URL: https://dergipark.org.tr/tr/publ/tjb

Yayin Tiirii . Yaygin Siireli Yayin
Yayinin sekli / Frequency
Yayin Sahibi : TMMOB JMO Adina Hiiseyin ALAN
Sorumlu Yazi igleri Miidiirii . Hiiseyin ALAN

Yayinin idari Adresi
Baski (Printed by)
Baski Tarih . Agustos 2025
Baski Adedi : 500

OZKUL Mehmet (Denizli, Tiirkiye)
OZSAYIN, Erman (Ankara, Turkiye)
PARLAK Osman (Adana, Turkiye)
ROJAY Bora (Ankara, Turkiye)
SEYITOGLU Giirol (Ankara, Tirkiye)
SOZBILIR Hasan (izmir, Tiirkiye)
TAGLIASACCHI Ezher (Denizli, Turkiye)
TATAR, Orhan (Sivas, Turkiye)
UNLUGENC Ulvi Can (Adana, Turkiye)
YALCIN Huseyin (Sivas, Turkiye)
YALCIN Gurhan (Antalya, Turkiye)
YILMAZ ismail Omer (Ankara, Tirkiye)
ZABCI, Cengiz, (istanbul, Tirkiye)
ZAGORCHEV Ivan (Sofya, Bulgaristan)

Corresponding Address

UCTEA Chamber of Geological Engineers of Turkey
PO Box 464 Yenisehir, TR-06410 Ankara

Phone: +90 312 434 36 01

Fax: +90 312 434 23 88

E-Mail: tip@jmo.org.tr

URL: https://dergipark.org.tr/en/pub/tjb

. Yilda 3 sayi (Tiirkge -Ingilizce) / 3 issues per year (Turkish - English)

. Hatay 2 Sokak No: 21 Kocatepe / Ankara Tel: 0312432 30 85 Faks: 0 312434 23 83
. ERS Matbaacilik Kazim Karabekir Cad. Altuntop Ishani No: 87/7 Iskitler / Ankara Tel: 0 312 384 54 88



TURKIYE JEOLOJIi BULTENI

Geological Bulletin of Turkey

Ocak 2026 Cilt 69 Say 1
January 2026 Volume 69 Issue 1

ICINDEKILER
CONTENTS

Sabah Yilmaz Sahin, Nurullah Hanilgi )
Prof. Dr. Namik AYSAL'Iin Ardindan: Bilime, Genglige ve Daglara Adanmis Bir Omiir
In Memory of Prof. Dr. Namik AYSAL: A Life Dedicated to Science, Youth and the Mountains ................cccceeeeeevvoeenvoeescnenns 1

Harika Marmara, Sevin¢ Kapan

Taskoprii (Aksehir-Eber Gélleri Arasi) Sondaj Karot Verilerinin Ge¢ Pleyistosen Gastropoda-Bivalvia Faunasi ve
Paleobiyocografik Yayilimi (GB Anadolu)

Late Pleistocene Gastropoda-Bivalvia Fauna and Paleobiogeographical Distribution Based on Core Dirilling Data from
Taskdprtii (Between Lake Aksehir and Lake Eber, SWANGLONA) ...........cceeveeeueieiiiiieeeeeieeeeeee e 11

Nuray Sahbaz, Esra Tuncgel, Biilent Kaypak, Giirol Seyitoglu

The Biruni Fault of the Anatolian Diagonal: Morphological, Seismological and Seismic Reflection Data and
Implications for the Neotectonic Framework of the Eastern Mediterranean

Anadolu Caprazi’na ait Biruni Fayi: Morfolojik, Sismolojik ve Sismik Yansima Verileri ile Dogu Akdeniz’in Neotektonik
COICEOVESH UZEINUGKI ETKIIENI............ceceeeeeeeeeeeeeeeeeeeeeeeeesee et s st s s as st ssas st s et s s st as s s nsnseses s s nansesaseeas 45

Buse 6§reten, Ahmet Evren Erginal, Sakir Fural, Serkan Kiikrer, Erdal Oztura

Sedimantolojik Proksilere Gore Potansiyel Toksik Element Kaynakli Ekolojik Risk Seviyesinin Analizi: Gélyazi
Litoral Zonu (Uluabat Golii — Bursa) Ornegi

Analysis of Ecological Risk Levels Due to Potential Toxic Elements Based on Sedimentological Proxies: Gélyazi Littoral
Zone (Uluabat LaKe — BUIS@) EXAIMIPIE .........cc..ue ettt ettt ettt e ettt e ean e e e e e e aanes 73

Tugce Nagihan Arslan Kaya

Spatial Distribution and Risk Assessment of Microplastics in Surface Sediment: A Case Study in the Gulf of
Gemlik, Marmara Sea

Yizey Sedimentlerinde Mikroplastiklerin Mekansal Dagilimi ve Risk Degerlendirmesi: Marmara Denizi Gemlik Korfezi

Rezzan Pekcan Ekinci, Caglayan Balkaya

Estimation of Basement Relief in the Isparta Basin by Applying Spectral Filtering and Local Optimisation-Based
Inversion Techniques to Gravity Data

Gravite Verilerine Spektral Filtreleme ve Lokal Optimizasyon-Tabanli Ters C6zim Teknikleri Uygulayarak Isparta Baseninde
Temel Kaya TopografyaSiNIn TARITUN ...............uuee e et e e et a e e st a e e et e e et e e e et e e e e nsneeeeansnnneannnneens 103

Giil Sen, ismail Omer Yilmaz

Facies Evolution and Lake-Type Variability Related to Climatic Cycles in the Late Triassic Cakrazboz Formation,
Western Pontides, Tiirkiye

Gec Triyas Yagli Cakrazboz Formasyonu’nda Fasiyes Evrimi ve iklimsel Dénglilere Bagl Gél Tipi Degiskenligi, Bati
PONHAIEE, TUIKIYE........eeeeeeeee ettt 42242t 4 42t et e ket e et 42ttt 2 e e et e e et et e naneeennaeanneens 121

Tirkiye Jeoloji Biilteni makale dizin ve 6zleri:
Emerging Sources Citation Index (ESCI), Georef, Geotitles, Geoscience Documentation,
Geo Archive, Geo Abstracts, Mineralogical Abstracts, EBSCO, SOBIAD ve
ULAKBIM TR Dizin Veri Tabanlarinda yer almaktadir.

Geological Bulletin of Turkey is indexed and abstracted in:
Emerging Sources Citation Index (ESCI), Georef, Geotitles, Geoscience Documentation,
Geo Archive, Geo Abstracts, Mineralogical Abstracts, EBSCO, SOBIAD and ULAKBIM TR Dizin Databases.

TURKIYE JEOLOJi MUHENDISLERI ODASI

Chamber of Geological Engineers of Turkey


https://dergipark.org.tr/tr/pub/tjb

Tiirkiye Jeoloji Biilteni

Geological Bulletin of Turkey
69 (2026) 1-10

VEFEYAT / OBITUARY

Prof. Dr. Namik AYSAL’1n Ardindan:
Bilime, Genglige ve Daglara Adanmis Bir Omiir
In Memory of Prof. Dr. Namik AYSAL:

A Life Dedicated to Science, Youth and the Mountains

Sabah Yilmaz Sahin!

, Nurullah Hanilgi'

! [stanbul Universitesi-Cerrahpasa, Jeoloji Miihendisligi Boliimii, Biiyiikcekmece Istanbul, Tiirkiye
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Tiirkiye Jeol. Biil. / Geol. Bull. Turkey

Fotograf: Kasim-2024’te MTA Projesi kapsaminda
Menderes Masifine ait Orta-Ust Triyas mermerlerinde
inceleme yaparken kesfettigi antik mermer ocagi
(Ugkuyu-Bekilli-Denizli).

Photo: Ancient marble quarry which he discovered in
November 2024 while conducting research on Middle-
Upper Triassic marbles belonging to the Menderes
Massif as part of an MTA Project (Uckuyu-Bekilli-
Denizli).

Tiirkiye jeoloji camiasi bilylik bir degerini,
Istanbul ~ Universitesi-Cerrahpasa, Jeoloji
Miihendisligi Bélimii Ogretim Uyesi, kiymetli
dostumuz ve hocamiz Prof. Dr. Namik Aysal’1
6 Ekim 2025 tarihinde kaybetmenin derin

The Turkish geological community has
experienced profound sorrow over the loss of one
of its greatest values, our dear friend and teacher,
Prof. Dr. Namik Aysal, a faculty member of the
Department of Geological Engineering at Istanbul
University-Cerrahpasa, on October 6, 2025. At
only 52 years of age, during the most productive
years of his life, Prof. Dr. Aysal’s untimely passing
has left an irreplaceable void not only in the
academic community but also among his students
and friends. Mr. Aysal dedicated his short life to
science, his students, the Geochronology and
Geochemistry Laboratory—which he established
with great effort alongside his colleagues and
remains unique in our country—his colleagues
throughout Tiirkiye, and the mountains he loved so
much. His multi-faceted personality, inexhaustible
energy, and the “guiding driving force” he
radiated to his surroundings are felt even more
profoundly in his absence and are deeply missed.

His Life and Academic Journey

Prof- Dr. Namik AYSAL was born in Usak
in 1973. After completing his primary and
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lzlintlisini  yasamistir. Heniiz 52 yasinda,
hayatinin en verimli ¢aginda aramizdan zamansiz
ayrilan Prof. Dr. Aysal’in vefat1, yalnizca akademik
camiada degil, 6grencileri ve dostlar1 arasinda
da yeri doldurulamaz bir bosluk birakmistir.
Sayin Aysal, kisa dmriini bilime, 6grencilerine,
iilkemizde tek olan ve biiyiik emek harcayarak
arkadaglar1 ile kurdugu Jeokronoloji ve Jeokimya
Laboratuvarina, Tirkiye’'nin dort bir yanindaki
meslektaglarina ve ¢ok sevdigi daglara adamistir.
Sahip oldugu ¢ok yonlii kisiligi, tiikenmez enerjisi
ve cevresine yaydigi “ydn gosterici itici giic¢”,
yoklugunda ¢ok daha fazla hissedilmekte ve
0zlemle aranmaktadir.

Yasami ve Akademik Yolculugu

Prof. Dr. Namik Aysal, 1973 yilinda Usak’ta
diinyaya gelmistir. 1k ve orta 6grenimini
memleketinde tamamladiktan sonra, 1990 yilinda
girdigi Istanbul Universitesi Jeoloji Miihendisligi
Bolimii’'nden 1994 yilinda mezun olmustur.
Akademik tutkusu onu hi¢ birakmamis ve 1996
yilinda  Istanbul ~ Universitesi, Miihendislik
Fakiiltesi, Jeoloji Miihendisligi Boliimii’'nde
Arastirma Gorevlisi olarak bagladig kariyerinde;
1998 yilinda Yiksek Lisans, 2005 yilinda ise
Doktora derecesini almistir. 2002-2017 yillart
arasinda Yardimct Dogent, 2017-2022 yillar
arasinda Docent olarak gorev yapan Aysal, 2022
yilindan itibaren Profesor unvani ile bilime hizmet
etmeye devam etmistir.

Basarili akademik hayati boyunca TUBITAK
“Basar1 Oykiileri Odiilii” (2013), TMMOB Jeoloji
Miihendisleri Odas1 “Altin Ceki¢ Odiilii” (2016)
ve TUBITAK “Proje Performans Odiilii” (2017)
gibi pek cok saygin ddiile layik goriilmiistiir.

Tiirkiye i¢in Bir Vizyon ve Miras: Jeokronoloji
ve Jeokimya Laboratuvari

Prof. Dr. Namik Aysal’in iilkemizdeki yerbilimleri
camiasina kattig1 en onemli vizyon ve biraktig
en biiyilk miras, hi¢ sliphesiz kurulusuna

Sabah Yilmaz SAHIN, Nurullah HANILCI

secondary education in his hometown, he entered
the Department of Geological Engineering at
Istanbul University in 1990 and graduated in
1994. His academic passion never left him, and in
1996 he began his career as a Research Assistant
at the Faculty of Engineering, Department of
Istanbul  University,
he received his Master's degree in 1998 and his
PhD in 2005. Between 2002-2017, Aysal served
as Assistant Professor, between 2017-2022 as
Associate Professor, and since 2022 he continued

Geological Engineering,

to serve science with the title of Professor.

Throughout his successful academic life, he
was deemed worthy of many prestigious awards,
such as TUBITAKs “Success Stories Award”
(2013), the Chamber of Geological Engineers
of TMMOB's “Golden Hammer Award” (2016),
and TUBITAKs “Project Performance Award”
(2017).

A Vision and Legacy for Tiirkiye: The
Geochronology and Geochemistry Laboratory

The most significant vision that Prof. Dr. Namik
Aysal contributed to the geosciences community
in our country, and the greatest legacy he left
behind, is undoubtedly the establishment of
Geochronology and Geochemistry Laboratory,
as he pioneered. Feeling the lack of a modern
center in Tiirkiye that would allow radiometric
dating of rocks, Prof. Dr. Aysal shaped its technical
infrastructure and capacity with his own foresight
and effort, and together with his colleagues turned
this dream into reality in 2018.

This center opened the way for research not
only in geosciences but also in different disciplines
such as archaeogeology and astrogeology. The
laboratory, which also met analysis demands
Middle and African
countries, became an international scientific hub

from  Asian, Eastern,



Prof. Dr. Namik AYSAL tn Ardindan: Bilime, Genglige ve Daglara Adanmis Bir Omiir

onciilik ettigi Jeokronoloji ve Jeokimya
Laboratuvarr’dir. Ulkemizde kayaclarin
radyometrik yaslandirilmasina olanak saglayan
modern bir merkezin eksikligini hisseden Prof. Dr.
Aysal, teknik altyapisi ve kapasitesini bizzat kendi
Ongorii ve emegiyle sekillendirerek bu hayalini
arkadaglartyla birlikte 2018 yilinda gergege
donistiirmiistiir.

Bu merkez, yalnizca yerbilimlerinde degil;
arkeojeoloji ve astrojeoloji gibi farkli disiplinlerde
de aragtirmalarin Oniinii agmistir. Asya, Ortadogu
ve Afrika iilkelerinden gelen analiz taleplerini
de karsilayan laboratuvar; Ingiltere (Leeds),
Isvigre (ETH-Ziirich) ve Almanya (Tiibingen)
gibi diinyanin 6nde gelen iniversitelerle ortak
projeler iiretilen uluslararasi bir bilim iissii haline
gelmis; yetistirdigi Ogrenciler ve yiirlittigii
projelerle ardinda kiymetli bir miras birakmaistir.
Kurulumuna onciiliik ettigi laboratuvarda iiretilen
verilerle uluslararasi pek ¢ok yaym yapilmistir
(Tiikel vd., 2025a ve 2025b; Gdgmengil vd.,
2025; Aysal vd., 2025a, 2025b; Ozbas ve Hanilci,
2025; Sonmez ve Aysal, 2025; Kaygisiz vd., 2024;
Uzun vd., 2024; Ozbey vd., 2024; Aysal vd., 2024;
Bozkaya, vd., 2024; Sahin, vd., 2024; Aysal, vd.,
2023; Yilmaz, vd., 2022; Go¢mengil, vd., 2022).

Prof. Aysal’in onciiliigiinde, bu laboratuvarda
iiretilen ve diinya jeokronoloji camiasina birakilan
en onemli miras ise “Ikincil Dogal Granat
Referans Materyali’dir. Tiirkiye’de ilk kez U-—
Pb yaslandirma yontemiyle granat minerallerinin
tarihlendirilmesi bu laboratuvarda yapilmis;
granat yaslandirmasinda  kullanilmak {izere
uluslararast kabul goren IUC-1 ve IUC-2 isimli
referans materyaller olusturularak “Geostandards
and Geoanalytical Research” dergisinde “A
New Natural Secondary Reference Material for
Garnet U-Pb Dating by TIMS and LA-ICP-MS”
(Aysal vd., 2023) bashgiyla yayinlanmistir. Bu
materyal, bugilin diinya genelinde yirmiden fazla
jeokronoloji laboratuvarinda ikincil referans
olarak kullanilmaktadir.

producing joint projects with leading universities
of the world such as Leeds (UK), ETH-Ziirich
(Switzerland), and Tiibingen (Germany). It has
left behind a precious legacy through the students
it trained and the projects it conducted. Numerous
international publications were produced with
the data produced in the laboratory he pioneered
(Tiikel et al., 2025a, 2025b; Gé¢mengil et al.,
2025; Aysal et al., 2025a, 2025b; Ozbas and
Hanilgi, 2025; Sonmez and Aysal, 2025; Kaygisiz
etal, 2024; Uzun et al., 2024; Ozbey etal, 2024;
Aysal et al., 2024, Bozkaya et al., 2024; Sahin et
al., 2024, Aysal et al., 2023, Yilmaz et al., 2022,
Gogmengil et al., 2022).

The most significant legacy left to the global
geochronology community under Prof. Aysal’s
leadership is the “Secondary Natural Garnet
Reference Material”. For the first time in
Tiirkiye, garnet minerals were dated using the
U—-Pb method in this laboratory, internationally
accepted reference materials named IUC-1 and
IUC-2 were created for use in garnet dating,
and published in the journal Geostandards
and Geoanalytical Research under the title “A
New Natural Secondary Reference Material for
Garnet U-Pb Dating by TIMS and LA-ICP-MS”
(Aysal et al., 2023). Today, this material is used
as a secondary reference in more than twenty

geochronology laboratories worldwide.

In the laboratory he established, Prof. Dr.
Aysal, in addition to routine U-Pb zircon dating,
continuously tested the dating of new minerals,
and for the first time in Tiirkiye successfully
carried out U-Pb dating of calcite in marbles
(Aysal et al., 2025a, Tiikel et al., 2025a), rutile in
metamorphics (Uzun et al., 2024, Kaygisiz et al.,
2024), apatite in apatite-bearing iron deposits,
and scheelite in orogenic gold deposits, thereby

enhancing the laboratory s capabilities.



Prof. Dr. Aysal, kurdugu
laboratuvarda rutin U-Pb zirkon yaslandirmasinin
yani sira, stirekli yeni minerallerin yaslandirilmasi
lizerinde testler yapmis ve Tiirkiye’de ilk kez
mermerlerde kalsit U-Pb yaslandirmast (Aysal
vd., 2025a; Tiikel vd., 2025a), metamorfiklerde
rutil (Uzun vd., 2024; Kaygisiz vd., 2024),
apatitli demir yataklarinda apatit, orojenik altin
yataklarinda seelit gibi farkli minerallerde U-Pb
yaslandirmasint dogru ve basarili bir sekilde
gergeklestirerek laboratuvarin kabiliyetini
artirmigtir.

onciliigiinde

Bilimsel Mirasi ve ilkleri

Uzmanlik alan1 olan Mineraloji-Petrografi’nin

sinirlari asan  Prof. Dr. Namik Aysal,
multidisipliner calismalara Onciilik ederek
alanindaki yetkin/otoriter ve saygin kisiligi

sayesinde, jeoloji, jeofizik ve ingaat miithendisligi,
astronomi, arkeoloji, sehir planlamasi ve bir¢ok
meslek grubu ile yaptig1 is birlikleri sonucunda
onemli yayinlara imza atmistir.

Prof. Dr. Namik Aysal’in bilimsel miraslar1
birkag alt baslikta agagidaki sekilde 6zetlenebilir;

Magmatik, Metamorfik Petrojenez Calismalart
ve Jeolojik Evrime Katkilar

Prof. Dr. Namik Aysal, ozellikle Tirkiye’deki
magmatik petrojenez c¢alismalarinda, modern
jeokimyasal  ve  jeokronolojik  yOntemler
kullanarak, giincel veriler iiretmis, baz1 bolgeler
icin ise o giine kadar bilinmeyen, ilk olma 6zelligi
tasityan verilere ulagmistir. Aysal ve arkadaslari,
Istanbul Bolgesi ve cevresindeki granitoyidler
konusunda yaptiklar1 arastirilmasinda, o giine
kadar farkli yaslarda oldugu literatiire gegmis
granitoyid Pliitonlarinin yaglarini Pre-Kambriyen
(Cadomian) olarak saptamiglardir (Yilmaz Sahin
vd., 2014). Benzer seckilde, Bat1 Anadolu’da
yaptigi c¢alismalarla granitoyidlerde Alt-Orta
Devoniyen yasii saptamistir (Aysal vd., 2012).

Sabah Yilmaz SAHIN, Nurullah HANILCI

His Scientific Legacy and Firsts

Prof. Dr. Namik Aysal,
boundaries of his field of expertise in Mineralogy-

transcending  the

Petrography, pioneered multidisciplinary studies
and, thanks to his competent, authoritative,
and respected personality, signed important
publications through collaborations with geology,
geophysics and civil engineering, astronomy,
archaeology, urban planning, and many other

professional groups.

Prof- Dr. Namik Aysals scientific legacies
can be summarized under several subheadings as
follows:

Magmatic and Metamorphic Petrogenesis Studies
and Contributions to Geological Evolution

Prof. Dr. Namik Aysal, particularly in studies
of magmatic petrogenesis in Tiirkiye, produced
up-to-date data using modern geochemical and
geochronological methods, and for some regions
reached data that had until then been unknown,
carrying the distinction of being the first. In their
research on granitoids in the Istanbul Region
and its surroundings, Aysal and his colleagues
determined the ages of granitoid plutons, which
had previously been recorded in the literature as
of different ages, as Precambrian (Cadomian)
(Sahin et al., 2014). Similarly,
studies in Western Anatolia, he identified Early—

through his

Middle Devonian ages in granitoids (Aysal et al.,
2012). He took part in numerous national and
international projects concerning the evolution of
magmatic rocks across time intervals extending
from the Precambrian to the present.

Prof. Aysal continued his academic studies
regarding the magmatic and metamorphic rocks
of the Istranca (Strandja) Massif in the Thrace
region and some massifs in Western Anatolia
(Menderes Massif and Metamorphic belts) with
his graduate students. In doctoral dissertations
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Prekambriyen’den gilinlimiize uzanan zaman
araliklarinda magmatik kayaclarin evrimini konu
alan ¢ok sayida ulusal ve uluslararasi projede
gorev almistir.

Prof. Namik Aysal, Trakya bolgesi Istranca
Masifi magmatik ve metamorfikleri ile Bati
Anadolu’daki bazi masifler (Menderes Masifi
ve Metamorfik kusaklar) ile ilgili akademik
caligmalarma Lisansiistii 6grencileri ile devam
etmistir. Hazirlanan doktora tez c¢aligmalarinda
masifler icerisindeki magmatik ve metamorfik
kayaglarla ilgili, mineralojik-petrografik-
jeokimyasal ve jeokronolojik caligmalarla pek
¢ok analitik veri tretilmistir (Uzun, vd., 2024;
Kaygisiz, vd., 2024).

Astrojeoloji Alanindaki Katkilart

Prof. Dr. Namik Aysal onciiliiglinde kurulan
Jeokronoloji ve Jeokimya Laboratuvarinda,
Mars’tan gelen NWA 6963 meteoritinin apatit
mineralleri, U-Pb yontemiyle 4,2 milyar yil
olarak tarihlendirmis; NASA arastirmacilarinin da
yer aldig1 ekiplerle meteoritlerin kokenine iliskin
onemli mineral kimyas: analizleri yiirlitmis
ve yayma hazirlamistir. Ayrica, Tirkiye’de
son on yilda tanimlanan bir¢ok meteoritin
(Didim, Turgut, Karaman meteoritleri)
bilim diinyasina kazandirilmasinda oncii rol
istlenmistir. Yonetmis oldugu bir Lisansiistl
tezi ile Antartika’min mikrometoritlerinin
atmosferik soguma kosullarmi calismis ve
yaymlayarak Tirkiye’de ilk kez yapilan bir
calisma olarak literatlire kazandirmistir (Sonmez
ve Aysal, 2025). Ayrica, Prof. Dr. Namik Aysal,
vefatindan kisa siire once Prof. Dr. Mehmet
Keskin ile birlikte, “A barren planet concealing
a wet surprise within: Hydrous mega mantle
plumes of Mars” baslikli makaleyi hazirlamis ve
6liimiinden sonra Prof. Keskin tarafindan dergiye
gonderilmistir. Calisma, Mars’1in kiiciik boyutuna
ragmen sahip oldugu devasa manto sorguglari ve
volkanizmayi, gezegenin 0zglin manto yapisiyla
aciklar. Yazarlara gore Mars’ta alt manto yoktur;

prepared under his supervision, extensive
analytical data were produced on magmatic and
metamorphic rocks within these massifs through
mineralogical, petrographic, geochemical, and
geochronological (Uzun, et al., 2024, Kaygisiz, et

al., 2024).

Contributions in the Field of Astrogeology

In  the
Laboratory established under the leadership of

Geochronology —and  Geochemistry
Prof- Dr. Namik Aysal, the apatite minerals of
the NWA 6963 meteorite from Mars were dated
as 4.2 billion years using the U-Pb method;
important mineral chemistry analyses regarding
the origin of meteorites were conducted and
prepared for publication by teams including NASA
researchers. Furthermore, he played a pioneering
role in introducing many meteorites identified in
Tiirkiye over the last decade (Didim, Turgut, and
Karaman meteorites) to the scientific community.
Through a Masters thesis he supervised, he
studied the atmospheric cooling conditions of
Antarctica’s micrometeorites and, by publishing
it, introduced it to the literature as the first study
of its kind conducted in Tiirkiye (Sonmez and
Aysal, 2025). Furthermore, shortly before his
death, Prof. Dr. Namik Aysal, together with Prof.
Dr. Mehmet Keskin, prepared the article titled “A
barren planet concealing a wet surprise within:
Hydrous mega mantle plumes of Mars,” which
was submitted to the journal by Prof. Keskin after
his death. The study explains Mars’ enormous
mantle plumes and volcanism, despite its small
size, by the planet’s unique mantle structure.
According to the authors, Mars has no lower
mantle; above the core lies a transition zone twice
as thick as Earth’s and rich in volatile elements
such as water and halogens. This zone is the only
mantle layer from which plumes can rise and is the
source of the enormous plume in Elysium Planitia



cekirdegin {iizerinde, Diinya’dakinden iki kat
kalin ve su ile halojen gibi ucucu elementlerce
zengin bir gegis zonu bulunur. Bu zon, sorguglarin
yikselebildigi tek manto katmanidir ve Elysium
Planitia’daki devasa sorgucun da kaynagidir.

Arkeojeoloji ve Kiiltiirel Miras

Prof. DrNamik Aysal, akademik hayatina
basladig1 glinden itibaren yasadigi sehrin kiiltiirel
birikimlerine saygi duymustur. Tarihi eserlerin
(Camiler, kiliseler, ¢esmeler, ...vb) yapiminda
kullanilan dogal yap1 taglarinin mineralojik-
petrografik ve jeokimyasal 6zelliklerini incelemis,
restorasyon sirasinda kullanilabilecek uygun yap1
taglarinin kdkenini ve restorasyon potansiyellerini
aragtirarak eserlerin restorasyon  siireclerine
onemli katkilar Tarihi eserlerde
yapilan g¢alismalar1 Doktora danigmani Prof. Dr.
Sinan Ongen ile birlikte kapsamli “istanbul’u
Siisleyen Dekor Taglart - Roma, Bizans,
Osmanlt Medeniyetleri Mirast” isimli bir kitap
hazirlayarak dliimsiizlestirmis olup, kitap basilma
asamasindadir.

Prof. Dr. Aysal, Tirkiye’nin farkh
bolgelerindeki arkeolojik kazilarda gorev alarak
antik kentlerin ve tarihi eserlerin yapiminda
kullanilan  malzemelerin konusunda
multidisipliner ¢alismalar yaparak yaymlamistir
(Ongen vd., 2012; Aysal vd., 2016; Undiil vd.,
2025; Tiikel vd., 2025a; Aysal vd., 2025b). Ayrica,
bu tiir calismalariyla farkl disiplinlerde lisanstistii
egitim yapan birgok Ogrencinin akademik
gelisimine katki sunmustur.

sunmustur.

analizi

Yapay Zeka ve Jeoloji

Prof. Dr. Aysal, yenilik¢i vizyonunun bir eseri
olarak en son ¢aligsmasinda yapay zeka (Artificial
Intelligence; AI) tabanli  termobarometri
yontemlerini kullanmistir. Son ¢aligmasi olan
“Thermobarometry of Clinopyroxene, Amphibole
and Biotite for the Oligo-Miocene Plutons (NW
Tiirkiye): Comparison of Conventional and Al-

Sabah Yilmaz SAHIN, Nurullah HANILCI

Archaeogeology and Cultural Heritage

Prof. Dr. Namik Aysal, from the day he began
his academic career, has shown respect for the
cultural heritage of the city he lives in. He has
studied  the
geochemical properties of natural building stones

mineralogical-petrographic — and

used in the construction of historical monuments
(mosques, churches, fountains, etc.), and has
made significant contributions to the restoration
processes of these monuments by researching
the origins and restoration potential of suitable
building stones that can be used during restoration.
He has immortalized his work on historical
monuments by preparing a comprehensive book
titled “Decorative Stones Adorning Istanbul -
The Heritage of Roman, Byzantine, and Ottoman
Civilizations” together with his doctoral advisor,
Prof. Dr. Sinan Ongen, which is currently in the
printing stage.

Prof. Dr. Aysal took part in archaeological
excavations in different regions of Tiirkiye,
conducting and publishing multidisciplinary
studies on the analysis of materials used in the
construction of ancient cities and historical
monuments (Ongen etal., 2012; Aysal et al., 2016;
Undiil et al., 2025; Tiikel et al., 2025a) Aysal et
al., 2025b). Additionally, through such studies,
he contributed to the academic development of
many students pursuing postgraduate education

in different disciplines.

Artificial Intelligence (Al) and Geology

As a product of his innovative vision, Prof. Dr.
Aysal utilized Artificial Intelligence (AI) based
thermobarometry methods in his latest work.
He submitted his final study, an article titled
“Thermobarometry of Clinopyroxene, Amphibole
and Biotite for the Oligo-Miocene Plutons (NW
Tiirkiye): Comparison of Conventional and Al-
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Based Methods” makalesini, vefatindan birkag
ay Once dergiye gondermis ve makale vefatindan
sonra yayina kabul edilmistir.

Prof. Dr. Namik Aysal, pek cok lisans ve
lisansiistii diizeyde Ogrenci yetistirmig, 70’in
lizerinde ulusal ve uluslararasi makale (47 adet
SCI-ESCI) yayinlamis, cok sayida uluslararasi
dergilerde hakemlik ve yardimer editorliikler
yapmistir. Kisa, ancak iiretken olan dmriinde 35
bilimsel projeyi basariyla tamamlamis, bir Avrupa
Birligi projesi ve dort uluslararast TUBITAK
projesinde yiiriitiicli veya arastirmaci olarak gérev
almistir.

“Iyi Bir Dost, Iyi Bir Insan”

Prof. Dr. Namik Aysal, Jeoloji alaninda degerli
bir bilim insani, Ogrencileri ic¢in sefkatli ve
yardimsever bir hoca, akademik ortamda tilkkenmez
bir enerji kaynagi, yeni fikirler iireten, yaratici
ve ¢ok caliskan bir insan, sosyal hayatta ¢ok iyi
bir dost ve ailesi icin yeri doldurulamayacak bir
evlat olmay1 basarmis dzel bir insandir. Istanbul
Universitesi Jeoloji Miihendisligi Béliimiinde
baslayip yine orada noktaladig: kariyeri boyunca,
kendisiyle birlikte ¢calisma sansi bulan insanlarin
kendini sansl1 hissettigi bir kisiliktir.

Jeoloji tutkusunu ve cesaretini g¢evresiyle
paylasan giizel ve Ozel bilim insani; kurdugu
laboratuvarla bilime, yetistirdigi O6grencilerle
gelecege ve yazdigi eserlerle literatiire 151k
tutmaya devam edecektir. Prof. Dr. Namik Aysal,
jeoloji camiasinda daima saygi, minnet ve biiyiik

bir 6zlemle anilacaktur...

Aziz hatirast 6niinde saygiyla egiliyoruz.
Prof. Dr. Sabah YILMAZ SAHIN
Prof. Dr. Nurullah HANILCI

Based Methods,” to “Journal of Geosciences” a
few months before his passing, and the article has
been accepted for publication after his death.

Prof. Dr. Namik Aysal trained many students
at the undergraduate and graduate levels,
published over 70 national and international
articles (47 SCI-ESCI), and served as a reviewer
and associate editor for numerous international
Jjournals. In his short but productive life, he
successfully completed 35 scientific projects and
served as a coordinator or researcher in one
European Union project and four international
TUBITAK projects.

A Good Friend, a Good Human

Prof. Dr. Namik Aysal was a valuable scientist
in the field of Geology, a compassionate and
helpful teacher for his students, an inexhaustible
source of energy in the academic environment,
a person who produced new ideas, creative and
hardworking, a very good friend in social life, and
an irreplaceable son for his family. Throughout
his career, which began and concluded in the
Department of Geological Engineering at Istanbul
University, he was a personality with whom those
who had the chance to work felt fortunate. This
beautiful and special scientist, who shared his
passion and courage for geology with those
around him, will continue to shed light on science
through the laboratory he established, on the
future through the students he trained, and on the
literature through the works, he wrote.

Prof. Dr. Namik Aysal will always be
remembered in the geology community with
respect, gratitude, and deep longing ...

We bow with reverence before his cherished memory.
Prof. Dr. Sabah YILMAZ SAHIN
Prof. Dr. Nurullah HANILCI
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Gastropoda-Bivalvia Faunasi ve Paleobiyocografik Yayilimi (GB Anadolu)
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Oz: Bu calismada, Taskoprii koyiinde (Aksehir ve Eber golleri arasinda yer alan) yaptirilmis olan her biri 12 metre
derinlige sahip iki adet sondaj karotuna ait 6rneklerin Mollusca (Gastropoda ve Bivalvia) faunasi ilk kez sistematik
olarak incelenmis ve faunanin paleobiyocografik dagilimi ortaya ¢ikarilmistir. Sondaj karotlarindan sistematik olarak
derlenen 6rneklerden; Mollusca subesinin Gastropoda sinifina ait 8 cins ve 8 tiir; Valvata piscinalis (O. F. Miiller,
1774), Valvata sp., Bithynia pseudemmericia Schiitt, 1964, Bithynia pseudemmericia operkill, Graecoanatolica
lacustristurca Radoman, 1973, Laevicaspia caspia (Eichwald, 1838), Laevicaspia kolesnikoviana (Logvinenko
& Starobogatov, 1966), Laevicaspia lincta (Milaschewitsch, 1908), Laevicaspia sp., Lymnaea sp., Stagnicola sp.,
Radix auricularia (Linnaeus, 1758), Radix sp., Gyraulus parvus (Say, 1817), Gyraulus sp. ile Bivalvia sinifina ait;
Euglesa casertana (Poli, 1791), Euglesa personata (Malm, 1855), Pisidium amnicum (O. F. Miller, 1774), Pisidium
Jjassiensis Cobalcescu, 1883, Pisidium sp., Dreissena iconica Schiitt, 1991, Dreissena polymorpha (Pallas, 1771),
Dreissena sp. olmak tizere 3 cins ve 6 tiiriin tanimlamasi yapilmistir. Goller Bolgesi’nde daha dnce yapilmis olan
¢alismalar incelendiginde; Konya Kapali Havzasi, Egirdir, Beysehir, Burdur ve Sugla géllerinin ¢okellerinde varligi
tespit edilmis olan Valvata piscinalis, Bithynia pseudemmericia, Graecoanatolica lacustristurca, Radix auricularia,
Gyraulus parvus, Euglesa casertana, E. personata, Pisidium amnicum, P. jassiensis ve Dreissena iconica tiirlerinin,
inceleme alaninda da tarafimizdan tanimlanmis olmasi, Geg Pleyistosen esnasinda sdz konusu havzalar arasinda
fiziksel bir baglantinin mevcut olabilecegine ya da bu géllerin benzer paleoortamsal kosullarda gelismis olabilecegine
igaret etmektedir.

Anahtar Kelimeler: Gastropoda-Bivalvia, GB Anadolu, Geg Pleyistosen, Paleocografya, Taskoprii.

Abstract: In this study, the Mollusca fauna (Gastropoda and Bivalvia) from two drilling cores, each 12 meters deep
and obtained in Taskoprii village (located between Lake Aksehir and Lake Eber), was systematically examined
for the first time, and the paleobiogeographic distribution of the fauna was documented. From the systematically
collected samples obtained from the drilling cores, eight genera and eight species belonging to the class Gastropoda
of the phylum Mollusca were identified, including Valvata piscinalis (O. F. Miiller, 1774), Valvata sp., Bithynia
pseudemmericia Schiitt, 1964, Bithynia pseudemmericia operculum, Graecoanatolica lacustristurca Radoman, 1973,
Laevicaspia caspia (Eichwald, 1838), Laevicaspia kolesnikoviana (Logvinenko & Starobogatov, 1966), Laevicaspia
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lincta (Milaschewitsch, 1908), Laevicaspia sp., Lymnaea sp., Stagnicola sp., Radix auricularia (Linnaeus, 1758),
Radix sp., Gyraulus parvus (Say, 1817), and Gyraulus sp. Additionally, three genera and six species belonging
to the class Bivalvia were identified, including Euglesa casertana (Poli, 1791), Euglesa personata (Malm, 1855),
Pisidium amnicum (O. F. Miiller, 1774), Pisidium jassiensis Cobalcescu, 1883, Pisidium sp., Dreissena iconica
Schiitt, 1991, Dreissena polymorpha (Pallas, 1771), and Dreissena sp. Comparison with previous studies from the
Lakes Region shows that the occurrence of V. piscinalis, B. pseudemmericia, G. lacustristurca, R. auricularia, G.
parvus, E. casertana, E. personata, P. amnicum, P. jassiensis, and D. iconica — species previously reported from
sediments of the Konya Closed Basin and Lakes Egirdir, Beysehir, Burdur, and Sugla — suggests that during the Late
Pleistocene there may have been a physical connection among these basins, or that these lakes developed under
similar paleoenvironmental conditions.

Keywords: Gastropoda—Bivalvia, Late Pleistocene, SW Anatolia, Paleogeography, Taskoprii

GIRIS temel olusturmaktadir.

Anadolu biiyiik 6l¢iide Oligosen’de yiikselerek Gilinimiizde, Aksehir ve Eber gollerini
plato goriinlimii almaya baglamis, K-G yonli birbirinden ayiran bir kara pargas1 goriiniimiinde
genisleme rejimin etkisinde kalan Bati Anadolu’da olan Tagkdprii lokasyonu (Sekil 1), morfololojik
Neojen’le birlikte c¢ok sayida golsel havza konumu itibariyla zengin paleoortamsal ve

gelismistir (Ring vd., 2003; Seyitoglu vd., 2004; paleocografik veri potansiyeline sahip olup, bu
Algigek, 2007; Kazanct ve Roberts, 2019; Okay ozellikleri nedeniyle ¢aligma alani olarak tercih
vd., 2020). edilmistir. S6z konusu alanin, daha dnce mollusk
faunasinin sistematik olarak incelenmemis olmast
da bu tercihi destekleyen bir diger etken olmusgtur.
Inceleme alaninda bugiine kadar; bolgenin
tektonik ozellikleri (Kogyigit ve Ozacar, 2003;
Demirtas vd., 2019), jeolojisi (Atalay, 1977; Umut
vd., 1987), sedimantolojisi (Kazanci vd., 1994;
fleri, 2002; Aktiirk ve Kapan, 2025), Aksehir ve
Eber gollerinin gdl seviyesi degisimleri (Donmez,
2018; Giirbiliz, 2023; Coskun, 2024), Aksechir
Goli’niin; plankton ve bentik faunasi (Cetinkaya,
1991; So6zen ve Yigit, 1999), ostrakod faunasi
(Altinsagh vd., 2000), alg florast (Elmact ve
Obali, 1998) ve florast (Kala, 2006) konusunda

Bu havzalarda tanimlanan floral ve faunal
topluluklar, paleoortamsal degisimlerin ve farkli
bolgeler arasindaki paleocografik baglantinin
yorumlanmasinda temel bir biyostratigrafik arag
olarak kullanilmaktadir. Karasal ortamlardan
derin denizlere kadar farkli yasam alanlarim
karakterize eden ¢ok sayida tirii barindirdig
bilinen mollusk faunasi, Anadolu’nun Geg
Neojen’den Kuvaterner’e kadar devam eden
paleocografik evriminde 19. yiizyildan bu yana
bilim insanlarinin ilgisini ¢gekmektedir (Neubauer
ve Wesselingh, 2023).

Batt Anadolu, zengin mollusk faunal caligmalar yapilmistir. Ayrica bolgede giincel
cesitliligi sayesinde paleontolojik, paleocografik mollusklara dayali calismalar da mevcuttur. Bilgin
ve paleoekolojik arastirmalar agisindan énemli bir (1980), Unio pictorum™n Aksehir Golii, Tagkoprii
potansiyel sunmaktadir. Ozellikle Anadolu’nun civari ile Aksehir Golii’nii Eber Golii’ne baglayan

Goller Bolgesi'nde yer alan havzalarda kanaldan toplamistir. Bilgin (1973), Stagnicola
gerceklestirilen mollusk faunasinin kullanildigi palustris tiiriinii Akarcay Deresi’nde tanimlamisgtir
caligmalar (Roberts vd., 2003; Yildiz, 2016; (Kiligaslan ve Ozbek, 2010). Aktiirk ve Kapan
Biiyiilkmeri¢ ve Wesselingh, 2018; Kapan vd., (2025), ise Akarcay Havzasi’'nin Geg Pleyistosen

2018; Ozmen vd., 2018; Tuncer vd., 2023; Aktiirk ¢oOkellerinin fasiyes analizlerinden ve sedimanlarin
ve Kapan, 2025; Demir ve Kapan, 2025) havzalar kil mineralojisinden yararlanarak, havzanin
aras1 baglantinin yorumlanmasinda saglam bir paleoortamsal degisimlerini yorumlamiglardir.
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Aragtirmacilar, bu ¢alismayla ortak tiirlerden olan
Marmara vd. (2024)’nin fasiyes fosillerinden
Valvata piscinalis, Laevicaspia caspia, Dreissena
iconica ve D. polymorpha tiirlerini mineralojik
verilerle yapilan yorumlarimi  karsilastirmak
amactyla kullanmiglardir.

Bu
farkl

calismada, diger arastirmalardan
olarak Taskoprii civarinda yaptirtlmig
olan sondajlardan elde edilen Gastropoda
ve Bivalvia siift Orneklerinin  sistematik
paleontolojik tanimlamalar1 ilk kez yapilmis,
faunanin paleocografik yayilimina bagl olarak
es zamanl c¢okelen Aksehir ve Eber gollerinin
Ge¢ Pleyistosen’deki muhtemel baglantilart
yorumlanmustir.

INCELEME ALANININ JEOLOJISI ve
COGRAFYASI

Calisma alani, Afyonkarahisar ve Konya illeri
arasinda bulunan Akarcay Havzasi’nda yer
almaktadir. Havza; kuzeyde Emirdagi
giineyde ise Sultandagi Faylari’nin kontroliinde
gelismistir. Havzanin dolgusunu, temel birimler
iizerine uyumsuzlukla gelen, Miyosen yash
kumtagi ve konglomeralar ile Pliyosen yasli kiltasi,
kiregtasi, marn, kumtasi ve ¢amurtasi litolojileri
olusturmaktadir (Kazanci vd., 1994; ileri, 2002).
Afyon-Bolvadin ydresindeki Miyosen-Pliyosen
yaslt karasal kirintili ¢okellere ise volkanoklastik
birimler eslik etmektedir (Eren ve Nalbantgilar,
2021). Ozellikle Aksehir ve Eber golleri
cevresindeki aliivyal yelpazeler, golsel cokeller ve
giincel aliivyonlardan meydana gelen Kuvaterner
cokelleri, Onceki tiim birimleri
ortmektedir. Bu c¢alismada, Kuvaterner ¢okelleri
iizerinde yapilan 2 adet sondaj karotundan elde
edilen veriler sunulmustur (Sekil 2).

Fayi,

uyumsuzla

Jeolojik yapi, bolgedeki morfolojik unsurlari
ve gecmisteki su sistemlerinin  geligimini
belirlemede temel rol oynamaktadir. Ancak bir
alanin paleocografik evrimini biitiin olarak ortaya
koyabilmeki¢in, jeolojik verilerle birlikte havzanin
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glinimiizdeki drenaj sistemi, iklimsel kosullar1 ve
limnolojik 6zellikleri gibi ¢evresel faktorlerinin de
ayrintili sekilde degerlendirilmesi gerekmektedir.
Bir bolgedeki gollerin drenaj sistemleri, yagis-
buharlagsma dengesi ve g6l sulariin fizikokimyasal
ozellikleri; gecmis cevresel kosullarin ve goller
aras1 baglantilarin bolgesel diizeyde paleocografik
acidan degerlendirilmesinde 6nemli ipuglar
sunmaktadir. Caligma alanimin  gilinlimiizdeki
drenaj ozellikleri, limnolojik durumu ve iklimsel
ozellikleri bu cercevede ele alinmistir.

Akargay Havzasi, disa akist olmayan
tipik bir kapali havza 0&zelligindedir. Havza
icerisindeki su akist sadece ylizey akist ve
yer alti sizmalar1 yoluyla gergeklesmektedir.
Havzanmn baglica akarsuyu Akarcay Nehri’dir.
Afyonkarahisar’dan dogan nehir, batiya dogru
akarak once Eber Goli’ne ulagmakta; goliin
taskin donemlerinde ise fazla sular, yiizeysel
taskinlar ya da yer alti su akimlar1 araciligiyla
Aksehir Golii'ne kadar ulasabilmektedir (ileri,
2002). Gollerin ¢evresindeki aliivyal diizliikler,
sazliklar ve mevsimsel bataklik alanlar, bolgedeki
drenajimn yoniinii ve kapasitesini 6nemli Slglide
etkilemektedir. Yagisin nispeten fazla oldugu
donemlerde Eber Golii, genellikle tatl su 6zelligi
gostermektedir. Buna karsilik, Aksehir Goli ise
diisiik tuzlu ile ac1 su karakteri arasinda degisen
bir kimyasal yapiya sahiptir Her iki golde, ¢ok s1g,
otrofik ve Reeves (1968) smiflamasina gore yari
dairesel havzalar grubuna girmektedir (Kazanci
vd., 1994; Elmaci ve Obali, 1998; ileri, 2002;
Oztiirk, 2005; Dénmez, 2018).

Akargay Havzasi, karasal iklim kusagi iginde
yer almakta olup, yillik ortalama yagis miktar
300400 mm civarindadir ve biyik kismi kis
ve ilkbahar aylarinda diismektedir. Yaz aylarinda
ise hem yagis azalmakta hem de buharlagma
orani artmaktadir. Yiiksek buharlagma, tarimsal
faaliyetler icin yapilan yer alt1 su ¢gekimleri, drenaj
calismalar1 da havzadaki su birikimini azaltmakta,
gollerde su seviyesi diigiisii ve kuruma riskini
arttirmaktadir (Kale, 2021).
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Sekil 1. inceleme alaninin yer bulduru gériintiisii ve yapilan sondajlarin lokasyonlari (arka plan earth.google.com
adresinden degistirilmistir).

Figure 1. Location map of the study area and the drilling sites (background modified from earth.google.com).
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| 42.1

Sekil 2. Calisma alaniin jeoloji haritasi (Akbas vd., 2011°den sadelestirilmistir, faylar: Emre vd., 2013; Demirtas,

vd. 2019).

Figure 2. Geological map of the study area (simplified from Akbas et al., 2011, faults are from Emre et al., 2013;

Demirtas, et al., 2019).

MATERYAL ve YONTEM
Arazi Calismalari

Sondaj calismalari, Afyon ilinin Sultandag:
bagh Taskoprii Koyii’niin
kuzeydogusunda, = SK-1(36S/351748,53 D,
4272737,95 K, deniz seviyesine gore yiiksekligi:
965 m) ve SK-2 (36S/351156,91 D, 4272222,12
K, deniz seviyesine gore yiiksekligi: 968 m)
koordinatlarinda her biri 12 m derinliginde olacak
sekilde gerceklestirilmistir. Ug¢ metrelik uzunluga
ve 60 mm agiz ¢apma sahip tijler kullanilarak
yapilan sondajlardan karot &rnekleri alinmistir

(Sekil 3). Karot ornekleri, Canakkale Onsekiz

ilgesine
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Mart Universitesi Miihendislik Fakiiltesi Genel
Jeoloji Laboratuvari’nda muhafaza edilmektedir.

Laboratuvar Calismalari

Sondajlardan elde edilen karotlar, Canakkale
Onsekiz Mart Universitesi (COMU) Jeoloji
Miihendisligi Boliimii, Genel Jeoloji
Laboratuvari’nda, 20 cm’lik dilimlere kesilmistir.
Bu orneklerin her biri igin litolojik tanimlamalar
yapilmis ve fosil i¢erikleri belirlenmistir. Sediman
ve kavkilarin ayrilmasi igin numuneler, Retcsh
marka 1 mm, 0,5 mm, 0,25 mm, 0,125 mm ve
0,063 mm elekler kullanilarak 1slak elek analizine
tabi tutulmustur. Eleme isleminin ardindan



kurutulan numunelerden, Gastropoda ve Bivalvia
kavkilar1 detayli paleontolojik tanimlamalar i¢in
ayiklanmigtir. Sedimanlardan ayiklanan fosil
kavkilari, Zeiss-Stemi 305 marka mikroskopta
incelenerek cins ve tiir mertebesinde tanimlanmis,
birey sayimlar1 yapilmis (toplam:2,899 adet tiir)
ve fosillerin levha fotograflar1 ¢ekilmistir.

Harika MARMARA, Seving KAPAN

ARASTIRMA BULGULARI ve
DEGERLENDIRME

Sondajlar, birbirlerine oldukg¢a yakin mesafelerde
yer aldig1 i¢in hemen hemen benzer litolojileri
icermektedir. Buna ragmen, ylizeyden gol kiyisina
dogru gidildikge, kil ve silt i¢eren litolojilerin
yerini kum ve ¢akil igeren birimler almistir.

Sekil 3. Karot alim ¢alismalarindan goriintiiler. a) sondaj makinesi, b) birinci sondaj kuyusu karotlari, ¢) ikinci
sondaj kuyusu karotlari, d) acik gri renkli siltli kil litolojileri i¢erisinde gdzlenen fosiller, ) organik maddece zengin
kil icerisinde gozlenen fosiller, f) ikinci sondaj kuyusuna ait acik gri renkli kil litolojilerinde gozlenen fosiller.

Figure 3. Images from coring studies. a) drilling machine, b) first drilling hole cores, ¢) second drilling hole cores,
d) fossils observed in light gray silty clay lithologies, e) fossils observed in organic matter-rich clay, f) fossils
observed in light gray clay lithologies of the second drilling hole.
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Sondaj Kuyusu 1’in (SK-1) Litolojik Ozellikleri Karot, altta 9,20-4,60 m’ler arasindaki koyu gri
renkli, organik maddece zengin kil ile baslayip;
4,60-0 metreler arasinda tane boyunda irilesme
gosteren, yer yer ince ve koseli ¢akil igceren agik
calismalarda Gastropoda ve Bivalvia siuflarina o renkli siltli kil litolojileri ile son bulmaktadir
ait toplam 2,143 tiir tamimlanmigtir (Cizelge 1). (Sekil 4).

Sondaj derinligi 9,20 metre olup, bu karotlardan
elde edilen 6rnekler tizerinde yapilan paleontolojik
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Sekil 4. Sk-1 Sondaj logu.
Figure 4. Sk-1 Drilling log.
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Cizelge 1: Sondaj Kuyusu 1°in (SK-1) litolojik 6zellikleri, ¢cokelme ortamlari ve fosillerin sayisal bolluk dagilimlari.

Table 1. Lithological features, depositional environments, and numerical abundance distributions of fossils in Drill
hole-1 (SK-1).

— TURLER
Z
E = -2 3 g 3
S S = sz 5 3 £ g § 3 E
= 3 SK-1 E O < £ 3 g § 2
2 = s §§5 § § s § & s § § 2 53 £
Q S 2% $ 2 £ £ ¢ ®» % 0% g £ &
S S = 3 S = ; S = R = 2 ~ I .
= Q] N ~ ~ ~ O = S| Y oS Q Q
-1,00-1,20 1
-1,40-1,60 4
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= -2,20-2,40 59
3 = -2,80-3,00 14 7
O =
0 s -3,00-3,20 2
i g -3,40-3,60
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St
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_ -5,60-5,80 6 34 7 8% 63
= -5,80-6,00 1 2 71ss
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2 g -6,60-6,80 1 1 4 2
2 F 6,80-7,00 2 3 1 15 14
Z & -7,00-7,20 1 o1 5 6 102 8 1
:H: % -7,20-7,40 2 2 3 46 6 1 1
R 2 -7,40-7,60 1 6 2 8 5 23 14
Zﬂ -7,60-7,80 5 7 15 19 1 20 22
E -7,80-8,00 27 103 5 23 6 1
-8,00-8,20 2 1 38 15 2
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-8,40-8,60 1 1 3001 92 8 3 4
-8,60-8,80 1 1
-8,80-9,00 2 2 11 1 30 2 5
-9,00-9,20 1 12 1 4 9
TOPLAM 55 3 155 1 211 1 2 51 9 466 34 640 515
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Sekil 5. Sk-2 Sondaj logu.
Figure 5. Sk-2 Drilling log.
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Sondaj Kuyusu 2’nin (SK-2) Litolojik
Ozellikleri

Sondaj derinligi 6,60 metre olup, 33 dilim karot
ornegi lizerinde yapilan paleontolojik calismalarda
Gastropoda ve Bivalvia siniflarina ait toplam 756
tiirlin tanimlamasi yapilmistir (Cizelge 2). Karot,

Harika MARMARA, Seving KAPAN

alttan {iste sirasiyla; 4,60-6,60 metreleri arasinda;
sarims1 kahverengi, kdoseli cakil iceren kum;
4,40-2,80 metreleri arasinda sarimsi kahverengi,
az cakil iceren killi kum; 2,80-2,40 metreleri
arasinda organik maddece zengin kil; ve 2,40-
0 metreleri arasinda koseli iri gakil iceren siltli
kilden meydana gelmistir (Sekil 5).

Cizelge 2. Sondaj Kuyusu 2’nin (SK-2) litolojik 6zellikleri, cokelme ortamlar1 ve fosillerin sayisal bolluk dagilimlart.

Table 2. Lithological features, depositional environments and numerical abundance distributions of fossils in Drill

hole-2 (SK-2).
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SK-1 ve SK-2 sondaj loglar1 korele edilmistir
(Sekil 6). Istifin alt kesimlerinde gdzlenen sarimsi
kahverengi, orta-iri taneli ¢akilli kum ile bunlarla
yanal gecis gosteren killi kum litolojilerinde;
Valvata piscinalis, Bithynia pseudemmericia,
Graecoanatolica  lacustristurca, Laevicaspia
caspia, L. lincta, Euglesa casertana, Pisidium
amnicum, P. jassiensis, Dreissena iconica ve D.
polymorpha tiirleri tanimlanmistir. Bu  tiirlerin
bulundugu seviyelerin ¢okeldigi zaman araligi,
goliin s1g olarak yayildigi bir evreye isaret
etmektedir (Aktiirk ve Kapan, 2025). Istifin orta
kesimlerinde gozlenen koyu gri renkli organik
maddece zengin kil litolojisinde; Gyraulus
parvus ve Radix auricularia gibi durgun su ve
batakliklarda yasayan tiirler tespit edilmistir
(Jokinen, 1992; Oktener, 2004; Lorencova vd.,

2021).

Istifin {ist kisimlarindaki acik gri renkli kil
litolojilerinin igerisinde, akarsularda yasayan
Valvata piscinalis (Grigorovich vd., 2005; Kapan
vd., 2018; Ozmen vd., 2018; Aktiirk ve Kapan,
2025), mezohalin (tuzluluk: 5%o-18%o) ortamlarda
yasayan Ponto-Kaspik Havza’nin Laevicaspia
caspia ve L. lincta tiirleri (Neubauer vd., 2018;
Algigek vd., 2023) ve ¢ok sig sularda yasayan
Euglesa casertana (Gozler ve Baytasoglu, 2020)
ile Pisidium amnicum tirleri tanimlanmistir
(Cizelge 1 ve 2).

SISTEMATIK PALEONTOLOJI

Caligilan Gastropoda ve Bivalvia orneklerinin
sistematik diizeni, Wenz (1938, 1944), Wenz ve
Zilch (1959-1960), Neubauer vd. (2018), WoRMS
(URL 1) ve MolluscaBase (URL 2) kaynaklarindan
yararlanilarak yapilmistir.

Sube: Mollusca Linnacus, 1758
Siif: Gastropoda Cuvier, 1795
Alt Sinif: Heterobranchia Burmeister, 1837
Ust Familya: Valvatoidea Gray, 1840
Familya: Valvatidae Gray, 1840
Cins: Valvata O. F. Miiller, 1773
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Valvata piscinalis (O.F. Miiller, 1774)
Lev.: 1, Sek.: 1 (a-b-c), 2(a-b-c)

1968- Valvata piscinalis (O.F. Miiller), Kempf, s.
15, Lev. 1, Sek. 4-6.

2015- Valvata piscinalis (O.F. Miiller), Odabas1
vd., s. 139, Sek. 9.

2016- Valvata (Cincinna) piscinalis (O.F. Miiller),
Karayigit vd., s. 53, Lev. 2, Sek. 1-3.

2023- Valvata piscinalis (O.F. Miiller), Alcicek
vd., s. 13, Sek. 10.g.

2023- Valvata (Cincinna) piscinalis (O.F. Miiller),
Tuncer vd., s. 16, Sek. 12.7.

2025- Valvata pulchella Studer, Demir ve Kapan,
s.126, Lev.1, Sek. 2a-b.

Tanimlama: Levha 1 Sekil: 1 (a-b-c)’de yer
alan bireylerde, sarmal sayisi 4-4,5 arasinda.
Uzerinde belirgin ¢izgiler bulunmakta. Apeks kiit
ve apertiir yuvarlak. Son iki sarmal olduk¢a genis
olup kavkmin biiyiik bir kismint olusturmakta.
Son sarmal yiiksekligi, tiim kavki yiiksekliginin
2/3’linden fazla. Levha 1 Sekil: 2 (a-b-c)’de yer
alan 6rneklerde ise spirkisa, apeks yassi. Umbilikus
genis ve derin. Apertiir yuvarlak, sarmal sayisi
3-3,5 arasinda. Son sarmal yiiksekligi, kavkinin
tiim yiiksekliginin 3/4’ii kadar.

Benzeyis ve Farklar: Levha 1 Sekil: 1 (a-b-
c¢)’deincelenen formlar, sinonim listede tanimlanan
Kempf (1968), Odabas1 vd. (2015), Karayigit vd.
(2016), Algigek vd. (2023) ve Tuncer vd. (2023)
ornekleri ile Levha 1 Sekil: 2 (a-b-c)’de incelenen
formlar ise Demir ve Kapan (2025) ile tamamen
benzerlik gdstermektedir.

Olgiiler: Levha 1 Sekil: 1 (a-b-c) Kavki

yiliksekligi:4,1 mm, kavki genisligi:3,9 mm,

kavkinin son sarmal yiiksekligi: 3,4 mm.

Levha 1 Sekil: 2 (a-b-c) Kavki ytiksekligi:2,7
mm, kavki genigligi:1,9 mm, kavkinin son sarmal
yiiksekligi:2,0 mm.
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TASKOPRU
SK-1
SONDAJI

-0,00 m

-4,60 m

: -0,00 m

TASKOPRU
SK-2
SONDAJI

240

/-440mE

PALEONTOLOJIK BULGULAR

LiTOLOJI

COKELME
ORTAMI

Valvata piscinalis, V. sp.,

Bithynia pseudemmericia,

B. pseudemmericia operkiil,

Laevicaspia caspia, L. lincta, L. sp.,
Dreissena iconica, D. polymorpha, D. sp.

Acik gri renkli,
koseli iri gakil
iceren siltli kil

COK SIG
GOL

Valvata piscinalis, V. sp.,

B. pseudemmericia operkiil,
Laevicaspia caspia, L. kolesnikoviana,
L. lincta, L. sp., Lymnaea sp.,
Stagnicola sp., Radix auricularia,

R. sp., Gyraulus parvus, G. sp.,
Euglesa casertana, E. personata,
Pisidium amnicum, P. jassiensis,

P. sp., Dreissena iconica,

D. polymorpha, D. sp.

Koyu gri renkli,
organik maddece
zengin kil

BATAKLIK/SIG GOL

Valvata piscinalis, V. sp., Bithynia
pseudemmericia, B. pseudemmericia
operkiil, Laevicaspia caspia, L. lincta,
L. sp., Euglesa casertana, Pisidium
amnicum, Dreissena iconica,

D. polymorpha, D. sp.

Sarimsi kahverengi
cakil iceren
kumlu kil

-6,60 mLzn=s -

Valvata piscinalis, V. sp.,

Bithynia pseudemmericia,

B. pseudemmericia operkiil,
Graecoanatolica lacustristurca,
Laevicaspia caspia,

L. lincta, L. sp., Pisidium amnicum,
P. jassiensis, Dreissena iconica,
D. polymorpha, D. sp.

Sarimsi kahverengi
renkli koseli
cakil iceren kum

GOL KENARI/ LITORAL

Sekil 6. Taskoprii SK-1 ve SK-2 kuyularinin litostratigrafik ve biyostratigrafik korelasyonu (6l¢eksizdir).

Figure 6. Lithostratigraphic and biostratigraphic correlation of Taskoprii SK-1 and SK-2 drill holes (not to Scale).

Paleocografik Yayilim: Polonya’da

Miyosen’den giiniimiize, Romanya’da Erken ve
Ge¢ Romaniyen’de, Italya’da Ge¢ Miyosen-Orta
Macaristan, Giiney

Pleyistosen’de, Almanya,

Urallar, Ingiltere ve

Hollanda’da (Wenz, 1942;

Taner, 1977; Nordsieck, 1982; Danukalova vd.,
2016; Bizzarri vd., 2018), Erken-Geg Pleyistosen
araliginda Ponto-Kaspik Havza’da (Algigek vd.,
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2023), Orta Pleyistosen-giincel zaman araliginda;
hemen hemen biitiin Avrupa iilkelerinde, Cek
Cumbhuriyeti ve Slovakya’da (Horsak vd., 2010)
yayilim gostermektedir (Cizelge 3).

Tiirkiye’de; Monastriyen’de Karacadren’de
(Colakoglu,  2006), Erken  Romaniyen’de
Lapseki’de (Kabasakal, 2005), Seyhan ve Ceyhan
nehirlerinin -~ Pliyosen-Kuvaterner  ¢okellerinde
(Geze Kalanyuva, 2021), Pliyo-Pleyistosen’de
Sarkikaraga¢’ta (Isparta) (Tuncer vd., 2023),
Pleyistosen’de  Golbasi-Harmanli  ve  Baklan
Havzasi’nda (Karayigit vd., 2016; Algicek vd.,
2023), Erken Pleyistosen-giincel araliginda
Beysehir Golii’nde (Girod, 2013; Demir ve Kapan,
2025), Orta Pleyistosen’de Burdur Go6lii'nde
(Y1ldiz, 2016), Konya Kapali Havzasi'nin Geg
Pleyistosen ve Holosen ¢okellerinde (Girod, 2013;
Kapan vd., 2018; Ozmen vd., 2018), Antakya’nin
Holosen ¢okellerinde (Schiitt, 1991) ve Egirdir
Goli'nde (Girod, 2013) tanimlanmustir (Cizelge 3)

Bulundugu Yer: SK-1 ((4,20-4,40 m), (4,60-
4,80 m), (5,40-5,80 m), (6,00-6,20 m), (6,40-7,80
m), (8,20-8,60 m), (8,80-9,20 m)); SK-2 ((2,40-
3,00 m), (3,40-4,00 m), (4,80-5,20 m), (5,60-5,80
m), (6,00-6,60 m)) seviyelerinde gbzlenmektedir.

Bulundugu Geg

Pleyistosen.

Stratigrafik ~ Seviye:

Valvata sp.
Lev.: 1, Sek.: 3a-b-¢

Tanimlama: Kavki konik formda. Sarmallar
ve siitur ¢izgisi belirgindir. Sarmallar {izerinde
belli belirsiz ¢izgiler mevcut. Apertiir kirik.

Benzeyis ve Farklar: Apertiirti kirik ve kiigtik
oldugundan tiir tayini yapilamayan form Valvata
cins ozelliklerini tagimaktadir.

Olgiiler: Kavki vyiiksekligi: 0,9 mm,
kavki genisligi: 1,1 mm, kavkinin son sarmal
yiiksekligi:0,6 mm.

Bulundugu Yer: SK-1 ((2,40-2,60 m), (3,80-
4,00 m), (4,20-4,40 m), (5,60-5,80 m), (6,00-
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6,40 m), (6,60-6,80 m), (8,80-9,00 m)); SK-2
((2,80-3,20 m), (3,40-4,00 m), (4,40-4,60 m))
seviyelerinde gozlenmektedir.

Alt Smif: Caenogastropoda L. R. Cox, 1960
Ordo: Littorinimorpha Golikov & Starobogatov,
1975
Ust familya: Truncatelloidea J.E. Gray, 1840
Familya: Bithyniidae J.E. Gray, 1857
Cins: Bithynia Leach, 1818

Bithynia pseudemmericia Schiitt, 1964
Lev.: 1, Sek: 4a-b

1991- Bithynia (Pseudemmericia) pseudemmericia
Schiitt, s. 146, Lev. 1 Sek. 6.

2006- Bithynia pseudemmericia Schiitt, Gloer ve
Yildirim, s.40, Sek. 4.1-2.

2023- Bithynia pseudemmericia Schiitt, Algicek
vd., s.13, Sek. 10.d.

Tanimlama: Kavki ince. Sarmal sayisi 4,5-
5 adet, siitur ¢izgisi derin; dolayisiyla sarmallar
bombeli. Apertiir yuvarlak. Son sarmal yiiksekligi,
tiim yiiksekligin yarisindan biraz fazla.

Benzeyis ve Farklar: Numunelerimiz, sinonim
listedeki ornekler ile sarmal sayisi, apertiir yapisi
ve siitur ¢izgisinin derinligi bakimindan benzerlik
gostermektedir.

Olgiiler: Kavki yiiksekligi: 6,8
kavki genisligi: 3,7 mm, kavkinin son sarmal
yiiksekligi:3,9 mm.

mm,

Paleocografik Yayilim: Tiirkiye’de, Antalya
(Yenikoy kaynagi), Afyon, Konya, Isparta ve
Burdur yorelerinde en yaygin endemik Bithynia
tiiriidiir (Yildirim ve Kebapgi, 2009). Miyosen’de
Cal Havzasi’'nda (Algigcek vd., 2019), Pliyosen-
Pleyistosen’de Sarkikaraagag’ta, Pleyistosen’de
Egirdir Goli ve Baklan Havzasi’nda, Pleyistosen-
giincel araliginda Beysehir Golii’'nde, Hazar Goli,
Cumra, Catalhdyiik, Burdur Golii, Senirce, Yarisl
Goli ve Konya Kapali Havzasi’nin Kuvaterner
tortullarinda,
Horasan arasi, Aras Nehri, Elmali Catma ve
Karadag, Kirkgoz Kaynagi, Avlan Goli, Elazig

giincel olarak ise Pasinler ve



Hazar Goli, Yarigh Goli, Eber Golii ve Egirdir
Goli'nde yayilim gostermektedir (Schiitt, 1964,
1990, 1991; Bilgin, 1980; Yildirim, 1999; Gloer
ve Yildirim, 2006; Yildirim ve Kebapgi, 2009;
Kebap¢i ve Yildirim, 2010; Girod, 2013; Glimiis
vd., 2022; Algigek vd., 2023; Tuncer vd., 2023)
(Cizelge 3).

Bulundugu Yer: SK-1 ((3,60-3,80 m), (4,00-
4,40 m)); (SK-2 ((3,40-3,60 m), (3,80-4,00 m),
(5,00-5,20 m)) seviyelerinde gézlenmistir.

Bulundugu Seviye:  Geg

Pleyistosen.

Stratigrafik

Familya: Hydrobiidae Stimpson, 1865

Cins: Graecoanatolica Radoman, 1973

Graecoanatolica lacustristurca Radoman, 1973
Lev.: 1, Sek.: 6a-b

1991-Graecoanatolica lacustristurca Radoman,

Schiitt, s.147, Lev.1, Sek. 4.

2004-Graecoanatolica lacustristurca Radoman,
Yildirim, s. 99, Lev.1, Sek. 3.

2012-Graecoanatolica lacustristurca Radoman,
Kebabe¢i vd., s. 402, Sek.2-d.

Tanimlama: Kavki, ¢ok ince, yar1 saydam
ve uzamis konik sekilli. Apex sivri. Sarmal
sayist 5-5,5 adet ve sarmallar orantili bir sekilde
artmakta. Son sarmal, diger sarmallara oranla
siskin. Apertiir uzamig ¢ekik oval. Son sarmal
yiiksekligi, tim ytiksekligin 1/3’iine yakin.

Benzeyis ve Farklar: Numunelerimiz Schiitt
(1991), Yildirim (2004) ile Kebabg1 vd. (2012)
kaynaklarindaki orneklerle tamamen benzerlik
gostermektedir.

Olgiiler: Kavki yiiksekligi: 2,2 mm,
kavkl genisligi: 0,5 mm, kavkinin son sarmal
yiiksekligi:0,7 mm.

Paleocografik  Yayilim:  Graecoanatolica
lacustristurca, Beysehir ve Egirdir Goli icin
endemik tanimlanmig bir tiirdiir (Yildirim, 2004;

Kebabg1 vd., 2012). Konya Kapali Havzasi’nin
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Geg Pleyistosen ¢okellerinde, Konya Cumra’da
ve Burdur Havzasi’nda Kuvaterner’de, Egirdir
ve Beysehir gol havzalarinda ise giincel olarak
yayilim gostermektedir (Schiitt, 1990, 1991;
Kebabgei1 vd., 2012; Girod, 2013; Kapan vd., 2018;
Ozmen vd., 2018) (Cizelge 3).

Bulundugu Yer: SK-2 (5,00-5,20 m)
seviyesinde gozlenmektedir.

Bulundugu  Stratigrafik  Seviye:  Geg
Pleyistosen.
Cins: Laevicaspia Dybowski & Grochmalicki,
1917

Laevicaspia caspia (Eichwald, 1838)
Lev.:1, Sek.:7a-b
1838-Rissoa caspia Eichwald:154-155.
2018-Laevicaspia caspia (Eichwald), Neubauer
vd., s. 65, Sek. 8A-K.

Tanimlama: Kavki kalin, iizerinde belirgin
cizgiler mevcut. Siitur ¢izgisi derin. Sarmal sayis1
7-8 adet. Sarmallarm birbirine temas ettigi yerde
basamak benzeri bir yap1 olugsmus. Apertiir egik
duran elips seklinde. Son sarmal yiiksekligi, tim
yiiksekligin 2/4’sine yakin.

Benzeyis ve Farklar: Numunemiz sinonim
listesinde verilen orneklerle tamamen benzerlik
gostermektedir.

Olgiiler: Kavki  vyiiksekligi: 7,9 mm,
kavki genisligi: 3,2 mm, kavkinin son sarmal
yiiksekligi:3,8 mm.

Paleocografik Yayilim: Dagistan, Rusya
ve Azerbaycan’in Giliney Hazar Havzasi’nda
Geg Pleyistosen’de tanimlanan bu tiir, Hazar
Denizi’nin endemik tiiridiir. (Neubauer vd., 2018)
(Cizelge 3).

Bulundugu Yer: SK-1 ((3,60-4,00 m), (4,40-
4,60 m), (5,20-6,60 m), (6,80-7,00 m), (7,60-8,00
m), (8,40-9,00 m)); SK-2 ((2,60-2,80 m), (3,20-
3,60 m), (3,80-4,00 m), (4,40-4,60 m), (4,80-5,40
m), (6,40-6,60 m)) seviyelerinde gozlenmektedir.

Bulundugu Geg

Pleyistosen.

Stratigrafik ~ Seviye:
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Cizelge 3. Caligma alaninda tanimlanan gastropoda-bivalvia faunasinin paleocografik ve stratigrafik yayilim karsilastirmasi.

Table 3. Paleogeographic and stratigraphic distribution comparison of gastropod and bivalvia fauna identified in the study area.

(njopvuy gn) mujidng yip.i300041qoajng aa 1spuny,] vIAIPAIG-PodosSpn) UaSOISINA]J So0) UIULIDJLIYL J04DY [DPUOS (15D 112]]0D) A2qT-11yasY}) nidoysn]



Laevicaspia kolesnikoviana (Logvinenko &
Starobogatov, 1966)
(Lev.1, Sek. 8 (a-b))

1966- Pyrgula (Caspiella) kolesnikoviana
Logvinenko & Starobogatov, s. 357-358, Sek. 2(8-
9).

2018- Laevicaspia kolesnikoviana
(Logvinenko & Starobogatov), Neubauer vd., s.
72, Sek. 10A-N.

Tanimlama: Kavki kubbe sekilli, ylizeyi
parlak, boyuna ince ¢izgiler mevcut. Siitur ¢izgisi
derin dolayisiyla sarmallar bombeli ve sarmal
adeti:7. Apeks kiit. Apertiir ¢ekik oval. Son sarmal
yiksekligi, tiim yiiksekligin 2/4’sine yakin.

Benzeyis ve Farklar:  Numunelerimiz
incelenen literatilirlerdeki Orneklerle tamamen
benzerlik gostermektedir.

Olgiiler: Kavki yiiksekligi: 7,6 mm,
kavki genisligi: 2,8 mm, kavkinin son sarmal
yliksekligi:3,6 mm.

Paleocografik Yayilim: Geg¢ Pleyistosen’de
Karadeniz’de, Geg Pleyistosen-Holosen’de Hazar
Denizi’'nde yayilim gostermektedir (Neubauer
vd., 2018; van de Velde vd., 2019) (Cizelge 3).

Bulundugu Yer: SK-1 (7,00-7,20 m)
seviyesinde gozlenmektedir.

Bulundugu  Stratigrafik  Seviye:  Geg
Pleyistosen.

Laevicaspia lincta (Milaschewitsch, 1908)
Lev.:2, Sek.:1a-b

1908- Micromelania lincta Milaschewitsch, s.
991.

2023-  Laevicaspia ?lincta
Algigek vd., s.13, Sek. 10.c.

(Milaschewitch),

Tanimlama: Kavki kalin {izerinde belirgin
cizgiler mevcut. Apeks kiit. Sarmal sayist 7-8
adet. Siitur ¢izgisi hafif derin. Apertiir egik duran
elips seklinde, alt kenar1 yuvarlak, iist kenar1 ¢ekik
sivri. Son sarmal yiiksekligi, tiim yiiksekligin
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2/4’sine yakin.

Benzeyis ve Farklar: Algigek vd. (2023)’iin
ornekleri ile kargilastirildiginda, bizim
orneklerimizin daha biiylik ve siitur ¢izgisinin
biraz daha derin olmasi disinda diger 6zelliklerinin
ayni oldugu goriilmiistiir.

Olgiiler: Kavki vyiiksekligi: 7,9 mm,
kavki genisligi: 3,2 mm, kavkinin son sarmal
yiiksekligi:3,7 mm.

Paleocografik  Yayilim: Ponta Kaspik
Havza’ya endemiktir. Ge¢ Pleyistosen yasli bu
tiir, ilk kez Ukrayna’daki Tuna deltas1 yakinindaki
Kotlabukh Goélii’'nde tanimlanmistir (Neubauer
vd., 2018; Wesselingh vd., 2019). Kuzey
Karadeniz Havzasi, Azak Denizi, (Taganrog
Korfezi) Kotlabukh ve Yalpug’a giren gol kiyisi
ile Don, Dinyeper, Dniester ve Southern Bug
Nehirleri’nin asagi kesimlerinde (Vinarski ve
Kantor 2016) yayilim gostermektedir (Cizelge 3).

Tirkiye’de; Pleyistosen’de Baklan
Havzasi’nda (Algicek vd., 2023) bulunmustur

(Cizelge 3).

Bulundugu Yer: SK-1 ((3,60-4,00 m), (4,60-
4,80 m), (5,40-7,40 m), (7,60-8,20 m), (8,60-9,00
m)); SK-2 ((2,60-3,20 m), (3,40-3,60 m), (4,00-
4,20 m), (4,40-4,80 m), (5,80-6,00 m), (6,40-6,60
m)) seviyelerinde gozlenmektedir.

Bulundugu
Pleyistosen.

Stratigrafik ~ Seviye:  Geg

Laevicaspia sp.
Lev.:2, Sek.:2a-b
Tanimlama: Kavki uzun. Sarmal adeti 5. Son

sarmal yiiksekligi tiim yiiksekligin 2/4’sine yakin.

Benzeyis ve Farklar: Numunemizin apertiirii
kirik olmasina ve sarmallart tam olmamasina

ragmen Laevicaspia  cinsinin  Ozelliklerini
tagimaktadir.
Olgiiler: Kavki vyiiksekligi: 7,5 mm,

kavki genisligi: 2,7 mm, kavkimin son sarmal
yiiksekligi:3,9 mm.
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Bulundugu Yer: SK-1 ((2,80-3,00 m), (3,80-
4,00 m), (4,40-4,80 m), (5,40-7,00 m), (7,60-8,00
m), (8,40-8,60 m), (8,80-9,00 m)); SK-2 ((2,00-
2,20 m), (2,60-3,00 m), (3,40-80 m), (4,00-4,20
m), (4,40-4,60 m), (4,80-5,20 m), (5,40-5,60
m), (6,00-6,20 m), (6,40-6,60 m)) seviyelerinde
gozlenmektedir.

Familya: Lymnaeidae Rafinesque, 1815
Alt Familya: Lymnaeinae Rafinesque, 1815
Cins: Lymnaea Lamarck, 1799

Lymnaea sp.
Lev.:2, Sek.:3a-b

Tanimlama: Kavki seffaf ve ince. Apertlirii
kirik. Son sarmal, kavki yiiksekliginin 1/2’sinden
daha fazla.

Benzeyis ve Farklar: Apertiri kirik ve
sarmallart tam olmamasina ragmen, Ornegimiz
Lymnaea cinsinin 6zelliklerini yansitmaktadir.

Olgiiler: Kavki yiiksekligi: 5,8
kavki genisligi: 3,1 mm, kavkimin son sarmal
yiiksekligi:5,0 mm.

Bulundugu Yer: SK-1 ((4,60-4,80 m) ve
(9,00-9,20 m)) seviyesinde gozlenmektedir.

Cins: Stagnicola Leach, 1830

mm,

Stagnicola sp.
Lev.:2, Sek.:4a-b

Tanimlama: Kavki ince, kirllgan ve parlak.
Sayilabilen sarmal sayist 3-4 adet, sarmallar
bombeli ve siitur ¢izgisi derin. Apertiir kirik. Son
sarmal yliksekligi, tim yiksekligin 3/4’tinden
daha fazla.

Benzeyis ve Farklar: Apertiir kirik ve tam
formlu olmayan Ornegimiz Stagnicola cins
ozellikleri tagimaktadir.

Olgiiler: Kavki vyiiksekligi: 5,4 mm,
kavki genisligi: 1,8 mm, kavkiin son sarmal

yiiksekligi:4,1 mm.

Bulundugu Yer: SK-1
seviyesinde gozlenmektedir.

(8,60-8,80 m)
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Bulundugu  Stratigrafik  Seviye:  Geg

Pleyistosen.

Alt Familya: Amphipepleinae Pini, 1877
Cins: Radix Montfort, 1810

Radix auricularia (Linnaeus, 1758)
Lev.:2, Sek.:5a-b

1959-1960-Radix auricularia (Linnaeus), Wenz
ve Zilch, s.46.

2025- Radix auricularia (Linnacus), Demir ve
Kapan, s.128, Lev. 2, Sek.3a-b.

Tanimlama: Kavkiince, kiigiik, parlak ve ¢ekik
yuvarlak. Sarmal sayisi: 4 adet. Siitur ¢izgisinde
bilezik seklinde gelismis bir hat mevcut. Apertiir
biiyiik, yarim ay seklinde, altta uzamis ¢ekik, iistte
sivri olarak birlesmis. Son sarmal yiiksekligi, tiim
yiiksekligin 2/3’tinden daha fazla.

Benzeyis Farklar:  Numunelerimiz
incelenen literatiirlerdeki

benzerlik gostermektedir.

ve
orneklerle tamamen

Olgiiler: Kavki yiiksekligi: 4,0 mm,
kavki genisligi: 2,7 mm, kavkinin son sarmal
yiiksekligi:3,2 mm.

Paleocografik Yayilim: Bu tiir, giiniimiizde;
Goli’nde, Orta Atlantik
Bolgesi’nde, Massachusetts’teki Charles
Nehri'nde, New York Cayuga Goli’nde,
Vermont’taki Champlain Golii’'nde, Hirvatistan,
Finlandiya, Almanya, Isveg, Irlanda, Hollanda,
Polonya (URL 3) ve Cek Cumbhuriyeti’nde (Horsak
vd., 2010) yayilim gostermektedir (Cizelge 3).

Rusya’nin  Baykal

Tiirkiye’de; Pliyo-Kuvaterner ddneminde;
Seyhan-Ceyhan nehirlerinde (Geze Kalanyuva,
2021), Erken Pleyistosen’den gilinlimiize kadar
olan siirecte; Beysehir Golii’'nde (Girod, 2013;
Demir ve Kapan, 2025), Geg¢ Pleyistosen’de;
Konya Kapali Havzasi’nda (Kapan vd., 2018;
Ozmen vd., 2018) ve giincel zaman aralifinda
Egirdir Golii (Girod, 2013) ile Sugla Goli'nde
tanimlanmistir (Glimis vd., 2022) (Cizelge 3).



Bulundugu Yer: SK-1 (8,80-9,00 m)
seviyesinde gozlenmektedir.
Bulundugu  Stratigrafik  Seviye:  Geg
Pleyistosen.
Radix sp.

Lev.:2, Sek.:6a-b

Tanimlama: Sadece son sarmali goriinen
ornegin, apertiirii ve spiri kiriktir.

Benzeyis ve Farklar: Apertiirii ve spiri kirik
olan 6rnegimizin, son sarmalinin genel gorinimii

itibariyle Radix cins oOzelligini  gosterdigi
diistiniilmektedir.
Olgiiler: Kavki yiiksekligi: 3,6 mm,

kavki genisligi: 2,5 mm, kavkinin son sarmal
yiiksekligi:3,5 mm.

Bulundugu Yer: SK-1
seviyelerinde gdzlenmektedir.

(9,00-920 m)

Alt Smif: Heterobranchia Burmeister, 1837
Stiper Ordo: Hygrophila Férussac, 1822
Familya: Planorbidae Rafinesque, 1815

Cins: Gyraulus Charpentier, 1837

Gyraulus parvus (Say, 1817)

Lev.:2, Sek.:7a-b-¢
1959-1960-Gyraulus  (Torquis) parvus (Say),
Wenz ve Zilch, s.111, Sek.358.
1992-Gyraulus parvus (Say), Gloer vd., s.54.
2025- Gyraulus parvus (Say), Demir ve Kapan,
s.128, Lev. 2, Sek. 8a-c.

Tanimlama: Kavki disk seklinde, planispiral
sarthimda, kavki {izeri ince diizensiz ¢izgilerle
kapli ve parlak. Sarmal sayisi: 4,5-5 adet,
sarmallar; diizenli gelismis ve siskin, siitur ¢izgisi
derin. Apertiir solda, egik yuvarlak.

Benzeyis ve Farklar: Numunemiz sinonim

listesinde  siralanan  kaynaklarla ~ tamamen
benzerlik gdstermektedir.

Olgiiler: Kavki yiiksekligi: 1,1 mm, kavki
genisligi: 4,0 mm.
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Paleocografik Yayilim: Giiniimiizde; Jamaika,
Kiiba, Meksika, Karayipler, Kanada, Amerika
Birlesik Devletleri (Porto Riko dahil), Avusturya,
Cek Cumbhuriyeti, Fransa, Almanya ve Israil’de
yayilim gostermektedir (URL 4) (Cizelge 3).

Tiirkiye’de; Pliyosen-Kuvaterner’de Seyhan-
Ceyhan nehirlerinde (Geze Kalanyuva, 2021),
Erken Pleyistosen-Holosen’de Beysehir (Demir
ve Kapan, 2025) ve Geg¢ Pleyistosen’de Konya
Kapali Havzasi'nda (Kapan vd., 2018; Ozmen
vd., 2018) mevcudiyeti saptanmistir (Cizelge 3).

Bulundugu Yer: SK-1 ((7,60-7,80 m) ve
(9,00-9,20 m)) seviyelerinde gozlenmektedir.

Bulundugu
Pleyistosen.

Stratigrafik ~ Seviye:  Geg

Gyraulus sp.
Lev.:2, Sek.:8a-b-c

Tanimlama: Planaspiral sarilimli. Apertiir
kirik. Siitur cizgilerinin iizeri sedimanla kapl
oldugundan goriilememektedir.

Benzeyis ve Farklar: Tiir tayini yapilamayan
form  Gyraulus cinsine benzer O&zellikler
tasimaktadir.

Olgiiler: Kavki yiiksekligi: 0,6 mm, kavki
genisligi: 1,0 mm.

Bulundugu Yer: SK-1
seviyesinde gozlenmektedir.

(8,20-8,40 m)

Simif: Bivalvia Linnaeus, 1758
Alt Smmif: Autobranchia Grobben, 1894
Ordo: Sphaeriida Lemer, Bieler & Giribet, 2019
Ust Familya: Sphaerioidea Deshayes, 1855
(1820)
Familya: Sphaeriidae Deshayes, 1855 (1820)
Cins: Euglesa Jenyns, 1832

Euglesa casertana (Poli, 1791)
Lev.: 3, Sek.: 1a-b

1968- Pisidium casertanum (Poli), Kempf, s. 21,
Lev. 4, Sek. 64, 65.
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2016- Pisidium casertanum (Poli), Yildiz, 2016,
XII, Lev.6, Sek. 3a-b.

2017- Euglesa casertana (Poli), Mouthon vd., s.
1511, Sek.2, K.

Tanimlama: Kavki oval ve siskin lizerinde
belirgin konstantrik lameller mevcut. Cengel 6n
kenara yakin, tepe bdlgesi hafif sigkin. Paleal
kenar yay seklinde gelismis.

Benzeyis Farklar:  Orneklerimiz,
sinonim listedeki Orneklerle tamamen benzerlik
gostermektedir.

Ve

Olgiiler: Kavki yiiksekligi: 2,2 mm, kavki
genisligi: 2,4 mm.

Paleocografik Yayilim: Erken Pliyosen’de
Amerika Birlesik Devletleri’nde, Pleyistosen’de
Danimarka’da, Erken ve Orta Pleyistosen’de,
Cek Cumhuriyeti’nde ve Dogu Polonya’da, Orta
Pleyistosen’de Almanya’da ve Hollanda’da,
Orta-Geg Pleyistosen’de Ingiltere’de, Holosen’de
Gliney Macaristan’da, Cek Cumbhuriyeti ve Kuzey
Polonya’da, giiniimiizde ise Cek Cumhuriyeti,
Slovakya, Almanya, Polonya ve Hollanda’da
yayillim gostermektedir (Kuiper vd., 1989; Gloer
ve Meier-Brook, 2003; Horsak, 2010; Yildiz,
2016) (Cizelge 3).

Tiirkiye’de ise Goller Bolgesi’nde, Orta
Pleyistosen’de Burdur Havzasi’nda (Yildiz, 2016)
ve giincel zaman araliginda Beysehir Golii’nde
(Girod, 2013) tanimlanmustir (Cizelge 3).

Bulundugu Yer: SK-1 ((6,00-6,20 m), (6,40-
6,60 m), (7,00-8,60 m), (8,80-9,20 m)); SK-2

((2,80-3,00 m), (3,80-4,00 m) seviyelerinde
gozlenmektedir.

Bulundugu  Stratigrafik  Seviye:  Geg
Pleyistosen.

Euglesa personata (Malm, 1855)
Lev.: 3, Sek.: 2a-b

2009- Pisidium personatum Malm, Schultheif3
vd., s.156, Sek.1.
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2016- Pisidium personatum Malm, Karayigit vd.,
s. 53, Lev.2, Sek.13-14.

2021- Euglesa personata (Malm), Bespalaya vd.,
s.3039, Sek. h.

Tanimlama: Kavki yuvarlak olup iizeri ¢ok
ince konsantrik lamellerle kapli. Cengel ortada.
Ligaman belirgin.

Benzeyis ve Farklar: Sinonim listedeki
literatiirde orneklerle tamamen
benzerlik gostermektedir.

tanimlanan

Olgiiler: Kavki yiiksekligi: 1,6 mm, kavki
genisligi: 1,8 mm.

Paleocografik Yayilim: Cek Cumbhuriyeti
Bohemya’da, Moravya’da, (Horsak vd., 2010)
Almanya’da (Gloer ve Meier-Brook, 2003),
Danimarka, Faroes, Finlandiya, izlanda, Norveg,
Isve¢ (Kuiper vd., 1989), Biiyilk Britanya ve
Irlanda’da (Anderson, 2005) giiniimiizde yayilim
gostermektedir (Cizelge 3).

Tiirkiye’de, Girod (2013), Karayigit vd.
(2016) ve Ergun (2020) Euglesa personata tirinii
Pisidium personatum olarak tanimlamislardir.
Beysehir Golii’nde Orta Pleyistosen-giincel zaman
araliginda, Goélbasi-Harmanli’da Pleyistosen’de,
Sugla Goli'nde Kuvaterner’de tanimlanmistir
(Girod, 2013; Karayigit vd., 2016; Ergun, 2020)
(Cizelge 3).

Bulundugu Yer: SK-1 ((7,00-7,20 m),

(7,40-7,60 m), (8,40-6,60 m)) seviyelerinde
gbzlenmektedir.

Bulundugu  Stratigrafik  Seviye:  Geg
Pleyistosen.

Cins: Pisidium C. Pfeiffer, 1821
Pisidium amnicum (O.F. Miiller, 1774)
Lev.: 3, Sek.: 3a-b

1968- Pisidium amnicum (O.F. Miiller), Kempf, s.
21, Lev. 4, Sek. 58-61.

2016- Pisidium amnicum (O.F. Miiller), Yildiz, s.
XI1I, Lev. 6, Sek. 2a-b



2023- Pisidium amnicum (O.F. Miiller), Alcicek
vd., s.15, Sek. 13.g-h.

Tanimlama: Kavki, tiggenimsi-oval formda
ve parlak, yiizeyi konsantrik lameller ve biiyiime
cizgileri ile kapli. Cengel 6n kenara yakin.

Benzeyis ve Farklar: Orneklerimiz, Kempf
(1968), Yildiz (2016) ve Algicek vd. (2023)’iin
ornekleriyle
benzerlik gostermektedir.

Pisidium  amnicum tamamen
Olgiiler: Kavki yiiksekligi: 2,8 mm, kavki
genisligi: 3,0 mm.

Paleocografik Yayilim: Miyosen’de
Almanya’da, Ge¢ Dasiyen-Ge¢ Romaniyen’de
Romanya’da, Pliyosen’de  Rusya’da, Geg
Pliyosen-Erken Pleyistosen’de, Italya’da,
Pleyistosen’de Karadeniz ve Ingiltere’de, Erken
Pleyistosen’de Almanya, Macaristan ve Giiney
Urallar’da, Orta Pleyistosen’de Cek Cumhuriyeti
ve Giiney Urallar’da, Kuvaterner’de Polonya’da,
Denizi’nde, Holosen’den

Holosen’de Hazar

glinimiize Almanya, Avrupa, Rusya, Kuzey
Asya, Kuzey Afrika, Amur Nehri ve Kamgatka’da
yayilim gdstermektedir (Zhadin, 1965; Kempf,
1968; Meri¢ vd., 2000; Akbulut vd., 2002;
Kabasakal, 2005; Horsak vd., 2010; Danukalova

vd., 2016; Yildiz; 2016) (Cizelge 3).

Tirkiye’de  ise  Erken  Romaniyen’de
Lapseki’de, Burdur Golii’nde Orta Pleyistosen’de,
Beysehir Golii’nde Orta Pleyistosen-giincel zaman
araliginda ve Pleyistosen’de Baklan Havzasi’nda
tanimlanmigtir (Schiitt, 1991; Kabasakal, 2005;
Girod, 2013; Yildiz, 2016, Kapan vd., 2018;
Ozmen vd., 2018; Algicek vd., 2023) (Cizelge 3).

Bulundugu Yer: SK-1 ((6,00-6,40 m), (7,00-
8,60 m), (8,80-9,20 m)); SK-2 ((2,40-2,60 m),
(3,40-3,60 m), (3,80-4,20 m), (5,00-5,20 m),
(5,60-5,80 m)) seviyelerinde gozlenmektedir.

Bulundugu  Stratigrafik  Seviye:  Geg

Pleyistosen.
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Pisidium jassiensis Cobalcescu, 1883
Lev.: 3, Sek.: 4a-b

1896- Pisidium iasiense Cobalcescu, Stefanescu,
s. 82, Lev. VII, Sek. 56-61.

1942- Pisidium iasiense Cobalcescu, Wenz, s. 111,
Lev. 56, Sek. 587-589.

2018- Pisidium iasiense Cobalcescu, Ozmen vd.,
s.126, Lev. 5, Sek. 10a-b.

Tanimlama: Kavki kiiciik, yuvarlaga yakin
icgen seklinde ve tlizeri ¢ok ince konsantrik
lamellerle kapli. Cengel ¢ok hafif ice doniik.

Benzeyis ve Farklar: Formlarimiz incelenen
literatiirdeki  Orneklerle tamamen benzerlik
sunmaktadir.

Olgiiler: Kavki yiiksekligi: 1,7 mm, kavki
genigligi: 1,9 mm.

Paleocografik Yayilim: Romanya’da (lasi)
Dasiyen’de ve Romaniyen’de tanimlanmistir
(Stefanescu, 1896; Wenz, 1942) (Cizelge 3).

Tiirkiye’de ise Canakkale (Lapseki)’de Erken
Romaniyen’de, Karacadren’de Erken Pliyosen’de,
Konya Kapali Havzasi’'nda Geg Pleyistosen’de
yayilim  gostermektedir  (Kabasakal, 2005;
Colakoglu, 2006; Kapan vd., 2018; Ozmen vd.,
2018) (Cizelge 3).

Bulundugu Yer: SK-1 ((7,20-7,60 m), (8,00-
8,20 m), (8,40-8,60 m)); SK-2 (2,80-3,00 m)
seviyelerinde gozlenmektedir.

Bulundugu Geg

Pleyistosen.

Stratigrafik ~ Seviye:

Pisidium sp.
Lev.: 3, Sek.: 5a-b

Tanimlama: Kavki kii¢iik, ince ve ¢cengel hafif
one doniik.

Benzeyis ve Farklar: Kirik olan 6rnegimiz
Pisidium cins karakterini tagimaktadir.
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Olgiiler: Kavk: yiiksekligi: 1,6 mm, kavki
genigligi: 1,4 mm.

Bulundugu Yer: SK-1 ((6,00-6,20 m), (7,20-
7,40 m), (8,00-8,40 m)); SK-2 (2,60-2,80 m)
seviyelerinde gozlenmektedir.

Ordo: Myida Stoliczka, 1870
Ust Familya: Dreissenoidea J.E. Gray, 1840
Familya: Dreissenidae J.E. Gray, 1840
Cins: Dreissena Beneden, 1835

Dreissena iconica Schiitt, 1991
Lev.: 3, Sek.: 6a-b.

1991- Dreissena iconica Schiitt, s.147, Lev.l,
Sek.1

2018- Dreissena iconica Schiitt, Ozmen vd., s.126,
Lev. 5, Sek. 5,6,7,8.

Tanimlama: Kavki, uzamis elips seklinde ve
ylizeyi ince konsantrik ¢izgilerle kapli. Cengel,
on kenara kivrilmis. On kenar, cengelden itibaren
dikey, arka kenar ise egik sekilli. Cengelden paleal
kenara uzanan bir karen bulunmakta.

Benzeyis Farklar:  Numunelerimiz
incelenen literatiirdeki

benzerlik gostermektedir.

Ve

orneklerle tamamen

Olgiiler: Kavki yiiksekligi: 19,3 mm, kavki
genisligi: 7,0 mm.

Paleocografik  Yayilim:  Schiitt (1991)
tarafindan Kuvaterner’de Konya’da; Kapan vd.
(2018) ve Ozmen vd. (2018) tarafindan Konya
Kapali Havzasi’'nda Geg¢ Pleyistosen’de; Girod
(2013) tarafindan ise Holosen’de Konya Kapali
Havzasi’nda tanimlanmistir (Cizelge 3).

Bulundugu Yer: SK-1 ((1,40-1,60 m), (2,00-
2,40 m), (2,80-3,00 m), (3,40-9,20 m)) ve SK-2
((2,20-2,40 m), (2,60-6,60 m)) seviyelerinde
gbzlenmektedir.

Bulundugu  Stratigrafik  Seviye:  Geg

Pleyistosen.
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Dreissena polymorpha (Pallas, 1771)
Lev.: 3, Sek.: 7a-b

1771-Mytilus polymorpha Pallas, s. 478.

1983- Dreissena (Dreissena) polymorhpa (Pallas,
1771), Taner, Lev. I, Sek. 2a-b.

2020-Dreissena polymorpha (Pallas), Klinkenbul3
vd., 5.96, Sek. 1.

2023- Dreissena polymorpha (Pallas), Algicek
vd., s.15, Sek. 13.b.

Tanimlama: Kavki, uzun ve iizeri konsantrik
lamellerle kapl1. On kenar, paleal kenarla yuvarlak
bi¢cimde; arka kenar ise keskin koseli sekilde
birlesir durumda.

Benzeyis ve Farklar: Orneklerimiz sinonim
listede wverilen Orneklerle tamamen benzerlik
gostermektedir.

Olgiiler: Kavk: yiiksekligi: 13,1 mm, kavki
genisligi: 5 mm.

Paleocografik Yayilim: Ponto-Kaspik
Havza’ya (Son, 2007) bir tir olup,
Pliyosen’de Paratetis Havzalari’nda, Romanya

ait

ve Rusya’da, Karadeniz, Hazar Denizi ve
Gelibolu Yarimadasi’nin Bakiiniyen tortullarinda,
Pleyistosen’de Italya’da, Holosen’de Marmara
Denizi, Hazar Denizi ve Karadeniz’de, glinlimiizde
ise Hazar Denizi, Karadeniz ve Azak Denizi, Cek
Cumbhuriyeti, Rusya, Orta-Bati Avrupa, Isvec,
Kuzey Italya, Fransa, irlanda, Giiney iskandinavya
ve Britanya’da yayilim gostermektedir (Pallas,
1771; Meri¢ vd., 2000; Orlova, 2002; Minchin
vd., 2003; Horsak vd., 2010; Bizzarri vd., 2018;

Yildirim vd., 2023) (Cizelge 3).

Tirkiye’de Gelibolu’da Hamzakoy
Formasyonu’nda, Bakiiniyen’de (Taner, 1983),
Canakkale Karacadren’de Ge¢ Romaniyen-
Ge¢ Kuvalnikiyen ‘de (Kabasakal, 2005),
Pleyistosen’de Baklan Havzasi’nda (Algigek vd.,
2023), Beysehir ve Egirdir gollerinde giincel
olarak bulunmustur (Girod, 2013) (Cizelge 3).



Bulundugu Yer: SK-1 ((1,00-1,20 m), (2,20-
2,40 m), (2,80-3,20 m), (3,60-8,00 m), (8,20-
9,20 m)); SK-2 ((1,40-1,60 m), (2,40-2,80 m),
(3,20-5,20 m), (5,40-6,60 m)) seviyelerinde
tanimlanmustir.

Bulundugu
Pleyistosen.

Stratigrafik ~ Seviye:  Geg

Dreissena sp.
Lev.: 3, Sek.: 8a-b

Kavki, kirik ve
konsantrik lameller mevcut. Cengel sivri ve 6ne
dogru krvrilmas.

Tanimlama: tizerinde

Benzeyis ve Farklar: Ornegimizin belirgin
ozellikleri g6z Oniine alindiginda Dreissena
cinsine ait oldugu diistiniilmiistiir.

Olgiiler: Kavki yiiksekligi: 5,1 mm, kavki
genigligi: 6 mm.

Bulundugu Yer: SK-1 ((0,80-1,00 m), (1,20-
1,40 m), (1,80-2,20 m), (2,40-3,40 m), (3,60-6,80
m), (7,20-7,40 m), (8,00-8,20 m), (8,60-9,20 m))
ve SK-2 ((1,20-1,60 m), (1,80-2,20 m), (2,60-2,80
m), (3,00-6,60 m) derinliklerinde tanimlanmustir,

SONUCLAR ve TARTISMA

Toroslarin  yiikselmesiyle  birlikte,  Goller
Bolgesi’'nde Ge¢ Miyosen’den itibaren limnik
ortamlarda farkli litofasiyeslerle
temsil edilen havzalar gelismeye baslamistir
(Algigek vd., 2019). Pliyosen—Erken Pleyistosen
doneminde fay kontrollii tektonik rejim, havzalarin
genisleyerek yer degistirmesine neden olmus; bu
stirecte biriken limnik ve flitvyal ¢okeller “Pisidik
Formasyonu” ad1 altinda tanimlanmistir (Bering,
1971; Algigek, 2007). Pisidik Formasyonu, Erken
Pliyosen’den Erken Pleyistosen’e kadar uzanan
bir zaman araliin1 kapsamaktadir (Bering,
1971). Erken Pleyistosen’de dag yiikselmeleri ve
yogun tektonik kirilmalar sonucu ana havzalarda
sedimantasyon sona ermis, ancak bazi bloklar
lizerinde ¢Okelme sinirlt bigimde siirmiistiir. Bu

ve fliivyal

ikincil havzalarda, Orta Pleyistosen’den giintimiize
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kadar uzanan c¢okeller birikmistir. S6z konusu
doneme ait ¢okiintii alanlari, giiniimiizde “Goller
Bolgesi” sinirlart iginde bulunan ve Bering’in
(1971) tanimiyla “Pisidik Goller Bolgesi” olarak
adlandirilan  Burdur, Egirdir, Aksehir, Eber,
Ilgin, Beysehir, Sugla ve Hotamis gibi gollerin
gelisiminde belirleyici olmustur.

Pleyistosen doneminde birlesik oldugu one
stiriilen Aksehir ve Eber golleri (Kazanci vd.,
1994; 1leri, 2002) arasinda yer alan Taskdprii,
Goller Bolgesi’nin paleocografik baglantilarinin
ortaya ¢ikarilmasinda Onemli bir konuma
sahiptir. Goller Bolgesi’nde, paleocografik ve
paleoiklimsel baglantilar1 agiga ¢ikarmaya yonelik
¢ok sayida ¢aligma mevcuttur (Erol, 1971; 1978;
Roberts, 1983; Kuzucuoglu vd., 1999; Nemec ve
Kazanci, 1999; Roberts vd., 2003; Biiyiikmerig¢ ve
Wesselingh, 2018; Kapan vd., 2018; Tagliasacchi
ve Yagmurlu, 2019; Giirbiiz vd., 2021; Orhan vd.,
2021; Tuncer vd., 2023; Aktiirk ve Kapan, 2025;
Demir ve Kapan, 2025). Bu baglamda, Aksehir
ve Eber golleri arasindaki olasi baglantinin
anlasilmasinda kilit bir gec¢it niteligi tasiyan
Tagkoprii’den alinan sondaj karotlar1 da bolgenin
eski ¢evresel kosullarinin ¢éziimlenmesine olanak
saglamaktadir.

Nitekim, Taskoprii sondaj karotlarindan
sistematik olarak alinan Orneklerden; Mollusca
subesinin  Gastropoda smifina ait; JValvata
piscinalis (O. F. Miiller, 1774), V. sp., Bithynia
pseudemmericia Schiitt, 1964, B. pseudemmericia
operkiil, Graecoanatolicalacustristurca Radoman,
1973, Laevicaspia caspia (Eichwald, 1838), L.
kolesnikoviana (Logvinenko & Starobogatov,
1966), L. lincta (Milaschewitsch, 1908), L. sp.,
Lymnaea sp., Stagnicola sp., Radix auricularia
(Linnaeus, 1758), R. sp., Gyraulus parvus (Say,
1817) ve G. sp. tiirleri ile Bivalvia smifina ait;
Euglesa casertana (Poli, 1791), E. personata
(Malm, 1855), Pisidium amnicum (O. F. Miiller,
1774), P. jassiensis Cobalcescu, 1883, P. sp.,
Dreissena iconica Schiitt, 1991, D. polymorpha
(Pallas, 1771) ve D. sp. tiirleri tanimlanmistir.
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Inceleme alanindan tanimlanan gastropoda
ve bivalvia smifina ait tiirlerin paleocografik
ve stratigrafik yayilimlari; Neojen-Kuvaterner
zaman aralig1 boyunca Ural Daglari’nin giineyi,
Ingiltere, Viyana Havzasi’ndan (Cek Cumhuriyeti,
Almanya), Hollanda, italya, Pannonik (Macaristan,
Polonya), Dasik (Romanya) ve Ponto-Kaspik
Havza’ya kadar uzanan genis bir paleocografyaya
ulasmis olsa da, sayica en bol olan Dreissena
iconica ve Valvata piscinalis tirlerinin, Goller
Bolgesi’nin Geg Pleyistosen biyocografyasinda
yayilim gosterdigi tespit edilmistir (Cizelge 3).

KonyaKapaliHavzasi’'ndaGeg Pleyistosen’de
havzanin  endemik tiirii  olan
iconica ile birlikte Valvata piscinalis, Bithynia

Dreissena

pseudemmericia, Graecoanatolica lacustristurca,
Radix auricularia, Gyraulus parvus ve Pisidium
Jassiensis tirleri tanimlanmistir (Schiitt, 1991;
Girod, 2013; Kapan vd., 2018; Ozmen vd., 2018).

Son Buzul Cagindan sonra kuruyan Eski
Konya Goli'nde (Erol, 1969; Karabiyikoglu,
2003; Giirbiiz ve Kazanci, 2014; Ozsaymn vd.,
2019; Orhan vd., 2021), giliniimiizde Aksaray,
Celtik, Ustiinler, Pegenekdzii, Sarisu ve Konya
merkez gibi sinirlt bir alanda sikismis, Theodoxus
fuviatilis (Linnaeus, 1758), Viviparus viviparus
(Linnaeus, 1758), Galba truncatula (O. F. Miiller,
1774), Stagnicola palustris (O. F. Miiller, 1774),
Radix auricularia (Linnaeus, 1758), Peregriana
(Rossmassler, 1835), Ampullaceana
balthica (Linnaeus, 1758), Lymnaea stagnalis
(Linnaeus, 1758), Physa fontinalis (Linnaeus,
1758), Physella acuta (Draparnaud, 1805),
Planorbarius (Linnaeus,  1758),
Bathyomphalus ~ contortus (Linnaeus, 1758),
Gyraulus albus (O. F. Miller, 1774) ve Gyraulus
piscinarum  (Bourguignat, 1852) tiirlerinin
yasadig1 ifade edilmektedir (Giimiis vd., 2022).

labiata

corneus

Burdur G6li’nde Orta Pleyistosen’de Valvata

piscinalis, Graecoanatolica lacustristurca,
Euglesa casertana ve Pisidium amnicum fosilleri
bulunmustur (Schiitt, 1990; Yildiz, 2016).

Gliniimiiz Burdur Golii'nde, golin kimyasal
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kosullarindan dolayr yasayan bir mollusk
faunasmin bulunmadigi ifade edilse de Yildirim
(1999) tarafindan Burdur Havzasi’nda yer alan
Yarisli Goli'nde tatli su gastropodlarindan
Bithynia pseudemmericia tirli tanimlanmistir
(Yildirim vd., 2007).

Egirdir’in gilincel c¢okelleri ile Beysehir
Goli’niin Orta Pleyistosen c¢okellerinde ise bu
havzalarin endemik tiirii olan Graecoanatolica
lacustristurca’nin  yan1  sira  (Schiitt, 1991;
Yildirim, 2004; Kebap¢1 vd., 2012), Valvata
piscinalis, Radix
auricularia, Gyraulus parvus, Euglesa casertana,
E. personata, Pisidium amnicum ve Dreissena
polymorpha tlrlerinin varligi bilinirken (Schiitt,
1991; Yildirim, 1999, 2004; Gloer ve Yildirim,
2006; Yildinm ve Kebapgi, 2009; Kebapei
ve Yildirnrm, 2010; Girod, 2013; Glmis vd.,
2022; Demir ve Kapan, 2025), Sugla Golii'nde
Kuvaterner’de Euglesa personata tirli tespit
edilmistir (Ergun, 2020). Giliniimiizde Beysehir
Goli’nde; Theodoxus  fluviatilis  (Linnaeus,
1758), Melanoides tuberculata (O.F. Miiller,
1774), Bithynia pseudemmericia Schiitt, 1964,
Valvata piscinalis (O.F. Miiller, 1774), Valvata
saulcyi Bourguignat, 1853, Peregriana labiata
(Rossméssler, 1835), Ampullaceana balthica
(Linnaeus, 1758), Lymnaea stagnalis (Linnaeus,
1758), Planorbarius corneus (Linnaeus, 1758),
Planorbis planorbis (Linnaeus, 1758), Gyraulus
albus (O.F. Miiller, 1774) ile Gyraulus piscinarum
(Bourguignat, 1852) ve Sugla Goli’nde Viviparus
viviparus (Linnaeus, 1758), Peregriana labiata
(Rossméssler, 1835), Ampullaceana balthica
(Linnaeus, 1758), Physa fontinalis (Linnaeus,
1758), Planorbarius corneus (Linnaeus, 1758)
ile Radix auricularia (Linnaeus, 1758) tiirleri
tanimlanmustir (Giimis vd., 2022).

Sozen ve Yigit (1999), Aksehir Goli
tortullarindan  Lymnaea stagnalis (Linnaeus,
1758), Stagnicola palustris (Miiller, 1774),
1758), Physa
acuta (Draparnaud, 1805), Planorbis planorbis

Bithynia pseudemmericia,

Radix auricularia (Linnaeus,



(Linnaeus, 1758),
(Linnaeus, 1758), Acroloxus lacustris (Linnaeus,
1758), Zonitides sp., Valvata naticina Menke,
1845, Bithynia pseudemmericia Schiitt, 1964,
Pisidium sp., ve Dreissena polymorpha (Pallas,
1771) tiirlerini bildirmislerdir. Giirlek (2019)
ise glinimiizde Eber Goli'nden Bithynia
pseudemmericia tirlini tanimlamistir.

Planorbarius  corneus

Bu c¢alismada tanimlanan fosillerle ortak
olarak tamimlanan Bithynia pseudemmericia
Radix auricularia, Pisidium sp. ve Dreissena
polymorpha tiirleri, Geg Pleyistosen’de Aksehir ve
Eber gollerinin birbiriyle baglantili olabilecegine
isaret etmektedir. Buna karsilik, ortak olmayan
Stagnicola palustris, Physa acuta, Planorbis
planorhbis, corneus,
lacustris, Zonitides sp. ve Valvata naticina tirleri
ise, glinlimiizde bu gollerin tatli su batakligina
doniismekte oldugunu gostermektedir.

Yukarida bahsedildigi gibi Goller Bolgesi’nde
(Konya, Afyon, Denizli, Burdur, Egirdir, Beysehir,
Sugla) tespit edilmis olan faunanin, bu ¢alismanin
yapildig1 alanda da tanimlanmis olmasi, Geg
Pleyistosen esnasinda bu gollerin smirlarinin
daha genis alanlara yayildigina hatta birbirleriyle
birlesik daha biiyiik bir gol olabilecegine isaret
etmektedir. Eger bir fiziki baglant1 s6z konusu
degilse bu gollerin benzer paleoortamsal kosullara
(tath sularla beslenen limnik (<%00,5) ve
oligohalin (<%00,5-5) kosullara sahip bagimsiz
goller olabilecegi de diistintilmektedir.

Planorbarius Acroloxus

EXTENDED SUMMARY

The Taskoprii site, selected as the study area, is
currently a landmass located between Lake Aksehir
and Lake Eber. Lake Aksehir and Lake Eber are
separated by the NE-SW-oriented Uckuyu Fault
(Kazanci et al., 1994).

In this study, the gastropod and bivalve fauna
obtained from drilling cores in Tagkoprii were
systematically examined for the first time, and the
paleogeographic distribution of the fauna was
interpreted. As aresultofthe examinations, 8§ genera

34

Harika MARMARA, Seving KAPAN

and 8 species belonging to the class Gastropoda
were identified (Valvata piscinalis (O. F. Miiller,
1774), Valvata sp., Bithynia pseudemmericia
Schiitt, 1964, Bithynia pseudemmericia operculum,
Graecoanatolica lacustristurca Radoman, 1973,
Laevicaspia caspia (Eichwald, 1838), Laevicaspia
kolesnikoviana (Logvinenko & Starobogatov,
1966), Laevicaspia lincta (Milaschewitsch, 1908),
Laevicaspia sp., Lymnaea sp., Stagnicola sp.,
Radix auricularia (Linnaeus, 1758), Radix sp.,
Gyraulus parvus (Say, 1817), Gyraulus sp.), and
3 genera and 6 species belonging to the class
Bivalvia were identified (Euglesa casertana (Poli,
1791), Euglesa personata (Malm, 1855), Pisidium
amnicum (O. F. Miiller, 1774), Pisidium jassiensis
1883, Pisidium sp., Dreissena
iconica Schiitt, 1991, Dreissena polymorpha
(Pallas, 1771), Dreissena sp.). In the lower
levels of the stratigraphic sequence established
through the correlation of the SK-1 and SK-2
drill cores, several species were identified within
the yellowish-brown, medium to coarse-grained
gravelly sand and the laterally transitional clayey
sand lithologies. These species include Valvata
piscinalis, V. sp., Bithynia pseudemmericia, B.
pseudemmericia operculum,
lacustristurca, Laevicaspia caspia, L. lincta, L.
sp., Euglesa casertana, Pisidium amnicum, P.
Jassiensis, Dreissena iconica, D. polymorpha,
and D. sp. In the dark gray and organic-rich
clay levels located in the middle part of the
stratigraphic succession, the following species
were identified: Valvata piscinalis, V. sp., Bithynia
pseudemmericia operculum, Laevicaspia caspia,
L. kolesnikoviana, L. lincta, L. sp., Lymnaea
sp., Stagnicola sp., Radix auricularia, R. sp.,
Gyraulus parvus, G. sp., Euglesa casertana, E.
personata, Pisidium amnicum, P. jassiensis, P. sp.,
Dreissena iconica, D. polymorpha, and D. sp. In
the uppermost light gray silty clay lithologies, the
identified species included Valvata piscinalis, V.
sp., Bithynia pseudemmericia, B. pseudemmericia
operculum, Laevicaspia caspia, L. lincta, L. sp.,
Dreissena iconica, D. polymorpha, and D. sp.

Cobalcescu,

Graecoanatolica
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Paleontological data provide important
insights into past connections between lakes and
inland seas, as well as into the paleogeography
of these systems (Steininger & Rogl, 1984).
In this context, the present study evaluates the
possible connections of the Taskoprii locality
with contemporaneous fluvial lakes in the
Lakes Region during the Late Pleistocene. The
paleobiogeographic distribution of the identified
fauna extends over awide area during the Neogene—
Quaternary interval, ranging from the southern
Ural Mountains to England, the Vienna Basin
(Czech Republic, Germany), the Netherlands, Italy,
the Pannonian Basin (Hungary, Poland), Dasic
(Romania), and the Ponto-Caspian Basin (Table
3). The most abundant fossil species in the study
area — Dreissena iconica, D. polymorpha, Valvata
piscinalis, and Pisidium amnicum (Tables 1 and 2)
— are commonly observed in the Late Pleistocene
paleobiogeography of the Lakes Region (Table
3). The presence of Dreissena iconica, endemic
to the Konya Closed Basin (Schiitt, 1991, Girod,
2013; Kapan et al., 2018; Ozmen et al., 2018),
Graecoanatolica lacustristurca, specific to Lakes
Egirdir and Beysehir (Schiitt, 1991; Yildirim,
1999, 2004; Gloer & Yildirim, 2006; Yildirim &
Kebapgi, 2009; Kebap¢i & Yildirim, 2010; Girod,
2013; Kebapg¢ietal., 2012),; and Valvata piscinalis,
Radix auricularia, Gyraulus parvus, and Euglesa
personata, which have also been recorded in the
Sugla and Burdur basins (Schiitt, 1990, Yildiz,
2016, Ergun, 2020), indicates that there may have
been a physical connection among these lakes
during the Late Pleistocene. Alternatively, in the
absence of such a connection, it is plausible that
these lakes developed as independent systems
under similar paleoenvironmental conditions.
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LEVHA-1
la-b-c: Valvata piscinalis (O. F. Miiller, 1774), Yiikseklik: 4,1 mm, genislik: 3,9 mm.
2a-b-c:Valvata piscinalis (O. F. Miiller, 1774), Yiikseklik: 2,7 mm, genislik: 1,9 mm.
3a-b-c: Valvata sp., Yikseklik: 0,9 mm, genislik: 1,1 mm.
4a-b: Bithynia pseudemmericia Schiitt, 1964, Yiikseklik: 6,8 mm, genislik: 3,7 mm.
Sa-b: Bithynia pseudemmericia operkiil, Yikseklik: 4,2 mm, genislik: 2,1 mm.
6a-b: Graecoanatolica lacustristurca Radoman, 1973, Yiikseklik: 2,2 mm, genislik: 0,5 mm.

7a-b: Laevicaspia caspia (Eichwald, 1838), Yiikseklik: 7,8 mm, genislik: 2,9 mm.
8a-b: Laevicaspia kolesnikoviana (Logvinenko & Starobogatov, 1966), Yiikseklik: 7,6 mm, genislik: 2,8 mm.
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LEVHA-2
la-b: Laevicaspia lincta (Milaschewitsch, 1908), Yiikseklik: 7,9 mm, genislik: 3,2 mm.
2a-b: Laevicaspia sp., Yikseklik: 7,5 mm, genislik: 2,7 mm.
3a-b: Lymnaea sp., Yikseklik: 5,8 mm, genislik: 3,1 mm.
4a-b: Stagnicola sp., Yikseklik: 5,4 mm, genislik: 1,8 mm.
Sa-b: Radix auricularia (Linnaeus, 1758), Yiikseklik:4,0 mm, genislik: 2,7 mm.
6a-b: Radix sp., Yiikseklik: 3,6 mm, genislik: 2,5 mm.
7a-b-c: Gyraulus parvus (Say, 1817), Yiikseklik: 1,1 mm, geniglik: 4,0 mm.
8a-b-c: Gyraulus sp., Yikseklik: 0,6 mm, genislik: 1,0 mm.
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LEVHA-3
la-b: Euglesa casertana (Poli, 1791), Yiikseklik: 2,2 mm, genislik: 2,4 mm.
2a-b: Euglesa personata (Malm, 1855), Yiikseklik: 1,6 mm, genislik: 1,8 mm.
3a-b: Pisidium amnicum (O. F. Miiller, 1774), Yiikseklik: 2,8 mm, geniglik: 3,0 mm.
4a-b: Pisidium jassiensis Cobalcescu, 1883, Yiikseklik: 1,7 mm, geniglik: 1,9 mm.
Sa-b: Pisidium sp., Yiikseklik: 1,6 mm, genislik: 1,4 mm.
6a-b: Dreissena iconica Schiitt, 1991, Yiikseklik: 19,3 mm, genislik: 7,0 mm.
7a-b: Dreissena polymorpha (Pallas, 1771), Yiikseklik: 13,1 mm, genislik: 5 mm.
8a-b: Dreissena sp., Yiikseklik: 5,1 mm, genislik: 6 mm.
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Abstract: The Anatolian Diagonal is a prominent left-lateral shear zone that plays a key role in the neotectonic
framework of Tiirkiye, spanning 170 km between the Central Anatolian and East Anatolian fault zones and extending
approximately 850 km from Erzincan to the Cyprus Arc. Its southwestern onshore termination is represented by the
Ecemis-Deliler Fault, while its offshore continuation, the Biruni Fault, trends toward the Cyprus Arc. This study
aims to characterise the southwestern end of the Ecemis-Deliler Fault through geomorphic markers, and to identify
the Biruni Fault using key offshore seismic reflection profiles and geological cross-sections provided by Turkish
Petroleum. Focal mechanism solutions for offshore seismic events are also examined to assess fault kinematics.
Based on onshore observations, a left-lateral offset of 18 km along the Goksu River indicates a long-term slip rate of
approximately 2.25 mm/year at the southwestern end of the Ecemis-Deliler Fault. Offshore, detailed definition and
mapping of the Biruni Fault revealed that it comprises a zone of closely spaced, parallel strike-slip segments in its
northeastern sector, transitioning into a single linear fault trace that extends south westward toward the Aegean Arc.
Despite its clear morphological expression, the southwest end of Ecemis-Deliler fault and the Biruni Fault of the
Anatolian Diagonal have low seismic activity, likely because most regional deformation is accommodated further
west along the Antalya-Kekova Fault Zone and the Ptolemy—Pliny—Strabo Fault Zone. The restraining stepovers of
the Antalya Thrust and Fethiye Thrust between these structures provide new insight into a slip partitioning in the
eastern Mediterranean.

Keywords: Anatolian Diagonal, Biruni Fault, Eastern Mediterranean, Ecemis-Deliler Fault Zone, morphotectonics,
neotectonics

Oz: Anadolu Caprazi, Tiirkiye nin neotektonik yapisinda énemli bir rol oynayan, Orta Anadolu ve Dogu Anadolu
fay zonlart arasinda 170 km ve Erzincan’dan Kibris Yayina kadar yaklasik 850 km uzanan belirgin bir sol yanal
makaslama zonudur. Giineybatida karadaki ucu Ecemis-Deliler Fayi ile temsil edilirken, acik denizdeki devami
olan Biruni Fayi, Kibris Yayina dogru yonelmektedir. Bu ¢alisma, Ecemis-Deliler Fayi'min giineybati ucunu
jeomorfolojik belirte¢ler araciligiyla karakterize etmeyi ve Tiirkiye Petrolleri tarafindan saglanan onemli a¢ik deniz
sismik yansuma profilleri ve jeolojik kesitler kullanarak Biruni Fayi’mi tammlamayr amag¢lamaktadr. Ayrica, fay
kinematigini degerlendirmek i¢in agik deniz sismik olaylarinin odak mekanizmasi ¢éziimleri de incelenmigstir. Kara
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gozlemlerine gére, Goéksu Nehri boyunca 18 km’lik sol yanal dtelenme, Ecemis-Deliler Fayi 'nin giineybati ucunda
yilda yaklasik 2,25 mm’lik uzun vadeli bir kayma hizina isaret etmektedir. A¢ik denizde, Biruni Fayi’min ayrintili
bir sekilde tamimlanmasi ve haritalamasi ile fayin kuzeydogu kesiminde birbirine yakin, paralel dogrultu atimli
segmentlerden olusan bir zondan olustugunu ve giineybatiya, Ege Yayina dogru uzanan tek bir dogrusal fay izine
doniistiigiinii ortaya koymustur. A¢ik morfolojik ifadesine ragmen, Anadolu Caprazi 'ndaki Ecemis-Deliler Fayi 'nin
giineybati ucu ile Biruni Fay: diisiik sismik aktivite géstermektedir. Bunun nedeni, bolgesel deformasyonun ¢ogunun
daha batidaki Antalya-Kekova Fay Zonu ve Ptolemy-Plinius-Strabo Fay Zonu boyunca karsilanmast olabilir. Bu
vapilar arasinda gelisen Antalya Bindirmesi ve Fethiye Bindirmesi, Dogu Akdeniz deki kayma boliimlenmesine yeni
bir bakis agist saglamaktadir.

Anahtar Kelimeler: Anadolu Caprazi, Biruni Fayi, Dogu Akdeniz, Ecemis-Deliler Fay Zonu, morfotektonik,
neotektonik.

INTRODUCTION their directions within the left-lateral system, Aksu
etal. (2014b) interpreted some of the normal faults
as gravity structures. Moreover, the migration of
the Goksu Delta to the southwest over time was

When explaining the fundamental principles of
the neotectonics of Tiirkiye, it was stated that the
main role in the westward escape of the Anatolian
Plate was undertaken by the North Anatolian explained by the existence of the Kozan Fault
Fault Zone (NAFZ) and the East Anatolian Fault zone, and the slip on the fault was stated to be
Zone (EAFZ) (Sengor, 1980; Sengor et al., 1985)  between 6-10 mm/yr (Aksu et al., 2014b).

(Figure 1). The Ecemis Fault was recognised as In a recent paper, Aksu et al. (2022) suggested
an important fault line within the Anatolian Plate
and shown on neotectonic maps (Sengdr et al.,
1985; Saroglu et al., 1992), though activity in
the pre-neotectonic period was also documented
(Yetis, 1978; Jaffey and Robertson, 2001).
Later studies defined the Ecemis Fault as part
of a regionwide structure, the Central Anatolian
Fault Zone (Kogyigit and Beyhan, 1998). In the
evaluation of the Central Anatolian Fault Zone

that right- and left-lateral strike-slip faults come
together between the Anamur (Anatolia) -
Korugam / Kormakiti (Cyprus) capes and form
the Anamur-Kormakiti (Korugam) zone. This
generally displays as positive flower structures,
and the authors concluded that connecting the
Central Anatolian Fault Zone to the Cyprus Arc,
as implied in previous studies, is impossible.

(Kogyigit and Beyhan, 1998; Dirik, 2001; inan However, Seyitoglu et al. (2022a) redefined
and Ekingen, 2007), an important inadequacy is the Central Anatolian Fault Zone as the northwest
the lack of a clear relationship with the Cyprus margin of the Anatolian Diagonal, a broad left-
Arc, probably due to limited earlier studies lateral shear zone (Figure 1). In this redefinition,
dealing with the structures between Anatolia and the Central Anatolian Fault Zone is separated

Cyprus (Anastasakis and Kelling, 1991; Evans et from the NAFZ by the Karaca and Kemah-
al., 1978). Therefore, the relationship between the [li¢ Faults. They created a restraining bend, the
Central Anatolian Fault Zone and the Cyprus Arc Divrigi Thrust, with the Ecemis-Deliler Fault. The

remains an unsolved problem. offshore continuation of the Ecemis-Deliler Fault
With an increase in offshore seismic reflection (EDF), the Biruni Fault, extends to the Cyprus
studies, the left-lateral strike-slip Kozan Fault Arc, as recognised by re-evaluating seismic

was identified and evaluated as a splay detaching  reflection data mainly published by Mansfield
from the EAFZ (Aksu et al., 2014a, b). Based on (2005) (Figure 1). Global Navigation Satellite
the identification of normal faults with different Systems (GNSS) based block modelling reveals
directions on seismic reflection sections within the left-lateral slip rates ranging from 11.7 to 4.2 mm/
Kozan Fault zone and not being able to explain yr along the Biruni Fault (Seyitoglu et al., 2022b).
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Figure 1. Active fault map of the eastern Mediterranean. Brown lines belong to Southeast Anatolian Wedge structures (Seyitoglu et al. 2017). BZSZ:
Bitlis-Zagros Suture Zone; EBT: Ergani-Silvan Blind Thrust; MBTZ: Mardin Blind Thrust Zone; SBTZ: Sincar-Kerkiik Blind Thrust Zone; DSFZ: Dead
Sea Fault Zone. Black lines in the Turkish Iranian Plateau represent mainly rhomboidal cell margins (Seyitoglu et al. 2018). Rhomboidal cells: KgC: Kigi,
KoC: Karliova, MsC: Mus, HiC: Hinis, VaC: Van, UrC: Urmiye, and AhC: Ahar. For regionwide shear zones, purple lines represent SAZFZ: Southeast
Anatolian Zagros Fault Zone; green lines indicate NEAFZ: Northeast Anatolian Fault Zone, fuchsia lines show main branch of NAFZ: North Anatolian
Fault Zone. Orange lines indicate middle branch of North Anatolian Fault. Blue lines are the southern branch of North Anatolian Fault Zone (Seyitoglu et
al. 2022c¢). Red lines show the Anatolian Diagonal Shear Zone (Seyitoglu et al. 2022a and this paper). EAFZ: East Anatolian Fault Zone; KRF: Karaca
Fault; EDF: Ecemis-Deliler Fault; DvT: Divrigi Thrust; OVF: Ovacik Fault; SZF: Sariz Fault; MAF: Malatya Fault; EMF: Elbistan-Misis Fault; MYF:
Marag-Yumurtalik Fault; BRF: Biruni Fault; FSH: Fuat Sezgin High; GBT: Gazi Baf Transform; GBR: Girne-Besparmak Range; CA: Cyprus Arc. Fault
lines on Northern Cyprus are from Elmaci et al. (2025). All other fault lines are modified after Barrier et al. (2004), Emre et al. (2013), and Seyitoglu et
al. (2017; 2018; 2022a, b). KEFZ: Kirikkale-Erbaa Fault Zone; TFZ: Tuzgdlii Fault Zone; EFZ: Eskisehir Fault Zone; SDF: Sultandagi Fault; KNF:
Konya Fault; SVF: Simav Fault; SDF: Sultandagi Fault; KNF: Konya Fault; ALG; Alasehir Graben; BMG: Biiyiikk Menderes Graben; AnT: Antalya
Thrust; FR: Florence Rise; AKFZ: Antalya-Kekova Fault Zone; FtT: Fethiye Thrust; PTF: Ptolemy Fault; PLF: Pliny Fault; STF: Strabo Fault. AA:
Aegean Arc.

Sekil 1. Dogu Akdeniz’e ait aktif fay haritasi. Kahverengi ¢izgiler Giineydogu Anadolu Kama yapilarina aittir (Seyitoglu vd. 2017). BZSZ.: Bitlis-Zagros
Kenet Zonu; EBT: Ergani-Silvan Kor Bindirmesi; MBTZ: Mardin Kor Bindirme Zonu, SBTZ: Sincar-Kerkiik Kor Bindirme Zonu;, DSFZ: Oliideniz
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Fay Zonu. Tiirk-Iran Platosu’ndaki siyah ¢izgiler
agirlikli olarak romboidal hiicre kenarlarini temsil
eder (Seyitoglu vd. 2018). KgC: Kigi, KoC: Karliova,
MsC: Mus, HiC: Hwus, VaC: Van, UrC: Urmiye,
AhC: Ahar romboidal hiicreleri. Bdlge genelindeki
makaslama zonlari, mor ¢izgiler SAZFZ'yi temsil
eder: Giineydogu Anadolu Zagros Fay Zonu; Yesil
gizgiler NEAFZ Kuzeydogu Anadolu Fay Zonu, fusya
renkli ¢izgiler ise NAFZ Kuzey Anadolu Fay Zonu, ana
kolunu géstermektedir. Turuncu ¢izgiler Kuzey Anadolu
Fay Zonu’nun orta kolunu géstermektedir. Mavi
cizgiler Kuzey Anadolu Fay Zonu'nun giiney kolunu
gostermektedir (Seyitoglu vd. 2022¢). Kirmizi ¢izgiler
Anadolu Caprazi Makaslama Zonu 'nu gostermektedir
(Seyitoglu vd. 2022a ve bu makale). EAFZ: Dogu
Anadolu Fay Zonu; KRF: Karaca Fayi; EDF: Ecemis-
Deliler Fayi; DvT: Divrigi Bindirmesi; OVF: Ovacik
Fayi,;, SZF: Sariz Fayi;;, MAF: Malatya Fayi;, EMF:
Elbistan-Misis Fayi; MYF: Maras-Yumurtalik Fayi;
BRF': Biruni Fayi; FSH: Fuat Sezgin Yiikselimi; GBT:
Gazibaf Transform Fayi;, GBR: Girne-Begsparmak
Swradaglar:;, CA: Kibris Yayi. Kuzey Kibristaki fay
hatlart Elmaci vd. (2025) 'den alinmistir. Diger tiim fay
hatlart Barrier vd. (2004), Emre vd. (2013), Seyitoglu
vd. (2017; 2018, 2022a, b) den sonra degistirilmigtir.
KEFZ: Kirtkkale-Erbaa Fay Zonu, TFZ: Tuzgélii Fay
Zonu, EFZ: Eskigehir Fay Zonu; SDF: Sultandagi
Fayi; KNF: Konya Fayi,;, SVF: Simav Fayi; KNF:
Konya Fayi; ALG, Alagehir Grabeni; BMG: Biiyiik
Menderes Grabeni; AnT: Antalya Bindirmesi; FR:
Florence Yiikselimi; AKFZ: Antalya-Kekova Fay Zonu;
FtT: Fethiye Bindirmesi; PTF: Ptolemy Fayi; PLF:
Pliny Fayi; STF: Strabo Fayi. AA: Ege Yay

In this paper, we examine morphotectonic
features from the southwest end of the Ecemis-
Deliler Fault onshore and provide segment
distribution for the Biruni Fault by using offshore
seismic reflection sections from Turkish Petroleum
(TPAO). In addition, focal mechanism solutions
for seismic events attributed to Biruni Fault will
be presented. A detailed description of the Biruni
Fault will clarify the connection of the northwest
margin of the active Anatolian Diagonal to the
Cyprus Arc and we will discuss its implications
for the neotectonic framework of the Eastern
Mediterranean.
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MORPHOTECTONICS OF THE
SOUTHWESTERN END OF THE ECEMIS-
DELILER FAULT

The earliest studies recognised the position of
the EDF in the Anatolian Diagonal (Seyitoglu et
al., 2022a). It was named as the Ecemis Corridor
(Blumental, 1941; 1952), the Tekir Dislocation
(Metz, 1956), the Ecemis Fault (Ketin, 1960),
the Ecemis Transcurrent Fault (Pavoni, 1961),
the Pozanti- Kayseri Fault (Scott, 1981) and
the Ecemis Fault Zone (Yetis, 1978; Dirik and
Gonctioglu, 1996).

The Ecemis Fault and the Deliler Fault were
defined as two separate faults to the south and
northeast of Kayseri (Emre et al., 2013). The term
Central Anatolian Fault Zone was introduced
by Kogyigit and Beyhan (1998), without clear
relationship to the NAFZ and the Cyprus Arc.
Darin and Umbhoefer (2019) clearly defined the
northeast end of the EDF while Akyiiz et al.
(2012) provided palacoseismological data from
trenches near Alaca. A detailed examination of
the structural features in the original location
of the Ecemis Fault was presented by Jaffey
and Robertson (2001). Around Kayseri, the
morphotectonic, kinematic and geochronological
evidence for Quaternary activity on the EDF were
presented by Higgins et al. (2015), Sarikaya et al.
(2015a, b) and Yildirim et al. (2016), while the
paleomagnetic characteristics of the EDF were
also studied (Tatar et al., 2000).

The southwestern end of the EDF is studied
relatively less well. Inan and Ekingen (2007)
presented structural and morphological evidence
for the Namrun Fault. The geological map of
southwestern Silifke indicates several semi-
parallel, northeast-southwest trending faults
(Alan et al., 2014). Although some of them limit
Quaternary slope deposits, none of them were
described as an active fault.

The block model for the region indicates that
the left-lateral slip rate along the southwestern
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sector of the EDF ranges from 7.5£1.1 mm/yr
in the northeast to 2.8+1.5 at its southwestern
end. In its offshore continuation, the slip rate
increases south-westward from 4.2+ 1.8 to
11.7 £ 0.9 mm/yr (Seyitoglu et al., 2022b). The
geomorphic expression of the southwestern EDF
is more distinct as a linear trend compared to the
northeastern sector. In the southwestern sector, the
fault is a wide shear zone up to 20 km, consisting
of northeast-southwest trending en-echelon left-
lateral faults running parallel to the coastline
(Figure 2). At the southwestern end, the shear zone
consists of 1.5 km, 2 km and 7 km long segments
(EDF-1a to EDF-1c) arranged in a left-stepping
pattern. These faults are expressed as linear valleys
oriented with northeast-southwest direction.
Along EDF-lc, a shear zone in the Palaecozoic
bedrock was associated with the EDF together
with left-lateral displacement of 1240 m and 60
m along a Quaternary stream (Seyitoglu et al.,
2022a) (Figure 2). Further to the northeast, EDF-
lc exhibits a left-lateral arrangement with EDF-1d
and its northeastern continuation, EDF-1e. In the
northern block of EDF-1e, the northeast-southwest
trending Hirmanli Dere valley is observed, which
hosts the village of Hirmanh (Figure 2). To the
south, a distinct Quaternary alluvial fan deposit
extends in front of this valley, while the stream
bends 1 km to the southwest along the fault,
reaching the step-over associated with EDF-1d.
In addition, a well-defined saddle is present along
EDF-1e near the fan apex. Moreover, a left-lateral
offset of 543 m was observed in a river in the
northeast sector of the alluvial fan (Seyitoglu et
al., 2022a) (Figure 2).

Further to the northeast, the 5 km-long EDF-
2 segment has a right-lateral arrangement with
EDF-1le. These segments form the northwestern
margin of a northeast-southwest trending trough,
filled with Quaternary deposits, and defines
the northwestern part of the shear zone. The
southeastern margin of the trough is bounded
by EDF-5a and EDF-6. The southwest-dipping
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depression is drained by a river that flows close to
EDF-5a. An elongate ridge was observed between
EDF-5a and EDF-6 and is interpreted as a shutter
ridge together with the 640 m left-lateral shift
along a river (Seyitoglu et al., 2022a) (Figure 2).
The northeastern continuation of EDF-5a is also
defined by a trough, which is marked by EDF-5b
segment. This linear depression is drained by the
Akdere stream, which has a north northwest-south
southeast trend upstream and at a bend along
the fault, flows towards the northeast for about
3 km (Seyitoglu et al., 2022a). The southeastern
margin of the shear zone is further defined by the
1 km-long EDF-5c and the 4.5 km-long EDF-
5d. In the northwestern sector, the shear zone,
defined by EDF-1e and EDF-2 to the southwest, is
delineated by EDF-3 and EDF-4 to the northeast.
These faults exhibit a right-lateral pattern, and
their interaction results in widening of the shear
zone. The 10 km-long EDF-3 fault marks the
boundary between bedrock and Quaternary talus
deposits, and 345 m left-lateral displacement was
measured in the upstream section of the Akdere
stream (Seyitoglu et al., 2022a). The 18 km-long
EDF-4 segment is characterised by a linear trace
in the bedrock, which affects the Quaternary river
pattern (Seyitoglu et al., 2022a) (Figure 2).

Further to the northeast, the shear zone
widens up to 16 km and is defined by EDF-4c
and EDF-4b in the northwestern sector, EDF-4a
in the central part, and EDF-5e in the southeastern
sector. These fault segments are significant as they
laterally shift the Goksu River, which is one of
the longest rivers in the Taurus Mountains with
260 km length (Figure 2). The river has two main
tributaries including, (1) the east-west-oriented
Ermenek River and (2) the northwest-southeast-
oriented GoOksu River. These tributaries merge
southwest of Mut to form the main course of the
Goksu River, which follows a predominantly
northwest-southeast orientation except where it
deviates along fault-driven bends.
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Figure 2. a) The southwestern extension of the Ecemis—Deliler Fault, showing fault segments adapted from Seyitoglu
et al. (2022a). The 18 km sinistral offset of the Goksu River is measured along the shear zone associated with the
EDF. The southward migration of the Goksu Delta lobes and the location of Kozan Fault are shown after Aksu et al.
(2014b), indicating that the shifting of the Goksu Delta is better explained by Ecemis-Deliler fault segments running
parallel to the coast rather than the Kozan Fault. b) Quaternary geomorphic features around the southwestern
termination of the EDF, including the left-lateral offsets measured by Seyitoglu et al. (2022a).

Sekil 2. a) Ecemis—Deliler Fayi'nin giineybati uzammi,; fay segmentleri Seyitoglu vd. (2022a) den uyarlanmistir.
Géksu Nehri'nin 18 km’lik sol yanal dtelenmesi, EDF ile iligkili makaslama zonu boyunca él¢iilmiistiir. Goksu
Deltasi loblarinin giineye dogru gogii ve Kozan Faymin konumu Aksu vd. (2014b) ten uyarlanmistir. Goksu delta
loblarinin yer degistirmesi Kozan Faymndan ziyade kiyiya paralel uzanan Ecemis-Deliler fay segmentleri tarafindan
daha iyi a¢iklanmaktadir. b) EDF ’nin giineybati ucundaki Kuvaterner doneme ait jeomorfolojik yapilar; Seyitoglu
vd. (2022a) tarafindan élgiilen sol yanal dtelenmeleri icermektedir.
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Along its course, the river has incised into
Palaeozoic and Mesozoic basement units, which
are unconformably overlain by Miocene marls
and carbonates deposited in marine environments
(Alan etal., 2014). The youngest marine sediments
overlying the surface in the upper course of the
river are dated to ca. 8 Ma (Cosentino et al., 2012).
The uplift of the region has resulted in a highly
incised antecedent valley, especially downstream
of the river (Cosentino et al., 2012; Schildgen et
al., 2012; Kuzucuoglu et al., 2019). Left-lateral
displacements along the river were measured
along the EDF segments by Seyitoglu et al.
(2022a; Appendix A). Specifically, displacements
of 385 m were reported along EDF-4a, 1450 m
along EDF-4b and 1760 m along EDF-5e. While
these measurements indicate displacement along
these segments, a comprehensive assessment
of lateral shift along the entire shear zone is
necessary for more accurate measurement along
the river course (e.g., Sengor, 2017). According
to this, 18 km lateral displacement is measured
between the northwest-southeast oriented river
path across the shear-zone. To calculate the long-
term slip rate, the age of the youngest marine
deposits in the upper course of the river has been
used. This provides a regional upper limit for
surface emergence, and was adopted here as the
maximum possible age constraint since the actual
establishment of the drainage system must have
postdated the transition to terrestrial conditions.
According to this assumption, a minimum long-
term slip rate of 2.25 mm/yr has been calculated
for the EDF shear zone.

At the mouth of the Goksu River, the Goksu
Delta formed, which is bounded by EDF-5e and
its northeastern continuation EDF-8. Between
these segments, the EDF-7 a-c segments were
also identified with left-stepping arrangement on
the bedrock. Slickenlines observed along EDF-5e
on Mesozoic limestone indicate strike-slip motion
(Seyitoglu et al., 2022a; Appendix A). Similarly,
in a cataclastic zone in the Miocene limestone
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unit, slickenlines and a flower structure provide
evidence of deformation along EDF-7a (Seyitoglu
et al., 2022a; Appendix A). According to Aksu et
al. (2014a, b), the delta lobes of the Goksu River
migrated towards the southwest (Figure 2a). This
deformation was identified from seismic reflection
profiles and is dated to Pliocene-Quaternary based
on stratigraphic units corelated with well data and
tentatively linked to exposed units on land. In their
interpretation, the lateral migration of the delta
exceeds 20 km, and this migration is associated
with the Kozan Fault zone. However, this fault
is located parallel to the coast at a considerable
distance, and its proposed position must have
caused truncation at the southwestern edge of the
delta, interpreted as being offset (Figure 2a). In
contrast, the results of the present study suggest an
alternative explanation: the migration of the delta
lobe can be temporally and spatially correlated
with the lateral shift of the Goksu River, which
is associated with activity on the EDF. Based on
the delta lobe migration inferred by Aksu et al.
(2014a, b), the implied slip rate for the EDF would
be ~3.8 mm/yr during the Pliocene-Quaternary
time interval. The contrast with the minimum
long-term slip rate of 2.25 mm/yr (since 8§ Ma)
indicates that slip along the fault was likely non-
uniform, with alternating phases of acceleration
and deceleration over geological timescales. The
pronounced Quaternary morphology observed
along the EDF in this study is likely associated
with this higher slip rate.

THE BIRUNI FAULT

The offshore continuation of the EDF was
previously only estimated based on bathymetry
between Anatolia and west of Cyprus and shown
with a question mark (Kogyigit and Beyhan,
1998). More comprehensive offshore data were
provided by Aksu et al. (2005; 2014a, b).
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Figure 3. Active fault map of the eastern Mediterranean. Seismicity in the region is shown with yellow dots, representing earthquake epicentres with
magnitudes >3.5 and depths <30 km obtained from the Republic of Turkey Ministry of Disaster and Emergency Management Authority (AFAD). The
numbering of the focal mechanism solutions for earthquakes up to event number 214 is adapted from Seyitoglu et al. (2022a). For events numbered 215
and above, please refer to Table 1 for the new solutions presented in this study. The inset map shows the segment distribution of the Biruni Fault.

Sekil 3. Dogu Akdeniz'in aktif fay haritasi. Bélgedeki sismik aktivite, T.C. I¢isleri Bakanhg Afet ve Acil Durum Yénetimi Baskanligi (AFAD) verilerine
dayali olarak, biiyiikliigii >3.5 ve odak derinligi <30 km olan depremlerin dismerkezlerini temsil eden sart noktalarla gosterilmistir. 214 numarali olaya
kadar olan deprem odak mekanizmasi ¢oziimlerinin numaralandirmasi Seyitoglu vd. (2022a) ¢alismasindan uyarlanmigtir. Bu ¢alismada sunulan yeni
¢oziimler igin 215 veiizeri numarali olaylara iliskin veriler Cizelge 1 'de sunulmustur. Késedeki haritada Biruni Fayi 'min segment dagilimi gésterilmektedir.
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The Kozan Fault zone, which runs parallel to
the western coast of the Mersin Gulf, is proposed
to be an equivalent of the offshore Ecemis fault
complex of Ozel et al. (2007). The delta lobe
shifting of the Goksu River (Aksu et al., 2014a, b)
was attributed to the Kozan Fault zone, although
it is located away from the western margin of
Mersin Gulf.

The Biruni Fault is identified as an offshore
continuation of the left-lateral strike-slip EDF of
the Anatolian Diagonal by re-interpreting seismic
reflection sections from Mansfield (2005) and
Aksu et al. (2005; 2014a, b). However, the data
from seismic sections were not published due to
the lack of copyright permission (Seyitoglu et al.,
2022a).

In this section, we present our interpreted
seismic sections obtained from TPAO and produce

a map of the fault segments with precise/reliable
coordinate system (Figure 3)

The position of the offshore Biruni Fault can
be seen in seismic reflection line CrS-1 where a
positive flower structure is observed between
segments BRF-3d and BRF-3c at the northwestern
end (Figure 4). A prominent morphological trough
on the sea floor corresponds to segment BRF-1.
Segment BRF-2a also presents as a typical flower
structure (Figure 4). The northern margin of the
Girne-Besparmak Range (GBR) is interpreted
as a normal fault, following Calon et al. (2005)
(Figures 3 & 4).

Further to the southwest, the nearly north-
south trending Line 08 crosscuts the BRF-3f,
BRF-3e and BRF-3g segments, which create a
prominent morphological trough on the sea floor
due to their negative flower structure (Figure 5).

Figure 4. Geological cross section based on seismic reflection profile from Turkish Petroleum (CrS-1). 1: Pliocene-
Quaternary clastic deposits, 2: Messinian evaporites, 3: Pre-Messinian deposits.

Sekil 4. Tiirkiye Petrolleri’ne ait CrS-1 sismik yansima profiline dayali jeolojik kesit. 1: Pliyosen—Kuvaterner kirintili
tortullar, 2: Messiniyen evaporitleri, 3: Messiniyen oncesi ¢okeller.
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Figure 5. Seismic reflection section Line 08.
Sekil 5. Hat 08 sismik yansima kesiti.

Figure 6. Seismic reflection section Line 14.
Sekil 6. Hat 14 sismik yansima kesiti.
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Line 14 shows the southwestern continuation
of segment BRF-3f, which is clearly recognised
by the deformation of the uppermost seismic
layers. Traces of segment BRF-3g are seen at the
southeastern margin of the seismic section. The
deformations of the seismic layers to the northwest
are attributed to the edges of thrust sheets, because
they cannot be traced as a deeper structure. These
are represented by green lines in Figure 6.

Segment BRF-3f and semi-parallel segment
BRF-3h can be distinguished on the southeastern
margin of Line 15. On its northwestern margin,
segment BRF-4a is easily differentiated after
Woodside et al. (2002; Fig. 7) (Figure 7). The

Nw

Figure 7. Seismic reflection section Line 15.
Sekil 7. Hat 15 sismik yansima kesiti.
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semi-parallel BRF-4b and the southernmost tip
of BRF-3f are also seen on Line 16 (Figures 7 &
8). Line 15 and Line 16 indicate that the Biruni
fault segments create a restraining stepover
where a pressure ridge called the Fuat Sezgin
High (FSH) developed. The segments of the
Biruni Fault limiting the FSH (i.e., BRF-3f and
BRF-4a, BRF-4b) show transpressive character,
and the thrusts creating the FSH are marked as
green lines in Figures 7 and 8. The thrust-related
structure of FSH is more clearly observed along
the northeast-southwest trending Line 07 (Figure
9). This structure was interpreted differently as the
Florence Rise (Giines et al., 2018; see their Line
D).

SE




Nuray SAHBAZ, Esra TUNGEL, Biilent KAYPAK, Giirol SEYITOGLU

Figure 8. Seismic reflection section Line 16.
Sekil 8. Hat 16 sismik yansima kesiti.
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Figure 9. Seismic reflection section Line 07.
Sekil 9. Hat 07 sismik yansima kesiti.
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It should be noted that the southwest side of
Line 16 also indicates the position of the right-
lateral Gazibaf (Paphos) transform faults (GBT-1
and GBT-2) (Seyitoglu et al., 2022a), which are
associated with a prominent morphological high
developed between the thrusts of Cyprus Arc.
These have produced significant earthquakes with
right-lateral focal mechanism solutions (Arvidsson
et al., 1998; Pilidou et al., 2004; Symeou et al.,
2018) (Figures 3 & 8).

The semi-parallel segments BRF-4a and BRF-
4b, limiting the northwest margin of FSH, are seen
on the northwest side of Line 16 (Figure 8). The
southwest continuation of segment BRF-4b is
clearly distinguished on the northeast-southwest
trending Line 06 where the green-coloured thrusts
located on the northeastern side of BRF-4b
represent thrusts between the Florence Rise and
the Antalya Thrust. However, the thrusts on the
southwestern side represent the thrusts developed
in front of the FSH (Figure 10).

The northeast-southwest trending Line 05
and Line 04 indicate the presence of three semi-
parallel mainly transpressive segments of the
Biruni Fault in which the middle segment BRF-4¢
can be continuously traced (Figures 11 & 12). The
geological cross sections based on seismic profiles
from TPAO (Figures 13 & 14) demonstrate that the
southwest continuation of BRF-4c can be securely
extended to the Aegean Arc with a restraining
bend (Figures 1 & 3). The southwest extension
of the Biruni Fault corresponds to the shear
zone between the Northern and Southern Outer
Domains of Huguen et al. (2001, see their Fig.
7). In this case, the Ptolemy-Pliny-Strabo Fault
Zone and the Biruni Fault are parallel left-lateral
structures and the Piri Reis Ridge (Seyitoglu et
al., 2022a), formerly known as the Mediterranean
Ridge, developed between them (Figures 1 & 3).

Figure 10. Seismic reflection section Line 06.
Sekil 10. Hat 06 sismik yansima kesiti.
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Figure 11. Seismic reflection section Line 05.
Sekil 11. Hat 05 sismik yansima kesiti.

Figure 12. Seismic reflection section Line 04.
Sekil 12. Hat 04 sismik yansima kesiti.

FOCAL MECHANISM SOLUTIONS FOR
EARTHQUAKES IN THE STUDY REGION

In this study, the intention was to compute
focal mechanism solutions for all earthquakes
located within the boundaries of the study
area. However, due to difficulties in accessing
digital waveform data for older events, the focal
mechanisms of earthquakes with magnitudes
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greater than 4.5 were obtained from established
databases such as the Global Centroid Moment
Tensor (GCMT) catalogue. For more recent and
moderate-magnitude earthquakes (i.e., those with
magnitudes below 4.5), efforts were made to
compute the solutions directly within the scope of
this study. As part of this effort, focal mechanism
solutions for two earthquakes were successfully
obtained and analysed.
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Figure 13. Geological cross section based on seismic reflection profile from Turkish Petroleum (CrS-2). 1: Pliocene-
Quaternary clastic deposits, 2: Messinian evaporites, 3: Pre-Messinian deposits, 4: Cretaceous to Eocene deposits.

Sekil 13. Tiirkiye Petrolleri’ne ait CrS-2 sismik yansima profiline dayali jeolojik kesit. 1. Pliyosen—Kuvaterner
farintili tortullart, 2. Messiniyen evaporitleri, 3. Messiniyen oncesi birikintiler, 4. Kretase—Eosen ¢okelleri.
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Figure 14. Geological cross section based on seismic reflection profile from Turkish Petroleum (CrS-3). 1: Pliocene-
Quaternary clastic deposits, 2: Messinian evaporites, 3: Pre-Messinian deposits, 4: Cretaceous to Eocene deposits.

Sekil 14. Tiirkiye Petrolleri’'ne ait CrS-3 sismik yansima profiline dayall jeolojik kesit. 1. Pliyosen—Kuvaterner
farintili tortullari, 2. Messiniyen evaporitleri, 3. Messiniyen éncesi birikintiler, 4. Kretase—Eosen ¢okelleri.

For the focal mechanism solution analysis,
the Regional Moment Tensor (RMT) inversion
technique developed by Herrmann (2013) was
utilised to determine the focal mechanisms of
earthquakes withmagnitudesequaltoor greaterthan
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3.0. The three-component broadband waveform
datanecessary for the RMT analysis were acquired
from two main sources: the European Integrated
Data Archive (EIDA) system (http://www.orfeus-
eu.org/data/eida) and Tiirkiye’s Earthquake Data



Centre System (TDVMS) operated by the Disaster
and Emergency Management Presidency (AFAD)
(https://tdvms.afad.gov.tr/).

Due to the sparse distribution of nearby
seismic stations in certain regions, a maximum
epicentral distance of 700 km was applied to
ensure sufficient data coverage and quality. The
waveform data were collected from stations within
Tiirkiye, such as those operated by the Bogazigi
University Kandilli Observatory and Earthquake
Research Institute (KOERI) and AFAD, as well as
from seismic monitoring centres in neighbouring
countries. Most of these stations are equipped
with velocity-sensitive broadband seismometers
capable of recording high-quality seismic signals.

Since the earthquake locations provided by
the data agencies were considered reliable, no
additional relocation procedures were undertaken.
For the RMT analysis, ground velocity waveforms
-both observed and synthetic Green’s functions-
were extracted within predefined time windows,
beginning 5-10 seconds before P-wave arrival
and extending up to 110-180 seconds afterward.
A three-pole causal Butterworth bandpass filter
was applied to the waveforms, typically within the
0.02-0.10 Hz frequency band. However, narrower
bands such as 0.06-0.08 Hz or 0.08-0.10 Hz were
often preferred to better isolate the seismic signals.
In cases with low signal-to-noise ratio, a micro
seism rejection filter was optionally employed.
During the inversion process, signals with high
noise levels or inconsistencies were carefully
identified and excluded to maintain the accuracy
and reliability of the results.

To demonstrate the application of the RMT
method, two recent earthquakes were selected for
detailed focal mechanism analysis. The first event
occurred on 30.08.2022 at 20:42:31 UTC with
local magnitude (Mw) of 4.1 (named Event-1),
and the second on 24.12.2024 at 18:22:27 UTC
with Mw of 4.0 (named Event-2).

Event-1 and Event-2 were analysed using
quality data from 38 and 26 broadband stations,
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respectively (Figures 15a & 15b). The optimal
focal depths were determined through a misfit
variance-depth correlation analysis (Figures 16a
& 16b), yielding the best fit at a depth of 29 km for
Event-1and of 17 km for Event-2. The comparisons
of the observed and synthetic waveforms for
selected stations are shown in Figure 17a and
Figure 17b, demonstrating a strong correlation
and confirming the reliability of the inversion
results. The calculated source parameters for both
the earthquakes analysed within the scope of this
study and those obtained from external seismic
data repositories are compiled and presented in
Table 1.

The left-lateral nature of the focal mechanism
solutions and the location of the 2022 and 2024
events support the view that the Biruni Fault is an
active left-lateral structure west of Cyprus.

DISCUSSION

The closure of the Neo-Tethyan ocean between
the Arabian Plate and Eurasia since the Late
Maastrichtian — Early Eocene along the Bitlis-
Zagros Suture Zone (BZSZ) shaped the neotectonic
framework of the Eastern Mediterranean (Figure
1). The tectonic escape model was suggested as
a consequence of this collision at the beginning
of plate tectonics theory and was widely accepted
in the following decades (McKenzie, 1972; Hall,
1976; Sengor and Kidd, 1979; Sengér, 1979, 1980;
Sengdr and Yilmaz, 1981; Aktas and Robertson,
1984; Sengor et al., 1985; 2019; Yilmaz, 1993). It
was postulated that the continental collision created
thick crust, resulting in the westward escape of the
Anatolian plate along the North Anatolian Fault
Zone (NAFZ) and the East Anatolian Fault Zone
(EAFZ) (Dewey et al., 1986; Sengor et al., 1985).
However, geophysical studies in the following
years demonstrated that there is no thick crust
in eastern Tiirkiye and the high topography is
explained by asthenosphere-supported thin crust
(Sengdr et al., 2003; 2008).
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It is emphasised that north - south shortening
in east and southeast Anatolia is accommodated
by the right- and left-lateral strike-slip faults, east-
west trending thrusts and fold axes, and north-
south trending normal faults. A single interaction
point between the right- and left-lateral fault zones
around Karliova was suggested from which the
Anatolian plate moves westward (Sengor et al.,
1985). GPS studies (i.e. Reilinger et al., 20006)
indicate that the slip rate of the right-lateral NAFZ
(24 mm/yr) and the left-lateral EAFZ (10-9 mm/
yr) are different and do not support a symmetrical
escape wedge. Sengdr et al. (2019) revised the
model as an asymmetrical wedge in Karliova
that requires transpressional movement on the
EAFZ (Sengor et al., 2019; Fig. 31). However,
as indicated by the focal mechanism solutions of
the earthquakes, a transtensional shear exists in
the east of the Cukurova area (Seyitoglu et al.,

2022a; Fig. A24 in Appendix A), which may be
used against the idea of a single interaction point
related to the asymmetrical escape wedge of
Sengor et al. (2019).

The deformation resulting from continental
collisions in eastern and southeastern Anatolia
was recently explained by two different models.
In the foreland of BZSZ, the Southeast Anatolian
Wedge (SEAW) is defined between BZSZ to the
north and Sincar Mountain to the south (Figure 1).
Several thrusts/blind thrusts identified by using
asymmetrical anticlines in their hanging wall
merge into a basal thrust and the thrust sheets are
separated by tear faults in the cross sectional and
map view of the SEAW, respectively (brown lines
in Figure 1). One of the major earthquakes, the
1975.09.06 (M 6.7) Lice earthquake, is attributed
to the Ergani-Silvan Blind Thrust (Seyitoglu et al.,
2017).
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Figure 15. Broadband station distribution (solid circles) used for moment tensor inversion analysis of (a) the
30.08.2022 earthquake (UTC 20:42:231; Mw= 4.1) and (b) the 24.12.2024 earthquake (UTC 18:22:27; Mw= 4.0).

Event locations are indicated with a star.

Sekil 15. Moment tensor ters ¢oziim analizinde kullanilan genis bant istasyon dagilimi (dolu daireler) (a) 30.08.2022
tarihli deprem (UTC 20:42:23; Mw = 4.1) ve (b) 24.12.2024 tarihli deprem (UTC 18:22:27; Mw = 4.0). Deprem
konumlar: yildiz sembolii ile gosterilmistir.
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Figure 16. Correlation plot of the reduction in distance-weighted variance against source depth for (a) the 30.08.2022
earthquake (UTC 20:42:231; Mw=4.1) and (b) the 24.12.2024 earthquake (UTC 18:22:27; Mw=4.0). The best fit is
provided for a depth of 29 km for Event-1 and 17 km for Event-2.

Sekil 16. (a) 30.08.2022 tarihli deprem (UTC 20:42:23; Mw =4.1) ve (b) 24.12.2024 tarihli deprem (UTC 18:22:27;
Mw = 4.0) icin kaynak derinligi ile uzaklik arasindaki agirliklandirilmis degisinti (varyans) azalim iliskisi. En iyi
uyum, birinci olay igin 29 km, ikinci olay i¢in ise 17 km derinlikte saglanmigtir.
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Figure 17. Observed (red/light grey) and synthetic (blue/dark grey) waveforms for (a) the 30.08.2022 earthquake
(UTC 20:42:231; Mw=4.1) and (b) the 24.12.2024 ecarthquake (UTC 18:22:27; Mw= 4.0) are superimposed. Each
waveform pair is displayed using the same amplitude scale, with peak values noted to the left of each trace. Time
shifts and variance reduction percentages are presented on the right side of each trace, with the time shift as the upper
value and variance reduction as the lower. Station codes are listed adjacent to their corresponding waveforms.

Sekil 17. a) 30.08.2022 tarihli deprem (UTC 20:42:23; Mw = 4.1) ve (b) 24.12.2024 tarihli deprem (UTC 18:22:27;
Mw = 4.0) icin gozlemsel (kirmizi/agik gri) ve sentetik (mavi/koyu gri) dalga bicimleri iist iiste gosterilmistir. Her
dalga ¢ifti aym genlik ol¢egi kullanilarak sunulmus olup, tepe degerleri her sinyal izinin sol tarafinda belirtilmistir.
Zaman kaymalari ve degisinti (varyans) azaltma yiizdeleri, her izin sag tarafinda gosterilmistir; iistte zaman kaymast,
altta ise degisinti azalim degeri yer almaktadur. Istasyon kodlart ilgili dalga bicimlerinin yaminda listelenmistir.
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Table 1. Earthquake Focal Parameters and Focal Mechanism Solutions for Major Seismic Events.

Cizelge 1. Belirli Depremlere Ait Odak Parametreleri ve Odak Mekanizmasi Coziimleri.

Earthquake Focal Parameters

Fault Plane Solutions

Time

Date Lat. Lon.  Depth Strl Dipl  Rakel Str2 Dip2  Rake2 Pazm Pplg  Tazm Tplg Beach
# GMT . . Mag. MType Ref. . o o o . . o o . . Ref.
Gmd)  EMO N (B (km) & w O 60 o o O o o O O 0 ball
215 2022.01.11 01:07:46 34,919 32,1663  5.06 6,4 Mw AFAD 287 11 86 111 79 91 200 34 22 56 USGS ‘
216 2022.04.26 19:11:37 34,902 32,7058 7,7 4,6 Mw AFAD 94 66 92 267 23 83 182 21 8 69  KOERI -
This 44
217*% 2022.08.30 20:42:31 35,2391 32,0866 5,4 4,1 Mw AFAD 117 82 114 225 25 20 187 33 52 48 fud
study - 7
218 2023.03.11 19:35:16 36,976 35,668 7 4 Mw AFAD 208 31 27 94 77 118 163 26 36 50 AFAD @
219 2023.07.25 05:44:49 37,634 35884 10,38 5,5 Mw AFAD 161 76 177 251 88 14 26 8 117 12 KOERI "
220 2023.08.10 13:16:04 35,804 31.351 12,44 4,5 Mw AFAD 104 74 82 311 16 115 200 29 3 60  KOERI \qw
221 2023.0822 10:17:34 38,435 36,675 7,06 4,7 Mw AFAD 295 90 128 25 38 0 353 34 237 34 USGS Q
222 2024.06.26 20:37:12 36,9511 344569 16 4,1 Mw  AFAD 47 80 -61 154 31 -160 347 47 114 29  AFAD (‘
This
223* 2024.12.24 18:22:27 34,8603 31,9050 9,81 43 Mw AFAD 269 64 146 15 60 30 323 3 42 56 - )
S y
Note: The numbering of the earthquakes in this table starts from 215, following the last event (No. 214) listed in the earthquake catalogue of Seyitoglu et al. (2022a). For

the focal mechanism solutions shown in Fig. 3, events numbered 1-214 refer to Seyitoglu et al. (2022a), while events numbered 215 and onward correspond to the data
presented in this study.

Abbreviations: Lat.: Latitude; Lon.: Longitude; Mag: Magnitude; Str.: Strike; Dip: Dip; Rake: Rake; Pazm: Pressure azimuth; Pplg: Pressure plunge; Tazm: Tension
azimuth; Tplg: Tension plunge; Mw: moment magnitude; USGS: U.S. Geological Survey. USGS. USA https://earthquake.usgs.gov/earthquakes/search/; KOERI:
Bogazici University Kandilli Observatory and Earthquake Research Institute Regional Earthquake-Tsunami Monitoring Center. http://www.koeri.boun.edu.tr/sismo/
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zeqdb/; AFAD; Republic of Turkey Ministry of Disaster and
Emergency Management Authority. http://www.deprem.gov.
tr/sarbis/Veritabani.

Not: Bu ¢izelgede depremlerin numaralandirilmasi, Seyitoglu
vd. (2022a) tarafindan deprem katalogunda listelenen son
olay (No. 214) sonrasindan, yani 215ten baslamaktadr.
Sekil 3 te gosterilen odak mekanizmasi ¢oziimleri igin 1-214
numarall olaylar Seyitoglu vd. (2022a)’ve, 215 ve sonraki
numarall olaylar ise bu ¢alismada sunulan verilere karsilik
gelmektedir.

Kisaltmalar: Lat.: Enlem; Lon.: Boylam; Mag: Magnitude;
Str.: Fay dogrultusu (strike); Dip: Egim (dip); Rake:
Kayma agisi; Pazm: Basing ekseni azimut agisi (pressure
azimuth),; Pplg: Basing ekseni dalim agisi (pressure plunge);
Tazm: Gerilme ekseni azimut agist (tension azimuth); Tplg:
Gerilme ekseni dalim agist (tension plunge); Mw: Moment
biiyiikliigii (moment magnitude); USGS: ABD Jeolojik
Arastirmalar Kurumu (U.S. Geological Survey). USA https://
earthquake.usgs.gov/earthquakes/search/; KOERI: Bogazigi
Universitesi Kandilli Rasathanesi ve Deprem Arastirma
Enstitiisii Bolgesel Deprem-Tsunami Izleme Merkezi. http://
www.koeri.boun.edu.tr/sismo/zeqdb/ ; AFAD: T.C. Icisleri
Bakanhigi Afet ve Acil Durum Yénetimi Baskanligi. http://
www.deprem.gov.tr/sarbis/Veritabani.

In the hinterland of BZSZ, several rhomboidal
cells were described, limited by right- and left-
lateral strike-slip faults (Seyitoglu et al., 2018).
In some cases, east-west trending thrusts are
located in the middle of the cell (i.e., Van and Ahar
rhomboidal cells), which are capable of producing
the 2011.10.23 (Mw 7.1) Van earthquake. In other
cases, the northern and southern corners of the
rhomboidal cells have thrust faults (i.e., Hinis and
Urmiye cells) (Seyitoglu et al., 2018) (Figure 1).

The rhomboidal cell model in the hinterland
of BZSZ contributes to a better understanding of
collision-related deformation and helps to define
region-wide shear zones, such as the Southeast
Anatolian Zagros Fault Zone (SAZFZ). It
comprises the southwest margin of Kig1, Karliova,
Mus, Van and Urmiye cells together with the Main
Recent Fault in Iran. This newly-recognised right-
lateral shear zone indicates that the NAFZ has
a releasing stepover with the SAZFZ, in which
the Kigi, Karliova and Mus rhomboidal cells
developed (Seyitoglu et al., 2018) (Figure 1).
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The rhomboidal cell model (Seyitoglu et al.,
2018) and the Anatolian Diagonal, a broad left-
lateral shear zone (Seyitoglu et al., 2022a), define
multiple interaction points between right- and left-
lateral faults zones. This is different to the tectonic
escape model of Sengdr et al. (1985), which
suggests a single interaction point.

The first interaction point (#1 in Figure 1) is
near Bing6l where the highest strain rates obtained
by GNNS data, independent from the structures,
are observed in the region (Seyitoglu et al., 2018;
Fig. 10.22B). The SAZFZ cuts the EAFZ, and its
previously defined segments between Bingdl and
Karliova (Duman and Emre, 2013) are evaluated
as the common margin of the Karliova and Mus
rhomboidal cells. In this case, it can be said that
the EAFZ started in Bingol (Seyitoglu et al., 2018;
2022a; Fig. 9). This cross-cutting relationship can
also be seen in the recently-published tomographic
slices of Giivercin (2023; Fig. 6). The EAFZ,
the southeast margin of the Anatolian Diagonal,
reaches the Cyprus Arc after having two triple
junctions with the Dead Sea Fault Zone, which
is clearly observed after the earliest releases of
surface rupture maps belonging to the recent
2023.02.06 earthquakes (Esat and Seyitoglu,
2023; Seyitoglu and Esat, 2023; Ozkan et al.,
2023; Seyitoglu et al., 2022a) (TJ-1 and TJ-2 in
Figure 1).

The second interaction point (#2 in Figure
1) is west of Tunceli where the left-lateral
Ovacik Fault of the Anatolian Diagonal cuts the
right-lateral Nazimiye Fault of the SAZFZ. The
Ovacik Fault is connected to the Malatya Fault
further southwest and several structures such
as Siirgii, Barig-Kantarma, Maras-Yumurtalik,
Sariz, and Elbistan-Misis faults accommodate
internal deformation of the Anatolian Diagonal
(Yusufoglu, 2013; Acarel et al., 2019; Kaymake1
et al., 2006; Sancar et al., 2020; Seyitoglu et al.,
2022a; Fig. A17 in Appendix A).



The third intersection point (#3 in Figure 1) is
located southeast of the Erzincan Plain where the
right-lateral NAFZ meets the left-lateral Ovacik
Fault of the Anatolian Diagonal. This location, at
the same time, constitutes the northern corner of
the Kig1 rhomboidal cell (Seyitoglu et al., 2018;
2022a; Fig. A17).

The fourth intersection point (#4 in Figure 1)
is located northwest of the Erzincan Plain where
the left-lateral Karaca Fault of the Anatolian
Diagonal separates from the right-lateral NAFZ.
The semi-parallel left-lateral Karaca Fault and the
Kemah-ili¢ Fault form a restraining bend (i.e.,
Divrigi Thrust) with the Ecemis-Deliler Fault that
constitutes the northwest margin of the Anatolian
Diagonal (Seyitoglu et al., 2022a). This structure
reaches the western coast of the Mersin Gulf and
its continuation in the Mediterranean Sea, the
Biruni Fault, provides a connection to the Cyprus
Arc west of Cyprus (Seyitoglu et al., 2022a and
this paper).

The initial definition of the Biruni Fault as an
offshore continuation of the Ecemis-Deliler Fault
was based on limited seismic reflection data with
poor coordinate system (Seyitoglu et al., 2022a).
In this paper, we provide more reliable coordinate
control on the seismic reflection sections obtained
from TPAO, more detailed morphological analysis
of the onshore continuation around Silifke,
and reliable focal mechanism solutions for the
earthquakes attributed to the Biruni Fault.

The Biruni Fault’s database presented in this
paper indicates that the definition of the Kozan
Fault zone (Aksu et al., 2014a, b) is doubtful. The
Biruni Fault better explains the left-lateral motion
between Anatolia and Cyprus because (1) the
seismic reflection sections of Aksu et al. (2014a,
b) lack solid evidence for a left-lateral fault zone,
(2) the position of the Kozan Fault zone, that is
distant from the western coast of the Mersin Gulf,
cannot explain the southwestern shift of the Goksu
River’s delta which is better explained by the
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southwestern end of the EDF lying on the western
coast of the Mersin Gulf (Figure 2), and (3) the
single and continuous extension of the Kozan
Fault zone in the Adana basin and its connection
to the EAFZ is unrealistic because the seismic
sections of Burton-Ferguson et al. (2005) indicate
a restraining stepover south of Adana city between
the left-lateral Ecemis-Deliler and Elbistan-Misis
faults of Seyitoglu et al. (2022a).

When the seismic activity is taken into
account, the Ptolemy-Pliny-Strabo Fault Zone is
more active relative to the Biruni Fault (Figure 3).
This statement is also supported by GNNS-based
block modelling, which indicates that the southwest
translation of Anatolia is mainly accommodated
by the Ptolemy-Pliny-Strabo Fault zone and the
Antalya-Kekova Fault Zone where the left-lateral
slip rates reach up to 30 mm/yr (Seyitoglu et al.,
2022b). However, the pronounced morphotectonic
expression along the Biruni Fault, together with
the Pliocene—Quaternary slip rate inferred in
this study may indicate a period of higher slip
rates during the Quaternary. In contrast, the
present-day fault activity, characterised by lower
slip rates and reduced seismicity, is consistent
with the current lack of significant earthquake
activity. As previously noted by Seyitoglu et al.
(2022a), restraining stepovers exist between the
Biruni Fault, the Antalya-Kekova Fault Zone,
and the Ptolemy-Pliny-Strabo Fault Zone where
the Antalya Thrusts, Florence Rise and Fethiye
Thrusts developed (Figures 1, 3). This complex
relationship is the subject of another paper
providing onshore and offshore data from the
region.

CONCLUSION

The northwest margin of the Anatolian Diagonal,
the Ecemis-Deliler Fault and its offshore
continuation of the Biruni Fault are described
in this paper with the help of seismic reflection
data from Turkish Petroleum. The position of the
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Biruni Fault and the southwest tip of Ecemis-
Deliler Fault better explain the Quaternary shift
of the Goksu delta. The focal mechanisms of the
recent earthquakes presented in this paper also
demonstrate that the Biruni Fault is a left-lateral
active structure. Its relationship with the Antalya-
Kekova Fault Zone and Ptolemy-Pliny-Strabo
Fault Zone implies slip partitioning in the eastern
Mediterranean.

GENISLETILMIS OZET

Anadolu Caprazi, Dogu Anadolu Fay Zonu ile Orta
Anadolu Fay Zonu arasinda yer alan, yaklasik 170
km genisliginde ve Erzincan’dan Kibris Yayina
kadar uzanan 850 km uzunlugunda sol yanal
bir makaslama zonu olarak tammlanmaktadyr
(Seyitoglu vd., 2022). Bu zonun giineybati ucunda
bulunan Ecemis Deliler Fayi’min giineybati
kesimine ait jeomorfolojik veriler, fayin kuzeydogu
boliimiinde belirgin bir dogrusal gidisin hakim
oldugunu, buna karsilik giineybati boliimiinde, kiyt
seridine paralel uzanan, KD-GB dogrultulu, sol
yvanal aralr agmalr faylardan olusan ve 20 km’ye
ulasan genislikte bir makaslama zonu varligini
ortaya koymaktadir. Fay, giineybati boliimiinde
KD-GB uzammli dogrusal vadiler ile belirgin
olup, giincel akarsu yataklart ve Kuvaterner
yvasl  morfolojik olusturdugu
otelenmelerle Bu kesiminde,

birimlerde
tanmimlanmustir.
Goksu Nehri boyunca élgiilen 18 km’lik otelenme,
akarsuyun yaklasik 8 My énce olustugu kabuliiyle
degerlendirilmis ve buna dayanarak fayin uzun
donemli ortalama kayma hizi 2,25 mm/yl olarak
hesaplanmigtir.

Anadolu Caprazi boyunca uzanan sol yanal
dogrultu atimli Ecemis Deliler Fayi'nin (EDF)
denizdeki devami Biruni Fayi (BRF) olarak
tammlannmugti.  Tiirkiye  Petrolleri  Anonim
Ortakligi (TPAO) tarafindan saglanan sismik
yansima kesitlerinde Biruni fayma ait segmentler
net bir sekilde izlenmekte ve fayin deniz
tabanminda meydana getirdigi  deformasyonlar
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takip edilebilmektedir (Sekil 5-14). Kuzeydoguda,
EDF’nin giineybati ucundan baslayarak giineye
dogru takip edilen fay giineyde daralmal sigrama
vaparak Fuat Sezgin yiikselimini olusturmaktadur
(Sekil 9). En giineyde Ptolemy-Pliny-Strabo Fay
Zonu ile Biruni Fay: birbirine paralel sol yanal
fay sistemler olarak degerlendirilmektedir (Sekil
1,3). Bu faylar arasinda, daha once Akdeniz Sirti
olarak bilinen ve giiniimiizde Piri Reis Sirti olarak
adlandirilan  yapr  gelismistir  (Seyitoglu vd.,
2022a) (Sekil 1, 3).

Calisma alan sinirlari icerisinde
gerceklesmis ve moment biiyiikliigii 4.5 ten biiyiik
olan depremlerin odak mekanizmasi ¢oziimleri,
giivenilir veri tabanlarindan taranmus, ayrica dis
merkezi Biruni fay: tizerinde bulunan iki depremin
odak mekanizmas: c¢oéziimleri analiz edilmistir.
(Sekil 15-17 ve Cizelge 1). Biruni Fayr boyunca
kaydedilen depremlerin sol yonlii dogrultu atimli
mekanizmasi ve dagilimi, fayin aktif bir sol yanal

fay zonu oldugunu gostermektedir.
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Sedimantolojik Proksilere Gore Potansiyel Toksik Element Kaynakh Ekolojik Risk
Seviyesinin Analizi: Golyazi Litoral Zonu (Uluabat Gélii — Bursa) Ornegi
Analysis of Ecological Risk Levels Due to Potential Toxic Elements Based on Sedimentological Proxies:
Golyazi Littoral Zone (Uluabat Lake — Bursa) Example
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Oz: Biyogesitlilik agisindan oldukga 5nemli olan gol ekosistemlerinde son yillarda hizla artan antropojenik faaliyetlerin
yol agtig1 degradasyonel degisimler dikkat ¢ekmektedir. GOl ekosistemlerindeki ortam bozulmasinda potansiyel
toksik element (PTE) kontaminasyonunun rolii oldukg¢a fazladir. Bu galisma Tiirkiye’nin 6nemli sulak alanlarindan
biri olan Uluabat (Apolyont) Golii’nde yer alan ve {izerinde G6lyazi yerlesmesinin yer aldigi tombolo kiyilarindaki
ekolojik riske odaklanmistir. Tombolo kiyis1 boyunca g6l tabanindan alinan sediment 6rneklerinin organik karbon
ve klorofil bozunma iiriinleri analizleri yan1 sira ICP-MS ile belirlenen PTE degerlerinden zenginlesme faktorii (EF),
kontaminasyon faktorii (CF), modifiye kontaminasyon faktorii (mCD), toksik risk indeksi (TRI), kirlilik yiik indeksi
(PLI), ekolojik risk indeksi (mER) ve potansiyel ekolojik risk indeksi (PER) hesaplamalar1 yapilmistir. Elde edilen
verilere gore; gol sedimentlerinde PTE konsantrasyonu agisindan Fe (29.200) > Al (21.500) > Mn (962) > Ni (256)
> Cr (101) > Zn (90)> As (39) > Pb (37) > Cu (31) > Co (20) seklinde bir siralanma s6z konusudur. EF verilerine
gore PTE’lerin zenginlesme diizeyi Ni (10,31) > As (8,24) > Pb (5.05) > Mn (3,12) > Cr (3,08) > Co (2,81) > Zn
(2,58)>Fe (2,30) > Cu (1,88) seklindedir. PTE kaynakli ekolojik risk seviyesi Ni (51), Co (41), Pb (25), As (24), Cu
(10) olup ortalama potansiyel ekolojik risk seviyesi 161’°dir. Golyaz1 yerlesmesi ¢evresindeki litoral zonda Cu harig
diger tim PTE’ler belirli miktarda zenginlesmistir. Goldeki en riskli ekolojik risk kaynagi Ni olarak belirlenmistir.
Orta derecede ekolojik risk tespit edilen goldeki baglica antropojenik risk kaynaklari tarim, endiistri ve yerlesme
atiklaridir.

Anahtar Kelimeler: Ekolojik risk, gol ekolojisi, potansiyel toksik element kontaminasyonu, sedimantoloji,
limnoloji, Uluabat Golii.

Abstract: Degradational changes caused by rapidly increasing anthropogenic activities in recent years in
lake ecosystems, which are crucial for biodiversity, have attracted attention. Potentially toxic element (PTE)
contamination plays a significant role in environmental degradation in lake ecosystems. This study focused on the
ecological risk along the tombolo shores of Lake Uluabat (Apolyont), one of Turkeys important wetlands, where
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Gaélyazi settlement is located. Sediment samples taken from the lake bottom along the tombolo shore were analysed
for organic carbon and chlorophyll degradation products. Furthermore, the enrichment factor (EF), contamination
factor (CF), modified contamination factor (mCD), toxic risk index (TRI), pollution load index (PLI), ecological
risk index (mER), and potential ecological risk index (PER) were calculated using PTE values determined by ICP-
MS. Based on the obtained data, the PTE concentration in lake sediments is in the following order: Fe (29200) >
Al (21500) > Mn (962) > Ni (256) > Cr (101) > Zn (90)> As (39) > Pb (37) > Cu (31) > Co (20). According to EF
data, the enrichment level of PTEs is Ni (10.31) > As (8.24) > Pb (5.05) > Mn (3.12) > Cr (3.08) > Co (2.81) > Zn
(2.58) > Fe (2.30) > Cu (1.88). The ecological risk level from PTEs is Ni (51), Co (41), Pb (25), As (24), Cu (10) and
the average potential ecological risk level is 161. In the littoral zone around Gdélyazi settlement, all PTEs except Cu
are enriched to a certain extent. Ni was identified as the ecological risk source with highest risk in the lake. The main
anthropogenic risk sources in the lake, where a moderate ecological risk was identified, are agricultural, industrial,
and settlement wastes.

Keywords: Ecological risk, lake ecology, potential toxic element contamination, sedimentology, limnology, Uluabat
Lake.

GIRiS degildir (Fural vd., 2020). Su stresi ¢eken ve
su kithgmma dogru siiriiklenen Tirkiye’ nin
mevcut su kaynaklarini en iyi sekilde korumasi
gerekmektedir. Ciinkii; antropojenik faaliyetlerden
kaynaklanan ¢evre sorunlar1 Tiirkiye’deki sulak
alan sedimentlerinde dikkatle izlenmesi gereken
diizeyde bir ¢evre sorunu haline gelmistir (Kiikrer
vd., 2015, 2019; Uludag vd., 2018; Fural vd.,2020,
2021; Aykir vd., 2023; Ustaoglu vd., 2022; Tekiner

Antropojenik etkiler ve litolojik kaynaklar ile
zenginleserek ekosistem ve insan saglifina
zarar verme riskine sahip metaller potansiyel
toksik element (PTE) olarak tanimlanmaktadir.
PTE’ler yerkabugunu olusturan temel bilesenler
arasindadir ve dogal konsantrasyon seviyesinde
olduklarinda canli yasami agisindan Onemlidir.
Ancak, PTE’lerin antropojenik kaynaklar ve bagta

litolojik ozellikler gibi dogal faktorler nedeniyle vd., 2025).

zenginlesmesi ekosistem tizerinde telafisi oldukca Giiney Marmara’daki 6nemli gollerden biri
zor olan yikimlara neden olmaktadir (Fural vd., olan Uluabat Golii 1998 yilinda Ramsar alam
2020). Insanlarin dogal cevreye verdigi zarar olarak ilan edilmis ve koruma altina alinmistir
arttikca potansiyel toksik element (PTE) kaynakli (Hacisalihoglu ve Karaer, 2004). Fakat inceleme
ckolojik bozulma basta olmak iizere onemli alaninda yapilan ge¢mis arastirmalar goliin PTE
diizeyde ¢evre sorunlari ortaya ¢ikmaktadir. Bahsi bakimindan ekolojik riskler tasidigini rapor
gecen sorunlar dogal biyomlarin hizla bozulmasina etmistir. Golyaz1 kiyilar1 da dahil olmak iizere
neden olmaktadir. goliin 6 farkli kesiminden alinan 6rneklerde Pb,

Cd, Zn ve Fe bakimindan yiiksek kontaminasyon
seviyeleri belirlenmistir (Barlas vd., 2005). Bunun
yaninda, g6l suyundaki PTE’lerin (Cd, Cr, Pb, Cu,
Ni ve Zn) golde yasayan baskin zoobentik tiirlerin
bilinyelerine gectigine dair kayitlar (Arslan vd.,
2010) bulunmasi1 Uluabat Goli’ndeki ekolojik risk
seviyesinin belirli periyotlar ile analiz edilmesinin
gerekliligini ortaya koymaktadir. Ayrica goliin
yakin cevresindeki akarsu havzalarinda yapilan
bilimsel calismalar dogal ve antropojenik kaynakli

Tirkiye’nin i¢ginde yer aldigt Akdeniz PTE kontaminasyonuna dikkat c¢ekmektedir
havzasi, dogal ortam kosullar1 geregi su zengini (Aykol vd., 2003; Sari, 2008).

Ekolojik risk biitiin ekosistemleri etkileyen
kiiresel 6l¢ekli bir problemdir. Yapilan aragtirmalar
PTE’lerin antropojenik etkilerden uzak oldugu
diisiiniilen derin okyanus (6—10 km derinlik)
sedimentlerinde dahi yiliksek konsantrasyon
seviyesine ulasabildigini gOstermistir (Sanei
vd., 2021). Bu durum, PTE kaynakli ekolojik
sorunlarin yayilis alanlari ve ekolojik etki
diizeylerinin boyutunu ortaya ¢ikarmaktadir.
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Uluabat Goliiigindeki bir tombolo konumunda
olan Golyazi1 Koyt kiyilarinda litoral zon siirlar
icerisindeki PTE kaynakli ekolojik risklerin
izlenmesi kapsaminda hazirlanan bu g¢alismanin
amaci; Uluabat G6li’nlin Golyaz1 kdyii kiyilarinda
sulak alani tehdit eden PTE igeriklerinin yarattig1
ekolojik risk seviyesini belirlemek ve tespit edilen
sorunlar i¢in ¢6ziim onerileri sunmaktir.

Caliyma Sahasinin Konumu ve Genel Cografi
Ozellikleri

Tirkiye’nin ylizélclimii agisindan 10. biiytlik
g6l olan Ulubat Golii tektonik kokenli bir tath
su goli olup, Bursa’nin Karacabey il¢esinde yer
alir (Sekil 1). Goliin ylzolgimi yaklagik 134
km?, deniz seviyesinden yiksekligi 5 metre,
derinligi ise ortalama 3, maksimum 4 metredir
(Hosgoren, 1994). Dogu-bat1 yonde 23-24 km
uzunluk ve kuzey-giiney yonde 12 km kadar
genislige sahip olan goliin ana besleyeni 10.414
km? drenaj alanina sahip olan Mustafakemalpasa
Cay1r’dir. Mustafakemalpasa Cay1 g6l tabaninda
0,20 cm/yil oraninda sediment birikimine
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neden olmaktadir (Kazanci vd., 2004). Yiiksek
sayilabilecek siltasyon diizeyi, klimatik kuraklik
ve antropojenik faktoérlerden dolayr Uluabat
Goli’niin ylizey alaninda son yillarda daralma
yasanmaya baslanmistir. Bu alan kaybinin 1987
ve 2023 yillar arasinda 12,60 km? (%6) oldugu
belirlenmistir (Kusgu, 2024). Goliin g¢evresinin
tarim arazilerinden olugmasinin yani sira sanayi
ve evsel atiklarin goldeki su ve sediment kalitesi
iizerinde olumsuz etkileri biiytiktiir (Celik, 2000).
Ozellikle Mustafakemalpasa Cay1’nin géle agir bir
kirlilik yiikii tagidig1 yapilan bilimsel ¢aligmalar ile
tespit edilmistir. Bahsi gecen ¢aligma kapsaminda;
askida kati madde (AKM), kimyasal oksijen
ihtiyac1 (KOI), biyolojik oksijen ihtiyaci (BOI),
amonyum azotu (NH4-N), nitrat azotu (NO3-N),
toplam azot (TN), fosfat fosforu (PO4-P) ve toplam
fosfor (TP) parametreleri incelenmistir. Elde
edilen bulgulara gore Mustafakemalpasa Cay1’nin
yan kolu olan Akgalar Deresi’nin gdle belirtilen
miktarda kirletici yiikii tasidigi (TN:19.6 ton/yil;
TP:0,3 ton/yil; KOI:74 ton/yil; BOI:50,5 ton/yil;
AKM:41.,4 ton/yil) belirlenmistir (Hacisalihoglu
ve Karaer, 2020).
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Sekil 1. Arastirma sahasiin konumu.
Figure 1. Location of the study area.
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Yapisal jeoloji bakimindan tektonik bir gol olan
Uluabat Goli’niin yakin gevresindeki jeolojik
istif tabandan yukariya dogru Paleozoyik yash
Serkedere metamorfitleri, Mesozoyik yash bazik
volkanikler, metadetritik radyolaritler, s1§ deniz
cokelleri ve kirectaglarindan olusan sedimanlar,
kumtasi, radyolarit ve ¢ortle birlikte bazik-
ultrabazik kaya¢ grubu, daha sonra Senozoyik
yaslh Cataldag graniti ile karasal c¢okellerden
olugmaktadir (Sekil 2). Uluabat Golii Miyosen
sonrasi tektonik aktiviteye bagli olarak cek-ayir
havza tipindeki bir ortamda faylanmaya bagh
olarak olusmustur (Celenli, 2000).

MATERYAL ve METOT
Sediment Ornekleme

Potansiyel toksik element kaynakli ekolojik risk
analizleri i¢in Golyazi Koyii’nlin  bulundugu

yarimada boyunca kiy1 ¢izgisini saat yoniinde
5 - 10 metre agiktan takip ederek litoral zondan
esit araliklarla 10 farkli noktadan Van Ven Grap
kullanilarak sediment &rnegi almmustir. Ornekler
kilitli posetlere koyularak numaralandirilmig
ve +4 °C saklama kosullarinda laboratuvara
ulastirilmisti.  Toplam organik karbon tayini
(TOC) Walkley Black Titrasyon yontemi ile
gerceklestirilmistir (Walkley ve Black, 1934;
Gaudette vd., 1974). Yas oOrneklere aseton
ekstraksiyonu  yapilarak  spektrofotometrik
metotla Klorofil Bozunma Uriinleri (Chl-A)
analizi gergeklestirilmistir (Lorenzen, 1971). PTE
icerikleri ICP-OES ile Bureau Veritas Ankara
Laboratuvarlarinda AQ200 paketi kullanilarak
analiz edildi.
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Sekil 2. Uluabat Golii ve yakin ¢evresinde mostra veren birimlerin dagilimini gosterir harita (Kandemir vd., 2013’ten

degistirilerek hazirlanmistir).

Figure 2. Distribution of outcropping units around Lake Uluabat (modified from Kandemir et al., 2013).

76



Sedimantolojik Proksilere Gire Potansivel Toksik Element Kaynakli Ekolojik Risk Seviyesinin Analizi: Gélyazi Litoral Zonu (Uluabat Golii — Bursa) Ornegi

Analitik Prosediirler

PTE’lerin  antropojenik  kaynaklardan  ne
diizeyde etkilendiginin tespit edilmesi amaciyla
zenginlesme faktorii (EF) hesaplandi. EF
hesaplamasinda  sediment igerisinde  tane
boyundan kaynaklanan hatanin en aza indirilmesi
icin yerkabugunun ana bilesenlerinden olan Fe
konservatif element olarak kullanildi. Fe ise bir
diger konservatif element olan Al ile normalize
edildi (Zhang vd., 2016).

EF su formiil ile hesaplanmaktadir (1):

( Ci >Ornek
Cref
EF = ——— (1)
(BBl )ardalan
ref
Formiilde; Ci ¢alisilan PTE’nin sedimentteki
konsantrasyonu, C_, normalizasyon igin

kullanilan Fe’nin konsantrasyonunu, Bi PTE’nin
bolgesel ardalan degerini, B_; ise normalizasyon
icin Fe’nin ardalan degerini temsil etmektedir.

EF’nin  degerlendirilmesinde  Sutherland
(2000) skalast kullanilmigtir. Bu skalaya gore;
EF < 2 minimal zenginlesmeyi, EF = 2-5 orta
diizeyli zenginlesmeyi, EF = 5-20 6nemli diizeyde
zenginlesmeyi, EF = 20-40 ¢ok yiiksek diizeyde
zenginlesmeyi ve EF > 40 ise asir1 yiiksek diizeyde
zenginlesmeyi gostermektedir.

Sedimentteki PTE konsantrasyonunda olas1
insan etkisini belirlemek amaciyla kullanilan

Kontaminasyon faktérii (CF) ve asagidaki

formiille (2) hesaplandi;

CF = Ci _Cni (2)
CF, mevcut PTE konsantrasyonunun

ardalan olarak kullanilan PTE konsantrasyonuna
boliinmesiyle hesaplanir. Formiilde; Ci, element
konsantrasyonu, Cniise elementinardalan degerine
kargilik gelmektedir. Hakanson (1980)’a gore
CF; disiik kontaminasyon (CF<I), orta diizeyli
kontaminasyon (1<CF<3), yiiksek kontaminasyon
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(3<CF<6) ve ¢ok yiiksek kontaminasyon (CF>0)
seklinde degerlendirilir.

CF wverilerinin teyit edilmesi i¢in mCd
gelistirilmistir (Abrahim ve Parker, 2008). mCd
su sekilde hesaplanmaktadir (3):

mcd = 2=
n

3)

Formiilde, CF kontaminasyon faktorii; n
ise analizde kullanilan element sayisidir. mCd
bulgulart su sekilde degerlendirilmektedir; mCd
<1,5 cok diisiik, 1,5 <mCd <2 diisiik, 2 < mCd
<4 orta, 4 < mCd <8 yiiksek, 8 < mCd <16 ¢ok
yiiksek, 16 < mCd < 32 agir1 derece yiiksek ve
mCd > 32 ultra yiliksek kontaminasyon (Abrahim
ve Parker, 2008).

Sedimentin PTE kaynakli kirlilik yiikiinii
belirlemek amaciyla kirlilik yiik indeksi (PLI)
kullanilmaktadir (Tomlinson vd., 1980). PLI su
sekilde hesaplanmaktadir (4):

PLI=(CF1 x CF2 x ...CFn) I/n “4)

Formiilde; CF kontaminasyon faktdriinii, n
analizde kullanilan PTE sayisin1 temsil etmektedir.
PLI verileri; 0 ise kirlilik riski yok olarak kabul
edilmis, ancak 1 degerinin asilmasi durumunda
gelecekte kirlilik riski ortaya cikacagi seklinde
yorumlanmaktadir (Tomlinson vd., 1980).

Sediment biinyesinde biriken PTE’lerin
ekosistem {izerindeki potansiyel toksik etkileri
hakkinda degerlendirme yapmak igin ise yine
Hakanson (1980) tarafindan gelistirilen potansiyel
ekolojik risk indeksi kullanilmistir. Her PTE igin
ayr1 hesaplanan ekolojik risk faktorii (mER) ve
tim PTE’lerin entegre risk seviyesini ifade eden
potansiyel ekolojik risk faktorii (PER) asagidaki
formiille (5) hesaplanmaktadir (Hakanson, 1980;
Zhang vd., 2016).

mER=ExT (5)

Formiilde kullanilan mEri her PTE igin
ayr1 hesaplanan risk faktoriinii, E, zenginlesme
faktoriinii, T ise her PTE i¢in farkli toksisite
katsayisina karsilik gelmektedir.
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PTE’ler i¢in kullanilan toksisite katsayilari
sunlardir: Hg-40, Cd-30, As T-10, Cu-Pb-Ni-Co-5,
Cr-V-2 ve Zn-Mn-1 (Hakanson, 1980).

mER verileri Hakanson (1980)’a gore; diisiik
potansiyel ekolojik risk (mER < 40), orta diizeyli
potansiyel ekolojik risk (40 mER < 80), 6nemli
potansiyel ekolojik risk (80 mER< 160), yiiksek
potansiyel ekolojik risk (160 < mER < 320) ve
¢ok yiiksek potansiyel ekolojik risk (mER 320)
seklinde degerlendirilmektedir.

PER= X mER (6)

Potansiyel ekolojik risk (PER) toplam
ekolojik risk seviyesini ifade etmektedir. PER
verileri Hakanson (1980)’a gore; diisiik ekolojik
risk (PER <150), orta diizeyli ekolojik risk (150
PER <300), 6nemli ekolojik risk (300 PER <600)
ve ¢ok yiiksek ekolojik risk (PER > 600) seklinde
degerlendirilmistir.

BULGULAR VE TARTISMA
Potansiyel Toksik Element Konsantrasyonu

PTE konsantrasyonlar1 ortalama degerlere gore
Fe (29.201 ppm) > Al (22.120 ppm) > Mn (962

ppm) > Ni (256 ppm) > Cr (101 ppm) > Zn (90
ppm) > As (39 ppm) > Pb (37 ppm) > Cu (31 ppm)
seklinde siralanmaktadir (Cizelge 1).

Golyaz1 litoral zonunda tespit edilen PTE
konsantrasyonlart mevcut literatiirden rastgele
secilen bazi dogal goéller ile karsilastirildiginda
ozellikle As, Cr, Ni, Pb ve Zn konsantrasyonlarinin
dikkate deger sekilde yiiksek oldugu goriilmektedir
(Cizelge 2).

Bowen (1979) ve Wedepohl (1978) tarafindan
yapilan aragtirmalarda yerkabugu Ni ortalamas1 80
ppm, s1g su sedimanlar1 Ni ortalamasi ise 35 ppm
olarak belirtilmektedir. Ultrabazik kayaclarda
2000 ppm, baziklerde 134 ppm, siyenitlerde 4
ppm, granitlerde 8 ppm seviyelerinde Ni vardir
(Celenli, 2000). Ortalama degerler ile inceleme
alanimin degerleri karsilastirildiginda elde edilen
bulgular goldeki Ni kontaminasyonuna dikkat
cekmektedir. Volkanik kaya¢ formasyonlari
onemli derecede Ni kaynagidir. Bu durumda
gbldeki Ni kaynagi muhtemelen litojeniktir.
Ancak, taginim fazlar1 belirlenmedigi i¢in bu ifade
sinirlt bir yorum olarak degerlendirilmelidir.

Cizelge 1. PTE’lerin 6rnekleme noktalarindaki konsantrasyon seviyesi (ppm).

Table 1. Concentration levels of PTEs at sampling points (ppm,).

PPM Cu Pb Zn Ni Co Mn Fe As Cr Al

ST1 33 42 92 263 20 912 29.900 38 103 27.000
ST2 31 34 90 248 19 983 29.100 46 101 22.200
ST3 31 34 85 230 18 1035 26.800 49 93 21.300
ST 4 31 36 94 263 20 992 30.200 36 106 23.000
STS 32 35 96 277 21 927 31.700 33 111 24.300
ST6 33 33 97 278 21 932 31.710 34 111 24.500
ST7 29 33 83 240 18 964 27.600 43 95 19.700
ST 8 28 32 81 239 18 1020 27.000 40 92 18.800
ST9 28 40 84 248 19 912 27.000 35 93 18.800
ST 10 32 49 93 272 21 945 31.000 33 107 21.600
ORT 31 37 90 256 20 962 29201 39 101 22120
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Cizelge 2. PTE’lerin ortalama konsantrasyon seviyelerinin (ppm) diger sulak alanlar ve kitasal kabuk degerleri ile

karsilagtirilmasi.

Table 2. Comparison of average concentration levels of PTEs (ppm) with values from other wetlands and continental

crust.

Kaynak Al As Cu Cr Co Fe Mn Ni Pb Zn
Uluabat Golii Bu Calisma 22.120 38 33 103 20 29.201 912 263 42 92
Uluabat Golii Barlas vd., 2005 0,75 2,95 1,42 3,89
Sapanca Golii Caligkan, 2017 26,68 19,09 337,81 26,72 15,20 62,00
Hazar Golii Ozmen vd., 2004 24 35 18.500 423 41 49
Cildir Golit Kiikrer vd., 2015 22.583 3,27 30,11 39,57 21.000 781,50 50,12 18,85 64,52
Turekian Turekian & Wedepohl, 1961 13 45 90 46.700 68 20 95
Taylor’s Taylor & McLennan, 1995 1,8 55 100 56.300 75 12 70
Kirlilik Yok <3 <25 <17.000 <20 <40 <90
Orta Derecede 1.700- 90-

USEPA, 2007 - R - -
Kirli 38 2575 25.000 20-50 - 40-60 200
Kirli 8> 75> 25000> 50> 60> 200>
TEC 9,79 43,4 22,7 35,8 121
Macdonald vd., 1996

PEC 33 111 48,6 128 459

Celenli tarafindan yapilan arastirmalarda
Uluabat Golii sedimentlerinde ortalama 257
ppm Ni tespit edilmistir (Celenli, 2000). Mevcut
calismada goldeki ortalama Ni konsantrasyonu
263 ppm olarak belirlenmistir. Bu durum elde
edilen bulgularin gecerli ve giivenilir oldugunu
gostermektedir.

PTE’lerin kitasal kabuk degerlerini esas alan
bazi indekslere gore karsilastirma yapildiginda;
goldeki As seviyesi tim smirlart  asarak
muhtemel etki seviyesini (PEC) dahi geg¢mistir.
Cr konsantrasyonu tiim esik degerleri gegerken
muhtemel etki seviyesine yaklasmistir. Goldeki
Ni seviyesi tiim esik degerlerden 4 katin tizerinde
yuksektir. Pb ve Zn konsantrasyonu ise orta
derecede kirlilige isaret etmektedir.

Klorofil Bozunma Uriinleri (CDP) ve Toplam
Organik  Karbon’un (TOC) mekénsal
dagilimlar:

CDP, sulak alanlardaki birincil iiretim siireclerinin
yogunlugunu temsil etmekle birlikte PTE’lerin

sedimente taginma ve depolanma siireglerinde
etkin rol oynamaktadir. CDP konsantrasyonu
yiizey sedimentinde 91- 219 ng/g arasinda tespit
edilmis olup ortalama deger 152 pg/g’dir (Sekil
3). CDP’nin mekansal dagilist incelendiginde;
maksimum konsantrasyon ST 1’de, minimum
konsantrasyon ST 3’te tespit edilmistir. CDP
konsantrasyonunun mekéansal dagilist Sekil 3’te
sunulmustur.
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Sekil 3. Sediment 6rneklerinde CDP ve TOC dagilimi.

Figure 3. Distribution of CDP and TOC in sediment
samples.
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TOC sulak alandaki organik aktivite
yogunlugunu temsil etmekte olup, miktarinin
yliksek oldugu sulak alanlarda canli aktivitesindeki
artisa isaret etmektedir. Ayrica PTE’lerin sediment
bilinyesine girisi ve depolanmasi agisindan da
son derece Onemli bir iglevi vardir. Arastirma
kapsaminda Golyazi Koyl kiyisinin  litoral
zonundaki TOC konsantrasyonu %0,63 — %3,45
arasinda olup ortalama deger 1,56°dir. TOC’un
ornekleme istasyonlarindaki dagilist Sekil 3’te
sunulmustur. Tiirkiye ve diinyada sulak alanlarinin
ortalama TOC degeri 2 — 3 arasindadir. TOC
degerlerine gore golde genel bir organik kirlilik
s6z konusu degildir. Ancak 3. Ornekleme noktasi
ve yakin c¢evresindeki TOC konsantrasyonu
sonraki calismalarda izlenmelidir.

Zenginlesme Faktoriiniin Mekansal Dagihis1 ve
Kontaminasyon Faktorii

PTE’lerin ortalama EF degerleri Ni (10,31) >
As (8,24) > Pb (5,05) > Mn (3,12) > Cr (3,08)
> Co (2,81) > Zn (2,58) > Fe (2,30) > Cu (1,88)
seklindedir. Ortalama verilere gore inceleme
alaninda Cu hari¢ tim PTE’lerin antropojenik
kaynaklardan etkilenerek belirgin  diizeyde
zenginlestigi tespit edilmistir (Sekil 4). Ortalama
EF verilerine gore bir degerlendirme yapildiginda;
Ni, As, Pb’nin onemli seviyede zenginlestigi,
Cu’nun zenginlesmedigi, Pb, Mn, Cr, Co, Zn
ve Cu’nun orta derecede zenginlestigi tespit
edilmistir (Sekil 4). Bu veriler Golyaz1 kirsal
yerlesmesi kiyisinda litoral zonda antropojenik
kaynaklarin etkisine isaret etmektedir. PTE
zenginlesmesinin  mekansal dagilisi  analiz
edildiginde; Golyazi’nin kuzeyinde belirgin bir
zenginlesme artis1 gézlenmektedir. Bu durumun
nedeni arazi c¢alismalariyla analiz edilmistir.
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Arazi
gore tombolo ve anakaranin kuzeyinde yerlesme
faaliyetlerinin daha yogun oldugu tespit edilmistir.

caligmalarindan elde edilen bulgulara

Bunun yaninda tombolonun sap kisminin kuzey ve
giineyinde yer alan balik¢1 barinaklart ve tekneler
PTE’lerin zenginlesme seviyesinin artmasina

neden olan muhtemel faktorlerdir.

PTE’lerin ortalama CF degerleri Ni (3,76)
> As (2,98) > Pb (1,84) > Mn (1,13) > Cr (1,12)
> Co (1,03) > Zn (0,94) > Cu (0,68) olarak
siralanmaktadir. Ortalama CF verilerine gore bir
degerlendirme yapildiginda; Ni yiiksek derecede,
As, Pb, Mn, Cr, Co orta derecede, Zn ve Cu diisiik
derecede kontamine olmustur. Antropojenik etki
degerlendirmesinde kullanilan iki farkli metot
konumundaki EF ve CF sonuglar birbiri ile tutarlt
durumdadir. PLI degerleri 1,33 — 3,16 arasinda
degismekte olup, ortalama 2.18’dir. Ortalama
PLI degerine gore Golyazi kiyilart litoral zon
sedimentlerinde PTE kontaminasyonuna bagh
ekolojik risk tespit edilmistir.

Ekolojik Risk Seviyesinin (mER) Mekansal
Dagihisa

mER degerleriNi(51)>Co (41)>Pb (25)>As(23)
>Cu (9)>Cr(5)>Mn (3)>Zn (2) seklindedir. Bu
verilere gore; Ni ve Co dnemli derecede ekolojik
riskle neden olurken diger PTE’ler ekolojik riskle
neden olmamaktadir (Sekil 5). mER verileri
incelendiginde yiiksek risk degerlerinin tipki EF
degerlerinde oldugu gibi Golyazi tombolosunun
kuzey kiyilarinda yogunlastifi goriilmektedir.
Goliin bat1 kiyilarmin nispeten daha derin olmasi,
giiney kiyilarinda ise anakara tarafindan yerlesme
baskisiin diisiik olmas1 ekolojik risk seviyesini
azaltan muhtemel nedenler arasindadir.
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Sekil 4. PTE zenginlesmesinin mekansal dagilis1.
Figue 4. Spatial distribution of PTE enrichment.
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Figure 5. Spatial distribution of mER.
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Modifiye Kontaminasyon Derecesi ve Kirlilik
Yiik indeksinin Mekéansal Dagihsi

mCD verilerine gore golde diisiik derece PTE
kontaminasyonu bulunmaktadir. Ancak 1 — 2 ve
10. ornekleme noktalarindaki nispeten yiiksek
degerler sonraki c¢aligmalarda takip edilmelidir.
Bahsi gegcen Ornekleme noktalar1  balikgi
teknelerinin durdugu alanlardir. Bu nedenle
diger ornekleme noktalara gore yiiksek mCD
degerlerinin muhtemel kaynagi teknelerden sizan
yag ve yakit atiklar1 olabilir.

PLI degerleri tiim Ornekleme noktalarinda
kirlilik riski olan 1 degerini ge¢mis, mCD
degerlerinin de maksimuma ulastig1 10. Ornekleme
noktasinda pik yapmistir (Sekil 6). Farkli analitik
verilere gore calisan her iki indeksin de benzer
ornekleme noktalarinda kirlilige / kirlilik riskine
isaret etmesi dikkat ¢ekicidir. PLI verileri Golyazi
litoral zonunda tiim oOrnekleme noktalarinda
PTE kaynakl kirlilik riski bulunduguna isaret
etmektedir.
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Potansiyel Ekolojik Risk (PER) ve Toksik
Riskin (TRI) Mekansal Dagilisi

Goldeki ortalama potansiyel ekolojik risk (PER)
degeri 161 olarak tespit edilmistir. Elde edilen
bulgular inceleme alani genelinde ortalama
verilere gore orta diizeyde ekolojik risk tehlikesi
oldugunu gostermektedir. Potansiyel ekolojik risk
seviyesinin mekansal dagilis1 analiz edildiginde
risk seviyesinin tombolonun kuzey ve gilineyinde
yogunlastig1 tespit edilmistir (Sekil 7).

TRI degerleri 19,82 - 21,55 arasinda
degismektedir. TRI degerlerinin 15-20 arasinda
olmasi O6nemli seviyede toksik riske, 20 ve
iizerinde olmasi ise ¢ok dnemli seviyede toksik
riske isaret ettiginden (Zhang vd., 2016) neredeyse
tim Orneklerde cok yiiksek seviyede toksik risk
oldugu anlasilmaktadir.
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Sekil 6. Modifiye Kontaminasyon Derecesi ve Kirlilik Yiik Indeksinin mekansal dagilis1.
Figure 6. Spatial distribution of the Modified Contamination Degree and Pollution Load Index.
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Sekil 7. Potansiyel Ekolojik Risk ve Toksik Risk Indeksi dagilimlari.
Figure 7. Distributions of Potential Ecological Risk and Toxic Risk Index.

PTE’lerin  toksik  riskten  sorumluluk
siralamasi Ni > As > Cr> Pb > Cu > Zn seklindedir.
Bu durumda dogal kaynakli oldugu diisiiniilen Ni
ve antropojenik kaynakli olan As gdldeki toksik
risk seviyesini arttirmaktadir. Farkli parametrelere
gore calisan ekolojik risk indekslerinin tamami
tombolonun farkli noktalarinda, farkli nedenlere
bagl olarak ekolojik sorunlarin varligina isaret
etmektedir.

PTE’lerin Tasinma  Siirecleri Hakkinda

Istatistiksel Degerlendirme

Ekolojik risk aragtirmalarinda potansiyel toksik
elementlerin taginma ve ¢okelme siireglerindeki
benzerlikleri tanimlamak icin temel bilesenler
/ faktor, cluster ve korelasyon analizi gibi ¢ok
degiskenli istatistiksel yontemler kullanilir.
PTE’ler iki faktor altinda kiimelenmistir.
Birinci faktéor TOC, Ni, Co, Fe, Cr, Zn, Cu ve
Al’den; ikinci faktor ise CDP, Pb, As ve Mn’den
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olusmaktadir (Cizelge 3). Bu kiimelenme kaynak
tanimlamasindan ¢ok ortak taginim siireglerini
ifade etmektedir. Ciinkii EF degerleri yiiksek
PTE’ler farkl kiimelerde yer almistir.

Faktor analizi sonuglar1 yani sira faktor
yiikleri (Sekil 8a) ve hiyerarsik kiimelenme
diyagramindan (Sekil 8b) su sonuglar elde
edilmistir;

Cu, Zn, Ni, Fe, Co, Cr, Al ortak kaynaklara
sahiptir. Bu elementlerin taginiminda organik
karbonun rol aldigr  disiiniilmektedir.
Bahsi gecen PTE’ler litojenik kaynaklidir.
Bu eclementler genellikle ana kayaglardan
dogal ayrisma siirecleriyle ortama gecer.
Ayrica, Al ve Fe’nin yiiksek korelasyon
gostermesi, bu faktoriin litojenik karakterini
desteklemektedir. Dolayisiyla, bu kiime,
bolgedeki kaya¢ yapismma bagh dogal
jeokimyasal arka planin bir yansimasi olarak
degerlendirilebilir.
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Pb pozitif, As ve Mn ise Pb ile ters yonlii
iliskiye sahip ikinci komponenti olusturur.
Bu elementlerin bitkiler tarafindan absorbe
edilerek sedimente tagindig diisiiniilmektedir.

Pb ve As gibi elementler genellikle
antropojenik  kaynaklara  bagli  olarak
ortamlarda artig gosterir. GOl gevresi onemli
bir tarim ve sanayi havzasidir. Bu kapsamda
Pb ve As’nin muhtemel kaynagi tarimda
kullanilan pestisitler ve sanayi atiklaridir.

a Plot of Factor Loadings

1E ]
L Pb 4
0,7 - NCo -
[ cop Fe. 1
0,4 - -
o~ r Cu 1
g ol ~l
£ [ TOC |
-0,2 - -
-0,5 : ,_
-0,8 -, . ! 1 .

-0,6 0,2 0,2 0,6 1

Factor 1
Dendrogram
b Nearest Neighbor Method,Squared Euclidean
20 - 1
16 |- n
8§ 12 ]
8 s -
4 _
o —
TEEEEEEEREEEE

Sekil 8. a) Faktor yiikleri ve (b) hiyerarsik kiimelenme
diyagrami.

Figure 8. a) Factor loadings and (b) hierarchical
clustering dendrogram.

85

Cizelge 3. Faktor analizi sonuglart.

Table 3. Results of factor analysis.

Faktor 1 Faktor 2

CDP -0,51 0,46
TOC 0,66 0,12
Cu 0,82 0,22
Pb -0,08 0,81
Zn 0,89 0,38
Ni 0,75 0,63
Co 0,76 0,63
Mn 0,24 0,74
Fe 0,85 0,47
As 0,35 0,79
Cr 0,88 0,41
Al 0,96 0,02
SONUC ve ONERILER

Calisma kapsaminda elde edilen bulgular

degerlendirildiginde; analitik veri ortalamalarina
gore  (ppm) Golyazt  ¢evresinde  PTE
konsantrasyonu Fe (2.920) > Al > (2.150) > Mn
(962) > Ni (256) > Cr (101) > Zn (90) > As (39) >
Pb (37)> Cu (31) > Co (20) seklinde siralanmistir.
Zenginlesme faktorii verilerine gére PTE’lerin
antropojenik  kaynaklardan etkilenme diizeyi
Ni (10,31) > As (8,24) > Pb (5,05) > Mn (3,12)
> Cr (3,08) > Co (2,81) > Zn (2,58) > Fe (2,30)
> Cu (1,88) seklindedir. PTE kaynakli ekolojik
risk seviyesi Ni (51) > Co (41) > Pb (25) > As
(23) > Cu (9) > Cr (5) > Mn (3) > Zn (2) seklinde
olup ortalama potansiyel ekolojik risk seviyesi
161°dir. Golyaz1 tombolosu litoral zonundan elde
edilen sedimantolojik kayitlara gore inceleme
alaninda belirgin bir ekolojik bozulma s6z konusu
olmamasina ragmen antropojenik etkiler tespit
edilmistir.  Antropojenik etki degerlendirmesi
yapan risk indeksleri Ni ve Co PTE’lerinin
inceleme alanindaki ekolojik risk seviyesini
arttirdigina isaret etmektedir. Sulak alan gevresinde
yapilan arazi ¢alismalar1 ve mevcut literatiir Co
ve Ni kaynaginin ise dogal litolojik formasyonlar
olabilecegini gostermektedir. Bolgedeki Co
yataklart mevcut bulguyu desteklemektedir. Sulak
alandaki evsel ve endiistriyel atik kaynakli olarak
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zenginlesen Pb, As ve Mn konsantrasyonlari
ile muhtemelen litojenik kaynakli olan Ni
ve As konsantrasyonunun artmasi ekolojik
risk seviyesini arttiracagi i¢in gerekli izleme
caligmalarinin yapilmasi sarttir.

EXTENDED SUMMARY

Designated as a Ramsar site in 1998 and granted
international protection status, Lake Uluabat and
its wetland area are currently facing ecological
risks associated with potential toxic elements
(PTEs). Along the Golyazi shores, which are used
as a recreational area, visible anthropogenic
pressure and pollution are observed, in addition
to the deterioration in water and sediment quality
at the shallow lake bottom. This study aimed to
monitor ecological risks caused by potential
toxic elements in the littoral zone located on the
tombolo where Golyazi village is situated. Within
the scope of the study, sediment samples were
collected from 10 different sampling points along
the shoreline using a Van Veen grab sampler. Total
organic carbon in sediments was determined by
the Walkley—Black titration method, chlorophyll
degradation products were analysed with the
spectrophotometric method, and PTE contents
were measured using I[CP—OES.

To anthropogenic  pollution
in the sediment samples, enrichment factor
(EF), contamination factor (CF), modified
contamination degree (mCd), pollution load index
(PLI), and potential ecological risk (PER) indices
were calculated. In EF analyses, Fe was used as
a conservative reference element, and background
values were considered in CF calculations.

determine

The obtained data were evaluated according to
the scales of Sutherland (2000) and Hakanson
(1980). According to the analysis results, PTE
concentrations along the Gélyazi shores are ranked
as Fe>Al>Mn>Ni>Cr>Zn>As>Pb>Cu>CCo.
Particularly, Ni, As, Pb, and Cr concentrations
were found to be higher than the continental
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crust and natural lake sediment averages. The
Ni concentration, in particular, is at a high level
consistent with previous studies, which supports
the reliability of the findings.

Based on the obtained data, chlorophyll
degradation products (CDP) range between
91-219 ug/g. Total organic carbon (TOC) values
range between 0.63% and 3.45%. According to EF
values, Ni, As, and Pb are significantly enriched,
which can be attributed to settlements and fishing
activities concentrated along the northern shores
of Golyazi. CF values similarly indicate that Ni
has high contamination level, while As and Pb
have moderate contamination levels. The average
PLIvalue is 2.18, indicating a pollution risk at all
sampling points.

Ecological risk analyses revealed that Ni
and Co elements pose significant ecological risks.
According to mER data, the risk increases along
the northern shores of the Gélyazi tombolo. The
average PER value of 161 indicates a moderate
level of ecological risk. Toxic risk index (TRI)
values range between 19.82-21.55, demonstrating
the presence of a high level of toxic risk in the
lake. The effect of PTEs on toxic risk decreases in
the following order: Ni>As>Cr>Pb>Cu>Zn.

Statistical analyses indicate that two factor
clusters explain the transport processes of PTEs.
The first factor consists of Cr, Ni, Co, Fe, Zn, Cu,
and Al, representing lithogenic source elements,
while the second factor consists of CDP, Pb, As,
and Mn, reflecting anthropogenic influences.
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Abstract: Microplastics have increasingly been recognized as a global pollutant due to their pervasive distribution
and potential adverse impacts on marine ecosystems. Microplastics (MPs) were collected from surface sediments
at five sites in the Gulf of Gemlik using density separation. The isolated MPs were subsequently identified and
characterized with a stereomicroscope and fluorescence microscope. This study provides the first comprehensive
assessment of microplastic pollution in the sediments of the Gulf of Gemlik, focusing on their abundance, spatial
distribution, and potential ecological risks. The concentration of the MPs ranged from 2,200 to 6,400 items per
kilogram of dry weight across the study sites. Fibers were the dominant shape type (58.4%), while black was the most
prevalent color (26%). According to the ecological risk assessment, the sediments were classified as moderately to
considerably contaminated with MPs. These findings contribute new insights into the occurrence and characteristics
of microplastics in the surface sediments of the Gulf of Gemlik and establish a foundation for future research and
management strategies aimed at mitigating microplastic pollution.

Keywords: Ecological risk, Gulf of Gemlik, microplastic, microscope examination, Nile Red.

Oz: Mikroplastikler (MP ler), yaygin dagilimlari ve deniz ekosistemlerine potansiyel zararlari nedeniyle giderek artan
sekilde kiiresel bir kirletici olarak tanimlanmaktadir. Bu ¢alismada, Gemlik Kérfezi'ndeki bes istasyondan alinan
yiizey sedimentlerinden mikroplastikler yogunluk ayirma yontemiyle ekstrakte edilmis, ardindan stereomikroskop
ve floresan mikroskobu kullanilarak karakterize edilmistir. Calisma, Gemlik Korfezi sedimentlerindeki mikroplastik
kirliligine iliskin bolluk, mekdnsal dagilim ve potansiyel ekolojik risklere odaklanan ilk kapsamli degerlendirmeyi
sunmaktadir. Arastirma alaninda MP miktari, kuru agirlik basina 2200 ile 6400 adet/kg arasinda degismektedir.
Mikroplastiklerin baskin sekli lif (%58,4) ve baskin rengi siyah (%26) olarak belirlenmistir. Kontaminasyon faktorii
(CF) ve kirlilik yiikii indeksi (PLI) esas alindiginda, sedimentlerin orta diizeyde ila oldukca kirlenmis oldugu
saptanmistir. Bu calisma, Gemlik Korfezi yiizey sedimentlerinde mikroplastik varligina dair yeni bulgular ortaya
koymakta olup, gelecekte yapilacak arastirmalar ve mikroplastik kirliliginin yonetimi ile azaltilmasina yonelik
stratejiler igin bir temel olusturmaktadir.
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INTRODUCTION

Plastic has become a serious environmental
issue, realized as a contaminant of emerging
concern due to its potential effects on health and
biodiversity (Ahmed et al., 2025; Sonmez et al.,
2023). MPs are generally classified as plastic
pieces or fragments smaller than 5 millimeters
in diameter (Hartmann et al., 2019). Owing to
their lightweight nature, corrosion resistance, and
low cost, plastic materials are widely adopted
in various aspects of daily human life (Wang et
al., 2019; Sayed et al., 2021). Since the onset of
widespread plastic materials in the 1950s, plastics
significant
portion of marine solid waste, now accounting for

have constituted an increasingly
up to 80% of ocean plastic observed in various
studies (Kershaw, 2016). Microplastics (MPs) in
the environment originate from both marine and
land-based human activities, including the use of
cosmetics, paints, and road materials, as well as
inputs from residential areas (Horton et al., 2017),
fishing, industrial processes, and the degradation
of larger plastic debris (Horton et al., 2017,
Kershaw et al., 2019).

for
like
microplastics and heavy metals, offering a long-

Sediments are key repositories

investigating  ecological contaminants
term storage of geochemical properties and
structural sediment characteristics (Arslan Kaya et
al., 2023). MPs are highly resistant to degradation,
and tend to accumulate extensively in sediment
layers (Niu et al., 2021), thereby increasing
ecological risks (Yin et al., 2023). The deposition
of microplastics in bottom sediments is affected
by a range of factors, including the distance
from contaminants sources, tidal activity, ocean
circulation, seabed morphology, coastal landscape
features, sediment structure, and water turbidity,
among others (Uddin et al., 2021). Consequently,
managing MP pollution in sediments is a critical
concern that warrants greater research attention.
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Numerous studies have investigated
microplastic (MP) pollution in the sediments of
the Marmara Sea (Yiicedag et al., 2022; Dogruyol
etal., 2019; Baysal et al., 2020; Erkan et al., 2021;
Belivermis et al., 2021). Among these, Yiicedag
et al. (2022) specifically focused on the Gulf of
Gemlik; however, their sampling was limited to the
eastern part of the gulf. To date, no comprehensive
study has been conducted covering the broader
Gulf of Gemlik, which is a densely populated area
with significant levels of industrialization and
anthropogenic activity, including swimming and
camping.

This is the first study to investigate MPs in 5
different stations in the open area of the Gulf of
Gemlik. These stations were specifically selected
based on the circulation system of the Marmara
Sea and the expected accumulation patterns of
microplastics (MPs) associated with this system.
Hence, this study aimed (1) to determine the
abundance and spatial distribution of microplastics
(MPs), (2) to identify their shapes, colors, and
size ranges, and (3) to assess their potential
ecological risks using the pollution load index and
contamination factor.

METHODOLOGY
Geology of the Study Area

The southern shores of the Marmara Sea are
composed of formations of different ages and
characteristics, which are tectonically sutured
together (Sengdr et al., 1985). In the southern
drainage basin of the Marmara Sea, the Pontide
and Sakarya zones, the Izmir-Ankara suture belt,
and sedimentary rocks presumed to be of Miocene
age are present. The tectonic units in the study
area and its surroundings include the Istanbul
Zone, the Sakarya Zone, the Thrace Basin, the
Rhodope-Istranca massif, the Kirsehir massif, and
the Tauride block (Yilmaz et al., 1997; Okay et
al., 1996). The basement rocks are widely exposed
along the coastal region, including areas such as
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the Marmara Islands, the Kapidag and Armutlu
Peninsulas, as well as Karabiga, Kursunlu,
Mudanya, and Gemlik (Vardar et al., 2014).
Holocene units, primarily composed of clastic
alluvial deposits, are predominantly exposed along
the Kocasu River and its tributary system (Figure

1). The Gulf originated as a pull-apart basin during
the late Pliocene to early Pleistocene, primarily
formed by westward-trending dextral (right-
lateral) strike-slip faults along the central segment
of the North Anatolian Fault Zone (Yaltirak and
Alpar 2002; Yaltirak et al., 2005).
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Figure 1. Generalized geological map of the study site and nearby regions (reproduced from; a) Okay and Tiiysiiz,
1999; b) Vardar et al., 2014).

Sekil 1. Calisma alani ve ¢evresinin genellestirilmis jeolojik haritasi (a) Okay ve Tiiysiiz, 1999 ve b) Vardar vd,
2014 ten uyarlanmigtir).
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Sampling

The study area is an area of approximately 165 km?
surrounding from the southeastern to southwestern
coasts between Mudanya and Kursunlu, and from
the northeastern to northwestern coasts between
Armutlu and Imral Island (Figure 2). Samples
were collected from five distinct sites within the
study area using a van Veen grab of R/V Alemdar
I of Istanbul University. The sediments were
collected in May 2019 from stations S1 (-32 m),
S2 (-52 m), S3 (-34 m), S5 (-39 m), and S8 (-51
m) (Figure 2, Table 1).

Tugge Nagihan ARSLAN KAYA

Table 1. Sample depth and location coordinates.

Cizelge 1. Ornek derinligi ve konum koordinatlart.

Station Depth (m) Coordinate

40°25°30.95"N
28°31°57.54"E

40°27°15.26"N

S1 -32m

82 -52m 28°36°22.53"E
40°24°14.64"N
53 -34m 28°36°12.64"E
40°24°30.00"N
S5 -39m 28°40°39.90”E
o Sim 40°24°53.00"N

28°44°58.85"E

25°0'E

28°26'E

Marmara Sea
Cinarcik

Imrah Island

Armutla

“Gemlpk.|
v I - o
Gemjy Guly ot

Mudaflyﬂ

28°40'E

Figure 2. Map showing the geographic location and sampling sites of the surface sediments.

Sekil 2. Yiizey sedimentlerinin cografi konumunu ve ornekleme noktalarini gésteren harita.
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Approximately 300 grams of each sample
were obtained from each sampling site using
stainless spoons and placed into pre-cleaned and
labelled glass bottles to avoid contamination.
Subsequently, the sediments were transferred to
the Marine Geology Laboratory at the Institute
of Marine Sciences and Management, Istanbul
University, for further analysis. The study area
is characterized by two water stratifications: a
bottom layer with high salinity and density (36
ppt), and an upper layer with lower salinity and
density (22 ppt) (Cagatay et al., 2003).

Total Organic Carbon (TOC), Grain Size

The coarse-grained fraction (gravel and sand)
of the samples was analyzed using dry sieving,
following the procedure outlined by McManus
(1988). The sieve mesh sizes used in this analysis
ranged from 2 mm to 0.063 mm, with an additional
pan used to collect particles smaller than 0.063
mm.

Total organic carbon (TOC) was examined
using the Walkley-Black method. This technique
involves oxidizing the organic matter with
potassium dichromate and titrating with ferrous
ammonium sulphate, as described by Loring and
Rantala (1992).

Microplastic Extraction and Analysis

Using an oven set at 60° C, the samples were
dried until their weight stabilized. To remove
macroplastic particles, the dried samples were
filtered through a 5-millimeter sieve. Microplastics
were then isolated using a density separation
technique. For each sample, 5 grams of the sieved
material were placed into a glass beaker, and 50
mL of a saturated sodium chloride solution (35
¢/100 mL) was added. The mixture was stirred
for 5 minutes to ensure homogenization and then
sealed and left to settle overnight, following the
approach explained by Erni-Cassola et al. (2017).
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The following day, the supernatant was
carefully transferred to a clean beaker, and 20 mL
of 30% hydrogen peroxide was added to break
down organic matter. The use of H,O, for organic
matter digestion is a standard step in microplastic
research (Erni-Cassola et al., 2017). The solution
was then warmed on a hot plate at 95 °C for 2
hours to aid the digestion process. To improve the
recovery of microplastics, this entire extraction
process was performed in triplicate for each
sample, as recommended by Besley et al. (2017).

Pollution Load Index (PLI) and Contamination
Factor (CF) of MPs

The Contamination Factor is defined as the ratio
of the measured concentration of microplastics
(MPs) in a sample (Ci) to a reference concentration
(Co) (Equation 1). The reference values used in
this study were derived from project FBA-2023-
40344 (Standard Research Project funded by
Istanbul University) and were determined from
the uncontaminated or minimally contaminated
sediment samples collected from core layers at
depths greater than approximately 60 cm.

The Pollution Load Index describes the
overall level of pollutants released into the
environment and serves as an indicator of
environmental contamination (Xu et al., 2018).
Both CF and PLI were proposed by Tomlinson
et al. (1980) to determine contamination levels in
natural ecosystems. The PLI is a standardized tool
commonly used to assess and compare pollution
levels across different regions (Tomlinson et al.,
1980). The PLI values in this study were calculated

using Equations (2) and (3).

CFi = Ci/Co (1)
PLI = \[(PLI1 * PLI2 * PLI3 * ... PLIn) 3)



Pollution levels were evaluated based on
both the Contamination Factor (CF) and the
Pollution Load Index (PLI). According to the
CF classification, values of CF < 1 indicate low
contamination, 1 < CF < 3 indicate moderate
contamination, 3 < CF < 6 indicate considerable
contamination, and CF > 6 represent very high
contamination. Similarly, PLI values less than 1
indicate no pollution, 1 < PLI < 2 correspond to
unpolluted to moderately polluted conditions, 2 <
PLI < 3 indicate moderate pollution, 3 < PLI < 4
represent moderate to high pollution, 4 < PLI <5
indicate high pollution, and PLI > 5 denote severe
pollution (Jafarabadi et al., 2017).

Statistical Analysis

Pearson’s correlation coefficient was calculated to
assess the linear relationship between grain size
and microplastic abundance. The analysis was
conducted using SPSS Statistics 21 for Windows
(SPSS Inc., USA) after verifying that the data
approximately followed a normal distribution.
Pearson’s correlation was chosen over Spearman’s
rank correlation due to the continuous nature of
the variables. The resulting correlation coefficients
were interpreted based on the direction and strength
of the relationship. Statistical examination was
applied by SPSS Statistics 21 for Windows (SPSS,
Inc., USA).

RESULTS AND DISCUSSION

Grain Size Distribution and Total Organic
Carbon (TOC)

The sediments at all study sites were
predominantly composed of clayey mud. Grain
size analysis revealed that the samples contained
0.1-1.2% gravel, 0.6-2.8% sand, 20.9-48.1% silt,
and 51.1-77.6% clay (Table 2).

The lithology of the study area is generally
characterized by massive greyish-green mud. The
organic carbon content of the surface sediments at
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stations S1, S2, S3, S5, and S8 were 1.9%, 1.8%,
1.7%, 2.0%, and 2.0%, respectively (Table 2).

Table 2. Grain size value and TOC content of samples.

Cizelge 2. Orneklerin tane boyu degerleri ve organik
karbon icerikleri.

Station Gravel % Sand % Silt% Clay % TOC
S1 0.2 22 353 62.3 1.9
S2 1.2 1.6 21.5 75.6 1.8
S3 0.1 1.4 20.9 77.6 1.7
S5 0.4 2.8 32.0 64.9 2
S8 0.1 0.6 48.1 511 2

Mean 0.4 1.7 31.6 66.3 1.8

Distribution and Abundance of Microplastics

In this study, the abundance of MPs in surface
sediment samples collected from the southwestern
part of the Gulf of Gemlik is shown in Figure
3. Microplastic concentrations varied among
samples from the open area of the gulf. The
abundance of MPs ranged from 3,800 to 8,600
items per kilogram of dry weight (d.w.) under the
stereomicroscope, while under the fluorescence
microscope it ranged from 2,200 to 6,400 items/kg
d.w. (Table 3). The mean MP abundance across all
sites was 4,320 items/kg d.w. Among the sampling
stations, MP concentrations (in items/kg d.w.)
decreased in the following order: S1 (6,400) > S3
(6,000) > S5 (4,000) > S2 (3,000) > S8 (2,200).

In the case of sampling points, the lowest
value was observed at S8 (2200 MPs/kg), whereas
the highest value was observed at S1 (6400 MPs/
kg; close to the Kocasu River) (Figure 3). Sample
sites S1 and S3, collected near the Kocasu River,
had the highest number of MPs. In contrast, sites
S5 (4000 MPs/kg) and S8, which are the farthest

from the river, had the lowest MP count
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Figure 3. Spatial distribution of microplastic abundance and the current circulation system in the Marmara Sea
(modified from Besiktepe et al., 1994).

Sekil 3. Marmara Denizi 'ndeki mikroplastik bollugunun mekansal dagilimi ve akinti sistemi (Besiktepe et al., 1994
den uyarlanmistir).

Table 3. Abundance of MPs in surface samples from the study area.

Cizelge 3. Calisma alamindaki yiizey orneklerinde mikroplastik bollugu.

Stereomicroscope examination Fluorescence microscope examination
Sample
no Item/kg Percentage of Percentage of fiber Item/kg Percentage of Percentage of fiber
fragment fragment
S1 3800 52.6 47.4 6400 61.9 38.1
S2 6400 71.9 28.1 3000 26.7 73.3
S3 6000 73.3 26.7 6000 20.0 80.0
S5 8600 79.1 20.9 4000 35.0 65.0
S8 4600 65.2 34.8 2200 27.3 72.7
Total 29400 21600
Mean 5880 68.4 31.6 4320 342 65.8
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Human actions and agricultural practices can
contribute to the presence of plastic debris and
other pollutants in rivers (Uddin et al., 2021).
A gradual increase in microplastic abundances
is observed as the sampling site approaches
the Kocasu River. Accordingly, the
concentration of microplastics farther from the
river could be linked to a decreased flow rate
and the sea current system, which facilitated the
accumulation of plastic particles.

lower

Compared with the several sediments from
the Marmara Sea, the MP abundance in the study
area was comparatively high. Belivermis et al.
(2021) reported 2867 particles’kg in sediments
from the Golden Horn. Other studies conducted
in the Marmara Sea reported varying microplastic
(MP) concentrations. For example, Erkan et al.
(2021) reported 1,957 MPs/kg, Baysal et al. (2020)
found concentrations ranging from 13 to 5,100
particles’kg, and Mutlu et al. (2024) reported
values between 195 and 226 MPs/kg.

MPs Shape

According to the MPs shapes in the study area,
we categorized the collected MPs into two types:
fragment and fiber. MPs were observed under
a fluorescent microscope using the Nile Red
staining technique. The images of microplastics
shapes were examined (Figure 4). Fiber has the
appearance of being slim and long, whereas
fragment is irregular in shape and has a certain
thickness. The fibers were from 0.05 mm to 4 mm,
whereas the fragments ranged from 0.05 mm to 1
mm in length.

Regarding the shape of microplastics, previous
studies (Belivermis et al., 2021; Matsuguma et al.,
2017) reported that fragments are the dominant
form, followed by fibers, films, and spherical
particles in decreasing order. However, there
appears to be some inconsistency in the literature
concerning the predominant microplastic shape.
While several studies (Brandon et al., 2019; Xue
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et al., 2020) identified fibers as the most common
type, others (this study; Belivermis et al., 2021;
Matsuguma et al., 2017) reported a dominance of
fragments.

Figure 4. Images of microplastics under a fluorescence
microscope.
Sekil 4. Mikroplastiklerin floresans mikroskop altinda
goriintiileri.

In this study, fiber-shaped microplastics
(58.4%) were the dominant type at all stations
except for station S1 (Figure 5). At station S1,
fragments were the most abundant MP form,
accounting for 3,960 items/kg. The higher
proportion of fragments compared to fibers at
this site is likely related to the influence of the
Kocasu River, which transports larger plastic
debris through its drainage system. Nevertheless,
fibers were also present in considerable amounts
at S1, with a concentration of 2,440 items/kg.
Film and foam particles were not observed under
the stereomicroscope, probably due to their low
density, which prevents them from settling and
accumulating in sediments.
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Figure 5. Abundance of MP shapes among sampling
sites.

Sekil 5. Ornekleme noktalar: arasinda MP'lerin
sekilsel bollugu.

The identified MPs were transparent, black,
gray, navy, brown, blue, and other in color (Figure
6). The predominant colors of the microplastics
were black, gray, and transparent, comprising
26%, 24%, and 23%, respectively, in descending
order of abundance.

Transparent
Black

Navy
Brown

Blue

Gray

Other

Figure 6. The overall percentage of MP colors in the
study area.

Sekil 6. Calisma alamindaki mikroplastik renklerinin
yiizdesel dagilimi.

Pollution and Sources

According to Pearson’s correlation, a strong
positive correlation was observed between fine-
grain sediment (silt and clay) and MP abundance
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(Table 4). These results support previous studies
(Enders et al., 2019, Mendes et al., 2021), which
also reported a similar relationship. However,
contrasting results were reported by other studies
(Martins and Sobral, 2011; Alomar et al., 2016;
Blaskovic et al., 2017), which found no significant
correlation between fine sediment fractions and
MP concentrations. The main factor contributing
to the elevated microplastic (MP) pollution
observed at sites S1 and S3 is the influence of
the Kocasu River, as evidenced by the substantial
spatial variation in MP concentrations. According
to Arslan Kaya et al. (2022), the primary terrestrial
inputs to the Gulf of Gemlik originate not only
from human activities but also from the Kocasu
River, which flows into the gulf from the south.
This finding is consistent with, and reinforces, the
results of the present study.

Table 4. Pearson correlation matrix showing the
relationship between sediment grain size and
microplastic content.

Cizelge 4. Sediment tane boyu ile mikroplastik icerigi
arasindaki iliskiyi gosteren Pearson korelasyon matrisi.

Clay Silt Sand Gravel MP
Clay 1
Silt -1.00 1
Sand 0.24 -0.31 1
Gravel 0.46 -0.5 0.15 1
MP 0.42 0.39 -0.39 -0.38 1

The Kocasu River comprises of numerous
tributaries, the most prominent of which is
the Niliifer Stream (Arslan Kaya et al., 2022).
This tributary transports substantial volumes
of domestic and industrial wastewater from
the city of Bursa, thereby contributing to the
contamination of the southern shelf region of the
Marmara Sea (Sar1, 2008). Bursa hosts extensive
industrial zones, with key sectors including leather
production, textiles, metal processing, rubber
manufacturing, and plastics (Arslan Kaya et al.,



2022). The presence of fibers is likely largely due
to the breakdown of agricultural materials and the
discharge of wastewater containing textile fibers
from clothing (Claessens et al., 2011). Moreover,
plastic fibers may also originate from fishing gear,
airborne deposition, and surface water runoff
(Browne et al., 2011). Therefore, the high content
of microplastics at site S1 is not surprising, given
that it reached up to 6400 MPs/kg.

The CF values indicated low to considerable
levels of microplastic contamination across all
sampling sites in the Gulf of Gemlik (Figure 7).
A descending trend in CF values was observed
in the following order: S1 > S3 > S5 > S2 > S8.
Moderate MP pollution was commonly detected
in sediments from sites S2, S5, and S8, likely
associated with beach-related activities such as
swimming and camping, as well as inputs from
nearby urban areas, agricultural runoff, household
waste, and small-scale fishing operations (e.g.,
nets, ropes, and ship debris). The higher MP
concentrations and considerable contamination
observed at sites S1 and S3 are strongly influenced
by the discharge of the Kocasu River. According
to Arslan Kaya et al. (2022), the Kocasu River
transports approximately 614,000 tons of
suspended particles per year (Ergin et al., 2008),
representing a substantial pollution load derived
from agricultural and industrial regions entering
the Gulf of Gemlik.
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Figure 7. CF and PLI values of surface sediments.
Sekil 7. Yiizey sedimentlerin CF ve PLI degerleri.
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The Pollution Load Index (PLI) for the study
area was calculated as 2.5, falling within the range
of 2 < PLI < 3, which corresponds to a moderate
level of MP pollution. Microplastic contamination
in sediments is of concern because these particles
can be ingested by fish and other aquatic organisms,
potentially causing adverse effects on their health
and bioaccumulating through the food web.

CONCLUSIONS

This study presents the first comprehensive
assessment of microplastic pollution in the
southwestern part of the Gulf of Gemlik, covering
the coastal area from Kursunlu to Mudanya.
Fibers were identified as the most dominant
shape (58.4%), followed by fragments (42.6%).
A positive relationship was observed between
MP abundance and sediment grain size. The
calculated Contamination Factor (CF) values
clearly indicated that all sampling locations in the
study area were contaminated with MPs. Overall,
this research provides essential baseline data on
MP abundance and characteristics in the region,
offering a valuable reference for future monitoring
programs and management strategies aimed at
mitigating microplastic pollution.

GENISLETILMIS OZET

Buarastirma, Marmara Denizi 'nin giineybatisinda
yer alan Gemlik Korfezi'nde segilen bes farkl
noktadan yiizey
mikroplastik (MP) kirliligini degerlendirmistir.
Sedimanlar agirlikl

aliman sedimanlarindaki
olarak killerden olusan
camurlardan meydana gelmekte olup, tane boyutu
analizleri %0,1-1,2 cakil, %0,6-2,8 kum, %20,9-
48,1 silt ve %51,1-77,6 kil oranlarinda degisiklik
gostermektedir. Organik karbon igerigi ise %1,7
ile %2,0 arasinda degismektedir. Mikroplastiklerin
yogunlugu kuru sediman kilogrami bagina 2200
ile 6400 adet arasinda bulunmus olup, en yiiksek
yogunluk Kocasu Nehri’'ne yakin bélgelerde tespit
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edilmistir. Bu durum, nehir kaynakli kirliligin
Gemlik Korfezi’'ndeki
onemli ol¢iide etkiledigini gostermektedir.

mikroplastik  birikimini

Mikroplastikler sekil acisindan iki ana gruba
ayrilmistir: lifler ve parc¢aciklar. Genel olarak
lifler (%58,4) hakimken,
S1  oOrneklemesinde parcaciklar daha  fazla
goriilmiistiiv. Lifler 0,05 mm ile 4 mm arasinda
uzunlukta olup, par¢aciklar ise 0,05 mm ile I mm
arasinda degismektedir. Renk dagiliminda siyah,
gri ve seffaf mikroplastikler en yaygin olanlardur.
Yapilan korelasyon analizleri, ince taneli sediman
(silt ve kil) orami ile mikroplastik yogunlugu
arasida pozitif ve giicli bir iliski oldugunu
ortaya koymustur. Bu da ince taneli sedimanlarin
mikroplastik birikimi icin uygun ortam sagladigini
gostermektedir.

nehir kenarindaki

Mikroplastik  kirliliginin  yiiksek  oldugu
S1 ve 83 orneklerinde Kocasu Nehri ve onun
onemli kollarindan biri olan Niliifer Deresi’nin
endiistriyel ve evsel atiklarla birlikte onemli
bir kirlilik kaynag: oldugu belirlenmistiv. Bursa
kentinin deri, tekstil, metal isleme, plastik ve
kauguk gibi yogun endiistriyel faaliyetleri, bolge
sularina onemli dlciide kirlilik tasimaktadur.
Ayrica, tarumsal faaliyetler ve kentsel atiklar da

mikroplastik kirliligine katkida bulunmaktadir.

Kirlilik  faktorii (CF) analizleri, Gemlik
Korfezi’'nde diisiik ile yiiksek arasinda degisen
kirlilik seviyelerini gostermistir. CF degerlerine
gore kirlilik siralamas1 SI > S§3 > 85 > §2 > S8
seklindedir. Bolgedeki Kirlilik Yiik Endeksi (PLI)
ise 2,5 olarak hesaplanmis ve bu da orta seviyede
mikroplastik kirliligine isaret etmektedir.

Bu ¢calisma, Gemlik Kérfezi giineybatisinda
mikroplastik kirliligi tizerine yapilan ilk detayl
arastirma ozelligini  tasimakta olup,
bolgedeki  mikroplastik  yogunluguna  dair
temel veri saglamaktadir. Elde edilen bulgular,

olma

mikroplastiklerin sucul ekosistemler tizerindeki
olast olumsuz etkilerini vurgulamakta ve gelecekte
yvapilacak izleme ve yonetim c¢alismalart igin
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onemli referans niteligi tasimaktadir.
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Abstract: The Isparta Basin is a tectonically complex depression situated at the junction between the Western
Anatolian extensional province and the Tauride orogenic belt. It lies near the intersection of the Hellenic and Cyprus
arcs, forming the Isparta Angle. This transitional zone is characterised by intense crustal deformation, complex
fault systems, and active seismicity, making it a key area for geophysical investigation. Microgravity anomalies
were analysed to assess the thickness of the basin’s sedimentary deposits. A 2-D Fourier transformation-based
procedure was used to decompose the gravity data into regional and residual components. This spectral filtering
step isolated shallow subsurface signals from broader tectonic influences, thereby providing a robust foundation
for depth modelling by enhancing the resolution of near-surface features that are often masked by deeper structural
trends. Residual gravity anomalies were further examined using both 2-D and 3-D local optimisation-based inversion
techniques. These complementary methods allowed for cross-validation of results mathematically and improved
confidence in the derived structural interpretations. The resulting basement depth estimates demonstrate consistency
and align well with the established geological framework of the Isparta Basin, including known fault geometries and
stratigraphic boundaries, with the inversion results indicating maximum sedimentary fill thickness of approximately
0.53 km. This result has practical implications for disaster management, particularly in assessing the potential for
seismic amplification. Thick sedimentary sequences can substantially affect ground-motion characteristics during
earthquakes, especially within basin environments. Therefore, mapping the spatial distribution of sedimentary
accumulation contributes to more informed regional risk assessments and supports the development of targeted
mitigation strategies. These findings are expected to provide valuable input for land-use planning and infrastructure
resilience in the Isparta Basin, offering essential baseline information for authorities and engineers involved in
seismic hazard mitigation.

Keywords: Basement relief, inversion, Isparta basin, microgravity, spectral filtering.

Oz: Isparta Havzasi, Bati Anadolu genisleme bélgesi ile Toros orojenik kusaginin birlesim noktasinda yer alan
tektonik olarak karmasgik bir ¢okiintii alamidr. Helen ve Kibris yaylarimin kesisimine yakin konumuyla Isparta A¢isini
olusturmaktadir. Bu gecis zonu, yogun kabuksal deformasyon, karmasgik fay sistemleri ve aktif sismisite ile karakterize
edilmekte olup, jeofiziksel arastirmalar agisindan onemli bir ¢calisma sahasidir. Bu kendine 6zgii tektonik ortamda
sedimanter dolgu kalinligini belirlemek amacryla mikrogravite anomalileri analiz edilmistir. Gravite verileri, 2-B
Fourier déniisiimiine dayali bir yontem kullanilarak bélgesel ve rezidiiel bilesenlerine ayristirilmigtir. Bu spektral
filtreleme asamast, yiizeye yakin sinyalleri daha genis tektonik etkilerden etkin bir sekilde ayirarak, genellikle daha
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derin yapilar tarafindan maskelenen sig ozelliklerin ¢oziintirliigiinii artirmis ve derinlik modellemesi igin saglam
bir temel olusturmugstur. Rezidiiel gravite anomalileri, hem 2-B hem de 3-B lokal optimizasyon-tabanli ters ¢oziim
teknikleriyle incelenmigtir. Bu tamamlayici yontemler, sonuglarin matematiksel olarak dogrulanmasina olanak
tamimis ve elde edilen yapisal yorumlarmn giivenilirligini arttirnugtir. Elde edilen temel kaya derinligi tahminleri,
Isparta Havzasi 'min bilinen jeolojik yapisiyla, ozellikle fay geometrileri ve stratigrafik simirlarlia uyum géstermektedir
ve ters ¢oziim sonu¢lart maksimum sedimanter dolgu kalinligimin yaklasik 0,53 km oldugunu géstermektedir. Tahmin
edilen sedimanter dolgu kalinligi, afet yonetimi agisindan pratik onem tasimaktadir. Ozellikle havza ortamlarinda,
kalin sedimanter birikimler deprem sirasinda yer hareketi ozelliklerini onemli dlgiide etkileyebilir. Bu nedenle,
sedimanter birikimin uzamsal dagilimimin haritalandiriimasi, daha bilingli bélgesel risk degerlendirmelerine
katkida bulunmakta ve hedefli azaltma stratejilerinin gelistirilmesini desteklemektedir. Bu bulgularin, Isparta
Havzasi 'nda arazi kullamim planlamas: ve altyapt dayanikliligr icin degerli ¢iktilar olusturacagi ve sismik tehlike
azaltma ¢alismalarina katilan yetkililer ve miihendisler i¢in temel bilgi kaynagi saglayacagi ongoriilmektedir.

Anahtar Kelimeler: Isparta baseni, mikrogravite, spektral filtreleme, temel kaya topografyasi, ters ¢oziim.

INTRODUCTION maturation (Allen and Allen, 2005). Global

Sedimentary basins are the primary continental sea-level fluctuations exert decisive control on

settings where prolonged subsidence creates
depressional terrains at lower altitudes than the
surrounding regional uplands, facilitating the
accumulation of sedimentary deposits (Onajite,
2014; Weismann et al., 2015). Sedimentary basins
evolve through subsidence and sedimentation
driven by a variety of tectonic processes. In
extensional regimes, crustal stretching forms

sedimentation patterns. Marine transgressions
inundate continental shelves with siliciclastic and
carbonate deposits, while regressions concentrate
terrigenous influx (Catuneanu, 2006). Distinct
basin types (e.g. continental rifts, passive margins,
intra-cratonic sag basins) display characteristic
fill architectures. Rift basins commonly exhibit
rapid, asymmetric sedimentation, whereas passive

grabens that accommodate rapid clastic infill, margins develop extensive, gently dipping clastic
whereas flexural loading adjacent to growing wedges. Such architectural differences reflect the
orogens induces broad, regional down-warping interplay of subsidence rate, sediment supply and
and basin development (Allen and Allen, 2005). basin geometry (Catuneanu, 2006). Sedimentary
Thermal subsidence occurs due to lithospheric fills also form vital groundwater reservoirs (Hunt
cooling and isostatic readjustment. This process et al., 2022). Porous and fractured sedimentary
increases accommodation space and promotes formations comprise major aquifer systems
gradual thickening of the sedimentary sequence supplying irrigation and potable water, especially
over geological time (Allen and Allen, 2005). in arid and semi-arid zones where surface water
The composition of basin fills provides a record is limited. Aquifer yield and water quality are
of key aspects of palaeoenvironments. Fluvial, governed by the depositional and diagenetic
lacustrine, deltaic and shallow-marine depositional characteristics of the basin fill (Todd and Mays,
systems deliver sediments of varying grain size 2004). The geothermal energy potential of
and mineralogy, generating complex, multi- sedimentary sequences has attracted increasing
storey stratigraphy that archive palacogeographic interest. Thick, high-heat-flux basins may yield
evolution and climatic shifts (Catuneanu, 2006). hot water or steam for district heating and power
Subsequent deformation (e.g. faulting, folding generation, with reservoir performance dependent
or compaction) of these sequences preserves on porosity, permeability and thermal conductivity

a chronicle of tectonic pulses and structural of the fill (Wu et al., 2025).
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In seismically active regions, basin geometry
and fill properties intensely influence ground-
motion characteristics. The natural resonance
frequency of a sedimentary basin depends on
sediment thickness and shear-wave velocity. This
can lead to significant seismic-wave amplification
and increased damage to overlying structures
(Borcherdt, 1970). Variations in a sedimentary
basin’s geometry and internal architecture can
markedly influence seismic wave amplification and
transmission, which result in differences in ground
shaking intensity and distinct propagation patterns
(Ghose et al., 2023). Moreover, water-saturated,
low-density sediment layers elevate liquefaction
potential during strong ground-motions, a factor
critical to seismic design and risk mitigation (Seed
and Idriss, 1982). Integrating seismic studies with
complementary microgravity surveys enhances
characterisation of basin architecture and fault
networks beneath sedimentary layers (Pamuk et
al., 2017; Biiyiliksarag et al., 2023, Bektas et al.,
2025). This integration improves the accuracy of
ground-motion modelling and underpins more
effective disaster-risk-reduction strategies
tectonically active basins.

in

Despite the critical importance of accurately
characterising sedimentary deposit thickness for
urban seismic hazard assessment, an inadequate
number of studies have been conducted to quantify
sedimentary fill thickness beneath the city in
the Isparta Basin. In addition, the Isparta Basin
has remained largely underexplored in terms of
gravity-based inversion studies. In contrast, most
geophysical research has concentrated on the
western Anatolian extensional regime, particularly
the Biiylik Menderes and Gediz grabens within
the Aegean Graben System, which have attracted
considerable attention due to their pronounced
tectonic activity and well-defined subsurface
geometries (e.g. Sari and Salk, 2006; Isik and
Sener, 2009; Lima and Silva, 2014; Timur et al.,
2019; Ekinci et al., 2021, 2023; Roy et al., 2025).
This study aims to fill that gap by providing new
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insights into the basin’s subsurface configuration
and the sedimentary architecture of the Isparta
region, with a specific focus on the densely
populated and seismically active urban area. The
2-D Fourier-based anomaly separation technique
was applied to microgravity anomalies to isolate
residual signals tied to shallow subsurface
structures. These residual anomalies were then
inverted using both 2-D and 3-D approaches. By
integrating these methodologies, we produced
reasonable estimates of basement relief depth,
which provide sedimentary fill thickness in the
Isparta Basin.

STUDY AREA and DATA

Tectonic and Geological Setting of the Isparta
Basin

Tiirkiye is located at the convergence zone
of several major tectonic plates, namely the
African, Arabian, and Eurasian plates (Figure
1). This geodynamic interaction gives rise to a
highly active tectonic regime that governs much
of the deformation across the Anatolian plate
(McKenzie, 1972; Bozkurt, 2001). Western
Anatolia is shaped by extensional tectonics due
to westward movement of the Anatolian plate,
which escapes the collision between the Arabian
and Eurasian plates through strike-slip and normal
faulting (Sengdr and Yilmaz, 1981; Reilinger et
al., 2006). Within this broader tectonic framework,
two significant subduction-related arc systems
play critical roles: the Hellenic (Crete) Arc to the
southwest and the Cyprus Arc to the south (Figure
1). Both arcs represent subduction zones where the
African plate is descending beneath the Eurasian
margin (Barka and Reilinger, 1997). These arcs
not only accommodate plate convergence but
also influence crustal deformation, seismicity,
and magmatism across the eastern Mediterranean
region (Barka and Reilinger, 1997; Robertson et
al., 2003).
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Figure 1. Simplified neotectonic map of Tiirkiye (compiled from Okay & Tiiysiiz 1999; Yigitbas et al. 2004; Ekinci
& Yigitbasg, 2012, 2015; Ekinci ef al. 2013, 2020). GMT software (Wessel & Smith 1995) was used to produce the

map.

Sekil 1. Tiirkiye 'nin basitlestirilmis neotektonik haritast (Okay & Tiiysiiz, 1999; Yigitbas,et al., 2004; Ekinci ve
Yigitbag, 2012, 2015; Ekinci vd., 2013 ve 2020 den derlenmistir). Haritay iiretmek icin GMT yazilimi (Wessel ve

Smith, 1995) kullanilmistir.

At the intersection of these two arcs lies a
geologically intricate area known as the Isparta
Angle, which marks a transition between
compressional and extensional tectonic domains.
This structurally unique zone is shaped by the
interplay of arcuate fault systems and varying
stress regimes, and it serves as a key area to
understand the tectonic evolution of southwestern
Anatolia (Sengdr and Yilmaz, 1981). The Isparta
Basin is located at the apex of this angle, acting as
a structurally controlled sedimentary depression
influenced by both local and regional tectonic
forces. There is consensus that the Isparta Angle
attained its present position during the neotectonic
period. Based on paleomagnetic data, Kissel and
Poisson (1986) and Piper et al. (2002) suggest
that the Beydaglari carbonate massif forming
the western limb of the Isparta Angle may have
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experienced counterclockwise rotation throughout
the Miocene.

The basin is delineated by two prominent
fault systems: the Fethiye-Burdur Fault Zone
trending northwest along its western margin, and
the Aksehir Fault Zone trending northeast on its
eastern flank. These fault systems converge in
the north with the Sultandagi Fault, outlining a
triangular tectonic setting (Kogyigit and Ozacar,
2003). The structural geometry of the basin
promotes localised subsidence and accumulation
of thick sedimentary sequences. Seismological
data confirm that these faults are seismically active,
with multiple moderate-to-large earthquakes
occurring over the past century (Taymaz and Price,
1992; Wright et al., 1999; Emre et al., 2003). The
Isparta region also contains local-scale structures,
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such as the Davraz and Kay1 Faults, which
further influence the seismic behaviour within the
basin. Instrumental earthquake recordings show
clusters of microseismicity near the urban centre
and surrounding areas. These patterns correlate
with local fault lines, which indicate ongoing
deformation even within the sedimentary basin
interior (Kogyigit and Ozacar, 2003).

Isparta Basin has a diverse stratigraphy
consisting of sedimentary, volcanic, and
volcaniclastic units from the Mesozoic to the
Quaternary. The stratigraphic succession in
the study area is grouped into autochthonous
and allochthonous units (Senel, 2007a & b;
Demer, 2008). The autochthonous sequence
comprises the Mentese Formation (Msm), Davras
Limestone (Msd), Sobiidag Limestone (Kriids,
member of Davras Limestone), Cigdemtepe
Limestone (Krii¢), Kogtepe Formation (Tk),
Kayikdy Formation (Ti), and Golciik Volcanics
(pyroclastics as PQgp and volcanic lavas as
PQgv), all of which are unconformably overlain
by slope debris (Qy) and alluvial fan deposits
(Figure 2). The allochthonous assemblage consists
of the Gokgebag Complex (Mg) and the Akdag
Limestone (Ma). The Mentese Formation consists
of grey to greyish-black, medium- to thick-bedded,
densely vuggy dolomitic limestones that form the
basal unit of the Davras Limestone and contain
abundant megalodontid moulds (Demer, 2008).
The Davras Limestone has extensive outcrops
in the eastern part of the study area. The unit is
dated to the Upper Triassic Turonian (GOrmiis
and Ozkul, 1995). The Sobiidag Limestone
constitutes the Late Cretaceous carbonate section
of the Davras Limestone (Demer, 2008). The
rudist-bearing carbonates of the Late Cretaceous
Cigdemtepe Formation unconformably overlie
the Davras Limestone unit (Karaman et al., 1988;
Yildiz and Toker, 1991). Based on its lithological
and faunal characteristics, the unit is interpreted
to have been deposited in a shallow lagoonal
setting, with locally restricted lagoonal conditions
(Gérmiis and Ozkul, 1995). The Cigdemtepe
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Limestone is represented by pelagic limestones
and is predominantly composed of light-cream
to whitish-grey, platy pelagic limestone (Demer,
2008). Based on its faunal and lithological
characteristics, the unit is interpreted to have been
deposited in a pelagic environment (Karaman et
al., 1988; Gormiis and Ozkul, 1995). The Kogtepe
Formation begins with a conglomeratic-breccia
basal layer and this is succeeded by thin- to
medium-bedded pelagic marls that range in colour
from red and reddish-pink to wine-red, locally
exhibiting kidney-shaped weathering (Yalginkaya,
1989). The flysch-character Kayikdy Formation
comprises interbedded claystone, siltstone,
sandstone, and conglomerate. The dominant
lithologies are claystone and sandstone (Karaman
et al., 1988; Gormiis and Ozkul, 1995). The
pyroclastics largely consist of weakly consolidated
interbedded tuff, tuffite, and pumice layers (Demer,
2008). Volcanic lavas occur as subvolcanic
stocks and dikes composed of trachyandesite and
trachyte, and these volcanic stocks are locally
overlain by pyroclastic deposits derived from
the Golciik volcano (Demer, 2008). Slope debris
typically developed in front of steep slopes where
high hills descend into the plain. They consist
of clay, silt, sand, gravel, and blocks (Demer,
2008). The alluvial fan deposits provide the most
extensive outcrops in the study area. Within the
plain, the deposit consists of unconsolidated sand,
gravel, clay, and silt-sized materials, with grains
predominantly composed of limestone, chert, tuff,
and volcanic clasts (Demer, 2008). The Gokgedag
Complex comprises basic to ultrabasic lithologies
containing blocks of variable size. It exhibits
a multi-coloured appearance, predominantly
green, and locally displays olistostromal features
(Yalginkaya, 1989). The Akdag Limestone, which
overlies the rock units in the study area together
with ophiolitic mélanges, comprises white,
medium- to thick-bedded recrystallised limestones
whose bedding is completely disrupted, and which
are highly fractured and jointed (Demer, 2008).
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Figure 2. Geologic map of Isparta Basin (compiled
from Senel, 2007a & b; Demer, 2008).

Sekil 2. Isparta Baseninin jeoloji haritasi (Senel, 2007a
ve b ve Demer, 2008 'den derlenmistir).

Microgravity data

The microgravity data were acquired using a
CG-5 Scintrex gravimeter, which provides high-
precision measurements and includes internal
correction systems for temperature, tilt, and tidal
effects (Beyhan etal., 2017; Silahtar etal., 2020). A
total of 108 gravity stations were measured across
an area approximately 14 km south to north and
14.8 km west to east (Beyhan et al., 2017). While
the survey targeted a gridded layout, practical
constraints such as terrain and road access led to
minor deviations from the planned grid (Silahtar et
al., 2020). To control for instrumental drift, a fixed
base station was established, and readings were
taken at regular two-hour intervals throughout
the survey. After fieldwork, the raw gravity
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measurements were processed through a standard
sequence of corrections to isolate the geological
signal from external influences (Beyhan et al.,
2017; Silahtar et al., 2020). These corrections
included instrumental drift adjustments, tidal
corrections, latitude corrections, and free-air
corrections. The last step was the Bouguer
correction, which modelled the gravitational
effect of the rock mass between the station and sea
level, using a reduction density of 2.4 g/cm?® based
on regional rock properties (Dolmaz, 2007). The
data set used here was digitised from Beyhan et
al. (2017).

METHODOLOGY

Regional and Residual Separation via 2-D
Fourier Transform

To separate the microgravity anomalies into
regional and residual components, a 2-D Fourier-
based spectral filtering method was applied. This
method decomposes gravity anomalies into their
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components to distinguish shallow from deep
crustal effects. It identifies regional and residual
contributions in the wave-number domain. The
microgravity data set G(x,y), was transformed
into the wave number domain via fast Fourier
transform (FFT), and its spectral representation
was calculated using the following equation
(Buttkus, 2000).

) )

In this equation, N and N represent the
number of samples (or data points) in the x
and y directions of the microgravity data grid,
respectively. In Fourier space, the energy density
of each component is defined by the following
equation.

E(kx' ky) =

kxx

Glloy) = 25 27 Gy o

|G (k. ky)|” 2)

These energy values were grouped at specific
intervals based on the magnitude of the radial
wavelength, as given below (Blakely, 1996).

T'kx'ky = ’kxz‘l'kyz (3)

Thus, the resulting 1-D energy spectrum was
calculated, and the average energy values for each
radial wavelength band were obtained via the
following equation.

EG) = () Zrepiy e trrean] 6(ke ky)|° &)

The first derivative of the spectral energy
curve, OE/Or, indicates the variation in energy
distribution. At the point of the steepest negative
derivative on this curve, the abrupt drop in energy
density is identified as the critical threshold radius,
R This value is used as an optimal threshold in
the wave number domain to separate regional and
residual components. With this approach, instead
of selecting a fixed threshold, the separation is
performed based on the data-specific spectral
behaviour, which allows for effective isolation of
shallow anomalies in the microgravity data. The

obtained spectrum is separated into regional and
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residual components according to this threshold
value, using the equations given below (Buttkus,
2000).

TEJ(kx'ky) G(kx, ky) 1 [rk ky < Rope

Crez(kx' ky) = C(kx‘ k)’) A [rkkay > R"pt

)
(6)

Through this process, a masking operation
was applied, followed by an inverse Fourier
transform to transition into the spatial domain.
Both components were then obtained in the spatial
domain using the following expressions.

GTE]' (x,y) = F [Cre]' (kx' ky)] =
_ Ny_ R o kxx+kyy
lezvy X =i&2k2 _i&Grej(kx, ky) .e< (Nx Ny)>(7)
x 2 y=—
GT@Z(x' y) = F_l[érez(kx: ky)] =

kyxx

52 s 2_ Gres (s ky) - LG ) s)

NxNy ky=—"2% ky=

2-D inversion of gravity anomalies

The gravity anomaly at any point caused by 2-D
rectangular blocks is expressed by the following
equation (Rao and Murty, 1978).

Ag(k) = 5 F (D] zr )
Here, Ag(k) is the observed gravity anomaly
at point x,, F(z) is the gravity effect of the block
located below station i, Z7(i) is the depth to the top
of the block below i. The derivation with respect
to the depth parameter is given below.
dx
;7>] (10)

Xk+E Xk
. 2 ) — arctan (

Here G, is the gravitational constant, Ap is the
density contrast and dx denotes the station interval.
The normal equations are given as follows (Murty
and Rao, 1989).

arg(k)\ [90g(k
Iivzl( =1 (ﬂ)( g¢ ))+ /15l])Aal =

da; daj
S 8900 (B29), f = 1,2,..,N

aFk(Z) _
0 = 2GAp [arctan(

(11)



Here Ag(k), is the misfit at the kth data point
Aa,, represents the parameter update, ("’Aag_a(i")) is
the partial derivative of the misfit with respect
to the ith parameter, 511_ denotes the Kronecker
delta, A is the damping factor, N is the number
of the parameters and M represents the number
of observations. According to this inversion
scheme, the algorithm begins with the Marquardt
damping factor set to 4 = 0, corresponding to a
diagonal coefficient multiplier of (1 + 1) = 1.0 in
the normal equations. This means that the first
iteration proceeds with a standard Gauss-Newton
step. If the objective function does not improve,
the damping factor is adaptively increased using
the control parameter NLAMDA, which serves as
an iteration index for adjusting 4. The relationship
between these variables is given by this equation.
1= % (2NLAMDA-1 _ 1y, (12)

This results in successive A values (0.5,
1.5, 3.5, etc). When convergence is achieved,
NLAMDA is reduced and A returns to zero. The
iteration terminates when A becomes excessively
large (typically greater than 15.0), or when
the objective function reaches the predefined
tolerance. To provide a normalised measure of data
fit, we used the root mean square error (RMSE),
calculated after each iteration, as follows.

RMSE = \/% Z:V:_Zl[gobs(xi) = Geal (x)]? (13)

Here, g , (x)and g (x)represent the observed
and calculated gravity anomalies at station i,
respectively, and N denotes the total number of
observation points. In this formulation, the first
and last observation points are excluded because
they correspond to artificially extended boundary
nodes added for numerical stability at the profile
ends. The details of the inversion algorithm are
given in Murty and Rao (1989).

110

Rezzan PEKCAN EKINCI, Caglayan BALKAYA

3-D inversion of gravity anomalies

The method presented by Rao et al. (1990) focuses
on the 3-D inversion of gravity anomalies caused
by subsurface geological structures, modelled as
a juxtaposition of rectangular prisms. We used a
constant density contrast between the sedimentary
fill and the underlying basement. The forward
modelling step computes the vertical gravity
anomaly at a surface point caused by such a prism.
The exact expression of the anomaly is derived by
integrating Newton’s law over the volume of the
prism. For a single prism, the expression is given
below (Rao et al., 1990).

Ag(x,y) = GAp 2,y — Z,B, + 2B, +

5B, + 2B, + 2B, (14)

Here G, is the gravitational constant, X -
X, and Y , Y, are the horizontal offsets from the
prism centre to its edges in the x-and y-directions,
respectively. B, to B, are composite terms
involving arctangent and logarithmic functions
of the distances from the observation point to the
corners (vertices) of the prism as given in Rao et
al. (1990). To invert the gravity data, the depth to
the base of each prism is estimated such that the
calculated anomalies match the observed ones.
The procedure begins with an initial depth estimate
based on a linear approximation of the Bouguer
slab formula, adapted from Bott’s method as given
below

(15)

Agops(xy)
Z(x,y) = ngrczy

This provides a rough starting model for
the basement Following this, the
inversion proceeds iteratively. At each iteration,
the gravity anomaly is calculated by summing the
contributions from all prisms. The discrepancy
between the observed and calculated values is
then used to update the basement depth (Rao et
al., 1990).

interface.
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Znev (x,y) = Z°9(x, y) + Agobs(ty)~Agcat®.y)  (16)
2nGp

The iterative correction continues until
residual anomalies fall below a set tolerance or
the iteration limit is reached. We used the same
RMSE function given previously, serving as a
diagnostic measure of convergence. The process
yields a 3-D basement relief model that explains
the gravity data under constant density contrast.
This method is particularly well suited for
modelling basin structures where lateral density
variations are negligible. It offers a practical
compromise between interpretational accuracy
and computational efficiency. The details of the
inversion algorithm are given in Rao et al. (1990).

ANALYSES and FINDINGS

In the applications, the critical threshold radius
R, was determined as 1 (Figure 3). This value
represents a very small circular region in the
spectral domain, located very close to the origin,
which includes only the components with the
longest wavelengths. Mathematically, this implies
that only the components with a radius value
of at most one are classified as regional, while
the rest are included in the residual component.
In this case, the regional component becomes
highly simplified, and shallow structures located
at shorter wavelengths become more pronounced
in the residual component. The threshold value
of 1 is not a ratio or percentage, but rather a unit
of radial distance defined in wave number space,
which is related to the data dimensions according
to the definition of the Fourier transform. Such low
threshold values can enable clearer observation of
the residual signal, especially in regions where
crustal trends are weak and local anomalies are
dominant.
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Sekil 3. Spektral enerji dagilimi ve belirlenen kritik
esik yaricapi.

Figure 4 presents a sequential analysis
of the Bouguer gravity data through spectral
decomposition. Figure 4a shows the complete
Bouguer gravity anomaly, reflecting the combined
effects of both deep and shallow density variations.
The regional component obtained via 2-D Fourier
transform, highlighting long-wavelength features
that likely correspond to deeper crustal structures
or broader isostatic trends, is shown in Figure
4b. The residual component, which isolates
short-wavelength anomalies associated with
shallow subsurface features such as sedimentary
fill variations and fault-controlled basement
relief is shown in Figure 4c. When compared
with the geological map in Figure 2, a notable
spatial correlation emerges between the residual
gravity anomalies and the mapped sedimentary-
volcaniclastic sequences in the central Isparta
Basin. Areas of relatively negative residual
anomaly values coincide with the known extent
of thick sedimentary and volcaniclastic deposits,
while positive anomalies generally correspond
to the outcropping or shallowly buried basement
units. This spatial agreement confirms that the
residual gravity component effectively captures
geologically meaningful variations in subsurface



density and validates the use of spectral filtering
techniques in this context. The coherence between
residual anomaly patterns and surface geology
supports the reliability of the applied procedures.
This consistency indicates that the gravity-based
interpretations are geologically sound.

Here, we used a density contrast of -0.58 g/cm?
(Silahtar et al., 2020) in the 2-D and 3-D inversion
procedures. The 2-D inversion results obtained
from four gravity profiles are shown in Figure 5.
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Figure 6 illustrates the convergence behaviour of
the 2-D inversion algorithm, shown here for the
P4 profile since the inversions performed for the
other profile data sets exhibited nearly identical
convergence characteristics. The outcomes
reveal a consistent pattern of sedimentary deposit
thickness and basement topography across the
Isparta Basin. The sedimentary fill reaches a
maximum thickness of approximately 0.52 km,
indicating significant accommodation space

within the basin interior.
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Figure 4. a) Bouguer gravity anomaly, (b) regional anomaly and (c¢) residual anomaly for the Isparta Basin. The
profiles used for 2-D inversion are shown in (¢). Black square and dots show settlements given in Figure 2.

Sekil 4. a) Isparta Baseni Bouguer gravite anomalisi, (b) bolgesel anomali ve (c) rezidiiel anomali. 2-B ters ¢oziim
icin kullanilan profiler (c) de verilmistir. Siyah kare ve noktalar Sekil 2’ de verilen yerlesim yerlerini géstermektedir.
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The basement surface exhibits an undulatory
(wavy) morphology characterised by alternating
highs and lows, which suggest a tectonically
controlled structural configuration rather than
a purely depositional subsidence pattern. This
undulation likely results from block faulting
mechanisms  associated  with  extensional
tectonics, as well as superimposed deformation
due to compressional reactivation. The structural
irregularity is consistent across all profiles, which
highlights a high degree of internal coherence and
strengthens the reliability of the inversion results.
The geological map of the Isparta Basin (Figure
2) supports these interpretations. The basin is
bounded by major fault zones such as the Fethiye-
Burdur Fault Zone and the Aksehir Fault Zone,
which converge in the north to define a triangular
tectonic depression. These active fault systems,
along with smaller-scale faults like the Davraz
and Kay1 Faults, likely contribute to the observed
relief of the basement. Furthermore, the presence
of unconsolidated Quaternary alluvial fans, slope

debris, and volcaniclastic sequences in the central
part of the basin corresponds spatially with areas
of maximum accumulation inferred from gravity
inversion. The abrupt basement depth changes at
short lateral distances may reflect fault-controlled
subsidence zones or tilted fault blocks, supporting
the interpretation of a tectonically segmented
basement structure.

Geologically, the Isparta Basin lies within a
complex transition zone between the compressional
Tauride belt and the extensional Western Anatolian
domain. The undulatory basement relief observed
in this study likely reflects these dual tectonic
influences. The basement highs may correspond to
relatively uplifted blocks of Mesozoic carbonates
(e.g., Davras Limestone), while the lows align
with graben-like structures infilled by younger
Neogene-Quaternary  clastic  sediments and
volcanics. This interpretation is consistent with the
mapped stratigraphy, where older autochthonous
carbonate and flysch sequences are unconformably
overlain by thick basin-fill deposits.
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Figure 5. 2-D inversion results of selected four profiles.

Sekil 5. Secilen dort profile ait 2-B ters ¢oziim sonuglari.

113

4 6 10
Distance (km)

8



3
2
w
2
u:1
0 1 1 1 L 1
0 2 4 6 8 10 12 14 16 18 20
Iteration

Figure 6. Convergence behaviour of the 2-D inversion
algorithm.

Sekil 6. 2-B ters ¢oziim algoritmasmin yakinsama
davranisi.

The 3-D inversion results presented in Figure
7a illustrate the detailed spatial distribution of
basement topography across the Isparta Basin,
with the sedimentary fill thickness effectively
visualized as the vertical distance between the
modelled basement and the surface. The model
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reveals that the thickest sedimentary accumulations
(>0.5 km) occur predominantly in the central and
southwestern parts of the basin, forming an arcuate
zone that aligns well with the mapped extents of
alluvial fan deposits and volcaniclastic units shown
on the geological map (Figure 2). This sedimentary
wedge appears to taper toward the northeast and
southeastern flanks of the basin, where basement
highs are more prominent and shallow carbonate
rocks (e.g., Davras and Cigdemtepe Limestones)
crop out or lie close to the surface. The deposit
thickness pattern suggests structurally controlled
deposits, possibly bounded and shaped by major
fault systems such as the Fethiye-Burdur Fault
Zone to the west and the Aksehir Fault Zone to
the east. The observed asymmetry in sedimentary
fill distribution may reflect tilted fault blocks or
syn-depositional subsidence linked to extensional
tectonics.
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Figure 7. a) The basement depth obtained from 3-D inversion and (b) the difference between observed and calculated
anomalies. Black square and dots show settlements given in Figure 2.

Sekil 7. a) 3-B ters ¢oziim ile elde edilen temel kaya derinligi (a) ve (b) él¢iilen ile hesaplanan anomali arasindaki
fark. Siyah kare ve noktalar Sekil 2 de verilen yerlesim yerlerini géstermektedir.
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The inversion algorithm excluded positive
gravity anomalies to avoid contamination from
high-density basement outcrops
intrusions. Because sedimentary deposits are less
dense than the basement rocks, they generate
negative gravity anomalies. Therefore, to ensure
the 3-D inversion accurately represents the
sedimentary thickness distribution, only these
negative anomalies were used. This exclusion
led to localised blank zones in the deposit
thickness map, particularly over areas dominated
by high-density lithologies. Despite this, the
calculated infill distribution closely corresponds
with the 2-D inversion results, indicating high
internal consistency across different inversion
methodologies. The misfit map (Figure 7b) further
supports the reliability of the 3-D inversion,
showing minimal discrepancy between the
observed and calculated gravity anomalies.
Thus, the forward model adequately captures
the basin’s subsurface density structure. These
findings, when considered alongside the regional
tectonic framework of the Isparta Angle, where
compressional and extensional regimes converge,
emphasise the complex interplay between basin
infill patterns and active fault systems. The
agreement between geophysical models and
geological observations supports the validity of
the inversion methodologies and confirms that the
resulting sedimentary fill thickness distribution
is both geologically plausible and geophysically
robust. Figure 8 presents the variation of RMSE
values with iteration number for the 3-D inversion.
A clear convergence trend is observed, which
indicates that the optimisation process effectively
minimised the misfit between the observed and
calculated gravity data. In addition, to explicitly
assess the internal consistency between the 2-D
and 3-D inversions, the P4 profile was extracted
from the 3-D basement model along the same
trace used for the 2-D inversion (Figure 9). The
3-D-derived P4 section closely repeats the 2-D
solution (Figure 6), including the position of

or volcanic
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basement highs and lows and the peak sedimentary
thickness within the central part of the basin. Very
minor discrepancies are confined to the margins
and are attributable to methodological differences
between the two schemes, rather than substantive
mismatch. This cross-sectional agreement
corroborates the strong 2-D/3-D coherence and
provides additional confidence in the basin-scale
interpretations presented here.
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Figure 8. Convergence behaviour of the 3-D inversion

algorithm.

Sekil 8. 3-B ters ¢oziim algoritmasimin yakinsama
davranisi.
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Figure 9. P4 profile extracted from 3-D inversion
results.
Sekil 9. 3-B ters ¢oziim sonu¢larindan elde edilen P4
profili.

The spatial variability of sediment thickness
revealed by the gravity inversion provides
fundamental insights into the local dynamic
behaviour of the Isparta Basin. This information is



particularly relevant for seismic microzonation and
urban planning, as variations in sediment thickness
directly control site response parameters such as
fundamental resonance frequency, amplification
potential, and the impedance contrast between
the sedimentary package and underlying bedrock.
Areas characterised by thicker
are expected to have lower
resonance frequencies and stronger amplification
of long-period ground-motions, while shallower
zones tend to respond at higher frequencies. These
relationships enable the gravity-derived sediment
thickness model to serve as a first-order dataset
for delineating microzonation zones and guiding
future site-specific  investigations,
shear-wave velocity profiling and ambient noise
Therefore, the proposed approach
offers a cost-effective and regionally consistent
framework for identifying areas with distinct
dynamic characteristics, which can support
engineering design, seismic hazard assessment,
and disaster-risk mitigation strategies within the
Isparta Basin.

sedimentary
accumulations

including

analyses.

CONCLUSIONS

The application of a 2-D Fourier-based spectral
filtering method, followed by both 2-D and 3-D
local optimisation-based inversions, produced a
reasonable model of the Isparta Basin’s basement
relief and sedimentary fill. By selecting a data-
specific threshold radius in the wave number
domain, shallow residual anomalies, those most
directly tied to sedimentary fill thickness and fault-
controlled relief, were successfully isolated from
deeper regional trends. Geologically, the Isparta
Basin occupies the apex of the Isparta Angle,
where the extensional regime of Western Anatolia
converges with the compressional Tauride orogen
and intersects the Hellenic and Cyprus subduction
arcs. Its stratigraphy spans Mesozoic carbonates
and flysch through Neogene-Quaternary volcanics
and clastics, all unconformably overlain by
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thick alluvial-fan and slope-debris deposits. Two
principal fault systems, the northwest-trending
Fethiye-Burdur Fault Zone and the northeast-
trending Aksehir Fault Zone, frame the basin
and drive block-faulted subsidence. These
structures are mirrored in the gravity anomalies:
long-wavelength regional trends trace deep
crustal flexure and subduction-related loading,
while short-wavelength residual anomalies
sharply define block-faulted basement highs and
sedimentary fills. Residual anomalies highlight
zones where sedimentary accumulations reach up
to 0.53 km. The undulatory basement topography,
marked by alternating uplifted highs and subsiding
lows spaced roughly 2-5 km apart, closely follows
the trace of the Fethiye-Burdur and Aksehir Fault
segments. The highs coincide with outcropping
Mesozoic carbonates, whereas the deepest lows
align with thick Neogene-Quaternary clastic and
volcaniclastic infill. This pattern implies that
block-fault rotations and differential subsidence
have shaped the basin architecture. Moreover,
the amplitude of the residual gravity signal scales
with the density contrast between rigid carbonate
blocks and softer sedimentary fills, strengthening
the idea that gravity anomalies faithfully map both
structural and depositional features. These patterns
indicate a history of episodic extensional faulting
driven by the westward escape of the Anatolian
block. Localised compressional reactivation at
fault intersections produced the wavy basement
relief and variable sedimentary thickness in the
Isparta Basin. 2-D inversion along four profiles
revealed an undulating basement surface with
highs corresponding to uplifted Mesozoic
limestone blocks and lows marking Neogene-
Quaternary graben-infills. The 3-D inversion
further delineated an arcuate deposit in the central
and southwestern basin where sedimentary fills
exceed 0.5 km in thickness, tapering toward
basement highs in the northeast and southeast.
The strong agreement between the 2-D and 3-D
inversion models, further confirmed by the P4



Estimation of Basement Relief in the Isparta Basin by Applying Spectral Filtering and Local Optimisation-Based Inversion Techniques to Gravity Data

profile extracted from the 3-D basement surface
(Figure 9), and their close correspondence with
both residual gravity patterns and mapped geology,
collectively attest to the robustness and reliability
of the integrated workflow applied to the Isparta
Basin. This consistency across different inversion
dimensions strengthens the credibility of the
derived basement relief and sediment thickness
distributions, enhancing confidence in the overall
geological interpretation of the basin.

From a seismic-hazard perspective, the
mapped sedimentary thickness and fault-controlled
undulations are crucial. They strongly influence
ground-motion amplification, basin resonance, and
liquefaction risk in the densely populated central
part of the Isparta Basin. The combined spectral-
filtering and inversion approaches for gravity
data therefore provide essential data for seismic
microzonation and targeted land-use planning,
offering a practical framework for identifying
zones with differing site-response characteristics
and for designing resilient infrastructure
throughout the Isparta Basin within this dynamic
extensional-compressional transition zone.

GENISLETILMIS OZET

Bu c¢alismada, Isparta Havzasi'min jeodinamik
evrimine bagli olarak gelisen havza igindeki
sedimanter dolgu kalinligini ile temel kaya iist
yiizeyinin uzaysal degisimini belirlemek amactyla
mikrogravite anomalileri, 2-B Fourier dontistimii
tabanli spektral filtreleme ve 2-B ile 3-B ters
¢oziim algoritmalarvmin  kullanimina  dayanan
bir metodolojiyle analiz edilmistir. Ilk asamada
gravite verisi, dalga sayisi uzayinda veri odakli bir
kritik esik yarigapi belirlenerek bélgesel egilimler
ile s1g yapt sinyalleri birbirinden ayrilmis, derin
kabuksal egilimi temsil ettigi diistintilen uzun
dalga boylu bilesenlerle yerel blok-fay kontrollii
anomaliler izole edilmistir Bu yaklasim, dalga
sayisi uzayinda tamimlanan kritik yarigapinin
yalnizea uzun dalga boylu bilesenleri bolgesel
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egilim olarak kabul edilmesine dayanmaktadir
ve boylece zayif kabuksal egilimlerin etkisinde,
sig anomalilerin daha net bigimde aywt edilmesi
Ardindan
tizerinde dort ayrt 2-B profil ve tiim ¢alisma

saglanmustir. rezidiiel —anomaliler

alamimi  kapsayan 3-B  modelleme adimlart

gerceklestirilmis, iteratif giincellemelerle hem
gozlenen hem de hesaplanan gravite anomalileri
arasindaki cakismazlik olciitii minimize edilerek
yaklagik 0,53 km’lik maksimum sedimanter dolgu
kalinligt ve blok-fay segmentasyonu sonucunda
olusmus dalgalr bir temel kaya topografyasi
Ban

Anadolu’nun genigleme rejimi ile Toros kusaginin

elde edilmistir. Jeolojik olarak havza,

stkisma etkilerinin kesistigi, Hellen ve Kibris alt
dalma zonlarimin yakiminda yer alan “Isparta
Acist”  icinde  konumlanmis ve  Mezozoik
karbonatlari ile Neojen-Kuaterner volkanoklastik
ve klastik birimleri, kalin aliivyon yelpazeleri ve
yamag molozlaryla iist iiste gelmistir. Kuzeybati-
Fethiye-Burdur

kuzeydogu-giineybati yonlendirmeli Aksehir Fay

glineydogu  dogrultulu ve
Zonu, havzamn iki ana simirint olusturarak blok-
fay kontrollii yiikselme ve ¢okiintii alanlarinin
sekillenmesine neden olmug, bu yapisal kontrol
elde

rezidiiel anomalilerde negatif anomalilerin kalin

spektral —ayristirma  sonrasinda edilen
sedimanter birikimiyle, pozitif anomalilerin ise
sig karbonat ve ofiyolitik bloklarla értiismesiyle
dogrulandigi diistintilmiistiir. Elde edilen dalgall
temel kaya yiizeyi, 2-5 km dlgeginde birbirini
izleyen yiikseltiler ve cukurluklar formunda ortaya
ctkmis, bu ozellik Anadolu plakasinin batiya
kacisvyla tetiklenen faylanma asamalarimin, lokal
olarak sitkismaya ugrayan segmentlerde yeniden
etkinlesme gostergesi olarak yorumlanmistir.
Hem 2-B hem de 3-B ¢éziimler arasinda saglanan
yiiksek — uyumluluk ile gravite anomalileri
arasindaki tutarlt korelasyon, spektral filtreleme
ve lokal optimizasyon yontemlerinin jeolojik ve
Jeofiziksel verilerle giiclii bir ortiisme sergiledigini

kanitlamistir.



Uygulama agisindan, haritalanan maksimum
0,53 km civarindaki sedimanter dolgu kalinliklart,
depreme duyarlt mikrobdlgeleme ¢alismalarina
kritik girdi saglamaktadwr ve rezonans frekansina
ve yer hareketi biiyiitme potansiyeline bagli olarak
zemin tepki davranmisinin ve siwvilasma riskinin
degerlendirilmesinde dogrudan kullanilabilecek
derinlik profilleri sunmaktadir. Sedimanter dolgu
kalinlhigindaki uzaysal degisim, yerel zemin tepkisi
ve dolgu-temel kaya empedans kontrasti hakkinda
birinci dereceden bilgi saglayarak miihendislik
tasarimi, kentsel planlama ve afet risk azaltumi
stireglerine on bilgi olusturur. Ayrica, blok-fay
kontroliindeki kalin birikimlerin konumu, kritik
altyapr tesislerinin ve yogun niifus alanlarinin
giivenli  bolgelerde  konumlandirilmasi
kullammi  planlamasinda rehber olma
potansiyeline sahiptir. Sonu¢ olarak, kullanilan
veri isleme agamalar, Isparta Havzasi gibi
dinamik bir genisleme-sikisma gec¢is zonunda
hem bolgesel tektonik segmentasyonu hem de
yerel ¢okelme alanlarmin yeralti yapisini ortaya
koymustur. Boylece gravite verisinin, jeotektonik
yorumlardan miihendislik ve afet yonetimi
uygulamalarina kadar genis bir yelpazede
temel on bilgi kaynagi olarak kullanilabilecegi
gosterilmistir.
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Abstract: The Cakrazboz Formation, located in the Amasra—Kastamonu region of the Western Pontides (NW
Tiirkiye), represents the only known Triassic continental sedimentary succession in Tiirkiye. This study integrates
sedimentological, petrographic, and stratigraphic data from six measured sections to reconstruct depositional
environments and evaluate paleoclimatic controls. Field and thin-section analyses reveal a complex facies mosaic
comprising three major lithofacies groups: lacustrine, palustrine, and fluvial. Lacustrine facies are represented
by carbonate-rich successions, including micrite, wackestone, and packstone, indicating low-energy profundal to
sublittoral settings. Palustrine facies, occurring predominantly in marginal lake environments, are characterized
by pedogenic overprinting, fenestral fabrics, root traces, and desiccation features, with the Bozkdy and Bagkdy-1
sections showing more pronounced development of these features. Bagkdy-2 and Bagkdy-3 exhibit fluvial point-
bar deposits with upward-fining successions and pedogenically modified mudstones, representing meandering
river systems deposited during overfilled lake stages. Stratigraphic and sedimentological evidence indicates that
the basin experienced repeated shifts between underfilled, balanced-fill, and overfilled lake stages. Carbonate-rich
successions in the Cakrazboz and lower Incigez sections represent low-energy profundal lacustrine conditions
typical of underfilled stages. The upper incigez and Baskoy-1 sections preserve features of balanced-fill conditions,
with fining-upward transgressive intervals overlain by progradational littoral facies. Overfilled conditions are locally
recorded in Bozkdy and in the upper parts of Baskody-1, as evidenced by laterally extensive successions that thicken
and coarsen upward, reflecting sustained freshwater inflow. These vertical facies transitions, stacking patterns, and
diagenetic overprints are indicative of orbitally forced lake-level fluctuations under subhumid to semi-arid climate
regimes, contributing to a broader understanding of Late Triassic continental basin evolution, facies architecture, and
climate-controlled sedimentation.

Keywords: Cakrazboz Formation, facies evolution, lake-type variability, orbital cycles, oaleoclimate, Western
Pontides

Oz: Cakrazboz Formasyonu, Tiirkive de bilinen tek Triyas yasl kitasal tortul istif olarak Bati Pontidler ’in (Kuzeybat
Tiirkiye) Amasra—Kastamonu ydresinde yiizeylenmektedir. Bu ¢alismada, alti stratigrafik kesitten elde edilen
sedimantolojik, petrografik ve stratigrafik veriler birlestirilerek depolanma ortamlar: yeniden yapilandiriimis ve
paleoiklimsel kontrol mekanizmalart degerlendirilmistir. Saha ve ince kesit analizleri, ti¢ ana litofasiyes grubundan
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olusan karmasik bir fasiyes mozaigini ortaya koymaktadir: gél, bataklik (palustrin) ve akarsu (fliiviyal). Golsel istifler,
camurtast (mikrit), vaketast ve tanetasi gibi karbonatca zengin fasiyeslerden olusmakta ve diisiik enerjili derin gél-
sublitoral (profundal—sublittoral) ortamlara isaret etmektedir. Palustrin fasiyesler, gol kenart ortamlarinda yaygin
olup pedojenik alterasyon, fenestral dokular, kék izleri ve kuruma c¢atlaklar ile karakterizedir; Bozkdy ve Baskoy-1
kesitlerinde bu ézellikler daha belirgin sekilde gelismistir. Baskoy-2 ve Baskdy-3 kesitleri, yukariya dogru incelen
kumtasi-camurtast ardalanmalar: ve pedojeneze ugramiy ¢amurtaslarindan olusan menderesli akarsu sistemlerine
ait nokta bar istiflerini icerir ve bu istifler, goliin asiri doldugu (overfilled) evrelerde ¢ékelmistir. Stratigrafik ve
sedimantolojik veriler, havzanin tekrar eden sekilde yetersiz dolu (underfilled), dengeli dolu (balanced-fill) ve asirt
dolu (overfilled) gil evreleri arasinda gectigini gostermektedir. Cakrazboz ve alt Incigez kesitlerindeki karbonat¢a
zengin istifler yetersiz dolu evrelere 6zgii diisiik enerjili profundal gl kosullarini temsil eder. Ust Incigez ve Baskéy-1
kesitleri, iiste dogru incelen transgresif istiflerin progradasyonlu litoral fasiyeslerle értiilmesiyle karakterize olan
dengeli dolu kosullart yansitir. Asirt dolu kosullar, Bozkoy ve Baskdy-1in tist seviyelerinde yer yer goriiliir ve bunlar,
stirekli tatli su girisiyle iliskili yanal olarak genigleyen, iiste dogru kalinlasan ve tane boyu artan istiflerle tamimlanir.
Dikey fasiyes gegisleri, istiflenme desenleri ve diyajenez izleri, yart nemli ile yart kurak iklim rejimleri altinda
yoriingesel zorlamali gol seviyesi degisimlerini yansitarak Geg Triyas kitasal havza evrimi, fasiyes mimarisi ve iklim
kontrollii sedimantasyon hakkinda daha genis bir anlayis saglamaktadr.

Anahtar Kelimeler: Bati Pontidler, Cakrazboz Formasyonu, fasiyes evrimi, gol tipi degiskenligi, paleoiklim,
yoriingesel dongiiler.

INTRODUCTION continental conditions prevailed across the region,

. . . . sedimentation became predominantly nonmarine
Terrestrial sedimentary successions of the Triassic p y ’

period are rare in Tiirkiye. These successions culminating in the deposition of the Late Triassic

however, offer critical insights into the recovery of Cakrazboz Formation — one of the most complete

continental ecosystems following the end-Permian records of fluvio-lacustrine sedimentation within

mass extinction, as well as into the evolution of the Western Pontides.

interior basins under varying climatic and tectonic Detrital zircon U-Pb and Lu-Hf isotopic
regimes. The Cakrazboz Formation, exposed in analyses from Cakrazboz sandstones (Akdogan
the Amasra—Kastamonu region of the Western et al.,, 2021) indicate derivation mainly from
Pontides, represents the only known Triassic Carboniferous magmatic sources of the Sakarya
nonmarine succession in Tiirkiye. This establishes Zone, suggesting that the Istanbul-Zonguldak
it a key stratigraphic unit for reconstructing Terrane had already amalgamated with an
Late Triassic paleogeography, paleoclimate, Armorican-type continental block prior to Late
and depositional dynamics within the Anatolian Triassic sedimentation. These results highlight the
domain. continuity between the magmatic and sedimentary

During the Mid-Late Triassic, the istanbul— evolution of the region and demonstrate that this

Zonguldak Terrane occupied a proximal position terrane forms the casternmost segment of the

Avalonian continental domain, accreted to Baltica

along the southern margin of Eurasia and i ) .
during the late Neoproterozoic to early Cambrian

experienced early rifting associated with the
opening of the Neotethys Ocean (van Hinsbergen
et al., 2020). The Western Pontides, located
along the northern margin of the Neotethys,
recorded the tectonic transition from Gondwanan

interval (Yilmazer et al., 2025). Collectively, these
findings provide a refined pre-Triassic basement
framework for the subsequent development of the
Western Pontides.

to Laurasian paleolatitudes during the Late Palynological and sedimentological evidence
Triassic (Sengor, 1979; Scotese et al., 1979). As indicates that deposition within the Cakrazboz
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basin occurred during the Late Ladinian to
Carnian, possibly extending into the earliest Norian
(Sen, 2021), contemporaneous with widespread
lacustrine sedimentation along the northern
Neotethyan margin. Despite its significance,
sedimentological data on the Cakrazboz Formation
remain limited, and previous interpretations of
its depositional environment are inconsistent.
Biostratigraphic resolution is hindered by
poor fossil preservation, and systematic
sedimentological and petrographic analyses have
not been undertaken. Consequently, key questions
remain regarding the paleohydrology, climatic
forcing, and tectonic influences that governed
sedimentation in this intracontinental basin.

This study aims to address these gaps through
integrated sedimentological and petrographic
analyses across six measured stratigraphic
sections of the Cakrazboz Formation. The primary
objectives are to (1) document vertical and
lateral lithofacies variations and reconstruct the
spatial and temporal organization of depositional
environments, and (2) establish a high-resolution
facies architecture model elucidating interactions
among fluvial channels, floodplains, ephemeral
lakes, and palustrine wetlands. By directly linking
lake-level fluctuations to climate oscillations,
this research provides a concise yet original
perspective on the cyclic nature of sedimentation
in Triassic continental basins.

A key methodological advance of this work
lies in the systematic and comparative analysis
of six stratigraphic successions, integrating field-
scale sedimentological data with petrographic
characterization of 130 thin sections. This multi-
site approach enables recognition of spatially
variable facies patterns, diagenetic overprints,
and climatically driven stacking motifs, offering
a more comprehensive reconstruction of
depositional dynamics than previously available
for this formation.

To place these depositional patterns in
their regional context, the geological and
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biostratigraphic framework of the Western
Pontides is outlined below.

GEOLOGICAL SETTING and
BIOSTRATIGRAPHY

The Pontides, a prominent orogenic belt in
northern Tiirkiye, evolved through the closure
and complex interactions of the Neotethys Ocean
(Sengdr, 1989; Robinson, 1997; Okay & Tiiysiiz,
1999; Simmons etal., 2018). As part of the Tethyan
orogenic system, this belt comprises three east—
west—trending tectonostratigraphic subdivisions —
Western, Central, and Eastern Pontides (Y1lmaz et
al., 1997). The study area lies within the Western
Pontides and is bounded to the south by the [zmir—
Ankara—FErzincan suture zone and to the east by
the Intra-Pontide suture (Figure 1). Regionally,
the Western Pontides represent a foreland system
composed of a Variscan metamorphic basement
and Carboniferous—Permian plutonic units,
overlain by Mesozoic shelf carbonates and,
unconformably, by the Triassic continental strata
of the Cakrazboz Formation (Figure 2) (Akman,
1992; Yilmaz et al., 1997; Okay and Tiiysliz,
1999).

From a geodynamic perspective, the Western
Pontides occupied the northern active margin of
the Neotethys, which evolved through successive
rifting, subduction, and accretion events during
the Paleozoic—Mesozoic (Okay and Nikishin,
2015; Nikishin et al., 2015a, b). Early to Middle
Triassic extension along the southern Eurasian
margin led to intracontinental rifting and the
development of fluvio-lacustrine basins. During
the Late Triassic, these rift systems evolved into
small-scale depressions bounded by normal faults,
where continental red beds, marls, and lacustrine
carbonates accumulated under fluctuating
hydrological and climatic conditions (Nikishin
et al., 2015a). The 1stanbul—Zonguldak Terrane,
which hosts the Cakrazboz Formation, represents
an Avalonian-derived continental fragment
amalgamated with Laurasia prior to Triassic
sedimentation (Okay and Nikishin, 2015).
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Figure 1. Major tectonic terranes in the Black Sea/Anatolia region (Okay and Tiysiiz, 1999).

Sekil 1. Karadeniz/Anadolu Bélgesi temel tektonik birimleri gosteren jeoloji haritast (Okay and Tiiysiiz, 1999).

In a broader regional context, Nikishin et al.
(2015b) emphasized that the Western Pontides
formed part of a Late Triassic to Early Jurassic
back-arc rift system that developed along the
northern Neotethyan margin. This extensional
phase predated the opening of the Western Black
Sea Basin and strongly influenced the geometry
and subsidence patterns of Triassic basins in the
Amasra—Cide region.

Cakrazboz Formation

The Cakrazboz Formation was first defined by
Varol and Akman (1988) during regional mapping
of the Amasra—Cakraz area. Its type section was
described by Akman (1992), who reported a
maximum thickness of approximately 350 m
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and delineated its lithostratigraphic boundaries.
Palynological and sedimentological data from
Rutherford et al. (1992) and Alisan and Derman
(1995) constrained its age to the Late Triassic and
emphasized its distinct nonmarine character. Stolle
(2016) later refined the stratigraphic framework by
correlating the formation with equivalent fluvial
units elsewhere in the Western Pontides using
geochemical proxies.

The studied sections are situated in the
Amasra and Kastamonu provinces of northwestern
Anatolia, within the Western Pontides. These
include the Cakraz, Bozkdy, and incigez sections
near Amasra, and the Baskdy-1, Baskoy -2, and
Bagkdy -3 sections near Cide in Kastamonu

(Figure 3).
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Figure 2. The studied sections are indicated by the red-shaded area on the generalized stratigraphic column of the
Zonguldak—Amasra region (modified from Akbas et al., 2002).

Sekil 2. Calisilan kesitler, Zonguldak-Amasra bélgesinin genellestirilmis stratigrafik kesiti iizerinde kirmizi renkli
alan ile gosterilmistir (Akbas vd., 2002 ten yararlanilarak ¢izilmigstir).
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Figure 3. a) The study area indicated on the Tiirkiye location map prepared using Google Earth imagery, and (b) the
geological map of the study area showing the locations where the stratigraphic sections were measured along with

the strike directions of these sections.

Sekil 3. a) Calisma alami, Google Earth goriintiisii kullanilarak hazirlanan Tiirkiye konum haritast iizerinde
gosterilmistir, (b) ¢alisma alaninin jeoloji haritast ile stratigrafik kesitlerin 6l¢iildiigii lokasyonlar ve bu kesitlerin

dogrultular: gésterilmistir.

On the Turkish geological map, Cakraz,
Bozkdy, and Incigez lie on the Zonguldak E28
1:100,000 sheet (Akbas et al., 2002), whereas the
Baskoy sections are on the Zonguldak E29 sheet
(Gedik and Aksay, 2002).

Locally, the formation exhibits thickness
variations from 20 m at Baskdy-3 to 66 m at
Bozkdy, controlled by synsedimentary faulting
and differential subsidence within a rift-related

126

lacustrine basin (Varol and Akman, 1988;
Akman, 1992; Sen, 2021). Structural highs
formed by folded and thrusted Paleozoic—
Mesozoic units directed sediment routing into
localized depocenters (Okay and Tiiysiiz, 1999).
Paleogeographic reconstructions place the study
area at ~20°-30° N paleolatitudes under a warm—
humid to semi-arid climate (Scotese et al., 1979),
consistent with alternating oxidized and reduced
lacustrine deposits.
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The Cakrazboz Formation thus records the
nonmarine response to Early Triassic extensional
tectonism, representing an intracontinental
equivalent of syn-rift sedimentation prior to the
onset of Cretaceous back-arc spreading (Okay and
Nikishin, 2015; Nikishin et al., 2015a; Nikishin et

al., 2015b).

Palynological and biostratigraphic data,
although scarce, provide crucial constraints on
the formation’s age. Samples from the Cakrazboz
Formationaregenerallybarren(Alisanand Derman,
1995). However, palynofloral assemblages from
the overlying Baskdy Formation contain typical
Late Triassictaxasuchas Ovalipollis, Triradispora,
Infernopollenites, and Enzonalapollenites (Alisan
1995). Additional analyses by

Sen (2021) revealed a palynofloral association

and Derman,

characterized by Ovalipollis ovalis, Triadispora,
and Enzonalapollenites, suggesting a Late
Ladinian to Carnian, and possibly earliest Norian
age. This interpretation aligns well with coeval
palynostratigraphic records from Tethyan and
European basins (Kiirschner and Herngreen, 2010;
Fijatkowska-Mader et al., 2015), reinforcing the
regional correlation. Detrital zircon U-Pb ages
obtained from sandstones of the formation further
support this assignment, yielding dominant
Carboniferous and Neoproterozoic—Cambrian age
populations indicative of Sakarya-type continental
sources and a Late Triassic depositional age

(Akdogan et al., 2021).

The underlying Cakraz Formation has
recently been redefined as Permian in age based
on macrofloral and ichnological evidence,
including Annularia, Stigmaria, and the tetrapod
footprints Hyloidichnus (Gand et al., 2011). These
fossils indicate a Cisuralian (Early Permian) age
for the lower red beds and suggest deposition in
palustrine floodplain environments under warm
and seasonally humid conditions. The Cakrazboz

Formation, which conformably overlies these
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deposits, represents the transition to younger
fluvio-lacustrine successions of Late Triassic age
(Gand et al., 2011; Sen, 2021; Tiiysiiz, 2022).

MATERIALS and METHODS
Field Works and Sampling

Fieldwork was conducted in the Amasra (Bartin)
and Cide (Kastamonu) districts within the
Western Pontides of northwestern Anatolia. Six
stratigraphic sections of the Cakrazboz Formation
were measured bed-by-bed: Cakraz, Bozkdy,
Incigez, and Baskdy-1, Baskdy -2, and Baskdy-3.
A total of 342 rock samples were systematically
collected along the measured sections (Table 1).

Table 1. Geographic coordinates, total number of
samples, and stratigraphic thickness of the measured
sections of the Cakrazboz Formation.

Cizelge 1. Cakrazboz Formasyonu'nun 6l¢iilii
stratigrafik kesitlerinin kalinligi, cografik koordinatlar
ve toplam numune sayilari

Section Total Section
Sampling Sites  Coordinates Thickness
No Sample

(m)
. 41°45°45.3"N

1 Cakraz village 32027°52 17 56 37
L 41°46°00.7"N

2 Bozkdy village 3292736 .2”E 52 66
- . 41°42°40.8"N

3 Incigez village 3299853 4”F 112 60
. 41°46°15.6”"N

4 Baskoy village-1 32°42°13.0°E 48 33
. 41°45°49.5”N

5 Baskdy village-2 32°42°21 17E 35 59
. 41°45°49.5”N

6 Baskoy village-3 32°42°21 17E 36 20

At each section, sedimentological attributes

such as lithology, grain size, sedimentary
structures, bed thickness (£1 cm), and contact
relationships were recorded in detail. Lithological
colors were determined using the GSA Rock-Color
Chart (2009), and all field sketches were digitized
using CoreIDRAW to produce

stratigraphic sections.

standardized



Chemical Analysis

Chemical fractionation was performed on rock
samples to classify the studied sedimentary rocks
according to their relative silica, carbonate, and
organic matter contents. This approach allowed
the determination of detrital, carbonate, and
organic components forming the rocks. Elemental
geochemical analyses were carried out to quantify
organic carbon, inorganic carbon, and silica
contents of the Cakrazboz Formation, following
the procedures of Verardo etal. (1990), Hedges and
Stern (1984), and Wang et al. (2012). Acidification
was used to remove inorganic carbon and isolate
organic fractions.

A total of 137 samples were analyzed
(Cakraz: 28; Bozkdy: 20; Incigez: 39; Baskdy-1:
21; Baskdy-2: 10; Baskoy-3: 19). Approximately
10 g of each sample was crushed to <0.25 mm
and oven-dried at 100 °C to remove moisture. The
samples were then treated with 10% dilute HCl to
dissolve carbonate minerals (CaCO,) and rinsed
three times with deionized water. After drying,
residues were exposed to 50% diluted H,O, to
oxidize organic matter until the solution became
clear, following Wang et al. (2012).

The weight loss recorded after each treatment
step was used to calculate carbonate and organic
matter contents, while the insoluble residue was
interpreted as primarily composed of clay and
quartz. The resulting compositional data enabled
differentiation of carbonate-rich, siliciclastic-rich,
and organic-bearing sedimentary rocks and were
further integrated with petrographic and facies
observations to evaluate compositional variations
across the formation.

Sedimentary Texture Analysis

Sedimentary texture and provenance analyses were
performed to infer depositional processes, transport
mechanisms, and source characteristics, following
the procedures of Pettijohn et al. (1973), Reineck

128

Giil SEN, Ismail Omer YILMAZ

and Singh (1980), Boggs (2014), and Dickinson
(1985). Sandstone texture was evaluated in terms
of grain morphology, roundness, surface features,
particle size, and overall detrital fabric. These
parameters were used to interpret hydrodynamic
conditions and depositional environments (Sen,
2021).

Grain morphology was quantified through
projection measurements of sphericity and
roundness. Sphericity was calculated as the
ratio between the diameters of the inscribed and
circumscribed circles of each grain (Sneed and
Folk, 1958), whereas roundness was determined
as the ratio between the curvature diameter of the
sharpest corner and the inscribed circle diameter
(Dobkins and Folk, 1970).

Grain-size parameters, including mean,
sorting, skewness, and kurtosis, were computed
using the graphical methods of Folk and Ward
(1957). A total of 219 quartz grains from 11
sandstone samples (Baskdy-2 and Baskody-3) were
analyzed. Microscopic thin-section images were
printed, and individual grains were outlined to
measure diameters using a circle template and ruler.
All measurements were statistically processed to
obtain mean, median, mode, and sorting indices.
Sphericity and roundness were also evaluated
using visual comparison charts (Powers, 1953;
Pettijohn et al., 1987, 2012). This combination
of graphical and microscopic methods provided
interpretations of hydraulic energy
fluctuations and depositional settings within the
Triassic fluvio-lacustrine system.

reliable

For provenance analysis, point-counting was
performed on the same thin sections following the
Gazzi—Dickinson method (Dickinson, 1985) to
determine the relative proportions of quartz (Q),
feldspar (F), and lithic fragments (L). A total of
111 to 379 framework grains were counted per
sample, depending on grain abundance and thin-
section quality, to minimize statistical uncertainty.
The obtained QFL percentages were plotted on the
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ternary diagram of Dickinson (1985) to classify
sandstone provenance.

Sedimentary Petrographic Analysis

Petrographic analyses were conducted to define
and classify the studied rocks according to their
mineralogical composition, cement type, textural
features, and porosity characteristics.

This classification aimed to distinguish
between compositional and textural variations
among lacustrine, palustrine, and fluvial facies.

A total of 130 thin sections were examined
under a Leica DM2700 polarizing microscope at
x4—x10 PPL magnification to characterize texture,
mineral composition, fossil content (ostracods,
charophytes), and diagenetic modifications,
including sparry calcite cement, fenestral fabrics,
root traces, and calcrete formation.

Facies classification followed the schemes
of Folk (1959) and Dunham (1962) for carbonate
textures; Miall (1996) and Boggs (2006) for
siliciclastic facies; and Platt and Wright (1992),
Stow (2005), Alonso-Zarza and Tanner (2009),
and Fligel (2010) for microfacies analysis and
diagenetic interpretation. Broader depositional
models and facies transitions were assessed
following Reading and Levell (1996), and Tucker
and Wright (1990), emphasizing the genetic
relationship between depositional processes and
sedimentary architecture.

This This integrated petrographic approach
enabled recognition of gradual transitions among
fluvial, palustrine,andlacustrine faciesassociations,
as well as the identification of shallowing-
upward cycles characteristic of hydrologically
balanced lacustrine systems. The methodology
closely follows Sen (2021) for Triassic lacustrine
successions of the Western Pontides, ensuring
consistency between petrographic observations
and facies interpretation.
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RESULTS
Lithostratigraphy

The Cakrazboz Formation exhibits pronounced
lateral and vertical facies variability across the
Western Pontides, reflecting an environmental
transition deep-lacustrine
deposition in the northwest (Cakrazboz—Incigez)
to marginal lacustrine and fluvial
towards the southeast (BaskoOy area). The overall
stratigraphic architecture is characterized by
repetitive shallowing-upward
recording alternating hydrological and climatic
conditions during the Late Triassic.

from carbonate

systems

successions,

Cakrazboz section

The Cakrazboz stratigraphic section represents a
well-preserved lacustrine succession dominated
by thick-bedded and dark-grey limestones
(0.3—4.5 m thick), underlain by basal carbonate
mudstones ranging in color from light greenish-
grey to whitish (Figure 4). Light olive-grey and
yellowish-grey mudstones exhibit well-developed
lamination, whereas very light grey to white
carbonate mudstones are massive. Laminated
carbonate mudstones indicate deposition under
low-energy and deeper lacustrine conditions,
while massive varieties reflect suspension settling
during quiescent phases. Dark grey limestones in
the upper part mark shallower lacustrine intervals
with intermittent oxygenation, and the repetitive
shallowing-upward pattern records climatically
induced lake-level fluctuations controlling
carbonate productivity (Gierlowski-Kordesch,
2010) (Figure 5).
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Figure 4. Measured stratigraphic sections of the Cakrazboz Formation.
Sekil 4. Cakrazboz Formasyonuna ait 6l¢iilii stratigrafik kesitler.
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C: Sections’ top

Cakrézb,oz Section. 5

¥

Lacustrine deposits

Marl-mudstone

A: Sections” bottom

Limestone

Figure 5. Field photograph of the Cakrazboz section showing lacustrine deposits characterized by limestone and

mudstone alternations.

Sekil 5. Kiregtasi ve ¢amurtasi ardalanmalar ile karakterize golsel (lacustrine) ¢okelleri gésteren Cakrazboz

kesitinin arazi fotografi.

The geochemical data are consistent with
these sedimentological patterns. A clear inverse
relationship between CaCO, and SiO, contents
reflects alternating phases of chemical carbonate
precipitation and siliciclastic Based
on these results, the rocks were classified as
mudstone and marlstone with regard to Stow
(2005) mudstone classification (Figure 6a), and
as siliceous mudstone and carbonated mudstone
following Gamero-Diaz et al. (2012) (Figure 6b).
Mudstones contain 3-9 % organic matter (OM),
and limestones 1-2 %. Elevated OM in fine-
grained mudstones indicates deposition under
dysoxic lacustrine conditions, whereas carbonate
enrichment corresponds to drier intervals with
enhanced evaporation and supersaturation. These
lithological and geochemical features together
represent a hydrologically balanced lacustrine
system oscillating between humid and arid
climatic phases.

influx.
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Bozkdoy section

The Bozkdy stratigraphic section displays a well-
developed fluvio-palustrine succession composed
of interbedded mudstone, marlstone, siltstone, and
calcrete-like lithofacies (Figure 4). The basal part
consists of grey laminated mudstones, overlain
by alternating reddish-brown and greenish-grey
marlstones that culminate in reddish-brown marl
beds (Figure 7a and b). These marl-mudstone
alternations dominate the section. The upper
part includes more frequent siltstone/mudstone
intervals (Figure 7¢), representing fluvial siltstone
facies, including a distinctive pale yellowish-
orange laminated siltstone bed used for correlation
with the Baskdy-1 and Incigez sections (Figure 7d),
along with carbonate mudstone/marl alternations.
Lamination varies from parallel in grey mudstones
to wavy in yellowish siltstones, whereas the
marlstones exhibit desiccation cracks and root
molds. These features indicate periodic subaerial
exposure, pedogenic alteration, and shallow-
water deposition under fluctuating groundwater



conditions. The alternation of reddish-brown
and greenish-grey marl layers clearly reflects

Giil SEN, Ismail Omer YILMAZ

oxidation—reduction variations and short-term
hydrological shifts along the lake margin.

a ® Cakrazboz
@ Bozksy
® incigez

Bagkoy-1
@® Baskoy-2
® Baskoy-3
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Carbonate
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Figure 6. a) Stow (2005) compositional mudstone classification ternary diagram, based on biogenic carbonate and
silica, and mud/clay components, showing the studied rocks classified as mudstone and marlstone; the representative
symbols of the Cakrazboz Formation sections are shown, (b) Gamero-Diaz et al. (2012) ternary diagram illustrating
the classification of the samples as siliceous mudstone and carbonated mudstone.

Sekil 6. a) Biyojenik karbonat ve silis ile camur/kil bilesenlerine dayalr Stow un (2005) kompozisyonel ¢camurtagi
simiflamasini gosteren iiggen diyagram, ¢alisilan kayaglarin camurtagi ve marn olarak siniflandirilmasi ve Cakrazboz
Formasyonu kesitlerine ait temsili sembollerin gosterimi, (b) Gamero-Diaz vd. (2012) tiggen diyagraminda drneklerin
silisli gamurtast ve karbonatli ¢camurtagsi olarak siniflandiriimasi gosterilmektedir.
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Borkoy Séction

Bagkby-1 Section

Pale yellowish.orange §iltstone

incigez Section

Pale yellowish orange siltstone

Figure 7. Field photographs of the Bozkdy section, showing (a) the basal level consisting of grey laminated mudstone,
(b) overlying alternating reddish-brown and greenish-grey marlstones that culminate in reddish-brown marl beds, (c)
upper parts of the section characterized by more frequent siltstone/mudstone and carbonate mudstone—marl
alternations, and (d) a fluvial pale yellowish-orange laminated siltstone bed used as a marker horizon for correlation

with the Baskoy-1 and Incigez sections.

Sekil 7. Bozkéy istifine ait arazi fotograflarinda; (a) taban kesiminde gri renkli laminali ¢camurtast diizeyi, (b) bu
diizeyin iistiinde, ardalanan kirmizimsi-kahverengi ve yesilimsi-gri marnlar ve bunlarin kirmizimsi-kahverengi marn
seviyeleriyle sonlanmasi, (c) kesitin iist kesimlerinde daha sik goriilen silttasi/camurtasi ile karbonatli camurtagi—
marn ardalanmalart, ve (d) Baskoy-1 ve Incigez kesitleriyle korelasyon icin kilavuz diizey olarak kullanilan fliivyal
kékenli soluk sarimsi-turuncu renkli laminali silttasi seviyesi gosterilmistir.

Based on their chemical composition,
the rocks were classified using the mudstone
scheme of Stow (2005) (Figure 6a) and the
mudstone classification of Gamero-Diaz et al.
(2012) (Figure 6b). Accordingly, the rocks were
defined as mudstone and marlstone following
Stow (2005), and as siliceous mudstone and
carbonated mudstone following Gamero-Diaz et
al. (2012). Mudstones contained 1-3 % organic

matter (OM) and marlstones 1-4 %, showing
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moderate preservation of organic matter under
variable redox conditions. Carbonate enrichment
in the upper layers corresponds to pedogenic
modification, and  alternating  carbonate—
siliciclastic inputs reflect lake-margin variability
controlled by climatic oscillations. Collectively,
the sedimentological and geochemical data reveal
periodic wet—dry alternations in a palustrine
environment progressively transitioning toward
marginal lacustrine conditions.



Incigez section

The incigez stratigraphic section (Figure 4)
exhibits a vertically organized succession of
lacustrine, palustrine, deposits
(Figure 8a). The lower part consists of carbonate
mudstones and limestones, representing shallow
lacustrine environments (Figure 8b). The middle
intervals are dominated by palustrine facies such
as laminar calcretes, green—brown marlstones,
and paleosols containing root traces — typical of
fluctuating water tables. The upper part comprises
siltstone, mudstone, and silcrete-like beds that
display cross- and parallel laminations as well as
desiccation cracks, indicating episodic subaerial
exposure and intermittent fluvial influx. (Figure
8c). This vertical pattern records a progressive
infilling of a lacustrine basin evolving into marshy
and fluvial environments under climate-driven
hydrological fluctuations.

and fluvial

The rocks were classified as mudstone and
marlstone according to Stow (2005) mudstone
classification (Figure 6a), and as siliceous mudstone
and carbonated mudstone based on Gamero-Diaz
et al. (2012) (Figure 6b). Mudstones contain 1-2
% organic matter (OM) and sandstones/siltstones
1-3 %, with an upward increase in detrital input
and decreasing carbonate content, marking a
transition from lacustrine to palustrine—fluvial
conditions. These relationships confirm that the
Incigez succession records alternating humid and
arid phases linked to orbitally modulated climatic
forcing.

Baskoy-1 section

The Baskdy-1 stratigraphic section (Figure 4)
represents a marginal lacustrine
characterized by paleosol-bearing limestones
and calcretes at the base, overlain by thin-bedded
marlstones, mudstones, and siltstones (Figures
9a). The basal interval includes limestone and
mudstones indicative of lacustrine conditions.
The middle part comprises palustrine marlstones

succession
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interbedded with laminated and massive
siltstones, whereas the uppermost part transitions
into fluvial siltstone facies, including a distinctive
pale yellowish-orange laminated siltstone beds —
used for correlation with the Incigez and Bozkdy
sections (Figure 7d). Desiccation cracks are
common in greenish-grey and reddish-brown
marl—paleosol beds (Figure 9b), while the diverse
coloration results from Fe-Mn oxidation under
fluctuating vadose—phreatic conditions.

The rocks were classified as mudstone and
marlstone according to Stow (2005) mudstone
classification (Figure 6a), and as siliceous
mudstone and carbonated mudstone based on
Gamero-Diaz et al. (2012) (Figure 6b). Organic
matter ranges from 1-3 %, being higher in
marlstones than in mudstones. Carbonate-rich
layers coincide with reduced detrital influx and
correspond to shallowing-upward cycles. The
integration of lithological and geochemical
patterns indicates alternating wet—dry climatic
cycles that governed carbonate precipitation and
pedogenesis at the lake margin during progressive
basin infilling.

Baskoy-2 section

The Bagkoy-2 stratigraphic section is dominated
by fluvial sandstone—mudstone alternations
(Figures 4). Sandstone beds are medium to thick,
cross-bedded, and normal graded, passing upward
into pedogenically altered mudstones. These
successions exhibit clear fining- and thinning-
upward trends, recording channel abandonment,
lateral accretion, and overbank deposition during
waning-energy stages (Figure 10). Sandstones
occur as tabular cross-bedded sets with planar
lamination and erosional bases, characteristic
of point-bar architectures developed through
lateral channel migration. Alternating sandstone—
mudstone couplets record episodic flooding and
overbank sedimentation under variable discharge
regimes.
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Palustrine deposits Fluvial deposit:
Sl.acustrine deposits

Palustrine Deposits

'Réddish brown
marl fagies

Brown'marl facies

ate brown marl facies

Marl facies:

Ineigez Section

Figure 8. Field photographs of the Incigez section, showing (a) a succession of lacustrine, palustrine, and fluvial
deposits, (b) the lower part composed of carbonate mudstones and limestones representing shallow lacustrine
environments, and (c) the upper part characterized by siltstone, mudstone beds belonging to palustrine and fluvial
environments.

Sekil 8. Incigez stratigrafik kesitine ait arazi fotograflary; (a) lakustrin, palustrin ve fliviyal ¢okel istifi, (b) sig
gélsel ortamlart temsil eden karbonatli ¢amurtast ve kiregtaslarindan olusan alt kesim, ve (¢) palustrin ve fliiviyal
ortamlara ait silttasi, camurtasi tabakalarinin yer aldigt iist kesim gosterilmistir.
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Baskoy-1 sectiont

Desiccation crack structure’

Palustring :depoSitS
Marlstoneifacies

Figure 9. Field photographs from the Bagkdy-1 section showing (a) basal paleosol-bearing limestones and calcretes
overlain by marlstone and mudstone units, and (b) close-up of desiccation cracks developed in greenish-grey

marlstone layer in a palustrine setting.

Sekil 9. Baskoy-1 kesitinden arazi fotograflarinda; (a) taban kesimde yer alan paleosol iceren kiregtaslari ve
kalkerlerin tizerinde gelisen yesilimsi gri ve kirmizimsi kahverengi marn ardalanmasi, (b) paliistrin ortamda yesilimsi
gri marn tabakasinda gelismis kuruma c¢atlaklarinin yakin plan goriintimiinii gostermektedir.

The mudstone lithofacies were determined as
clay based on Stow (2005) classification (Figure
6a) and as argillaceous/siliceous mudstone
according to Gamero-Diaz et al. (2012) (Figure
6b). Geochemically, quartz arenites contain 1-3 %
organic matter (OM) and mudstones 1-4 %, with
carbonate precipitation restricted to pedogenic
calcretes formed during subaerial exposure.
The inverse CaCO,-SiO, relationship reflects
alternating siliciclastic influx and carbonate
stability during dry intervals. Such rhythmic
alternations indicate climate-controlled discharge
variations in a meandering fluvial network
influenced by seasonal aridity.
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Grain-texture analyses from eight thin-
section samples (Figure 11) reveal subangular to
subrounded grains with low to moderate sphericity
(0.25-0.70) and generally poor sorting (Table 2).
Most samples are immature to submature, though
a few exhibit moderately well-sorted textures.
Sample GBK2-2 contains the most rounded grains
(0.60—-1.00), whereas GBK2-28 shows the lowest
sphericity (<0.30). Statistical parameters indicate
coarse-skewed and leptokurtic to platykurtic
distributions, suggesting variable hydraulic
sorting and fluctuating flow energy.
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overbank deposition:
pedogenicallyaltered
mudstones. facies

fining- and thinning-
upward trends

Thick,
) 2 ? % b cross-bedded,
c‘halmelabandm_: cnt; lateral ac T £ o Normal graded
: sandstones facies

Baskoy-2 Section

Figure 10. Field photograph from the Baskdy-2 section showing fluvial sandstone—mudstone alternations. Medium-
to thick-bedded, cross-bedded, normally graded sandstones pass upward into pedogenically modified mudstones,
forming fining- and thinning-upward successions indicative of channel abandonment, lateral accretion, and overbank
deposition.

Sekil 10. Baskoy-2 kesitinden fliivyal kumtasi—¢amurtasi ardalanmasini gosteren arazi fotografi. Orta—kalin tabakali,
capraz katmanli ve normal derecelenmis kumtaglar: yukari dogru pedojeneze ugramis camurtaslarina gegerek kanal
terkini, yanal birikimi ve taskin diizliigii ¢okellerini yansitan, incelen tane boyu ve kisalan tabaka kalinligiyla, yukar
dogru siglasan bir istifi isaret etmektedir.

Figure 11. The illustration shows drawings related to the grain-texture analysis performed on thin-section
microphotographs.

Sekil 11. Sekil, ince kesit mikrofotograflart iizerinde yapilan tane-doku analizine iliskin ¢izimleri gostermektedir.
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These textural features are consistent with
quartz arenite—quartz wacke alternations and
indicate short-distance transport within a low-
gradient fluvial system. According to Pettijohn’s
(1987) classification, these sandstones correspond
to quartz arenite and quartz wacke types, reflecting
variable textural maturity and compositional
purity (Figure 12).

Baskoy-3 section

The Bagkoy-3 stratigraphic section consists
of fluvial siliciclastic deposits composed of
sandstone, sandy mudstone, and reddish to
blackish-red mudstone lithofacies (Figures 4).
These facies occur cyclically and display distinct
coloration — pinkish-grey, yellowish-grey, dark
yellowish-orange, and blackish-red — caused by
oxidation—reduction variations during deposition.
Hematite and limonite impart reddish—orange
hues, indicating oxidizing floodplain conditions
with local Eh—pH fluctuations (Franke and Paul,
1980; Rech-Frollo, 1971). Sandstone layers are
medium- to thick-bedded, while sandy mudstone
and mudstone layers are thinner and often display
root traces, pedogenic mottling, and desiccation
structures (Figure 13a). Cross-lamination, wavy
lamination, and asymmetrical ripple marks are
common in sandstone facies, suggesting dynamic
but periodically emergent floodplain environments
(Figure 13D).

Sedimentary-rock classification for the
Basgkoy-3 section was conducted using the
compositional mudstone scheme of Stow (2005)
(Figure 6a), the mudstone classification of Gamero-
Diaz et al. (2012) (Figure 6b), and the sandstone
ternary classification diagram of Pettijohn et al.
(1987) (Figure 12). According to these schemes,
the mudstone lithofacies were classified as clay-
rich mudstones in the sense of Stow (2005) and
as argillaceous to siliceous mudstones following
Gamero-Diaz et al. (2012), whereas the sandstone
lithofacies were identified as quartz arenites and
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wackes based on the classification of Pettijohn et
al. (1987).

Quartz arenites contain 1-10 % organic
matter (OM), wackes 2-9 %, and mudstones 1-6
%. Carbonate is minimal in sandstones but occurs
in fine-grained beds as pedogenic or diagenetic
calcite. The alternation of red and green oxidation
layers and pedogenic calcrete beds reflects periodic
water-table fluctuations under semi-arid climatic
conditions. Combined lithological, textural, and
geochemical evidence demonstrates that Bagkdy-3
records repetitive floodplain deposition and
subaerial exposure events governed by climate-
controlled hydrological oscillations in a semi-arid
continental basin.

Table 2. Sedimentary texture parameters of sandstones
in the Baskoy-2 and Bagkoy-3 sections.

Cizelge 2. Baskoy-2 ve Bagskéy-3 istiflerindeki
kumtasilarinin sedimanter doku parametreleri.

Grain Size Parameters

Sample No Si Ski K, Mz Md C
GBK2-1 0.56 -0.26 0.93 1.17 1.26 0.86
GBK2-2 088 -0.19 1.13 1.31 1.48 1.75
GBK2-5 0.79  -022  0.65 1.02 1.22 1.53
GBK2-11 058 0.12 077 086 0.82 0.80
GBK2-23 0.61 -022 131 1.37 1.42 1.25
GBK2-24 050 -033 1.42 1.35 1.40 1.51
GBK2-28 0.70  -0.06 1.12 1.41 1.44 0.63
GBK2-31 049 023 094 0.68 0.62 0.73
GBK3-9 0.58 0.03 074 094 0.93 0.78
GBK3-11 0.55 -0.24 1.00 1.26 1.34 0.70
GBK3-20 0.27  0.00 0.84 1.50 1.50 0.46

Si: Sorting, Ski: Skewness, K : Kurtosis, Mz:
Mean grain size, Md: Median grain size, C:
Coefficient of gradation

Grain-texture analyses of three thin sections
(Figure 14) reveal subrounded to rounded grains
with low to moderate sphericity (0.25-0.70).
GBK3-9 is poorly sorted and texturally submature,
GBK3-11 is moderately sorted with slightly
higher grain sphericity, and GBK3-20 is very well
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sorted, exhibiting nearly symmetric grain-size
distributions. Statistical data show coarse-skewed
to symmetric, leptokurtic to platykurtic curves,
reflecting reworking under fluctuating flow energy.

To interpret the depositional setting, sediment
transport dynamics, and source characteristics of
the Baskdy-2 and BaskoOy-3 sections, grain-size
and petrographic data were jointly evaluated.
Grain-size parameters obtained from sedimentary
texture analyses were plotted on the classification
diagrams of Folk and Ward (1957) (Figure 15a),
Stewart (1958) (Figure 15b), and Passega (1964)
(Figure 15c). The results consistently indicate

Arenites

® Bagkoy-2
© Bagkoy-3

Quartz-arenite

Subfeldspathic-arenite

Feldspathic-arenite

Feldspathic- l

wacke

Feldspar

Lithic-arenite

Rock Fragments

Wackes

that the sandstones were deposited under fluvial
conditions. According to the Folk and Ward (1957),
and Stewart (1958) diagrams, the sandstones were
formed through fluvial processes, whereas the
Passega (1964) diagram reveals transportation
as both bedload and suspension load. These
interpretations, supported by poor to moderate
sorting, subangular to subrounded grain shapes,
and variable sphericity values (0.25-0.70), point
to short-distance sediment transport within a low-
gradient, meandering fluvial system influenced by
fluctuating hydraulic energy and seasonal climatic
oscillations.

Mudstones

Figure 12. Pettijohn’s (1987) ternary sandstone classification diagram, constructed using the relative proportions of
grain size, composition, and matrix content. The representative symbols of the Bagkdy-2 and Baskdy-3 samples are

indicated.

Sekil 12. Pettijohn’un (1987) iiggen kumtasi siniflama diyagrami, tane boyu, bilesim ve matriks iceriginin géreceli
oranlarina gore olusturulmustur. Baskéy-2 ve Baskoy-3 orneklerine ait semboller diyagram iizerinde gésterilmistir.
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Bagkoy-3isection

Figure 13. Field photographs from the Baskdy-3 section showing fluvial sandstone—mudstone alternations: a)
sandstone beds are medium- to thick-bedded, whereas sandy mudstone and mudstone layers are thinner, (b)
asymmetrical ripple marks, bioturbation traces, wavy lamination, cross-lamination, root traces, and desiccation
structures are observed, indicating dynamic but periodically emergent floodplain environments.

Sekil 13. Baskoy-3 kesitinden fliivyal kumtasi—camurtasi ardalanmasint gosteren arazi fotograflari: a) kumtasi
tabakalar: orta—kalin tabakali olup, kumlu ¢camurtasi ve camurtasi seviyeleri daha incedir, (b) asimetrik ripple izleri,
biyotiirbasyon izleri, dalgali laminasyon, ¢capraz laminasyon, kok izleri ve kuruma ¢atlaklar: gézlenmekte olup, bu
ozellikler dinamik fakat periyodik olarak yiizeylenen taskin diizliigii ortamlarini isaret etmektedir.
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Figure 14. The illustration shows drawings related to
the grain-texture analysis performed on thin-section
microphotographs.

Sekil 14. Sekil, ince kesit mikrofotograflar: iizerinde

yapilan  tane-doku  analizine iliskin  ¢izimleri

gostermektedir.
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Complementarily, point-counting analyses
performed to determine sandstone
provenance using Dickinson’s (1985) QFL ternary
classification (Table 3). The proportions of quartz,
feldspar, and lithic fragments plotted on the
QFL diagram show that the sandstones from the
Bagkdy-2 and Baskdy-3 sections fall within the
“craton-interior” field, suggesting derivation from
a stable continental source area consistent with the
overall fluvial depositional system (Figure 15d).

WEre

Sedimentary Petrography

Petrographic analysis of the Cakrazboz Formation
was conducted to characterize the mineral
composition, microfacies types, and diagenetic
features across its lacustrine—fluvial succession.
The petrographic observations reveal a progressive
transition from carbonate-dominated lacustrine
facies in the Cakrazboz and Incigez sections
to siliciclastic-rich fluvial facies in the Baskoy
sections, reflecting basinward evolution from deep
to marginal depositional environments.

Cakrazboz section

The Cakrazboz stratigraphic section exhibits a
well-preserved lacustrine carbonate succession
composed mainly of micrite (carbonate mudstone),
wackestone (biomicrite), and packstone (sparse
biomicrite) microfacies.

Carbonate mudstone facies consist of a
micritic matrix with less than 10% bioclastic
components, including rare ostracod shells
and fine-grained quartz (Figure 16a). These
facies indicate deposition in a low-energy and
relatively deep lacustrine environment, where
stratified water columns and potential anoxia
contributed to the preservation of primary
lamination.



Wackestone facies contain more than 10%
allochems — primarily ostracods, charophytes,
intraclasts, and pellets — embedded in a
micritic matrix (Figure 16b). The presence
of these biogenic components suggests
moderate-energy sublittoral conditions within
a shallow freshwater lake.

Packstone facies are rich in ostracods,
charophytes, and pellets, with allochem
contents exceeding 50%, indicating enhanced
biogenic productivity and intermittent
reworking in a shallower and well-oxygenated
lacustrine setting (Figure 16c).

Giil SEN, Ismail Omer YILMAZ

The micritic-to-sparitic transitions reflect
subtle fluctuations in energy and water depth.
Vertically, the succession displays a systematic
shallowing-upward trend, from deep-water
carbonate mudstones at the base to bioclastic
packstones at the top. This stacking pattern
throughout the Cakrazboz section,
implying repetitive depositional cycles driven by
hydrological and climatic variability in a balanced-
fill lacustrine system.
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Figure 15. a—d) Grain-size and compositional diagrams showing the distribution of the studied samples on standard
models; (a) mean—skewness, (b) sorting—median, (¢) CM diagram, and (d) QFL ternary plot (references as cited).

Sekil 15. a—d) Incelenen érneklerin standart modellere gore dagilimini gosteren tane boyu ve bilesimi diyagramlari;
(a) ortalama—¢arpiklik, (b) boylanma—medyan, (c) CM diyagrami, ve (d) QFL ii¢gen diyagram (ilgili atif yapilan

kaynaklara gére).
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Table 3. Results of point counting analysis of the sandstones in the Bagkdy-2 and Bagkdy-3 sections.
Cizelge 3. Baskoy-2 ve Baskdy-3 istiflerindeki kumtaglarinin nokta sayim analiz Sonuglari.

Sample No Quartz Feldspar  Lithic Fragment vQ MQ DQ CH Total Q% F% LF%

GBK2-1 348 2 5 330 - 13 5 355 98.03 0.56 1.41
GBK2-2 289 2 10 259 14 6 10 301 96.01 0.66 332
GBK2-5 339 6 8 332 - 7 - 353 96.03 1.70 2.27
GBK2-11 364 3 4 364 - - - 371 98.11 0.81 1.08
GBK2-23 108 1 2 108 - - - 111 97.30 0.90 1.80
GBK2-24 268 5 6 268 - - - 279 96.96 1.79 2.15
GBK2-28 169 2 1 169 - - - 172 98.26 1.16 0.58
GBK2-31 265 4 7 228 37 - - 276 96.01 1.45 2.54
GBK3-9 348 1 10 314 34 - - 359 96.94 0.28 2.79
GBK3-11 321 1 3 305 13 - 3 325 98.77 0.31 0.92
GBK3-20 376 1 2 376 - - - 379 99.21 0.26 0.53

VQ: Volcanic quartz, MQ:Metamorphic quartz, PQ: Detrital polycrystalline quartz, CH: Chert, Q: Quartz, F: Feldspar, LF: Lithic

fragment

Figure 16. Photomicrographs of thin sections; a) carbonated mudstone (micrite) lithofacies (GC-16, PPl x4), (b)
wackestone microfacies (GC-40, PP1 x4), (¢) packstone microfacies (GC-28, PP1 x10), and (d) packstone microfacies
(GC-55, PPl x4). Abbreviations: ostracods (Ost), charophytes (Ch), pellets (Pel), quartz (Q), sparite (Sp), matrix
(Mc).

Sekil 16. Ince kesitlere ait mikrofotograflar; a) karbonatli camurtasi (mikrit) litofasiyesi (GC-16, PPl x4), (b)
vaketast mikrofasiyesi (GC-40, PPl x4), (c) tanetasi mikrofasiyesi (GC-28, PPl x10), ve (d) tanetasi mikrofasiyesi
(GC-55, PPl x4). Kisaltmalar: ostrakodlar (Ost), karofitler (Ch), pelletler (Pel), kuvars (Q), sparit (Sp), matriks
(Mc).
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Incigez section

The Incigez stratigraphic section displays a vertical
transition from carbonate-rich lacustrine facies
at the base to palustrine and fluvial siliciclastic
deposits  upward, reflecting  progressive
basin infilling under fluctuating climatic and
hydrological conditions.

Mottled limestone exhibits desiccation cracks
and Fe-mottling, reflecting intermittent
subaerial exposure and pedogenic alteration
(Freytet, 1973) (Figure 17a).

Limestone with vertical root cavities and root
molds records colonization by vegetation
during emergent phases (Figure 17b).

Laminar calcrete developed under prolonged
exposure and vadose conditions, signifying
pedogenic carbonate accumulation (Figure
17¢).

Green to brown marlstone represents
alternating oxidation-reduction states along
fluctuating water tables (Figure 17d).

Nodular and brecciated limestone indicates
repeated wetting—drying cycles and early
diagenetic fragmentation in a palustrine
setting.

Micrite facies consist of microcrystalline
with bioclasts,
indicating quiet-water deposition in a low-
energy lacustrine environment.

carbonate cement rare

Wackestone microfacies contain ostracods,
charophytes, peloids, and intraclasts,
representing deposition in a shallow and well-
stratified lake (Figure 17¢).

Mudstone with Fe-staining and polygonal
desiccation cracks records subaerial exposure
on floodplains during dry phases.

Silcrete-like beds display mud illuviations
and pedogenic silicification, formed under
alternating wet—dry regimes (Figure 17f).
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exhibit
lamination, indicating low-energy fluvial

Laminated  siltstones parallel
sedimentation (Figure 17g). Localized cross-
lamination within the siltstones suggests
short-lived increases in current velocity

during fluvial deposition (Figure 17h).

The vertical facies succession defines a systematic
upward transition:

Lacustrine facies dominate the lower part,

Palustrine facies are intercalated in the

middle,
and fluvial facies prevail in the upper part.

This organization reflects the progressive
infilling and terrestrialization of a shallow
lacustrine basin, marking the environmental shift
from subaqueous to subaerial conditions under
seasonally variable climates.

Baskoy-1 section

The Basgkoy-1 stratigraphic section displays a
transition from carbonate-rich paleosols and
calcretes at the base, through palustrine carbonates,
to overlying fluvial siliciclastic facies. The basal
interval begins with limestone containing vertical
root cavities, followed by alternating mottled
limestone, brecciated limestone, and mudstone
beds,
periodically influenced by subaerial exposure
(Freytet and Verrecchia, 2002). The middle part
of the succession comprises palustrine marlstones
interbedded ~ with
siltstones, while the uppermost part grades into

indicative of palustrine environments

laminated and massive
fluvial siltstone facies, including a distinctive
pale yellowish-orange laminated siltstone marker
horizon that provides stratigraphic correlation
with the Incigez and Bozkdy sections. Desiccation
cracks occur in greenish-grey marlstones and
reddish-brown paleosol horizons, whereas parallel
laminations are common in the siltstones.
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Figure 17. Photomicrographs of thin sections from various lithofacies. Palustrine limestone lithofacies include (a)
mottled limestone with desiccation cracks and Fe mottling (GI-79, PP1 x4), (b) limestone with root cavities (GI-72,
PPI x4), (¢) laminar calcrete (stromatolite) (GI-66, PP1 x4), and (d) green to brown marlstone (GI-26, PPl x4). The
lacustrine limestone microfacies consist of (e) ostracod- and charophyte-bearing vaketasi/biomicrite (GI-1, PP1 x4).
Fluvial lithofacies include (f) silcrete (GI-32, PP1 x4), (g) laminated siltstone (GI-92, PP1 x4), and (h) cross-laminated
siltstone (GI-106, PP1 x4). Abbreviations: sparry calcite (Sp), mud illuviations (MI), quartz (Q), Fe mottling (Fe mt.),
cylindirical root tubes (Crt), stromatolite (Str), wavy lamina (WL), fenestral fabric (FF), root traces (Rt) and, breccias
(Br), ostracods (Ost), charophyts (Ch), pellet/peloid (Pel), micrite matrix (Mc).

Sekil 17. Farkli litofasiyeslere ait ince kesit mikrofotograflar:. Paliistrin kiregtasi litofasiyesi sunlart icermektedir;
(a) kuruma ¢atlaklar: ve Fe beneklenmesi gsteren benekli kiregtast (GI-79, PPl x4), (b) kok bosluklu kiregtast (GI-
72, PPl x4), (¢) laminali kalker (stromatolit) (GI-66, PPl x4), (d) yesilden kahverengiye marn ¢amurtast (GI-26,
PPl x4). Lakiistrin kirectasi mikrofasiyesi; (e) ostrakod ve karofit iceren vaketasi/biyomikrit (GI-1, PPl x4). Fliivyal
litofasiyesi; (f) silkrit (GI-32, PPl x4), (g) laminali silttasi (GI-92, PPl x4), (h) ¢capraz laminasyonlu silttasi (GI-
106, PPl x4). Kisaltmalar: sparit (Sp), ¢camur birikimi (MI), kuvars (Q), Fe boyamasi (Fe mt.), silindirik kok tiipii
(Crt), stromatolit (Str), dalgali lamina (WL), fenestral doku (FF), kok izleri (Rt) and, breslesme (Br), ostrakod (Ost),
karofit (Ch), pellet/peloid (Pel), ve mikrit matriks (Mc).
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Petrographic observations reveal:

Pedogenic and groundwater calcretes with
alveolar-septal structures, micritic matrix,
root traces, and cement-filled voids (Figure
18a).

Rooted limestones containing vertical root
tubes, intraclasts, and intense bioturbation
(Figure 18b).

Brecciated limestones showing irregular
micritic nodules, fenestral fabrics, sparry
calcite cement, and evidence of repeated

exposure-rewetting episodes (Figure 18c).

Mottled limestones with silt- to medium-
sand-sized quartz grains, intraclasts, Fe-
mottling, and sparry calcite-filled desiccation
cracks (Figure 18d).

Fluvial siliciclastic ~ facies  comprising
micaceous mudstones and siltstones with
laminated intervals, fining-upward grading,
silt lenses, and cross-laminations (Figure

18e).

The carbonate facies represent mature
pedogenic overprinting of lacustrine-margin
sediments, whereas the siliciclastic facies

record episodic fluvial influx during floodplain
aggradation. The stratigraphic succession exhibits
a clear shallowing-upward trend from low-energy
palustrine carbonates to floodplain siltstones.
Alternating mudstone—siltstone and carbonate—
paleosol couplets reflect climatically driven
wetting—drying cycles along the lake margin,
while laminated calcisiltite—-mudstone alternations
suggest periodic suspension settling and detrital
influx under episodically stratified conditions.
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Baskoy-2 section

The Baskdy-2 stratigraphic section is mainly
composed of alternating sandstone and mudstone
facies, indicating deposition under high-energy
channel and lower-energy floodplain conditions.

* Quartz arenite facies composed of >95%

polycrystalline  volcanic quartz grains,
moderately sorted and rounded, well-
cemented, and matrix-poor, representing

traction-dominated channel deposits formed
under high-velocity flows (Figure 19a).

*  Quartz wacke facies poorly sorted, angular
to subrounded, and rich in muddy matrix,
indicating rapid sedimentation during waning
flow or channel-margin deposition (Figure
19b).

* Mudstone facies dark red to brownish-
black, locally displaying desiccation cracks,
Fe-encrustations, and pedogenic textures,
reflecting exposure
formation on the floodplain during dry phases
(Figure 19¢).

subaerial and soil

The facies association records a transition
from point-bar to overbank deposits, characterized
by cyclic alternation of sandstone and mudstone
units. The basal part is dominated by thick
quartz arenite beds that grade upward into
thinner quartz wacke and overbank mudstones.
This fining- and thinning-upward succession
reflects progradational stacking produced by
lateral accretion, channel migration, and periodic
abandonment. The presence of cross-bedding,
normal grading, desiccation cracks, and Fe-
mottled horizons indicates alternating fluvial
deposition and subaerial exposure consistent
with seasonally fluctuating water tables in a low-
gradient meandering system.
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Figure 18. Photomicrographs of thin sections: (a) pedogenic and groundwater calcrete (GBK1-2, PPl x4), (b)
limestone with root cavities (GBK1-7, PPl x4), (¢) nodular and brecciated limestone (GBK1-17, PP1 x4), (d) mottled
limestone (GBK1-28, PP1 x4), and (e) laminated siltstone-mudstone (GBK1-16, PP1 x4.). Abbreviations: siltite (St.),
desiccation cracks (DC), quartz (Q), Fe-mottling (Fe-mt), noduls (Nd), fenestral fabric (FF), alveolar septal structure
(ASS), mikrit matriks (Mc).

Sekil 18. Ince kesitlere ait mikrofotograflar; (a) pedojenik ve yeraltisuyu kalkeri (GBK1-3, PP1x4), (b) kék boslukiu
kire¢tasi (GBK1-7, PP1 x4), (¢) nodiillii ve breslesmis kiregtast (GBK1-17, PP1 x4), (d) boyanmus kiregtasi (GBK1-
28, PP1 x4), ve (e) laminali silttasi-camurtast (GBK1-16, PPl x4). Kisaltmalar: siltit (St.), kuruma ¢atlaklar: (DC),
kuvars (Q), Fe boyamasi (Fe mt.), nodiiller (Nd), fenestral doku (FF), alveollii septal yapi (ASS), mikrit matriks
(Mc).
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Figure 19. Photomicrographs of thin sections: (a) quartz arenite sandstone (GBK2-11, PPl x4), (b) quartz wacke
sandstone (GBK2-24, PPl x4), and (¢) mudstone (GBK2-36, PPl x4). Abbreviations: volcanic quartz (VQ.),
polycrystalline quartz (PQ.), desiccation cracks (DC.), sparry calcite (Sp.), matrix (Mc.).

Sekil 19. Ince kesitlere ait mikrofotograflar: (a) kuvarsarenit kumtasi (GBK2-11, PPl x4); (b) kuvarsvake kumtas
(GBK2-24, PPl x4), ve (c) ¢amurtast (GBK2-36, PPl x4). Kisaltmalar: volkanik kuvars (VQ.), polikristalin kuvars
(PQ.), kuruma ¢atlaklar: (DC.), sparit (Sp.), matriks (Mc.).

Baskoy-3 section

The Baskdy-3 section consists of quartz arenite,
quartz wacke, sandy mudstone, and reddish- to
blackish-red mudstone lithofacies.

*  Quartz arenite facies composed of magmatic,
metamorphic, and sedimentary mono- and
polycrystalline quartz with minor feldspar
and lithic fragments (mica, chert): well-
sorted, matrix-poor, and texturally mature,
showing syntaxial quartz overgrowths and
intergranular porosity (Figures 20a and b).

* Quartz wacke facies moderately to poorly
sorted, containing muddy matrix with
dispersed feldspar and lithic grains, exhibiting
syntaxial quartz overgrowths and partial
quartz—calcite cementation (Figure 20c).

*  Mudstone facies displaying common root
traces, Fe-staining, and sparry calcite-filled
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desiccation cracks, recording pedogenic
overprinting under subaerial exposure (Figure

20d).

The Baskoy-3 section exhibits a repetitive
fining- and thinning-upward succession, where
coarse-grained quartz arenites at the base grade
upward into finer quartz wackes and culminate in
mudstone horizons. This stacking pattern reflects
cyclic point-bar to overbank transitions in a low-
gradient meandering system.

Diagenesis

Petrographic analyses of the lacustrine and
palustrine carbonate rocks of the Cakrazboz
Formation reveal that diagenetic processes played
acrucial role in modifying the original depositional
fabrics.
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Figure 20. Photomicrographs of thin sections: (a) quartz arenite sandstone (GBK3-1, PPI x4), (b) quartz arenite
sandstone (GBK3-11, PPl x4), (¢) quartz wacke sandstone (GBK3-10, PP1 x4), and (d) mudstone (GBK3-30, PPI
x4). Abbreviations: magmatic quartz (MAQ.), metamorphic quartz (MQ.), sedimentary quartz (SQ.), syntaxial
overgrowth fabric (SnO.), volcanic quartz (VQ.), polycrystalline quartz (PQ.), desiccation cracks (DC.), sparry

calcite (Sp.), matrix (Mc.).

Figure 20. Ince kesitlere ait mikrofotograflar; (a) kuvarsarenit kumtasi (GBK3-1, PP1x4), (b) kuvarsarenit kumtag
(GBK3-11, PP1 x4), (¢) kuvarsvake kumtasi (GBK3-10, PP1 x4), ve (d) camurtas: (GBK3-30, PPl x4). Kisaltmalar:
magmatik kuvars (MAQ.), metamorfik kuvars (MQ.), sedimenter kuvars (SQ.), sintaksiyel iistbiiyiime (SnO.),
volkanik kuvars (VQ.), polikristalin kuvars (PQ.), kuruma ¢atlaklari (DC.), sparit (Sp.), matriks (Mc.).

These the
mesogenetic, and telogenetic stages, each leaving

processes  span eogenetic,
distinct mineralogical and textural signatures
within the succession (Montafiez, and Crossey,

1998; Bustillo et al., 2017).

Eogenetic diagenesis refers to early near-
surface alteration under meteoric or lacustrine

phreatic—vadose conditions (Tucker, 1990). It
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includes micritization, early calcite cementation,
dissolution, and limited recrystallization soon
after deposition. These early fabrics develop in
shallow burial settings where pore waters are
of low salinity and subject to variable redox
conditions (Moore, 1989; Tucker and Bathurst,
1990; Fligel, 2010). Mesogenetic diagenesis takes
place during deeper burial and is characterized by
compaction, stylolitization, neomorphism, and



pervasive blocky or granular calcite cementation
under rising temperature and pressure. These
processes reduce primary porosity and produce
pressure-solution structures such as stylolites and
sutured grain contacts (Mattes and Mountjoy,
1980; Bathurst, 1987; Moore and Wade, 2013;
Immenhauser, 2022). Telogenetic diagenesis
occurs during uplift and exposure, involving
meteoric alteration, dissolution—reprecipitation,
calcretization, and karstification in near-surface
vadose zones (Tucker, 1990; Wright, 2009; Swart,
2015). Together, these three stages document
the progressive post-depositional evolution of
the Cakrazboz Formation from shallow burial
to subaerial exposure, reflecting the interplay
between hydrological changes and climate-driven
lake-level oscillations.

Inthe Cakrazboz section, lacustrine carbonates
exhibit irregular fenestral fabrics, stylolites, and
pervasive pore-filling by blocky and granular
mosaic cements. Microscopic observations show
that voids within charophyte oogonia and ostracod
shells are filled with sparry calcite, indicating
precipitation in meteoric-phreatic to shallow burial
settings. Stylolitic seams enriched in Fe-oxides
record pressure solution associated with burial
compaction (mesogenesis), leading to porosity
loss and enhanced sparry calcite cementation.

In the Incigez section, diagenetic features
include birdseye and laminoid fenestral fabrics,
granular mosaic cements, and nodular—brecciated
textures typical of supratidal to intertidal
environments periodically exposed to meteoric
waters. Calcrete facies display alveolar-septal
structures and root-related fabrics, evidencing
pedogenic overprinting under semi-arid conditions
(Wright and Tucker, 1991). These characteristics
correspond to telogenetic alteration linked to
repeated subaerial exposure and soil formation
(Alonso-Zarza and Wright, 2010).
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The Baskoy-1 section records complex
diagenetic overprinting related to prolonged
subaerial exposure and pedogenesis. Early laminoid
fenestral fabrics reflect intermittent desiccation in
palustrine settings (eogenesis) (Philcox, 1963).
Alveolar-septal structures, rhizoliths, and micritic
nodules within calcretes indicate strong pedogenic
modification and recrystallization under meteoric
conditions (telogenesis). Brecciated and nodular
limestones, containing fenestral fabrics and sparry
calcite cements, developed through alternating
wetting—drying cycles and mechanical disruption
of semi-lithified sediments. Such features typify
pedogenic calcretes and palustrine carbonates
formed under fluctuating groundwater tables and
semi-arid climatic regimes (Verrecchia, 2000).

An integrated assessment of all sections
suggests a diagenetic progression from early
eogenetic cementation, through mesogenetic
compaction and stylolitization, to telogenetic
pedogenic calcretization upon subaerial exposure
(Figure 21). As defined by Immenhauser (2022),
mesogenetic processes operate within shallow-to-
intermediate burial depths (hundreds of meters to a
few kilometers), where compaction and fluid-rock
interactions dominate. The widespread occurrence
of alveolar-septal fabrics, rhizoliths, and calcrete
horizons in upper units of the succession highlights
intense telogenetic reworking following uplift and
basin-margin exposure.

The relationship between diagenesis and
facies is primarily controlled by depositional
environment, early cementation style, and
groundwater composition. Lacustrine facies
preserve early micritic and phreatic cements due
to sustained water saturation, whereas palustrine
and marginal facies exhibit pedogenic features
such as alveolar-septal fabrics, rhizoliths, and
calcrete crusts linked to telogenetic exposure
and soil formation (Verrecchia, 2000; Tucker and
Bathurst, 1990).
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Figure 21. Diagenetic stages vs. time graphic represents diagenetic characteristics of the sedimentary rocks of the

Cakrazboz Formation.

Sekil 21. Diyajenez evreleri-zaman grafigi, Cakrazboz Formasyonu’'na ait sedimanter kaya¢larin diyajenetik

ozelliklerini géstermektedir.

Fluctuating lake levels promoted dissolution—
reprecipitation cycles, causing brecciation,
stylolitization, and nodulation, particularly in
upper intertidal to supratidal zones (Armenteros,
2010; Immenhauser, 2022). Consequently, facies
architecture exerts a primary control on the spatial
distribution, intensity, and style of diagenetic
processes within the Cakrazboz Formation,
capturing the hydrological and climatic variability
of the Late Triassic continental basin.

DISCUSSION

The Cakrazboz Formation presents an integrated
of sedimentary, petrographic, and
diagenetic processes that collectively document
the evolution of a Late Triassic continental
basin along the southern Eurasian margin. The

record
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assemblages, ranging from
to fluvial sandstones,

observed facies
lacustrine carbonates
capture the spatial and temporal response of
depositional systems to climatic, hydrological,
and tectonic controls. Variations in lithofacies,
color, and diagenetic overprinting across the six
measured sections reveal alternating humid and
semi-arid conditions that governed lake-level
and groundwater fluctuations. These features
underscore the sensitivity of continental basins
to orbitally paced climatic cyclicity and regional
tectonic reorganization during the disassembly
of Pangea. Integrating sedimentological and
petrographic data with regional paleogeographic
reconstructions provides a robust framework
for interpreting basin evolution, paleoclimate
patterns, and diagenetic transformation within the
Western Pontides during the Late Triassic.



Regional Paleogeography, Global Context, and
Paleoclimate Reconstructions

During the Triassic, the supercontinent
Pangea reached its maximum integrity before
gradual fragmentation began. The Cimmeria
microcontinent, comprising present-day Tiirkiye,
Iran, Afghanistan, and Tibet, rifted northward
from Gondwana, leading to the closure of the
Paleotethys Ocean and the opening ofthe Neotethys
Ocean, reshaping the Tethyan realm (Scotese,
2021). In the Early Triassic (ca. 250-245 Ma), the
region corresponding to modern Tiirkiye occupied
a position along Gondwana’s northern passive
margin. By the Middle Triassic (245-235 Ma),
rifting intensified and shallow epicontinental seas
advanced across the Cimmerian blocks. During
the Late Triassic (230-200 Ma), the northward-
drifting Cimmeria collided with Eurasia, initiating
the early Cimmerian orogeny and final Paleotethys
closure (Sengor, 1990; Schettino and Turco,
2011; van Hinsbergen et al., 2020; Scotese, 2021)
(Figure 22). These events established the tectonic
framework of the Pontides and Taurides as distinct
crustal elements along the Neotethyan margin.

Figure 22. Paleogeographic map of the Rhaetian—
Hettangian interval (Late Triassic, ~200 Ma), with the
Pontides shown within the shaded area on the map.
(Adapted from Scotese et al. (2021).)

Sekil 22. Resiyen—Hettanjiven araligina (Geg Triyas,
~200 Ma) ait paleocografya haritast iizerinde Pontidler

golgelendirilmis alan iginde gosterilmistir.  (Sekil
Scotese vd. (2021) 'den uyarlanmistir,)
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Global  paleogeographic  reconstructions
(Golonka,2007; Robertsonetal.,2016; Scotese and
Schettino, 2017) indicate that the Turkish terranes,
including the Sakarya Continent (Istanbul—
Zonguldak and Sakarya zones), the Kirsehir
Block, and the Tauride—Anatolide platform,
occupied paleolatitudes of approximately 25°S to
35°S during the Middle to Late Triassic, within the
subtropical arid to semi-arid belt of the Southern
Hemisphere. The Sakarya Continent constituted
the northern segment of the Cimmerian microplate
system and had already been detached from
Gondwana, whereas the Kirsehir and Tauride—
Anatolide blocks remained positioned close to
the actively extending Neotethyan margin. This
paleogeographic  configuration explains the
coexistence of continental red-bed and lacustrine
successions in northern Tiirkiye and widespread
carbonate platforms farther south (Robertson et
al., 2006). By the Ladinian—Carnian (ca. 242-227
Ma), progressive rifting produced alternating
marine seaways and continental basins along the
Cimmerian margin, reflecting a gradient from
continental interiors in the north to open-marine
settings in the south within a back-arc extensional
system (Golonka, 2007).

The Triassic climate resulted from the
coupling of atmospheric, oceanic, and continental
systems that governed global energy and moisture
exchange (Raynaud et al., 1993; Zielinski, 1995).
According to global paleoclimate models (Boucot
et al.,, 2013; Scotese, 2021), the Early Triassic
experienced extreme greenhouse conditions with
high CO, levels and widespread aridity following
the end-Permian mass extinction. During the
Middle Triassic, monsoonal circulation introduced
episodic humidity to the subtropical Tethyan belt,
and by the Late Triassic, a highly seasonal semi-
arid climate prevailed. Such variability favored
the accumulation of fluvial-lacustrine successions
and red-bed siliciclastic deposits in interior basins
of the Cimmerian terranes (Figure 23).
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Figure 23. Mesozoic paleotemperature timescale showing warm intervals (white) and cool intervals (black). During
the Early Triassic, global temperatures reached extreme hothouse conditions of ~32 °C, subsequently decreasing to
~24 °C by the Late Triassic. The Early—Late Triassic interval contains two warm and three cool phases. Following
the Rhaetian, temperatures rose from ~19 °C to ~24 °C during the end-Triassic thermal event. The solid grey curve
represents the Global Average Temperature, while the chronostratigraphic framework follows the International
Chronostratigraphic Chart (2020/01) (Figure adapted from Scotese et al. (2021)).

Sekil 23. Mesozoyik paleosicaklik zaman olgeginde sicak donemler beyaz, serin dénemler siyah ile gosterilmektedir.
Erken Triyasta kiiresel sicakliklar yaklasik 32 °C ile asiri sicak (extreme hothouse) kosullara ulagsmis, Geg
Triyas’a gelindiginde ise yaklasik 24 °C’ve diismiistiir. Erken—Geg Triyvas araligi, toplamda iki sicak ve ii¢ serin
evre icermektedir. Rhaetiyen sonrasinda, End-Triyas termal olayi sirasinda sicakliklarin yaklasik 19 °C’den 24
°C’ye yiikseldigi goriilmektedir. Gri egri kiiresel ortalama sicakligi gostermekte olup zaman olcegi International
Chronostratigraphic Chart (2020/01) temel alinarak diizenlenmistir (Sekil Scotese vd. (2021) 'den uyarlanmistir).

Across Pangea, reduced shelf areas and
enhanced continentality strengthened monsoonal
precipitation gradients (Haq et al., 1987; Rafferty,
2010). These gradients were further modulated by
orbital forcing, particularly Earth’s precessional
cycle. According to the symmetric monsoon
model proposed by Kutzbach (1994), maximum
precipitation in the Late Triassic Northern
Hemisphere occurred near the summer solstice
(June—August), corresponding to perihelion.
During these intervals, intensified solar radiation
increased evaporation from the Tethyan Ocean,
enhancing northward moisture transport and

precipitation over continental interiors. Aphelion

153

summers were marked by lower insolation and
weaker monsoonal circulation, resulting in drier
climates, intensified oxidation, and episodic lake
desiccation (Vollmer et al., 2008). These orbitally
forced fluctuations governed the hydrological
balance within the Cakrazboz Basin, producing
the cyclic lacustrine-palustrine-fluvial architecture
that typifies the formation.

Quantitative paleotemperaturereconstructions
(Scotese et al., 2021) estimate global mean surface
temperatures of ~20 = 2 °C, with tropical seas
near 30 °C and weak latitudinal gradients (~0.25—
0.30 °C). Under such greenhouse conditions, the
Turkish terranes experienced alternating arid and



humid phases, producing cyclic oxidized and
reduced facies. Pedogenic calcretes, root traces,
and desiccation cracks indicate arid intervals,
whereas greenish-grey marls and lacustrine
carbonates represent humid phases with high
groundwater levels (Platt and Wright, 1992; Cecil,
1990; Verrecchia, 2007; Alonso-Zarza and Wright,
2010).

Lacustrine systems are particularly sensitive
to climatic fluctuations, with lake-level variations
serving as key paleoclimate proxies (Adrian et
al.,, 2009; Argyilan and Forman, 2003). In the
Cakrazboz Formation, reddish-brown marlstones
record arid intervals, while greenish-grey marls
indicate more humid conditions associated with
enhanced groundwater recharge and flooding of
lake margins during wet phases of precessional
cycles. Facies architecture within the formation
supports a temperate to subhumid climate regime:
alternating fluvial, palustrine, and lacustrine
facies reflect cyclical changes in precipitation and
evaporation (Figure 24).

o Modelfor Ramp Margin Low Energy Seting

Progradational Regressive

Giil SEN, Ismail Omer YILMAZ

Bioturbated limestones rich in ostracods and
charophytes, micritic carbonates, and greenish-
grey mudstones indicate  well-oxygenated
lake waters and warm and humid conditions
conducive to carbonate productivity. Palustrine
facies show brecciation, fenestral fabrics, and
shrinkage cracks, recording repeated wetting—
drying cycles, while pedogenic features such as
rhizoliths and alveolar-septal structures indicate
prolonged subaerial exposure under seasonally
arid conditions. The occurrence of pedogenic and
groundwater calcretes, coupled with alternating
green and brown marlstones, suggests periodic
shifts between groundwater-fed wetlands and
oxidizing ephemeral lake settings (Wright and
Tucker, 1991; Tucker and Sparks, 2024). As noted
by Platt and Wright (1992), carbonate precipitation
in lacustrine systems is favored under semi-arid
to subhumid climates, where carbonate-saturated
solutions may derive from both surface runoff
and groundwater influx (De Wet et al., 1998;
Gvirtzman, 2006).

Fluvial intercalations
Siltstone I

Figure 24. a) Conceptual model illustrating a low-energy ramp-margin depositional setting developed under orbitally
driven climatic cyclicity (sketch adapted from Alonso-Zarza and Tanner, 2009), (b) Representative field photograph
from the Incigez section showing the characteristic lithofacies of the Cakrazboz Formation that typify this low-

energy ramp-margin depositional system.

Sekil 24. a) Yoriinge kaynakli iklim dongiileri altinda gelisen diisiik enerjili rampa-kenari ¢ékelme ortamini gésteren
kavramsal model (Alonso-Zarza ve Tanner, 2009 ’dan uyarlanmistir), (b) Incigez kesitinden alinmis, Cakrazboz
Formasyonu'nun bu diisiik enerjili rampa-kenari ¢okelme sistemini karakterize eden baslica litofasiyeslerini

gdsteren temsili arazi fotografi.
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Color variations within the marlstones phases promoted reducing lacustrine—palustrine
correspond to redox fluctuations in the lake water conditions and dry phases enhanced oxidation in
column, reflecting oscillations in pH and Eh. exposed floodplain and lake-margin deposits.

Detailed color-based facies analysis using the GSA
Rock-Color Chart (2009) (Figure 25) indicates
that light greenish-grey (5GY 7/1) and olive grey
(5Y 5/2) tones formed under reducing to weakly
reducing conditions in profundal to sublittoral
zones, whereas whitish carbonates (N9) reflect
well-oxygenated shallow-lake environments.
Palustrine facies with dark yellowish-brown (5YR

These features align with the limno-eustatic
model of Wagreich et al. (2014), which links
lake-level variations to groundwater storage
during greenhouse climates. High groundwater
levels during wet periods correspond to deeper
lakes and regional sea-level lowstands (Sames
et al., 2020). Thus, the rhythmic alternation of

4/4) and greyish-black (N2) hues correspond to oxidized and reduced marls, desiccation cracks,
alternating oxidizing and reducing phases during and  paleosols .records. hydrolqgical . cycles
subaerial exposure and groundwater saturation. modulated by orbital forcing and climate-induced

Fluvial facies displaying yellowish-grey (10YR groundwater fluctuations (Glenn and Kelts, 1991).
7/2), dark reddish-brown (2.5YR 3/6), and By the end of the Triassic, convergence of the

blackish-red (10R 3/4) colors indicate well- Cimmerian blocks with Eurasia caused regional
drained and oxidizing channel fills and seasonally uplift and basin compartmentalization, leading to
dry floodplains enriched in iron oxides (Table widespread subaerial exposure and the deposition
4). The stratigraphic alternation of oxidized and of fluvial, palustrine, and lacustrine successions in
reduced facies therefore aligns with precessional the Western Pontides (Golonka, 2007; Robertson
to eccentricity-scale climate cycles, where wet et al., 2016).
Facies Type Color (GSA Name & Redox Condition Lake Type /
Munsell Code) Environment
Lacustrine (Profundal | Light greenish grey Reducing to weakly Underfilled to
to Sublittoral) (5GY 7/1), Olive grey | reducing balanced-fill
(5Y 5/2) profundal-sublittoral
lake zones
Lacustrine (Shallow) White (N9) Well-oxygenated Well-oxygenated
shallow lacustrine
settings
Palustrine Alternating Groundwater-saturated
oxidizing/reducing marshes; episodic
subaerial exposure
Fluvial (Channel fills, Oxidizing Well-drained channels
floodplains) and seasonally dry
floodplains

Figure 25. Facies color codes (GSA Rock-color chart, 2009), redox conditions, and lake types.
Sekil 25. Fasiyes renk kodlari (GSA Rock-color chart, 2009), indirgenme kosullar1 ve gél tipleri.
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Table 4. Facies colors of the Cakrazboz Formation, their corresponding GSA Rock-Color Chart (2009) codes,
associated oxidation/reduction conditions, and possible paleoenvironmental interpretations.

Cizelge 4. Cakrazboz Formasyonu'na ait fasiyes renkleri, bunlara karsilik gelen GSA Kaya-Renk Cizelgesi (2009)
kodlar, iliskili oksidasyon/rediiksiyon kosullarit ve olasi paleogevresel yorumlari.

Facies Type GSA Rock-Color Color Oxidation/Reduction Possible Paleoenvironmental Interpretation
P Chart (2009) Code description Condition P
Lacustrine 5GY 7/1 nghtgi;emsh Reduction Deep lake bottom, low-oxygen, reducing conditions
Lacustrine 5Y 5/2 Olive grey Weak reduction Intermediate depth, semi-reducing lake bottom
Lacustrine NO Whitish Neutral/Oxic Carl_aonate—rlch, well-oxygenated shallow lake
environment
Palustrine SYR 4/4 Dark yellowish Oxidation Surface oxidation during dry phases, lake-margin
brown marsh
Palustrine N2 Greyish black Reduction Marsh bottom, saturated, anaerobic conditions
Palustrine 2.5Y5/2 Greenish grey Weak reduction Groundwater-influenced, marsh environment
Fluvial 10YR 7/2 Yellowish grey Oxidation Well-drained, high-energy channel fill
Fluvial 2.5YR 3/6 Darbkr;i(/ir;hsh Oxidation Floodplain, well-oxygenated conditions
Fluvial 10R 3/4 Blackish red Oxidation Iron oxide-rich, seasonally dry floodplain

Consequently, the Late Triassic climate of
the Western Pontides was governed by monsoonal
dynamics within the southern mid-latitudes of
Pangea, where the interplay between tectonic
subsidence, sediment supply, and orbitally forced
climatic oscillations controlled the hydrological
balance of the Cakrazboz Basin, producing its
characteristic cyclic facies architecture and a
detailed record of continental climate variability
during the fragmentation of Pangea.

Depositional Environments and Hydrological
Variability

Sedimentological, petrographic, and stratigraphic
evidence from the Cakrazboz Formation indicates
deposition within a predominantly balanced-
fill lacustrine basin (Carroll and Bohacs, 1999;
Bohacs et al., 2000), punctuated by intervals
reflecting underfilled and overfilled hydrological
states, as described by Zavala et al. (2024). This
variability highlights the influence of orbitally
paced climatic oscillations, fluctuating sediment
supply, and hydrological connectivity on basin
evolution.
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Within the framework of Bohacs et al. (2000),
the Cakrazboz Formation exhibits the principal
characteristics of a balanced-fill lake system:
a dynamic equilibrium between sediment and
water influx, vertical facies successions recording
alternations between profundal, sublittoral, and
marginal environments, and redox-sensitive marl
color changes linked to groundwater fluctuations.
Laminated to massive carbonate mudstones and
alternating wackestone—packstone microfacies in
the Cakrazboz section reflect low-energy profundal
to sublittoral lacustrine deposition. The laminated
carbonate mudstones, with fine stratification and
limited bioturbation, record dysoxic to anoxic
bottom-water conditions, while wackestone—
packstone  couplets containing  ostracods,
charophytes, peloids, and pellets represent
moderate-energy sublittoral zones. Alternations
between these microfacies are interpreted as lake-
level fluctuations typical of balanced-fill systems.

Palustrine and marginal lacustrine limestones
interbedded with green to brown marls —

observed in the Bozkdy, Baskoy-1, and upper
Incigez sections — were deposited in vegetated
swampy areas along shallow lake margins or
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distal alluvial plains (Alonso-Zarza, 2003). The
presence of root traces, alveolar-septal fabrics,
and fenestral textures indicates pedogenic
overprinting, consistent with meteoric diagenesis
in subaerially exposed environments (Tucker and
Bathurst, 1990). Pedogenic features, microbial
textures, and green—brown marl transitions indicate

alternating oxidation—reduction conditions driven
by groundwater-table fluctuations, consistent
with the balanced-fill model. Periodic subaerial
exposure during regression and re-flooding during
transgression produced palustrine fabrics and
repetitive shallowing-upward cycles (see Figure
26 for the depositional model).

") (E)
Baskdy-2 Basgkoy-3

Alluvial Plain
Periodically inundated

&

L

Palustrine \/
Bozkdy

Section Baskdy, . ®
Incigez incigez
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Marker Bed: Siltstone

@
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Cakrazhoz
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©
Cakrazboz
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(A) Mudstone

Figure 26. Depositional model of the study area illustrating the spatial and environmental context of the Cakrazboz
Formation. The model reflects a balanced-fill lake basin characterized by alternating fluvial, palustrine, and lacustrine

depositional systems.

Sekil 26. Calisma alanina ait ¢ékelme modeli; Cakrazboz Formasyonu nun ¢okelim ortamini ve fasiyeslerin
mekansal dagilimini gostermektedir. Model, fliivyal, paliistrin ve gélsel ¢okel sistemlerin ardalanmasiyla karakterize
edilen dengeli dolgu (balanced-fill) tipi bir gol havzasini yansitmaktadir.



To establish lateral continuity among the
measured sections, a distinctive pale yellowish-
orange colored laminated siltstone beds was
identified and traced as a marker horizon across the
study area. This laterally persistent layer provides
a reliable stratigraphic reference for correlating
individual sections and reconstructing the basin-
scale facies architecture (Figure 27).

When assessed through the hydrological
classification of Zavala et al. (2024), the Cakrazboz
Formation records recurrent alternations between
three lake types:

*  Underfilled conditions in the lower Incigez,
Cakraz, and Baskdy-2 and -3 sections, where
profundal carbonates or fluvial-supratidal
deposits with fining- and thinning-upward
trends, pedogenic calcretes, mud cracks, and
subaerial exposure features developed in
closed settings.

*  Balanced-fill conditions in the upper Incigez
and Bagskdy-1 sections, where fining-upward
transgressive intervals are overlain by
coarsening-upward progradational littoral
deltas, indicating that lake level reached
the spill point before regressive delta
progradation.

*  Opverfilled conditions in Bozkdy and parts of
Bagkdy-1, where thickening- and coarsening-
upward indicate prolonged
freshwater inflow in open systems (Figure
28).

The Bagkody-2 and Baskdy-3 sections show
meandering fluvial point-bar successions with
fining-upward sequences of conglomerates,
sandstones, siltstones, and mudstones,
sedimentary structures such as cross-bedding,
ripple laminations, flaser and wavy bedding,
mud cracks, and root traces. These successions
represent  proximal alluvial to marginal
lacustrine environments feeding the basin. The
sedimentological and petrographic characteristics
collectively indicate deposition within a low-

successions

and
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gradient, meandering fluvial system periodically
influenced by floodplain and marginal lacustrine
processes. The predominance of subangular
to subrounded quartz grains, poor to moderate
sorting, and variable sphericity values (0.25-0.70)
indicates short-distance sediment transport under
fluctuating hydraulic regimes, consistent with a
semi-arid climatic setting. These features, together
with fining-upward successions, erosional basal
contacts, and pedogenically modified overbank
mudstones, suggest deposition in channel—point
bar to floodplain environments formed by lateral
channel migration and episodic flooding. In the
Baskoy-3 section, reddish pedogenically mottled
mudstones, crevasse-splay sandstones, and thin
palustrine limestones record intermittent lacustrine
incursions, implying transient hydrological
connections between fluvial channels and shallow
lakes at the basin margin.

Textural parameters plotted on the Stewart
(1958), Friedman (1961), Miola and Wesser
(1968), and Passega (1964) diagrams further
support deposition by fluvial processes, where
sediment was transported as both bedload and
suspension load under variable flow conditions.
Provenance data based on Dickinson’s (1985) QFL
ternary diagram show that the Bagkdy sandstones
plot within the craton-interior field, indicating
derivation from a stable continental source
dominated by quartz-rich detritus. This provenance
signature, together with the low compositional
and textural maturity of the sandstones, implies
limited sedimentary recycling and rapid delivery
from proximal upland sources along the basin
margin. These results confirm that the Bagkoy-2
and Baskoy-3 successions represent the proximal
fluvial input systems of the Cakrazboz Basin,
supplying detritus to the balanced-fill lacustrine
depocentre and recording climatic oscillations that
alternated between wet and dry phases during the
Late Triassic.
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Figure 27. Lithostratigraphic correlation of the measured stratigraphic sections of the Cakrazboz Formation within the vertical succession. Correlation is
based on lithofacies characteristics, vertical stacking patterns, and key stratigraphic marker beds.

Sekil 27. Cakrazboz Formasyonu’na ait olgiilmiis stratigrafik kesitlerin diisey istif icerisindeki litostratigrafik korelasyonu. Korelasyon, litofasiyes
ozellikleri, diisey istiflenme desenleri ve ayirt edici stratigrafik belirleyici tabakalar temel alinarak yapilmigtir:
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Hydrological Lake-Type Variability in the Cakrazboz Formation
(modified after Zavala et al., 2024)

Lake Type Distribution

— Underﬁllgd

=g Balancedrﬁll

e Overfilled

Figure 28. Hydrological lake-type variability in the Cakrazboz Formation.

Sekil 28. Cakrazboz Formasyonu’'nda hidrolojik gol tipi degiskenligi.

In addition to these sedimentological
features, diagenetic observations further refine
the interpretation of depositional environments.
Lacustrine carbonates from the Cakrazboz and
Incigez sections preserve eogenetic features
such as micritization, early cementation, and
partial compaction, while palustrine and marginal
facies display meteoric alteration, brecciation,
and calcrete formation typical of telogenetic
diagenesis (Fliigel, 2010; Alonso-Zarza and
Wright, 2010; Tucker and Sparks, 2024). Such
diagenetic overprinting, coupled with rhythmic
facies alternation, points to repeated cycles of
subaerial exposure and flooding under semi-arid
climatic conditions.

Overall, the depositional system of the
Cakrazboz Formation, though primarily balanced-
fill, oscillated between underfilled and overfilled
stages, reflecting climate-controlled cyclicity and
variable sediment—water budgets. The alternation
of oxidized (reddish-brown) and reduced
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(greenish-grey) marl beds, desiccation cracks,
and paleosol horizons records hydrological
and climatic cycles consistent with semi-arid
monsoonal variability during the Late Triassic.
This dynamic evolution parallels other Western
Tethyan continental basins (e.g., northern Italy,
Austria, and South China), where alternating
lacustrine and fluvial regimes similarly document
orbitally forced climatic oscillations during the
fragmentation of Pangea. Thus, the Cakrazboz
Formation provides a valuable record of Late
Triassic continental sedimentation in the Western
Pontides, capturing the interplay between climate,
hydrology, diagenesis, and tectonics during the
early stages of Pangea’s disintegration

CONCLUSION

The sedimentological and petrographic analyses
of the Cakrazboz Formation yield the following
key conclusions:
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Depositional dynamics: The Cakrazboz
Formation represents a Late Triassic balanced-
fill lacustrine basin that periodically alternated
between underfilled, balanced-fill, and locally
overfilled hydrological states. These transitions
reflect variable sediment-water influx and basin
connectivity in response to orbitally paced climatic
oscillations.

Facies evolution: Underfilled stages are
marked by profundal carbonate or fluvial-
supratidal successions (Cakraz, lower Incigez,
Baskoy-2, Baskdy-3), whereas balanced-fill
stages show transgressive-regressive cycles with
littoral progradation (upper incigez, Baskdy-1).
Overfilled stages, recorded in Bozkdy and upper
Baskdy-1, developed under open hydrological
conditions with persistent freshwater inflow and
deltaic progradation.

Paleoclimate control: Color variations,
diagenetic imprints, and paleosol horizons indicate
that
by precessional and eccentricity-scale climate

forcing, consistent with monsoonal variability

lake-level fluctuations were controlled

reconstructed for the global Late Triassic
greenhouse world (Boucot et al., 2013; Scotese,

2021).

Regional implication: The Cakrazboz
Formation captures the response of Western
Pontide continental basins to orbitally modulated
hydrological shifts within a semi-arid to subhumid
subtropical belt along the Cimmerian margin.
Its cyclic sedimentation pattern parallels coeval
Tethyan basins formed during the closure of the
Paleotethys and early opening of the Neotethys.

Broader significance: These results establish
the Cakrazboz Formation as a regional reference
model for climate-hydrology interaction
Triassic lacustrine systems and provide a robust

in

sedimentological record of continental responses
to global climatic and tectonic reorganization
during Pangea’s fragmentation.
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Bati Pontidler’in (Kuzeybati Anadolu) Amasra—
Kastamonu  yoresinde yiizeylenen Cakrazboz
Formasyonu, Tiirkiye 'debilinentek Geg¢ Triyasyash
kitasal tortul istif olarak biiyiik onem tasimaktadur.
Bu calismada, Cakraz, Bozkdy, Incigez ve Baskdy
1, 2 ve 3 olmak iizere toplam alti stratigrafik kesitte
detayli sedimantolojik, petrografik ve stratigrafik
analizler gerceklestirilmis, formasyonun fasiyes
mimarisi, ¢okelme ortamlart ve iklimsel kontrol
mekanizmalart ortaya konmustur.

Saha gozlemleri ve ince kesit analizleri,
formasyonun  golsel  (lacustrine),  bataklik
(palustrine) ve akarsu (fliiviyal) ortamlardan
olusan karmasik bir fasiyes mozaigine sahip
oldugunu  ortaya Cakraz
Incigez kesitlerindeki karbonatca zengin mikrit

koymaktadir. ve
(¢camurtasi), vaketasi ve istiftasi mikrofasiyesleri
diistik enerjili, derin gol-sublitoral ortamlarda
¢okelmis olup, periyodik olarak anoksik kosullarin
etkili  oldugunu  gostermektedir.
Bagskoy-1 kesitlerinde gozlenen fenestral dokular,
kok izleri, laminar kalkritler ve kuruma catlaklar:
karakterize  pedojenik olarak degismig
kiregtaslart ve marnlar, gol kenari batakliklar
ve paliistrin ortamlarda tekrarlayan yiizeylenme
ve yeniden taskin dongiilerini yansitir. Bagkéy-2

Bozkéy ve

ile

ve Bagskoy-3 kesitleri ise, menderesli akarsu
sistemlerine ait, yukariya dogru incelen kumtasi—
camurtast ardalanmalart ile temsil edilen nokta
bar istiflerini barindirmaktadur.

Formasyondaki fasiyes dagilimi ve istiflenme
desenleri, gol tipinin Bohacs ve ark. (2000) daki
dengeli dolgu (balanced-fill) modeli ile biiyiik
oranda uyumlu olmakla birlikte, Zavala ve ark.
(2024) i hidrolik gol simiflandirmasina gére
zaman iginde yetersiz dolu (underfilled), dengeli
dolu (balanced-fill) ve asiri dolu (overfilled) evreler
arasinda gegislerin yasandigini gostermektedir.
Yetersiz dolu evreler, hidrolik olarak kapall
gollerde, karbonat¢a zengin profundal ¢okeller
veya fliivival-supratidal ardalanmalarla temsil



edilirken; dengeli dolu evreler, gol seviyesinin
tasma  kotuna ulastigi,  transgresif-regresif
istiflerle tamimlanir. Asir dolu evrelerde ise siirekli
tatly su girisi, acik hidrolik sistemler olusturmus ve
kalinlasan—iri taneli progradasyonal deltalar ile
temsil edilmistir. Bu gol tipleri, iklim salimimlarina
(ozellikle presesyon ve eksantriklik dongiilerine)
yanit olarak degismistir.

Paleoiklimsel  degerlendirmeler,  yesilimsi
gri marnlarmm daha nemli, kirmizimst kahverengi
kurak evrelere karsilik
geldigini gostermektedir. Bu renk degisimleri, pH
ve Eh dalgalanmalart ile taban suyu seviyesindeki
degisimlere bagl oksidasyon—rediiksiyon
kosullarint  yansitw:  Yiiksek  ¢oziiniirliiklii
renk verileri, GSA Rock-Color Chart (2009)
kullamilarak gol seviyesi ve oksijenlenme durumu
ile iligkilendirilmistir. Ayrica, gol tiplerindeki
degisimin, havzamn sediman—su biit¢cesini kontrol
eden

marnlarin  ise daha

iklim—hidroloji  etkilesiminin

gostergesi oldugu sonucuna varilmistir.

dogrudan

olarak, Cakrazboz
evrimleri

Sonug Formasyonu,
gol  tipi iklimsel — dongiiler
arasindaki iligkiyi ortaya koyan, Geg¢ Triyas i¢
havza sistemleri i¢in onemli bir referans kesit
niteligindedir. Bulgular, Tetis kusagindaki diger
Geg¢ Triyas golsel havzalarla karsilagtirmalara
olanak saglamaktadir.
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TURKIYE JEOLOJi BULTENIi

AMAC ve KAPSAM

Tiirkiye Jeoloji Biilteni (Tiirkiye Jeol. Biil.) 1947 yilindan beri yaymlanan, Tiirkiye nin en eski ve en ¢ok taninan
dergilerinden biridir. Jeoloji Miihendisleri Odas1 (JMO) tarafindan yilda {i¢ say1 olarak yayinlanmaktadir. Dergi
miihendislik jeolojisi disindaki yerbilimleri konularinda yayin kabul etmektedir. Bilhassa jeoloji, tektonik,
yapisal jeoloji, jeokronoloji, jeokimya, sedimantoloji, biyostratigrafi, paleontoloji, mineraloji, magmatik ve
metamorfik petroloji, maden yataklari, jeofizik, jeomorfoloji yani sira Cevre ve Kent Jeolojisi ile Ekonomik
Jeoloji dncelikli konulardir. Bu konularda giincel bilim diizeyinde hem Tiirkge hem de Ingilizce dillerinde
yaym kabul edilmektedir. Yaymlarda oncelik Tiirkiye ve c¢evresi, Dogu Akdeniz, Orta Dogu, Balkanlar,
Karadeniz ve Hazar Denizi ¢evresi olmakla birlikte Diinya’nin diger tiim kritik bolgelerinde yapilan diizeyli
yayinlara da agiktir. Bu kapsamda yapilan arastirmalarin bilimsel diizeyi yiiksek sonug¢larini igeren makaleler
higbir iicret almadan yayinlanmaktadir. Agik erigimli bir dergidir. Derginin hedef okuyucu kitlesi bu konu ve
kapsamla ilgili tiim yerbilimcilerdir. Dergide daha ¢ok orijinal aragtirma makaleleri ve daha az sayida derleme
ve diger bilimsel nitelikli yayinlara yer verilmektedir. Tiirkiye Jeoloji Kongresi ve diger Ulusal ve uluslararasi
toplantilarin se¢ilen oturumlari, hakemli yayin islemlerinden sonra 6zel sayi(lar)da yayinlanabilmektedir.

YAZILARIN HAZIRLANMASI

TURKIYE JEOLOJI BULTENI’nin yaym dili Tiirkce ve Ingilizcedir. Tiirkce makalelerde “Extended
Summary”, Ingilizce makalelerde ise “Genisletilmis Ozet” verilmelidir. Yazarlarin ana dillerinin Tiirkge
olmamasi durumunda, yazilarin basligi ve 6zeti ile ¢izelge ve sekillerin basliklar1 Editorliikge Tiirkgeye ¢evrilir.
Ana dili Ingilizce olmayan yazarlara, yazilarin1 Editérliige gondermeden 6nce, gramer ve iislup agisindan,
ana dili Ingilizce olan bir kisiden katki almalar1 6zellikle 6nerilir. Hazirlanan makaleler orijinal ve daha énce
basilmamis aragtirma, yorum ya da her ikisine ait sentezi igermeli, veya teknik not niteliginde olmalidir. Yazinin
gonderilmesi, daha 6nce basilmamis veya baska bir yerde incelemede olmadigini gosterir.

MAKALE SUNUM SURECI ve ETiK BILDIRIMi

Tiim makaleler internet tizerinden http://dergipark.gov.tr/tjb adresindeki “Makale Gonder” meniisii araciligryla
Tiirkiye Jeoloji Biilteni’ne elektronik ortamda gonderilmelidir. Bunun icin 6nce DergiPark sistemine iiye
olmalisiniz. Tiirkiye Jeoloji Biilteni yazarlardan sayfa iicreti talep etmemektedir. Dergiye sunulan makaleler,
daha 6nce yaymlanmadig1 ve bagka yerde yayinlanmak iizere gonderilmedigi varsayilarak degerlendirme i¢in
kabul edilir. Yazarlar, makalenin ana igeriginin daha dnce yayinlanmadigini ve baska bir dergide yaymlanmak
iizere gonderilmedigini onaylamalidir. http://dergipark.gov.tr/tjb veya www.jmo.org.tr adresinde bulunan
telif hakki devir formu, tiim yazarlar adina ilgili yazar tarafindan imzalanmali ve makale dosyalariyla birlikte
gonderilmelidir. Bir makale sunulduktan sonra, bagka yazar eklenmesi veya ¢ikarilmasi veya yazarlarin
degistirilmesi miimkiin degildir. Makaleler, yazim kurallarina uymuyorsa ya da dergi kapsami disindaysa, dergi
editorii tarafindan hakem degerlendirmesi yapilmaksizin reddedilebilir. Bir makale yayin i¢in kabul edildikten
sonra, diger bir deyisle, hakem tarafindan onerilen diizeltmeler tamamlandiktan ve editor tarafindan kabul
edildikten sonra, yazara makalede degisiklik yapma izni verilmez. Makale yaymlanmadan 6nce, yazarlara
diizeltmeler icin prova baski gonderilir. Baskasinin fikir veya sozciiklerinin orijinal bi¢iminde kullanilmasi
veya uygun bir atif yapilmaksizin degistirilmesi, intihal olarak kabul edilir ve tolere edilemez.
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YAZIM KURALLARI

Yazilar asagida verilen diizen cercevesinde hazirlanmahdir:

(a) Baslik (Tiirkge ve Ingilizce)

(b) Yazar Adlar1 (koyu ve bas harfleri biiyiik harfle) ve adresleri (italik ve kiiglik harfle) ile bagvurulacak

yazarin e-posta adresi

(c) Oz (Tiirkce ve Ingilizce)

(d) Anahtar Kelimeler (Tiirkce ve Ingilizce)

(e) Giris (amag, kapsam ve yontem)

(f) Ana metin (kullanilan yontemler, ¢alisilan malzemeler, tanimlamalar, analizler vd)

(g) Tartisma ve Sonuglar veya Tartisma Onerileri

(h) Extended Summary / Genisletilmis Ozet

(i) Katki Belirtme

(j) Kaynaklar

(k) Cizelgeler

() Sekiller Dizini

(m) Sekiller

(n) Levhalar (var ise)
Metinde kullanilan degisik tiirde basliklar farkli sekillerde ve tiim basliklar sayfanin sol kenarinda verilmelidir.
Ana basliklar biiyiik harflerle ve koyu yazilmalidir. Tkinci derece basliklar alt baslik olarak degerlendirilmeli ve
birinci ve ikinci derece alt bagliklar kiigiik harfle (birinci derece alt bagliklarda her kelimenin ilk harfi biiytik)
ve koyu, ti¢lincii derece alt bagliklar ise italik olmalidir. Bagliklarin 6niine numara veya harf konulmamalidir.
Yazilar (6z, metin, katki belirtme, kaynaklar, ekler ve sekiller dizini) A4 (29.7 cmX21 cm) boyutundaki
sayfalarin bir yiiziine, kenarlardan en az 2,5 cm bosluk birakilarak, 1,5 cm aralikla ve 12 puntoyla (Times New
Roman) yazilmali, ayrica tiim sayfalara numara verilmelidir.

Bashiklar su sekilde olmahidir:

0z

ABSTRACT

GIRiS

ANA BASLIK

Birinci Derece Alt Bashk
ikinci derece alt bashk
Uciincii derece alt bashk
SONUCLAR VE TARTISMA
EXTENDED SUMMARY
KATKI BELIRTME

ORCID

KAYNAKLAR / REFERENCES

Kapak Sayfasi
Yazidan ayr olarak sunulacak kapak sayfasinda asagidaki bilgiler yer almalidir:
a. Yazinin bashgi
b. Yazar(lar)in ad(lar)1 (ad ve soyadi kisaltilmadan)
c. Tim yazarlarin agik posta ve e-mail adresleri (Bagvurulacak Yazar belirtilerek). Basvurulacak yazarin
telefon numarasi da ayrica belirtilmelidir.
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Bashk ve Yazarlar

Yaziin bagligi, ¢calismanin igerigini anlagilir sekilde yansitmahdir. Eger yazi1 Tiirk¢e hazirlanmigsa, Tiirkge
bashg1 (koyu ve kelimelerin ilk harfleri biiyiik harf olacak sekilde) Ingilizce baslik (italik ve kelimelerin ilk
harfleri biiyiik olacak sekilde) izlemelidir. Ingilizce hazirlanmis yazilarda ise, Ingilizce baslk Tiirkce basliktan
once ve yukarida belirtilen yazim kurallarina gore verilmelidir. Makaledeki yazarlar orcid.org web adresinden
edinecekleri ORCID kimliklerini makale ile birlikte sunmalidir.

Yazarlara iliskin bilgi ise asagidaki é6rneklere uygun olarak verilmelidir.

Ahmet Ahmetoglu Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi
Boliimii, Tandogan 06100 Ankara
e-posta: a_ahmetoglu@ankara.edu.tr
ORCID Numarast: 0000-0001-1458-0820

A. Hiisnii Hiisntioglu MTA Genel Midirligl, Jeolojik Etiitler Dairesi, 06520 Ankara
e-posta: husnu56(@mta.gov.tr
ORCID Numarast: 0000-0001-1458-0830

(0Y4

Calisma hakkinda bilgi verici bir igerikle (calismanin amaci, elde edilen baslica sonuglar) ve 300 kelimeyi
asmayacak sekilde hazirlanmahdir. Ozde kaynaklara atifta bulunulmamalidir. Ozler hem Tiirkce hem de
Ingilizce olarak verilmelidir. Tiirkce hazirlanmis yazilarda Ozden sonra “Abstract” (Italik) yer almals, Ingilizce
yazilarda ise italik yazilmis Tiirkge Oz Absract’1 izlemelidir.

Anahtar Kelimeler

Oz ve Absract’n altinda en az 2-7 kelimeyi asmayacak sekilde ve yazmin konusun yansitan anahtar kelimeler
Tiirkce ve Ingilizce olarak verilmelidir. Anahtar kelimeler, alfabetik sirayla kiiciik harfle (ilk anahtar kelimenin
ilk harfi biiylik) yazilmal ve aralarina virgilil konmalidir. Teknik Not ve Tartisma tiirli yazilarda anahtar
kelimelerin verilmesine gerek yoktur.

EXTENDED SUMMARY/GENISLETILMIS OZET

Genigletilmis 6zet 2500 kelimeyi gegmemelidir. Ancak makalenin 6z/abstract kismindan daha genis hacimli
olmalidir. Genisletilmis 6zet kisminda yeni bir sekil ve ¢izelge verilmemelidir. Ancak makalede kullanilan sekil
ve ¢izelgelere bu kisimda atif yapilabilir. Ayni sekilde, makale i¢inde atif yapilan kaynaklara da gerektiginde
bu kisimda atif yapilmalidir.

KATKI BELIRTME

Katki belirtme, kisa olmali ve tesekkiir edilecek olanlar ¢aligmaya en 6nemli katkiy1 saglayan kisilerin ve/veya
kuruluslarin adlariyla sinirlandirilmalidir. Tesekkiir edilecek kisilerin agik adlar1 unvanlari belirtilmeksizin
verilmeli, ayrica bu kisilerin gorevli olduklari kurum ve kuruluslarin adlar1 da eklenmelidir.

DEGINILECEK BELGELER

Metin icinde Atiflarin Yazilmasi
A. Yaywinda tek yazar varsa

Parantez icinde yazilmasi gerekiyorsa:
(Yazarl, Tarih) Or: (S6nmez, 1996)

Metin icinde yazilmasi gerekiyorsa:
Yazarl (Tarih) Or: Sénmez (1996)
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B. Yaywnda 2 yazar varsa
Parantez i¢inde yazilmasi gerekiyorsa:
(Yazarl ve Yazar2, Tarih) Or: (Merriman ve Frey, 1999)

Metin i¢inde yazilmasi gerekiyorsa:
Yazarl ve Yazar2 (Tarih) Or: Merriman ve Frey (1999)

C. Yaywinda 2’den fazla yazar varsa
Parantez i¢inde yazilmasi gerekiyorsa:
(Yazarl vd., 1987) Or: (Pettijohn vd., 1987)

Metin i¢inde yazilmasi gerekiyorsa:
Yazarl vd. (1987) Or: Pettijohn vd. (1987)

D. Arka arkaya birden fazla atifta bulunulacaksa

Parantez icinde yazilmasi gerekiyorsa:
(Merriman ve Frey, 1999; Pettijohn vd., 1987; Sénmez, 1996)

Metin i¢inde yazilmasi gerekiyorsa:
Merriman ve Frey (1999), Pettijohn vd. (1987), Sonmez (1996)

E. Ayni yazarlarin ayni yil icinde birden fazla yayinina atifta bulunulduysa
Bu durumda Kaynaklar béliimiinde makalelerin tarihlerinden sonra a, b, ¢ gibi harfler verilir, metin
icindeki atiflarda da tarihlerden sonraki harfler kullanilir.

Kaynakcada:

Ahmetoglu, A. ve Hiisnlioglu, H. (2022a). Makale Ad1 1. Siireli yaymin/derginin adi (kisaltilmamug), Cilt
No(Say1 No), sayfa numaralari. Varsa DOI bilgisi

Ahmetoglu, A. ve Hisnlioglu, H. (2022b). Makale Ad1 2. Siireli yayinin/derginin adi (kisaltiimanug), Cilt
No(Say1 No), sayfa numaralari. Varsa DOI bilgisi

Metin icindeki atiflarda:

Parantez i¢inde yazilmasi gerekiyorsa: (Ahmetoglu ve Hiisniioglu, 2022a)

Metin i¢inde yazilmasi gerekiyorsa: Ahmetoglu ve Hiisniioglu (2022a)

Kaynaklar Béliimii
Asagidaki ornekler ile kesinlikle uyumlu olmahidir

- TJB’de Tiirk¢e yayinlanacak makalelerde: Kaynak ¢ok isimli bir ¢aligma ise: Son isimden 6nce “ve”
gelmelidir eger kaynak Ingilizce ise “&” kullanilmalidir.

- Editoriin belirtilmesi gereken calismalarda: Tek isim ise (Ed.) ¢coklu editor ise: Son isimden sonra (Ed.
ler) eger kaynak Ingilizce ise (Eds.) yazilmalidur.

A. Siireli yayinlar:

A.l. Siireli yayinlarin gosterilmesi:

Yazar ad(lar)1, (Tarih). Makalenin bashgi. Siireli yayinin/derginin adi (kisaltilmamus), Cilt No (Say1 No),
sayfa numaralari. Varsa DOI bilgisi

Hoek, E. & David, M. (1990). Estimating Mohr — Coulomb friction and cohesion values from Hoek —
Brown failure criterion. International Journal of Rock Mechanics, 27 (3), 220-229. https://doi.
org/10.1016/0148-9062(90)94333-0
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A.2. Ozel durumlar:
A.2.1. Eger makale serbest erisimli bir internet sayfasindan alindiysa:

Ketin, 1. (1949). Son on yilda Tiirkiye’de vukua gelen biiyiik depremlerin tektonik ve mekanik neticeleri
hakkinda. Tiirkiye Jeoloji Biilteni, 2(1), 1-13. https://dergipark.org.tr/tr/pub/tjb/issue/50279/650044

A.2.2. Eger makalenin makale numarasi varsa:

Aglan, M., Oyan, V. & Kose, O. (2020). Petrogenesis and the evolution of Pliocene Timar basalts in the
east of Lake Van, Eastern Anatolia, Turkey: A consequence of the partial melting of a metasomatized
spinel-rich lithospheric mantle source. Journal of African Earth Sciences, 168, Article 103844.
https://doi.org/10.1016/j.jafrearsci.2020.103844.

B. Bildiriler:

Yazar ad(lar)1, (Tarih). Bildirinin baghigi. Editor(ler), Sempozyum veya Kongrenin Ad, (bildirinin sayfa araligi).
Yayinevi. Varsa DOI bilgisi veya internet erisim bilgisi

Sanliyiiksel Yiicel, D., ileri, B. (2019). Characterization of weak, strafied and clay bearing rock masses. H.
Sézbilir, C. Ozkaymak, B. Uzel, O. Siimer, M. Softa, C. Tepe, S. Eski (Ed.ler), 72. Tiirkiye Jeoloji
Kurultay: Bildiri Ozleri ve Tam Metin Bildiriler Kitabi, (s.63-64). Jeoloji Miihendisleri Odas Yayinlari.
https://www.jmo.org.tr/resimler/ekler/174e0f6fa731893 ek.pdf

C. Kitaplar:

C.1. Kitaplarin gosterilmesi:

Yazar ad(lar)1, (Tarih). Kitabin Adi (ilk harfleri Biiyiik). Yaymevi. Varsa DOI bilgisi veya internet erisim bilgisi

Pettijohn, F. J., Potter, P. E. & Siever, R. (1987). Sand and Sandstones (2nd ed.). Springer-Verlag New York.
https://www.doi.org/10.1007/978-1-4612-1066-5

Ketin, 1. (2016). Genel Jeoloji, Yerbilimlerine Giris (9. Baski). ITU Vakfi Yaymnlari.

C.2. Ceviri Kitaplarin Gosterilmesi:

Yazar ad(lar)1, (Tarih). Kitabin Ceviri Adi (Cevirenlerin ad1). Yayinevi. (Orijinal yayin tarihi). Varsa DOI bilgisi
veya internet erisim bilgisi

Komatina, M. M. (2011). Tibbi Jeoloji: Jeolojik Ortamlarin Insan Saghg Uzerindeki Etkileri (Cev: Y. Orgiin
ve D. Bayrak). TMMOB Jeoloji Miihendisleri Odasi (Orijinal yayin tarihi: 2001).

D. Kitapta Béliim ise:

Yazar ad(lar), (Tarih). Boliim Adi. Editor(ler) Kitap adi (Boliimiin sayfa araligi). Yayinevi.

Merriman, R. J. & Frey, M. (1999). Patterns of very low-grade metamorphism in metapelitic rocks. In M. Frey
& D. Robinson (Eds.), Low Grade Metamorphism, (pp. 61-107). Blackwell Sciences Ltd.

E. Raporlar ve Tezler:
E.1. Raporlar:
Yazar ad(lar)1, Tarih. Raporun bashgr (Varsa rapor no). Kurum adi (Yayimlanma durumu).

Kellogg, H. E. (1960). Stratigraphic report, Derik-Mardin area Petroleum District V, Southeast Turkey (Rapor
no: 1367). TPAO (yayimlanmamis).

E.2. Tezler:

Yazar adi, (Tarih). Tezin bashig: [Yayimlanma durumu ve derecesi]. Kurulusun veya Universitenin Adu.
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Sénmez, H. (1996). TKI ELI Soma Linyitleri acik isletmelerinde eklemli kaya kiitlesi icindeki sevlerin
durayliigimin degerlendirilmesi [Yayimlanmamig Yiiksek Lisans Tezi]. Hacettepe Universitesi Fen
Bilimleri Enstitiisi.

E  Kisisel Goriisme:

Sozbilir, H., 2005. Personal communiciation. Geological Engineering Department of Dokuz Eylil
University, [zmir, Turkey.

G. Internetten Indirilen Bilgiler:
Kurumun veya internet sayfasinin adi, (Erigim tarihi). Web adresi.

KRDAE, (2020, 02 Ocak). Bogazi¢i Universitesi Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii.
Deprem Bilgileri, Biiyiik Depremler. http://www.koeri.boun.edu.tr/sismo/2/deprem-bilgileri/buyuk-
depremler/

H. Kaynak olarak kullanilan haritalar:

Konak, N. ve Ercan, T., 2002. 1/500.000 Tiirkiye Jeoloji Haritas1 Van Paftasi, (Senel, M., (Ed.)). Maden
Tetkik ve Arama Genel Midiirliigii Yayinlari, Ankara.

Tiirkce kaynaklar dogrudan Tiirkce olarak verilmeli ve Tiirkce karakterlerle yazilmahdir.

Esitlikler ve Formiiller

Matematiksel semboller ve formiiller el yazistyla yazilmamalidir. Esitlik numaralari esitligin hizasinda ve sag
kenarina dayandirilarak birbirini izleyen bir sirayla parantez iginde, ayrica esitliklerdeki sembollerin anlami
makalede ilk kez kullanildiklar1 esitligin altinda verilmelidir.

Esitliklerde kullanilan alt ve iist indisler belirgin sekilde ve daha kii¢iik karakterle yazilmalidir. Carpim iglemini
gostermek i¢in herhangi bir isaret kullanilmamali, ancak gerekli durumlarda “*” isareti tercih edilmelidir
(6rnegin; y=5*10-3). Bolme isareti olarak yatay ¢izgi yerine ““/” isareti kullanilmalidir. Kimyasal formiillerde
iyonlarin gosterilmesi amaciyla Ca++ ve CO--yerine Ca(2+) ve CO,(2-) tercih edilmelidir. Metinde esitliklere
“esitlik (1)” seklinde atifta bulunulmalidir. Gerekiyorsa, bilgisayar programu listeleri de net ve okunur sekilde
ekte verilmelidir.

Cizelgeler

Cizelgeler, basliklariyla birlikte, Dergi’nin sayfalarindaki baski alanimi (15,8 x 22,5) asmayacak sekilde
hazirlanmal1 ve birbirini izleyen sira numaralariyla verilmelidir. Cizelgelerin iist kisimlarinda hem Tiirkce,
hem de Ingilizce basliklar1 bulunmalidir (Cizelge basliklar1 ayr1 bir sayfada liste halinde verilmemelidir.).
Makalenin Tiirkge yazilmasi halinde Ingilizce baslik italik harflerle Tiirk¢e bashigin altinda yer almal, Ingilizce
makalelerde ise, italik yazilmis Tiirkce baslik ingilizce basliktan sonra verilmelidir. Cizelgeler, “Cizelge 17 vb.
seklinde sunulmalidir. Metinde ¢izelgelere Cizelge 1 veya Cizelge 1 ve 2 (eger birden fazla sayida cizelgeye
atifta bulunulacaksa) seklinde deginilmelidir. Cizelgeler, metinde kullanilan karakterlerden daha kiiciik (10 veya
11 punto) karakterle yazilmali ve Dergi’nin tek (7,3 cm-genislik) veya ¢ift (15,8 cm-genislik) kolonuna sigacak
sekilde diizenlenmelidir. Cizelgelerde diisey c¢izgiler kullanilmamali, yatay ¢izgiler ise sadece ¢izelgenin alt
ve Ustiinde, ayrica ¢izelgedeki bagliklar ile bunlarin altinda listelenen rakamlar1 ayirmak i¢in kullanilmalidir
(Bunun i¢in Dergi’nin 6nceki sayilaria bakilmasi 6nerilir). Cizelgelerde makalenin diger kisimlarinda verilen
bilgi veya sonuglarin (6rnegin grafikler vb.) tekrar verilmemesine 6zen gosterilmelidir. Her ¢izelge ayri
sayfalara bastirilarak metnin sonunda (Kaynaklar dizininden sonra) sunulmalidir. Cizelgelerdeki kisaltma ve
simgeler daha kiiciik karakterlerle ¢izelgenin altinda verilmelidir (6rnegin: c:tek eksenli sikigma dayanimi vd.).
Sekiller

Cizim, grafik ve fotograf gibi tiim sekiller yiiksek kalitede basilmis olarak “Sekil” baslig1 altinda ve metin
icinde anildiklar1 sirayla numaralandirilarak verilmelidir. Sekil numaralari sayfanin sag iist kosesine yazilmali,
ayrica sekiller kiigiiltiiliip biiyiitiilebilecek halde sunulmalidir. Sekil agiklamalari; sekillerin altina yazilmamali
ve ayr1 bir sayfaya yazilarak “Sekiller Dizini” bashigtyla verilmeli, ayrica “Sekil 1 olarak baslamalidir.
Cizelgeler i¢in yukarida belirtilen yazim kurallarina benzer sekilde, sekil basliklar1 hem Tiirkce hem de Ingilizce
hazirlanmalidir. Ayri sayfalara bastirilmis olan sekiller, ¢izelgelerden sonra sunulmalidir. Sekiller i¢in en biiyiik
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boyut, sekil bashgini da igerecek bigimde 15,8 cm (genislik) x 22,5 cm (uzunluk) olmalidir. Tiim sekillerin
Dergi’nin tek veya ¢ift kolonuna sigacak boyutlarda hazirlanmasi ve miimkiinse daha ¢ok tek kolona gore
tasarimlanmasi &nerilir. Ozellikle haritalar, arazi ile ilgili ¢izimler ve fotograflar, sayisal 6lgek (1:25000 vb.)
yerine, metrik sisteme uygun ¢ubuk Sl¢ekle verilmelidir. Tiim haritalarda kuzey yonii gosterilmelidir. Bolgesel
haritalarda, uygun oldugu takdirde, ulusal grid veya enlem/boylam degerleri verilmelidir. Harita agiklamalari,
sekil baghgiyla birlikte degil, seklin iizerinde yer almalidir. Fotograflar, ¢izimler veya bunlarin birlikteliginden
olusan sekiller (a), (b) vb. gibi gruplar halinde verilebilir. Bu tiir sunumlarda (6rnegin; Sekil 5a ve 5b) a,b,c vb.
gibi tek bir gekle ait ¢izimler veya fotograflar, ayr1 sayfalarda basilmasi yerine, gruplandirilarak ayni sayfada
sunulmalidir. Sekillerde agik gdlge ve tonlarindan kagimilmali, 6zellikle bilgisayar programlarindan elde edilen
grafiklerde bu hususa dikkat edilmelidir. Golgeleme belirgin, fotograflar siyah-beyaz ve iyi bir kontrasta sahip
olmalidir. Tlim sekiller, Sekil 1 veya Sekil 1 ve 2 (birden fazla sekle deginiliyorsa) gibi ve metinde anildiklari
sirayla numaralandirilmalidir. Bir dizi fosil fotograflarini iceren sekiller levha olarak degerlendirilmelidir.
Levha say1s1 miimkiin oldugunca az tutulmahdir. Levhalara iliskin agiklamalar, hem Tiirkce hem de Ingilizce
olarak ayn1 sayfada verilmelidir.

MAKALELERIN EDITORLUGE GONDERILMESI
Makaleler yazim kurallarina uygun sekilde hazirlandiktan sonra DergiPark Akademik (dergipark.gov.tr/tjb)
adresi lizerinden elektronik olarak sisteme ytliklenmelidir.

TURKIYE JEOLOJi BULTENI EDIiTORU
Prof. Dr. Erding YIGITBAS

Tel: 286 2180018-20088

e-posta: eyigitbas@comu.edu.tr

YAYIMA KABUL EDILEN MAKALELERIN SUNUMU

Yazarlar, makalelerinin yayima kabulii halinde, makalenin diizeltilmis son halini DergiPark Sistemi iizerinden
Editor’e gondermelidir. Makaleler *DOCX bigiminde hazirlanmalidir. Ttim sekiller Corel Draw ile ¢izilmelidir.
Bununla birlikte, sekillerin ¢oziiniirliikleri 300 dpi den az olmamalidir. Hem ¢izim (CDR) hem de resim (JPG)
dosyalar1 DergiPark Sistemi {izerinden gonderilmelidir.

PROVA BASKILAR

Makalelerin prova baskilari, dizgi ve yazim hatalarinin olup olmadigmin kontrolii i¢in Bagvurulacak Yazar’a
gonderilir. Prova baskilarda yapilacak diizeltmeler yazim hatalar: ile sinirli olup, yazarlarin makaleyi kabul
edilmis son halinden farkli duruma getirebilecek degisiklikler ve diizeltmeler yapmasi kabul edilemez. Prova
baskilar, yazarlar tarafindan alindiktan sonra en gec ii¢ giin icinde editdre gonderilmelidir. Gecikmeli olarak
yapilacak diizeltmelerin baskiya verilmesi garanti edilemeyecegi i¢in, yazarlarin prova baskilari gondermeden
¢ok dikkatli sekilde kontrol etmeleri onerilir.

TELiF HAKLARI

Yazar veya (Bagvurulacak Yazar (birden fazla yazarli makalelerde), kendisi ve diger yazarlar adina “Telif Hakki
Devir Formu”nu makalenin baskiya verilmesinden 6nce imzalamalidir. Bu sdzlesme, Jeoloji Mithendisleri
Odast’na yazarlar adna telif hakki alinmis yaymlarini koruma olanagi saglamakla birlikte, yazarlarin
makalenin sahibi olma haklarindan vazgectigi anlamina gelmemektedir. Telif Hakki Devir Formu, en kisa
siirede Editor’e gonderilmelidir. Bu form Editor’e ulastirilincaya degin, makale yayina kabul edilmis olsa bile,
baskiya gonderilmez.

ETIiK iLKELER VE YAYIN POLITIiKASI

Tiirkiye Jeoloji Biilteni (Tiirkiye Jeol. Biil.) yayinci ve kullanicilar1 (Bas Editor, editorler, alan editorleri,
yazarlar, hakemler, okuyucular vb.) Yayin Etigi Komitesi (COPE) tarafindan belirlenen etik kurallara ve
sorumluluklara uymalidir.
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Dergi Politikasi:

Acik Erisim Politikasi: Tiirkiye Jeol. Biil. hakemli bir dergidir. Basili ve elektronik ortamda ¢evrimigi yayin
yapmakta olup acik erigim sistemine sahiptir. Dergi sayilart Ocak, Nisan ve Agustos aylarinda yilda ii¢ kez
yayinlanir. Yaym siireglerinde, bilimsel yontemle 6zgiirce ve yansiz bigimde lretilen bilginin paylasiimasi
gozetilir. Makale degerlendirme siirecinde kor hakemlik sistemi uygulanir. Tiirkiye Jeol. Biil.’nin 1947 yilindan
itibaren yayinlanan tiim sayilar1 gerek yayinci kurulus olan Jeoloji Miihendisleri Odas1 (JMO) tarafindan basili
ve elektronik versiyonlari ve TUBITAK - DergiPark tarafindan ise elektronik versiyonlari arsivlenmektedir.

Ucret Politikasi: Tiirkiye Jeol. Biilt.’nin yaymci kurulusu JMO’dir. IMO ve/veya Tiirkiye Jeol. Biilt. derginin
basili ve elektronik versiyonlar: i¢in herhangi bir iicret ya da abonelik bedeli, yazarlar icin ise yayn iicreti ya
da benzeri bir 6deme talep etmez.

Telif Hakkl Devri: JMO ve/veya Tiirkiye Jeol. Biilt., yaymlanacak makalelerin telif haklarmin alinmasi i¢in
yazarlardan yazili onay alir. [lgili yazar, dergiye sunulan makalenin yazari/sahibi oldugunu ve kendisi ve diger
yazar(lar) adma telif hakkin1 JMO ve/veya Tiirkiye Jeol. Biilt. " ne devreder. Telif Hakki Devri Formu’nun
doldurularak, makale sunumu esnasinda dergi sistemine yiiklenmesi zorunludur. Sorumlu yazar, génderilen bu
makalenin bagka bir yerde benzer bir formda yayinlanmadigini, makalenin orijinal oldugunu ve yaymlanmak
iizere bagka bir yere gonderilmeyecegini garanti etmelidir. Sunulan makalenin tiim yazarlari, yazinin tim
haklarini ve tiim telif haklarini imzalayarak JMO ve/veya Tiirkiye Jeol. Biilt.’ne devretmelidir. JIMO ve/
veya Tiirkiye Jeol. Biilt.’nin, ilgili makalenin tamamin1 veya bir kismini dersler/ders notlari, raporlar ve ders
kitaplari/basili kitaplar gibi gelecekteki eserlerinde herhangi bir 6deme yapmadan kullanma hakki ve ilgili
makalenin kendi kullanimi i¢in kopyasint alma hakk: vardir. IMO ve/veya Tiirkiye Jeol. Biilt.; ticari amaglar
disinda patent haklar1 gibi telif hakki disindaki tiim haklarini sakli tutar.

Makale sunumu: Tiirkiye Jeol. Biilt.’ne degerlendirilmek iizere makale gonderecek yazar(lar), oncelikle
DergiPark’a iiye olmak zorundadir. Sorumlu yazar ¢alismalarini (orijinal makale, derleme, vb) Tiirkiye Jeol.
Biilt. ne Dergipark sistemi {izerinden gondermelidir.

Intihal Politikasi: Makaleden sorumlu yazarin dergiye yeni makale gonderimi igin “iThenticate Intihal Tespit
Yazilim1” veya “Turnitin” veya esdegeri bir intihal programi kullanarak benzerlik raporu yani sira, imzalanan
“Telif Hakki Devri Formu” ve “Etik Bildirim Formu”nu DergiPark sistemine yiiklemesi gerekmektedir.
Gonderilen makalenin benzerlik endeksi orani, referans listesi harig, % 20’nin altinda olmalidir.

Yazar Katkis1 Beyam ve Cikar Catismasi/Cakismasi1 Beyani: Makale yazarlarinin her biri makaleye énemli
bilimsel katkida bulunmus olmasi gerektiginden her yazarin esit etik sorumluluk tagidigi kabul edilir. Makalenin
tiim yazarlari, hatali durumlarda geri cekme veya diizeltme yapmakla yiikiimliidiir.

Yazarlar, yazilarii sisteme ylikleme asamasinda gerek benzer konularda arastirma yapan diger arastiricilar
bakimindan ve gerekse potansiyel hakemlik konularinda her tiirli ¢ikar catigsmasini/cakismasini agikca
belirtmelidir. Cikar ¢atismasi/¢akigsmasi bulunmadigini diisiindiigii durumda ise bu husus agikg¢a belirtilmelidir.

Kor hakemlik: Tiirkiye Jeol. Biilt.’nde tiim bilimsel yayinlarin objektif degerlendirilmesini saglamak amaciyla
kor hakemlik sistemi uygulanmaktadir. Makaleye hakem atama asamasinda hakem ve yazar(lar) arasinda
herhangi bir ¢ikar ¢atigmasi/cakismasi bulunmamasina 6zen gosterilmektedir. Bu amagla hakem ve yazar(lar)
arasinda bilhassa; a) Tez danismani/6grenci iliskisi olmamasi, b) Yazar(lar) ve hakem arasinda yakin gecmiste
(son 2 yil) ortak arastirma ve yayin yapilmig olmasi, ¢) Ayni kurumda gorev yapiyor olmamasi, d) Dergiye
sunulan yaziya bi¢im ya da igerik yoniinden katki yapmamis olmasi, e) Yazar(lar) ve hakem arasinda yargiya
ya da etik kurullara intikal eden ihtilaflarin olmamasi, f) Hakem ve yazar(lar) arasinda akrabalik iligkisinin
olmamas1 g) Hakemin yazar(lar) hakkinda kamuoyuna intikal etmis 6nyargilariin bulunmamasi, h) Hakem
ve yazar(lar) arasinda herhangi bir ticari iliskisinin olmamas1 vb durumlar dikkate alinir. Dergi editorliigiintin
gdziinden kacan durumlarin olmasi ihtimaline karsi hakemlerin de bdyle bir durumda editorliigli uyarmasi
gerekir. Ayrica hakemlerin;

*  Sadece uzmanlik alanlarina giren makaleleri degerlendirmeleri,
*  Degerlendirmeyi tarafsiz, objektif ve gizlilik icinde yapmalari,

*  Degerlendirmede milliyet, cinsiyet, dini inang, siyasal diisiince, ticari kaygilar vb nedenlerle tarafsizliklarim
kaybetmemeleri,
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e Goris ve onerilerini akademik gorgii kurallari iginde, yapici ve akademik bir dille yapmalari, kisisel
polemik yaratacak tisluptan kaginmalari,

*  Yayin siirecini sebepsiz uzatacak sekilde degerlendirmelerini geciktirmemeleri istenir.

Degerlendirme i§lemi:

On Kontrol (Hakem degerlendirme oncesi) Siireci: Tiirkiye Jeol. Biilt.’ne sunulan makale ilk olarak, Bas
Editor tarafindan dergi amag ve kapsamina uygunlugu acisindan gézden gegirilir. Gonderilen makale, derginin
ama¢ ve kapsamina uymuyorsa en ge¢ 15 giin igerisinde reddedilir ve yazara bilgi verilir. Amag ve kapsami
uygun bulunan makale, yapilan hakem degerlendirmesi oncesi yazim kurallari, dil ve anlatim agisindan ve
caligmanin planlanmasi agisindan incelenir. Bu konularda eksiklikleri bulunan makalelerin yazar tarafindan
diizeltilmesi istenir. Degerlendirme siirecinde yazarlar editor ve hakemlerin goriis, oneri ve elestirilerine cevap
vermekle yiikiimlidiirler. Yazarlar, hakem goriislerini dikkate alarak sorulan sorulari cevaplamak, goriis ve
onerileri degerlendirmek, elestirilere karst olumlu ya da olumsuz karsilik vererek bunlara dair kanitlarimi
ayritili bir mektupla editdre bildirmek zorundadir. Bu karsi mektupta akademik iislup kullanilmali, kisisel
tartismalardan kaginilmalidir. Hakem goriisleri dogrultusunda diizeltilmesi istenen makalelerin diizeltilmis
kopyasi gegerli bir neden olmaksizin 30 giin igerisinde tekrar editére gonderilmedigi taktirde editdriin makaleyi
reddetme hakki vardir. Yeniden diizenleme sonrasi, diizeltilmis makale editor tarafindan gerekirse yeniden
hakem degerlendirmesine gonderilir veya editdr tarafindan dogrudan kabul veya reddedilir.

Hakem Degerlendirme Siireci: Makalelerin tiim boliim igerikleri incelenip hakem degerlendirmesi igin
uygun bulundugunda makaleler hakem degerlendirmesine alinir. Ancak, herhangi bir nedenle hakem
degerlendirmesine uygun bulunmayan makaleler, editoriin degerlendirme raporuyla birlikte reddedilir.
Yazara en ge¢ 15 giin icerisinde bilgi verilir. Hakem degerlendirmesinde makaleler, editor tarafindan igerik
ve uzmanlik alanlarina gore dergi hakem havuzundan ve/veya havuz disindan olmak {izere, en az {i¢ hakeme
gonderilir. Makale hakemlerinin belirlenmesinde yukarida agiklanan ¢ikar ¢atigmasi/cakigsmasi hususlarma
ozen gosterilir. Hakemler degerlendirme siireciyle ilgili hi¢bir kimseyle bilgi ve belge paylagsmayacaklarini
garanti etmek zorundadir. Hakem degerlendirme siireci i¢in hakemlere verilen siire 30 giindiir. Hakemler
veya editorden gelen diizeltme Onerilerinin yazarlar tarafindan 30 giin igerisinde tamamlanmasi zorunludur.
Hakemler makale i¢in diizeltmelerini inceleyerek uygunluguna karar verebilir veya gerekliyse birden ¢ok defa
diizeltme talep edebilir. Degerlendirme sonucu, hakemlerden gelen goriisler, editor tarafindan en geg 15 giin
ierisinde incelenir. inceleme sonucunda, editér makaleye iliskin nihai kararmni vererek yazara iletir. Ret karar1
verilen makaleler arsivlenir.

Makale Geri Cekme: Degerlendirme asamasindaki makalesini geri ¢ekme isteginde bulunan yazar(lar),
konuyu igeren 1slak imzali dilek¢eyi dergi e-mail adresi tjbdergi@gmail.com iizerinden yayin kuruluna iletirler.
Yayin Kurulu, geri cekme dilekgesini inceleyerek en gec 15 giin igerisinde cevap verir. Yayin Kurulu tarafindan
dilekgesi onaylanmayan bir makalenin yazar(lar)1, makalelerini bagka bir dergiye gonderemezler. Yazar(lar)in
yayinlanmis, erken goriiniim veya degerlendirme asamasindaki ¢alismasiyla ilgili bir yanlis ya da hatay1 fark
etmesi durumunda, dergi editoriiyle isbirligi yapma yiikiimliiligi bulunmaktadir. Yazar(lar), bizzat kendilerine
ait olmayan verileri kullanma hakkina sahip olduklarini, arastirma/analiz ile ilgili gerekli olabilecek izinleri
gosteren belgelere sahip olmalidir.

Editorler, derginin gelisimi ve yayinlanan ¢aligmalarin kalitesini gelistirmeye yonelik siire¢leri dikkatle takip
eder. Tiirkiye Jeol. Biilt. Yayin Kurulu basim asamasinda, degerlendirme asamasinda veya yayinlanmig bir
makale i¢in telif hakki ve intihal siiphesi olusmasi durumunda, makaleyle ilgili bir sorugturma baglatir. Yapilan
sorusturma sonucunda, makalede telif hakki ve intihal siiphesi tespit edilmesi durumunda, Yaym Kurulu
makaleyi detayl agiklama yaparak degerlendirme asamasindan geri ¢gekme islemini yazar(lar)a en geg 15 giin
igerisinde bildirir.

Gizlilik: Tiirkiye Jeol. Biilt. sistemindeki tiim kisisel bilgiler bilimsel amaglarla kullanilmakta olup, ti¢lincti
taraflarla paylasilmamaktadir.

Sorumluluk Reddi: Bas Editor ve Yayin Kurulu tiyeleri, yazarlarin goriislerinden ve yazi igeriginden sorumlu
degildir. Yazarlar, yazilarindaki etik 6zgiinliik ve olasi hatalardan sorumludur. Son okuma (diizeltme okumast)
oOncesi ve sayfa diizenleme asamasinda olusabilecek tiim hatalardan yazarlar sorumludurlar. Son okuma sonrasi
meydana gelen hatalar dergi yetkililerinin sorumlulugundadir.
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AIM and SCOPE

The Geological Bulletin of Turkey (Geol. Bull. Turkey) is one of the oldest and best-known journals in
Turkey, published since 1947. It is published by the Chamber of Geological Engineers (CGE) with three
issues every year. The journal accepts articles about earth science topics apart from engineering geology.
Primary topics include geology, tectonics, structural geology, geochronology, geochemistry, sedimentology,
biostratigraphy, paleontology, mineralogy, magmatic and metamorphic petrology, mineral deposits, geophysics
and geomorphology, in addition to environmental and urban geology along with economic geology. Articles
are accepted in both Turkish and English at current scientific levels in relation to these topics. Articles include
primarily Turkey and surroundings, eastern Mediterranean, Middle East, Balkans, Black Sea and Caspian Sea
areas, along with ranked articles from all other critical regions of the world. Articles including results with high
scientific level from research completed within this scope are published without any fee. The journal is open
access. The target audience for the journal is all earth scientists interested in these topics and this scope. The
journal includes mainly original research articles and lower numbers of reviews and publications with other
scientific qualities. Selected sessions at the Geological Congress of Turkey and other national and international
meetings may later be published as special issues after reviewed publication processes.

PREPARATION OF MANUSCRIPTS

The language of the GEOLOGICAL BULLETIN OF TURKEY is both Turkish and English. For manuscripts
submitted in English “Genisletilmis Ozet”, for manuscripts submitted in Turkish “Extended Summary” should
be given. If the author(s) are residents of a non-Turkish speaking country, titles, abstracts and captions of
figures and tables are translated into Turkish by the Editors. It is strongly recommended that authors whose
native language is not English, should ask a person whose native language is English to check the grammar and
style of manuscript before submission. Paper should be original and comprise previously unpublished research,
interpretations, or synthesis of two, or technical notes. Submission implies that the manuscript is not currently
under consideration for publication elsewhere.

SUBMISSION PROCESS and ETHICAL STATEMENT

All manuscripts must be submitted electronically via the Internet to the Geological Bulletin of Turkey through
the online system DergiPark at http://dergipark.gov.tr/tjb. There are no page charges. Papers are accepted for
publication on the understanding that they have not been published and are not going to be considered for
publication elsewhere. Authors should certify that neither the manuscript nor its main contents have already
been published or submitted for publication in another journal. The copyright release form, which can be found
at http://dergipark.gov.tr/tjb, or www.jmo.org.tr must be signed by the corresponding author on behalf of all
authors and must accompany all papers submitted. After a manuscript has been submitted, it is not possible for
authors to be added or removed or for the order of authors to be changed. Manuscripts may be rejected without
peer review by the editor-in-chief if they do not comply with the instructions for authors or if they are beyond
the scope of the journal. After a manuscript has been accepted for publication, i.e. after referee-recommended
revisions are complete, the author will not be permitted to make changes that constitute departures from the
manuscript that was accepted by the editor. Before publication, the galley proofs are always sent to the authors
for corrections. The use of someone else’s ideas or words in their original form or changed without a proper
citation is considered plagiarism and will not be tolerated.
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INSTRUCTIONS FOR CONTRIBUTORS
Manuscripts should generally be structured as follows:
(a) Title (English and Turkish)
(b) Names of authors (bold and in capital), their affiliations (italic and lower-case) and the name and
e-mail address of the corresponding author.
(¢) Abstract (English and Turkish)
(d) Key words (English and Turkish)
(e) Introduction (aim, content and methodology)
(f) Main text (methods, material stuied, descriptions, analyses etc.)
(g) Results and Discussion or Conclusions and Recommendations
(h) Extended Summary / Genisletilmis Ozet
(i) Acknowledgements (if necessary)
(j) References
(k) Tables
() List of figure captions
(m) Figures
(n) Plates (if any)

The various levels of headings used in the manuscript should be clearly differentiated. All headings should
be in left-aligned. Major headings should be bold capitals. Secondary headings should be considered as sub-
headings. Primary- and secondary-subheadings should be given in lower-case and tertiary headings in italics.
Headings should not be preceded by numerals or letters. Manuscripts (abstract, main text, acknowledgements,
references, appendices and figure captions) should be typed on one side of the paper (A4 size: 29.7 cm x 21
cm) with wide margins (at least 2.5 cm) and 1.5 line-spaced throughout, at a font size of 12 point (Times New
Roman) and with all pages numbered.

Examples for headings:
ABSTRACT

INTRODUCTION

PRIMARY HEADING

Primary Sub-Heading

Secondary sub-heading

Tertiary sub-heading

CONCLUSIONS

GENISLETILMIS OZET / EXTENDED SUMMARY
ANCKNOWLEDGEMENTS

ORCID

REFERENCES

Cover Page
A cover page, separate from the main manuscript, must include the followings:
a. Title of the paper
b. Name(s) of author(s) (full forenames should be given)
c. Full postal and e-mail addresses of all authors (the corresponding author should be indicated). Phone
number for the corresponding author should also be provided.

Title and Authors
The title of the paper should unambiguously reflect its content. If the paper is written in Turkish, the Turkish
title (in bold-face type and first letter of the words capital) should be followed by the English title (italic and
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first letter of the words capital). If the paper is in English, the English title should appear before the Turkish
title in the style mentioned above. Authors should provide their Orcid ID which can be obtained from orcid.
org website.

The information related with authors should be given as follow:

Ahmet Ahmetoglu Ankara University, Engineering Faculty, Geological Engineering
Department Tandogan 06100 Ankara
e-mail: a_ahmetoglu@ankara.edu.tr
ORCID Number: 0000-0001-1458-0820

A. Hiisnili Hiisniioglu MTA Genel Midiirliigii, Jeolojik Etiidler Dairesi, 06520 Ankara
e-posta: husnu5S6(@mta.gov.tr
ORCID Number: 0000-0001-1458-0830
ABSTRACT
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