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ABSTRACT

NEOGENE PALEOMAGNETI C ANALYSIS OF NORTHW EST
ANATOLIA

K n &Meryem Dilan
Doctor of PhilosophyGeological Engineering
Supervisor: Prof. DINur et di n Kaymakcé
Co-SupervisorProf. Dr. Bora Uzel

February 208, 155 pages

Northwestern Anatolia constitutes a key region for understanding the spatial and
temporal evolution of Miocene deformation associated with distributed extension
and transtensional tectonics. This study presents an integrated paleomagphetic a
kinematic analysis of Miocene volcanic and sedimentary units exposed within
selected Neogene basins of northwestern Anatolia, with the aim of quantifying

verticalaxis rotations and their relationship to basoale deformation.

New paleomagnetic resaltdocument systematically and temporally distinct
verticalaxis rotations. Early Miocene units record consistent clockwise rotations,
whereas middle to late Miocene units are characterized by counterclockwise
rotations of generally larger magnitude. Thestations show clear spatial coherence
within individual basins and between adjacent basins, indicating that they reflect

regional deformation patterns rather than local orspexific effects.

Comparative analysis of NEending basins indicates thaeth G°® r des Basi n e
a rotational hi story comparabl e t o t ha
characterized by similar rotation senses and timing. In contrast, the Demirci and
Selendi basins define a distinct kinematic domain, internally consistentelauly

separated from the southern group in terms of rotation patterns and stress



orientations. These results demonstrate thattrididing basins in northwestern
Anatolia did not evolve under a single, uniform tectonic regime, but instead record

spatially heterogeneous basin development during the Miocene.

Keywords: PaleomagnetisiNeogene vertical axis rotations, Northwest Anatolia,

Miocene stratigraphy, NdEending Neogene basins.
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¥Z

KUZEY BATI ANADABGLWN&EOJEN D¥NEMKNE AKT
PALEYOMANYETKK ANALKZ

K re,dMeryem Dilan
DoktorgJ e ol o i M¢hendi sl i i
Tez Y°neti Nusiet dPmoKayakcé
Ortak Tez Yneticisi: Prof. Dr. Bora Uzel

kK ub at,153 $ayeb

Kuzeybaté Anadol u, daj enek geni Kl eme ve
Miyosendeform s yonunun mek©nsal ve zamansal evr
bir bl gedir. Bu -al ékma, kuzeybatée Ana

yé¢zeylenen Miyosen yakl é vol kani k ve sedi

b¢etenl exki k pal emataink e tainlkal V21 ekriin sunmakt

etrafendaki rotasyonlareéen nicel ol ar ak

°] -ejindeki deformasyon ile ilikkisini o
Yeni pal eomanyeti k veril er ,n sttgmadgkyve e k s en
zamansal ol arak ayréxméxkx bir karakter se
birimler:i baskén ol arak saatiGg?®niinyes emt
birimler:i genell i kle sdaha Baptk yBopysvkh
rotasym | ar|l a karakterizedir. Bu rotasyonl ar,
araséenda belirgin bir me k ©n s a | tutarl él
etkilerden ziyade b°l gesel def or masyon ©

KD-GB dojur thlatvelal ar eén karkeéel akt érmal & anal.i
Bigadi - alanl areée ile benzer rotasyon y°or

d°nme ge-mikKine sahip oldujunu ortaya ko
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Sel endi havzaghagéerrovaesyemi ¥me y°nelimler:i

gruptan belirgin Kekil de ayrel an, kendi [
tanémlamaktadér . Bu sonu-1-@B, dauzelybalk @ A
havzal arén Miyosen boyurnejai me&l tvendiani dgelrink rhe
aksine me k ©n s al ol ar ak heterojen havza g ¢

gestermektedir.

Anahtar KelimelerPal eomanyeti z ma, Neojen d¢key eksen
Anadolu, Miyosen stratigrafisi, KkEB doj r ul thalvz.aNaao jee n
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Cenozoic deformation and basin formation in western Anatolia constitute one of the
key subjects in geoscience, particularly within the context of the active Africa
Eurasia convergence zone.ig interest largely stems from the complex geological
evolution of the region, where metamorphism, basin development, and widespread
volcanism occurred contemporaneously. Numerous studies have addressed the
Cenozoic tectonic evolution of western Anatoligith a strong emphasis on
extensional tectonics and associated basin development (e.g., Bozkurt, 2001, 2003;
Ersoy et al., 2014). However, despite the abundance of research focusing on
extension, the role of strikdip deformation and strain partitionirigas received

comparatively |l ess attenti on, except for
1987) and a | imited number of more recent
2008; Ss°zbilir et al., 2011; Uzel et al

The presentlay AegeanCyprian subduction system extends south of Crete and
northeast of Rhodes, where the African plate subducts beneath the Arataiean
domain. The western Anatolian lithosphere, positioned above the subducting slab, is
currently affected by two diinct but interacting tectonic regimes. An extensional
regime dominates the western and southern parts of the region, whilesBfrike
deformation is mainly associated with the North Anatolian Fault Zone (NAFZ) and
its westwarepropagating branchggigure ). Seismic tomography studies suggest
that the subducting slab beneath the Aegean region is undergoing oblique tearing
along the PlinyStrabo trench (Wortel & Spakman, 2000; Gans et al., 2009; Hale et
al., 2010; van Hinsbergest al., 2010). This slab tear is thought to exert adirder



control on the upper crustal deformation pattern by promoting lateral variations in

extension and strikslip deformation.

Within this framework, a NHrending shear zone has been proposedgathe

western margin of Anatolia as the upjoeunstal expression of slab tearing. This zone,

commonly referred to-Banl étkhees ilri tTerraantsufreer aZso nte

is interpreted as a Miocesa®e structure that accommodated differential resiten

and strain partitioning between adjacent extensional domains (Okay et al., 1996;
Ring et al., 1999; S°zbilir et al., 2011;
al ., 2020) . Rat her than representsng a s
better described as a broad deformation corridor characterized by distributed strike

slip to transtensional deformation. Although its influence on Miocene basin
development and metamorphic core complex exhumation is widely acknowledged,

its presentlay surface expression remains discontinuous and locally obscured by

younger deformation.

One of the most important implications of thisd&#Ending shear zone is its potential
role in the development of NEending Neogene volcarsedimentary basins in
westerrmAnatolia. Late Tertiary basins in the region are commonly grouped into three
main categories: (i) Oligocerdiocene basins, (ii) NErending Neogene basins,
and (iii) EW-trending Pliocen®uaternary grabens. The MNEnding basins,

i ncludi ng r@randdSelaendi, dévelaped predominantly on the northern
flank of the Menderes Core Complex and were later dissected/yrEnding high

angle normal faults during the PlioceQeaternary. Despite extensive research, the
origin and tectonic significancef the NEtrending basins remain debated. Early

models proposed a twatage evolution involving amitial compressional regime

followed by NS<di rect ed extension (keng?®°r, 1987)
synchronous development of NE and\Etrending basins during the Early Miocene

(Seyitojlu & Scott, 1994, Htations attlibutedt al . |,
basin formation to erosional processes |

although the lack of transitional contacts between-gigiie metamorphic rocks and

unmetamorphosed units argues against purely erosional exhumation nreshanis

U
nog

W
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More recent syntheses favor an extensional to transtensional origin for the NE
trending basins. Bozkurt (2003) proposed that these basins formed duraaglyhe

Miocene under an approximately®ddirected extensional regime, with deformation
accommodted by NESW-trending highangle normal to obliquslip faults. This
interpretation is supported by syectonic magmatism and kinematic evidence
indicating transtensional deformation. Ersoy et al. (2011) further refined this model

by suggesting episodicabin development under alternating extensional and
transtensional stress regimes, and by emphasizing the role ofdipileed oblique

slip faulting, particularly in the G°rde
t he G°r des B ametedash strectufald@indary betiveen a sslipe

dominated domain to the west, associated withthe NEe ndi ng shear =zon
and the Simav detachment fault system to the east, which controlled the exhumation

of the Menderes Metamorphic Complex.
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Figure1: (a) Major tectonic structures in Anatolia. NAFZ: North Anatolian Fault

Zone, MCL: MidCyc | adi c Li neanBEanltgkelsBTZ:Trienmifrer p
(modi fi ed fr om L&Richoy @tal., 1®79; Walcott and WISt X;;

Philippon et al., 2012; Uzel et al., 2013, 20{5) Regional tectonic units around

eastern Mediterrenean (modified frabbk ay and Si yako, 1993; Ok ay
1999 Stampfli and Borel, 2002

1.2  Problem definition and Aim of the study

Northwestern Aatolia represents a key region for understanding the interaction

between extensional and striglp tectonics in western Anatolia. The study area
encompassethe north of NE-SW-trending transtensional deformation corridor,
commonly referrkal ékoesdasg tThea nldzlmiral.,Zone ( KBT

2015) Although this region has been the subject of numerous structural and

stratigraphic studiesyerticalaxis rotation pattens remain poorly constrained.



Previous paleomagnetic studies in western Anatolia have documented localized
block rotations; however, these data are sparse, unevenly distributed, and rarely
evaluated within a robust temporal framewofkigure 3. In most cases,
paleomagnetic results are reported without clear separation of age groups, making it
difficult to distinguish betweerearly Miocene, middle Miocene, and younger
rotational phases. Moreover, it is unknown whether vertiga rotations vary
spatially across the region or show a consistent pattern related to the geometry of the

NE-trending deformation corridor.

Another unresolved problem concerns the origin and timing efrbiitiing Neogene
basins in western Anatolia. Competingpdels propose that these basins formed
synchronously under a single regional extensional regime, or episodically under
different tectonic conditions involving transtensional or stekp deformation.
However, the lack of ageonstrained paleomagnetiatd prevents a direct test of
whether these basins experienced similar or distinct rotational histories, and whether
their development is kinematically compatible with deformation within the NE

trending transtensional corridor.
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Accordingly, the central problem addressed in this study is whether vertical
rotations recorded in Miocene volcanic and sedimentary units of northwestern
Anatolia exhibit systematic spatial and temporal patterns, and how these patterns
relate to (i) the evolution of a NEending transtensional shear zaa&d (ii) the

evolution of NEtrending Neogene Basins

To solve these problems, this study adopts an integnaealtidisciplinary approach
combining stratigraphic, paleomagnegicalyses The methodology is designed to

link deformation timingand therotational phases.

Paleomagnetic sampling focuses on Miocene volcanic and sedimentary units
exposed within seleaieNeogene basins in northwestern Anatolia. Oriented core
samples were collected using a tpbie drill, with special emphasis on obtaining
stratigraphically welconstrained and minimally altered lithologies. Sampling sites
were selected to allow compansdetween different basins and to evaluate

variations across the Nieending transtensional corridor and adjacent fault zones.

Laboratory analyses include stepwise thermal and/or alterAaidg
demagnetization to isolate characteristic remanent magtietiz(ChRM). Site

mean directions are calculated and evaluated using standard statistical criteria.
Paleomagnetic results are grouped according to stratigraphic age to distaaglyish
Miocene rotations fronmiddle-late Miocene and younger rotational qmments.

This approach enables assessment of both spatial and temporal variations in vertical

axis rotations.

The paleomagnetidatasetis synthesized to construct a spatially and temporally
constrainedrotation model for northwestern Anatolia. This intaggd approach
allows evaluation of (i) whethearly Miocene andniddle-late Miocene units record
different rotational histories and (ii) whether Xieénding Neogene basins share a

common kinematic evolution or developed under distinct tectonic regimes.



CHAPTER 2

NEOTECTONIC OF WESTERN ANATOLIA AND STRATIGRAPHIES OF
THE STUDY AREAS

2.1  Western Anatolia

Western Anatolia is one of the most seismically active regions among the world and
currently deforming under the influence of a prominefs Montinental extension.
Thisregion is a part of the larger Aegean Extensional Province which is a zone of
distributed extension from Bulgaria in the north to the Aegean Arc to the south. The
origin of the crustal extension has been debated for many years, and four primary
models prposed by many researchers. The first model is the tectonic escape model,
proposing that the Anatolian block has been migrating through westward since the
Serravalian (12 Ma), along the dextral North Anatolian Fault Zone (NAFZ) and
sinistral East AnatoliaRaul t Zone (EAFZ) (Dewey and ke
1987; keh9g21r9 8e5t; ad°.r,¢,r et al ., 1995). The
extension is the result of a baakc processes, particularly the seatuthwestward
migration of the Aegean Ardriven by rollback of the subducting African Plate
(McKenzie, 1978; Le Pichon and Angelier, 19T®; Pichon et al., 1982Jackson

and McKenzie, 1988; Meulenkamp et al., 1988, 1994). The inception of the initiation
of the subduction rollback is controviads but some studies suggest a range between
60-5 Ma(Kissel & Laj, 1988) The third model, orogenic collapse, suggests localized
extension driven by thinning and lateral spreading of the-thwekened crust,
following the Paleocen&ocene collision aing the Neotethys and lasting in the
Oligoceneearly Miocene times (Dewey, 1988). The final, an episodicgiage
graben model, divides the extension phases into a Mie€arig Pliocene stage
associated with orogenic collapse and a-Blimternary stagassociated with M6

extensi on, attributed to the westward es



1999). However, recent geological data from the Aegean region indicates that the
orogenic collapsenodel is less feasible, and the Late Oligoeeady Miocene
extension in western Anatolia is mainly driven by rollback of the subducting plate
rather than the orogenic collapse. Thislis scussed by Okay and
geologicalevidence, such as ca#tkaline volcanic and plutonic rocks formedab

the Ndipping subduction zone support this hypothesis. Stratigraphic,
paleontological, and structural data indicate that the thickness of the crust before the
extensional phase was roughly as same as the current thickness. Also, the eclogites
and blueshists in the Cyclades, which were considered the evidence of a thickened
crust, had largely surfaced through exhumation before the extension initiated. The
rollback mechanism is supported with isotopic data as well, revealing a southward
migration of extasion related metamorphism and magmatism aligns with the
rollback of subducting slab is the main driver of this extension rather than orogenic

collapse.

In the Late Cretaceous, the final closure of the Vardar Ocean led to crustal thickening
due to the actity of a NESW-trending transform fault located between the
Neotethys Ocean and the Anatolifiauride carbonate platform. This transform fault
facilitated the deposition of the Bornova Flysch Zone along the fault (£2keey et

al., 1996) Following a peod of rapid convergence, the subducting slab likely began

to retreat under itswnweight relative to the overriding plate. Subduction continued
without further convergence until the Early Eocene. Between the Early Eocene and
Late Eocendcarly Oligocene, convergence rates increased, reinstating a
compressional regime that affected-pete Eocene rocks in the Aegean region.
These rocks experienced late Mesozmacly Tertiary Alpine compressional events,
leading to the formation of the Cycladic Bluesclaistl eclogite facies. As thrusting
advanced southward, core complexes began to develop, and the Cycladic Blueschist
started to exhume along leangle detachment faults. This exhumation preserved
high-pressure, lowtemperature parageneses and exhibitedtddape-NE ductile
shearing within the gneissic nappe pile of the Menderes Massif, interpreted as

resulting from Late Eocene crustal thickening and nappe stag@kpget al., 2001)
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During this period, syextensional volcanism and granite plutonismurced in the
northern Rhodope regiddolivet & Brun, 2010)

Intracontinental NS convergence linked to the Paleoc&uweene collision along the

K z mfinkara suture zone persisted until the Oligocene when significant changes in
boundary conditions tooklgce around 3@5 Ma( Boz kur t , 2001; S° z
2011) The subducting slab began to retreat southward as the northward movement
of the African plate slowe@Jolivet & Faccenna, 2000LConsequently, the trench

and associated magmatic arc migrasedithward. In the backarc region of the
retreating slab, partial melting facilitated the development of-tegiperature core
complexes within the extending Cyclades, known as the Cycladic Core Complex
(CCC) and Menderes Core Complex (MCC). At the onsé¢h@iOligocene, a NE
SW-trending Lycian molasse basin formed at the tectonic boundary between the
Menderes Core Complex and the Lycian Nappes, marking the beginning of the first
extensional phase during the Mendezgsumation(ten Veen et al., 2009; Gess

et al., 2013)

By the beginning of the Miocene, baakc extension in the Cycladasceleratednd

reachedh peak, and western Anatolia was characterized by a core complex mode of
extension, which led to the formation of suetachment basins andetintrusion

of granodioritic plutons into the core compleXegps et al., 2001)From the early

to middle Miocene, crustal thinning in the central Menderes region was associated

with the denudation of the Menderes Core Complex (MCC) in the footwalee of

Gedi z and B¢gyeék Mendugs & al., 20@f Gesshemet alt f a u |
2013) This brittle extension affected the core complex, promoting the development

of sedimentary basin$he most prominent neotectonic features of Western Anatolia

are he approximately BNV-trending grabens and their basiounding active normal
faults. Major graben systems include the
K¢-¢k Mender es, Beyéek Mender es, and G°ko
the Neotectoniarchitecture of the region and accommodate a significant portion of

the ongoing crustal extension. The grabens are typically asymmetric and controlled

by high-angle normal faults, which define weléveloped horsgraben systems. In



addition to the BW-trendng grabens, Western Anatolia also contains less prominent
NNE-SSWtrending basins@ah i nt er veni ng horst s, such as
Sel endi ;G¢arned bUxksaikns. These structures reflec
pattern and indicate that extension in the region is not purely uniform but locally

heterogeneous.

2.2  Stratigraphy of the Study Areas

This section outlines the Neogene stratigraphy of shely areasbased on
comprehensive literature review. The {pfeogene basement is not described in
detail, as the primary focus of this study is on the sedimentary and volcanic rock
unitsthatdeveloped during the Neogene. Lithological characteristics and formation
names are summarized as reported in the literature, and the ages of the unit are

provided with reference to the relevant souréegure 3.
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2.2.1 Stratigraphy of Akhisar Region

The stratigraphic sequence in the Akhigaa begis wi t h t he Bakl amék Fo
exposed near Bakl améex Vill age, west of the
ophiolitic complex with an angular unconformity. It starts with a conglomerate

sequence composed of pebbles from the ophiolitic basement, folbyvsashdstone,

marl, and limestone layers. This formation is overlain by the-cobored

conglomerates and sandstones of the Oligocene age with an unconformity (Akdeniz,

1980).

Bakl amék Formation is overlain by the Dajd
Tepek®y Formation in the south which are f ol
consisting of alternating sandstone and mudstone intercalated with acidic tuffs and

intruded by dacitie hyol i ti ¢ vol canic necks known as ¢
and Scott, 199).Ersoyetal. (20l12) e named t he Dajdere Formati on
Formation, which is overlain by the Kuxkl ukk
G¢nekli Volcanics and cut by the Kayacék Vo
these units are unoof or mabl y over |l ain b(grsoydial., G° k-el er
2014)

The Kézeéeldam Formati on, best observed ar ol
reddishbrown conglomerates of alluvial fan origin, primarily derived from the

Menderes Massif, and unconformablyerlies the metamorphic rocks, transitioning

|l aterally into the Kuklukk®y Formation towe
Formation consists of fluviacustrine conglomerates, sandstones, and claystones,

with coal occur r enc endcoadamauwithdthe@layiatlplaeine Vi | | ag
and lacustrine/tuff facies described by Purvis and Robertson (2004). Rddgom

dating of volcanic intercalations indicate
Volcanics are composed of pink to white rhyolitic dykes #ndh flows, with

pyroclastic rocks interfingered with firgrained sedimentary rocks of the

Kukl ukk®y Formati on, correlating with the d
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Kayaceéek (Emsdyeta.n20l®s dated to 19. 1Maudingd. 6 t o
biotite and feldspar ArAd at i ng ( Pur vi s et al ., 2005)
previously named as centr al vol canics by
greencolored dacitic to rhyolitic volcanic necks, lava flows, and associated

pyroclas i ¢ rocks interfingered with the Kukl
0.6 to 16.3 N 0.5 Ma using K/Ar dating (
0.04 to 17.6 N 0.1 Ma wusing Ar/ Ar datir
Formation consists ofonglomerate, pebblestone, sandstone, siltstone, and matrl

sequences of fluvib acustrine origin, unconf or mabl

Formation, and is identified as middle Miocene in &gsed on its stratigraphic

position.
2.2.2 Stratigraphy of Bigadi- Area
The stratigraphy of the Bigadi- area begi

of the Upper CretaceotBal eocene Bornova Flysch Zone
Formation, and Oligocene detrital sediments. These units are unconformably
overlain by the Lower Micene Kocaiskan volcanics, which are unconformably
overl ain by t madimétany aeduence andthecUppernMiocene to
Pliocene continental depos(tsE r ét al,12005)

The Bakl amék -&opamadd omearwe$ & ndeée higke, s
bedded nummulitic limestone, marl, and alternating mudstanestone layers,

displaying white to creamy colors. Based on its fossil content, Akdeniz (1980)
assigned an Early to Middle Eocene age to this formation. The overlying Oligocene

clastic sednents unconformably rest at the top of these Eocene deposits and are

overlain by the volcanogenic sedimentary rocks of the Kocaiskan volcanics.

The Kocaiskan volcanic unit, previously
et al. (196) and Helvace (1995), i's predominan
represents the earlier phase of Early Miocene volcanic activity iBthegadi - ar e a
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( Er k all, 20@5} This unit is composed of early and late phases of andesitic
intrusions, along with associated pyroclastic and volcanogenic sedimentary rocks,

distinguished by their greyish colors and-sltical flow foliations. KAr dating of

the Kocaiskarvolcanics byKrushensky (19762 nd G¢ndoj Iwieleed al . (19
an age of 23.6 N 0.(6rMa,l vehlsinmgeotitesdroBedr0 5d)at i ng
theearlyphase andesitic intrusions, gives an ag

volcanics are unconformably overlain by the ktcme and volcanic units of the
Bi gadi --sedimehtaryasoocession.

The Bi g a disedimentaryl suecession extends across a broad area,

particularly welle x pos ed north of t he Sendérgé and
succession includes four distineto | cani ¢ unit s: the Séndeéergé
basal t, Kayeérl ar volcanites,; aGge¢n dkoajhd un keaty a
al ., 190t6;alEr,k ¢2005) . T h eexp8sednirdteeregseernv ol cani t
and southern par tasisbof daditib @d MByolgiaimdtrusions,a r e a c
massive and brecciated lava flows, and pyroclastic deposits. These volcanites have

been dated at 19.0 N 0.2 Ma (K/Ar) from the
20.2 N 0.5 Ma to (1ES.&0all,[R00%). & hea GPKcAk) basal
extending from G°Il| c¢k t o-treBdingalikrte pasaltic s char acH
dy k e

sedi mentary successi on.dinltheaorthkemypatoflther v ol can

s and |l ava domes intercal ated-with | acu

Bigadi - area, comprise andesitic dykes and
Kayeéerlar village. The G°lc¢k basalt and Kay
and 20.6 N 0.7 Ma respect{Evé&ly, edeal congi0dé
kahi nkaya volcanites, composed of basaltic

associated pyroclastic rocks. They represent the youngest volcanic unit in the
Bigadi - aAreaggens tohf KE?T k& IN®AG. 41Mag 200
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2.2.3 Stratigraphy of the Al a-amdaj] area

I n the Al a-amda]j area, the stratigraphy
magmatic and sedimentary rocks, which overlie the basement rocks of the Menderes

Mas si f a nAnkatalZene. Kre primary lithogpcal units, listed from the

ol dest to the youngest, i nclude the Al a-
fluviolacustrine continental deposit s, a
foomsaNWSE el ongated body, cr anpam.iThigearyut eas
Miocene granite intruded into the Menderes Massif and the Bornova Flysch Zone

and is composed of porphyritic granites and aplitic dykdsr k ¢ | & Tat ar E
2010) The age of the Al a-amdaj granite has:s
U/ Pb dating, yielding ages of 1QEBB¢N, 0. 1
20l0Has°zbek et al ., 2011).

The Early Miocene ignimbrites and andesdacitic volcanogenic sedimentary

rocks of the Sajeéerlar vol Addri-amdaijt guaoo
This unit Iis exposed south of the Sajeéer]l:
also contains andesititacitic intrusions that intersect the clastic sediments of the

Kz mfinkaraZoneThe age of t he Sajegablishedas ¥9d7T cani c
N 0. 18 Ma -Ardating ilomadhe andesites withinthe upitEr k ¢ 1 & Tat a
Erke¢l, 2010)

The Sajeéerl ar volcanic unit i's unconfor m
sedimentary deposits and also felsic volcanic rockisersbuthern Dursunbey area.

These sedimentary deposits appear as lenses within the ignimbrites of felsic volcanic
rocks around the ¢atal-am district. Base
the surrounding felsic volcanic rocks, these sedimenteppslts are considered as

Early Miocene age.

Felsic volcanic rocks, which include dacites, rhyolites, and ignimbrites, are exposed
from the Dursunbey to D¢vertepe district

rocks are transitional with the alluvilcustrine sedimentary deposits. Radiometric
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dating of the felsic volcaEckgbcks ah.t h2o
yielded K-Ar biotite ages ranging from 20.2 to 19.0 Ma, which can be correlated

with the Early Miocene felsic volcanicunt s i n t he AlEa kgmd &] Trae¢ @iron
Erke¢l, 2010)

2.2.4 Stratigraphy of the Bal ékesir area

I n the Baleékesir regi on, the Neogene str at
volcanics, followed by volcansedimentary units, and overlained by the overlying

Bay r a mi - Formation from ol dest to youngest
were first described bfKrushensky, 1976ascomprising lava flows, minor flow

breccia, and tuff units, primarily andesitic and dacitic in composition. Ercan et al.

(1984) furher described the unit as consisting of andesite, dacite, tuff, and silicified

tuff, with significant hydrothermal alteration observed in the andesitic and dacitic

rocks (Duru et al ., 201L2n)i.t iTahd yHadlaltae-dl aart v20:
Ma usng the kAr method(Krushensky, 1976)Additionally, (Ercan et al., 1996)

reported that the volcanic activity of the |
Oligocene and persisted until the end of the Oligocene. This unit is unconformably

overlainby younger volcansedimentary units of Miocene age.

The volcanes edi ment ary wunits exposed in the Bal é
composed of acidic lavas, dykes, and pyroclastic rocks associated with volcanic

activity, along with synsedimentary fluviolacustrine sedimentary deposits. The base

of this sequete is characterized by grayighhite acidic lavas and pyroclastics.

Radiometric dating of these volcanic rocksKryshensky (1976andErcan et al.

(1996)y i el ded ages of 18.2 N 0.3 -Mageand 21.9 N
Furthermore, Benda at. (1974) notethe presence of sporomorphs in the lacustrine

sediments, which agrees well with the radiometric age data. According to

Al tunkaynak ,the MBazene magraalistn & )this region can be divided

into three distinct stages, spanningn the early to late Miocene. The first stage is

characterized by felsic to basic volcanism, with RigBhoshonitic magmas, dated
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between 21.3 and 18.5 MKrushensky, 1976; Ercan et al., 1996; Altunkaynak &
Ge n - , . ThsdiBoquent stage is markgdmildly alkaline magmatism, with
more crustally contaminated volcanic activity, dated between 15.3 and 16.8 Ma
(Altunkaynak et al., 2012)These volcanic rocks are interlayered with clastic
carbonate sequences consisting of conglomerates, sandstodeBneagrained
sediments, often accompanied by lacustrine carbonates. The final stage,
corresponding to the late Miocene, involves extensive alkaline volcanism, attributed

to decompressional melting of the asthenospheric mantle beneath a significantly

thnned continental crust, with ages rangi
(Altunkaynak. & Gen-, 2008)
The Bayrami - Formation wuncontfsedimerdabyl y ove

sequence. Initiallgescribed by Siyako et al. (1989), the formation imposed of

fluvial and lacustrine sediments, including conglomerate, sandstone, and shale
intercal ations. Based on its fossil cont
been determined as Pigu at er nary (G°zl er et al ., 198:

2.2.5 Stratigraphyareaf the G°nen

The Neogene units i n tMoce@gnargtiovolaaniem begi |
The age of this volcanic urdietermined using the K/Ar dating method, ranges from

20.3 to 23.5 MgKaracik et al., 2008) Thi s unit I's correlate
volcanics and primarily consists of basaltic, andesitic, and dacitic rocks. In some

parts of the area, these granites transition both vertically and horizontally into
lacustrine sediments. Above this volcanic sequence lies a younger volcanic unit,
charactezed by mediumto coarsegrained fragments of andesite, latite, perlite,

rhyolite, and ignimbrite. The age of this volcanic unit is determined to be between

15.3 and 21.3 Ma, based on K/Ar and Ar/Ar dating metl{dtdanmaz et al., 2000;
Altunkaynak & Gen , 2008; Al t u n kThiy volaanic sequeneelis. , 201
unconformably overlain by a middle to late Miocene voleaadimentary

succession. The base of this succession begins witotecked continental clastics,
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followed by another set of andesjtitacitic, and basaltic volcanic rocks. The ages
of this volcanic activity are dated between 7.7 Ma and 11.¢Bvizan et al., 1996;
Kaymakci et al., 2007)

2.2.6 Stratigraphy of the Kvrindi area

The Neogene stratigraphy of the Kvrindi regi
The sequence begins with the HHNdodgeae-| ar Vol ¢
basement rock3.his unit was originally defined by Kahensky (1976) and consists

predominantly of andesitic to dacitic lava flows, flow breccias, and tuffs. Later

studies descrice widespread hydrothermal alteration within these rocks (Ercan et al.,

1995; Duru et al., 2012), and radiometric dating indicatésawnic activity occurred

between the early and late Oligocene (Krushensky, 1976; Ercan et al., 1996). The

Hal |l a-1 ar vol cani cs ar e u n-agedn volwanana b | vy ove
sedimentary successions comprising acidic lavas, pyroclastics, and interbedded
fluviolacustrine sediments. These deposits mark the transition from felsic to mildly

al kaline volcanic phases (Altunkaynak and C
carbonate sediments reflecting contemporaneous sedimentation. Local andesite

intrusions cosscut these units and are likely associated with intermediate stages of

Miocene magmatism. Overlying this complex are continental clastic deposits,
interpreted as equivalent of the Bayrami- f
sandstone, and shale layef PlicQu at er nary age (Siyako et al .,
1984). The youngest unit in the region consists of unconsolidated Quaternary alluvial

depositdilling the presemtdaydrainage systems.

2.3 Origin of NE-trending basins

The Late Tertiary volcaneedimentary basins developed in the westaratélia can
be classified into three main groups: (a) Oligoebheocene basins (S°%zbili

2005), (b) NEtrending Neogene volcargedimentary basins Ercan et al., 1978;
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keng®©r, 1987; Seyitojlu and Scott, 1991
Ya] mur 1995; Seyitojl u, 1997; Hel vacé and
Bozkurt, 2003; Purvis and Robertson, 2004; Ersoy et al., 2010, 2011), antMc) E

trending Pliocen®uaternary basins. The NEending Neogene volcano
sedimentary basins, which devedgpon the Menderes Massif in the northern part of

the Menderes Core Complex, were cut and displaced by approximatély E

trending, highangle normal faults of Pliocer@@uaternary age.

Despite the large number of studies carried out in these basins stherednsensus

regarding the stratigraphic correlations and tectonic evolution of th&S\WE
trending Neogene basins. According to ke
two distinct stages. The first stage corresponds to a compressional tectonic regime
initiated by the collision between the Sakarya Continent and the Anaiicdigiéde

platform, leading to NS-directed compression and the development of paleotectonic
Tibetantype crossgrabens, which persisted until the middle Miocene. The second

stage began after the middle Miocene and is associated wishdifected

extensional tectonics. As result of this extensional regime, neotectonic Aegean

type crosggrabens developed in western Anatolia, cutting theegigting graben

system. Within this framework, NEr endi ng basins such as G
Demirci were interpreted as basins m@d by NESW-oriented normal faults

resulting from crustal thickening associated with the closure of the Northern
Neotethys Ocean and later dissected bWHrending highangle normal faults

(Yél maz et al ., 2000, 200 loyeltothedonmeatioe r , t he
mechanism of the NEending basins is debated, primarily due to the lack of
evidence for significant continental crustal thickening comparable to that observed

in Tibet (Okay and Satér, 2000}jessiotalhe abs:
folding in the Selendi and G°rdes basins.
(1995) interpreted the NEending basins as replacement structures, suggesting that

they are older and contain thicker sedimentary successions thatwherdading
grabens, which were classified as revol

(1994) proposed that the MNEending basins and-W/-trending basins formed
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contemporaneously during the early Miocene based on their field observations and
stratigraphicage correlations. This interpretation is also consistent with age data

from the syrextensional granodiorites exposed withinth®V& r endi ng Al akehir
Graben (Hetzel et al., 1995).

Knci (1998, 20 0-0ending lmasirs aspnteemibreade basommed N E

by erosionrelated processes within compressional tectonic settings. However,

attributing the exhumation of the Menderes Massif only to erosional processes is

considered unlikely for several reasons. Most notably, there is no progressive

transition between the higigrade metamorphic rocks and the unmetamorphosed
ophiolitic m®l ange units exposed in the r1ecg
along lowangle tectonic contacts. Comparing the different proposed models,

Bozkurt (2003) suggested thaetNESW-trending basins formed during tearly

Miocene under an approximately-Bidirected regional extensional regime.

According to this interpretation, extension was accommodated b$\NEending

highangl e nor mal faul t s alsdemnircitandeSelanédir gi ns of
basins. These faults were interpreted as transtensional structures developed between

normal faults during thearly Miocene, and the presence of g¢gntonic magmatism

supports this interpretation.

Furthermore, studies that considee OligoceneMiocene tectonic exhumation of

the Menderes Metamorphic Complex propose that the Miocendrddging
volcanesedimentary basins developed as sestogped depressions above {ow

angle detachment fault surfaces (Purvis and Robertson, 200dyugtt this study

acknowledges the influence of extensional tectonics during the early Miocene, it

argues that extension played only a modifying role in basin development. In other

words, the G°rdes and Sel endi bheearlyns ar e s u
Miocene. It was also proposed that this model could be applicable to the Demirci

Basin.

One of the most comprehensive studies on therBikding basins is that of Ersoy et

al. (2011), which generally attributes the basin formation to a&diecked
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extensional regimes and proposes that basin development occurred episodically
under extensional to transtensional stress conditions. In this model, the sediments of
the Hacébekir Group deposited during ear
basins areinterpreted to have deposited in basins developed above the Simav
Detachment Fault. In contrast, thevolcan@ d i ment ary units expos
Basin are interpreted to have been deposited under the control8¥\NEending

dextral strikeslip and dliques | i p faults. Accordingl vy,
interpreted as a transtensional basin formed durinegitieMiocene. Moreover, the
eastern margin of t hearly MHScend s snter@etesl iamna dur i r
structural boundBaarlyé kbeestiwe eTnr atnhsef eKrzn¥orn e ,
slip deformation to the west, and the Simav detachment fault, which played a key

role in the tectonic exhumation of the Menderes Masslig¢east.

2.3.1 Stratigraphy of NE-trending basins

The NEtrending Neogene basins of western Anatolia preserve aderdiloped
volcanesedimentary record that provides key constraints on the tectono
stratigraphic evolution of the region. Previous studies hawersithat these basins
show comparable stratigraphic successions, characterized by early to middle
Miocene fills and associated sgepositional magmatism. In this section, the
stratigraphy pf the NErending basins is summarized based on previously peblish
studies, as no stratigraphic observations were conducted within the scope of this
study. The stratigraphic framework adopted here is illustrated in the composite
stratigraphic columnHigure 4, which highlights the main lithastigraphic units,
their relative ages, and correlations ami
This synthesis provides a consistent basis for regional stratigraphic correlation and

for the tectonic interpretations discussed in subsequent sections
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Robertson (2004, 2005), and most recently revised by Ersoy et al. (2011) based on

detailed field observations and geochronological dateis study, the stratigraphic

framework of the basin is summarized following the revised scheme of Ersoy et al.

(2011).
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According to Ersoy et al. (2011), the ba
which unconformably overlies the metamorphick®of the Menderes Massif along

the eastern basin margin and ophiolitic
along the western margin. The Kézeéel dam
grained basin deposits and is regionally correlated with Lowercénie coarse

clastic units in the Demirci and Selendi basins. Radiometric ages obtained from
volcanic intercalations in the overlying units indicate an Early Miocene age for the
Kezéldam Formation (Seyitojlu and®°yScott,
Formation conformably overlies the Kézeél
wi despread unit within the G°rshmsond8asi n.
and sandstonmudstone alternations deposited in fltlagustrine environments.

This unit bcally contains coabearing horizons and is intercalated with acidic tuff

layers, which can be traced across much of the basin. These volcanic intercalations
provide important age constraints, indicating Early Miocene deposition. The

Kukl ukk?©y Broespondst too the sandstemeidstone successions
previously described by Seyitojluv and S
| acustrine facies of Purvis and Robertso
mainly in the northern part of the basin and ¢singf rhyolitic dykes, lava flows,

and associated pyroclastic deposits. These volcanic rocks interfinger with the fine
grained sedi ments of the Kuklukk®y For me
pyroclastic rocks range between approximately 19 and 1édnéirming their Early

Miocene age (Purvis et al., 2005; Ersoy et al., 2011). In the central part of the basin,

t he Kayacék Volcanics are represented by
flows, and minor pyroclastic deposits. These volcanic baxieand locally deform

the sedimentary wunits of t hseedidantarytok k°y F
slightly postsedimentary emplacement. Radiometric dating of these volcanic rocks

yields K/Ar and Ar/Ar ages between approximately 22 and 16 Ma, cemsigtith

Early Miocene volcanic activity (Seyitojl
Early Miocene basin fildl i's unconfor mabl

which crops out mainly along the western margin of the basin. This unit is composed
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of conglomerates, sandstones, siltstones, and marls deposited inldhustrine

settings. Based on its stratigraphic position and lithological similarities with Middle

Mi ocene units in neighboring basins, the ag
as Middle Miocene (Ersoy et al., 2011). The

is locally overlain by Late Miocene to Recent sediments.

2.3.1.2 Demirci Basin

The stratigraphy of the DemirciBasintm® en descri bed by several 8
(1984), Yél maz et al. (2000) , Seyitojlu (1¢
(2011). Based on these studies, the Neogene basin fill of the Demirci Basin rests on

the metamorphic rocks of the Menderes Maasd is intruded locally by Oligocene

Miocene granitoids. The basin fill comprises two main volesedimentary

successions separated by a regional angular unconformity.

Early studies by Knci (1984) suggested th;
conglomeragd s o f the K¢grtk°y¢ Formati on, which p
mudstone alternations of the Yeni k®y For mat
early to middle Miocene in age and were unconformably overlain by younger

sedi mentary and \ial QG0)iater ravised this stratigfaphyma z

and proposed that the basin fill started with boulder conglomerates of the Borlu
Formati on, overl ain by sandstones and muds
locally intercalated with andesitic lavas and pyrectai ¢ rocks of t he OF
Volcanics. These units were interpreted as conformably overlain by marls and shales

of the Demirci Formation and unconformably capped by late Miceang Pliocene

limestones of the Adala Formation.

Ersoy et al. (2011), integraty new field observations and regional correlations,
demonstrated that the stratigraphy of the Demirci Basin closely resembles that of the
Sel endi -Ggnke Wkask ns. According to this inter

of two distinct stratigraphigroups separated by an angular unconformity. The older
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uni t is correlated with the Lower Mi oc e
K¢rtkeyeg and Yeni k°®y formations together
Sevin-ler Vol cani cs. arehalusia fard ®mlomerates ¢ 0 my
derived mainly from the Menderes Massif, passing upward into flaastrine

sandstones, mudstones, and associated rhyolitic pyroclastic rocks. Radiometric and
stratigraphic age data indicate an Early Miocene age fosubisession. The younger

unit is correlated with the Middle Mioce
the Hacébekir Group. It includes the Al
conglomerates of the Borlu Formation, sandstsilistone alternations othe
K°epr¢bakeé F o r mgrained hacustriree ndépositsi ofi ¢he Demirci
Formation. These sedimentary units are interfingered with anddattitc lava

flows and pyroclastic rocks of the Asitepe Volcanics, as well asssgiimentary
basalticflowso f t he Naka basalt, dated at appr oX
The Demirci Formation, composed mainly of marls, bituminous shales, and
limestones, represents the most distal lacustrine environments and can be correlated

with equivalent middle Mioa®e units in the Selendi Basin.

2.3.1.3 Selendi Basin

The stratigraphy of the Selendi Basin has been well documented by previous
geol ogi cal studies (Akdeniz and Konak, 1
2011). The basin fill consists of two main Neogene vwodesedimentary units

separated by a regional angular unconformity, as in the Demirci Basin, the units are
correlated with the Lower Miocene Hacébe

Group.

The Hacébekir Group compr i sesmation@ndKg¢r t k?©
associated Ejreltidaj wvolcanics, and Kuz
consists of reddishrown alluvial fan conglomerates with sandstone intercalations,
deposi ted unc o nrAnkamr dené togks anchtectigrucally over the
Mende r e s Massi f (Hel vace, 1984) . |t i s C
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Formation, which is composed of cdaaring sandstordltstonemudstone

alternations and laminated limestones of fluNaoustrine origin. These sediments

are interfingered with rhyolt i ¢ | avas and pyroclastics of |
dated at ~2 9 Ma ( Seyitojlu et al ., 1997, Hel va
sedi mentary mafic | ava flows of the Kuzayér

Formation and are also assigned to théyédiocene.

The Knay Group includes the Ahmetl er For mai
interfinger wi t h t he Yajceda]j vol cani cs a
Formation is dominated by conglomerates and sandstones and passes laterally into

the finegraired, fluvio-lacustrine deposits of the Ulubey Formation toward the basin

center (Akdeniz and Konak, 1979; Hel vace,
economically significant borate deposits. Andesitic to rhyolitic lavas and

pyrocl astics odnitchse aYrad ciérmdtagr cvaollact ed wi t hi n
yieldKIAr ages of ~16.8 Ma (Helvacé and Al onso,
basin, symssedimentary basaltic lava flows of the Orhanlar basalt overlie the

Ahmetler Formation and are datedat~1648® Ma ( Seyi tojl u et al ., !
and Alonso, 2000). The stratigraphic succession of Selendi Basin is unconformably

overlies by the Kocakuz Formation, which represents a younger phase of the basin

evolution. This unit is overlain by the Kabaklar andavar basal tic | ava f
Radiometric ages obtained from these basalts indicate late Miocene emplacement at

approximately 8 Ma (Ercan et al., 1996; Innocenti et al., 2005).
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CHAPTER 3

PALEOMAGNETIC ANALYSIS OF NORTHWEST ANATOLIA DURING
NEOGENE

3.1 Introduction

The arient geomagnetic field can be observed in the rocks at the time of deposition
or formation. During rock formations, the rocks contain magnetic minerals (usually
iron oxides or iron sulfides), these magnetic minerals align with the ambient field
and lock n the rock system. Regardless of the way through which a rock acquires its
magnetization, it is termed as a natural remanent magnetization (NRM). There are
basically three types of NRM differentiated by the mechanism of paleomagnetic
signal acquisition. Téy are thermoremanent magnetization (TRM), chemical
remanent magnetization (CRM), and detrital remanent magnetization (DRM).
Thermoremanent magnetization (TRM) is acquired when the magmatic rocks cool
below the Curie temperature of the magnetic minerasttie rock contains. As a
result of cooling, the magnetic field at that time is locked in the rock, and the minerals
are aligned with the ambient geomagnetic field. As the temperature of the minerals
begins to decrease below the Curie temperature, thgpthie effect of the thermal
energy gradually diminishes allowing spin moments within the minerals to align in
the external magnetic field directions. This magnetization camabée$or billions

of years unless it is subjected to higher magnetizatidweslightning). A chemical
remanent magnetization (CRM) is acquired when the grain of a magnetic mineral
grows through the critical blocking volume or grain size. When the clasts of magnetic
minerals are deposited, the detrital remanent magnetization JDRMcquired.
Detrital magnetic grains align with the effect of the ambient geomagnetic field only
if they are in the water column or the soft and watdurated top layer of the

sediments.
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3.2  Methodology

3.2.1 Sampling

The orientation of the magnetic mineratsntained in the rocks, acquired by the

earthdés magnetic field wunder the influence
forms the basis of the paleomagnetism methods. Directional samples collected from

the rocks during fieldwork are evaluated in a labasatenvironment, and the

magnetization directions acquired during the deposition of sedimentary rocks or

cooling of the igneous rocks are determined. These obtained directions are then

compared with the current magnetic positions. In this way, the defomahtnd

geological history of the region can be interpreted in the light of rotations.

In paleomagnetism studies, sample collection in the field is the first crucial procedure
for accurate and reliable results. During field sampling, the following fashansld

be considered: (1) Samples should be collected tatdasizes that are compatible

with the measuring devices in the laboratory, (2) Stratigraphic and structural
positions of the collected samples must be accurately determined, (3) The lithology
of the samples should be recorded correctly for proceeding laboratory measurements,
(4) For statistical reliability, at least5samples should be collected per each site,
(5) Samples should be collected directionally, azimuth and plunge amount of each
sample must be noted, and careful attention should be paid to accurately positioning
during sampling, (6) Geological and structural relationships between the collected
samples should be noted, and (7) To prevent samples from acquiring the current
strong magatic fields, all the samples must be stored in an aluminum foil during

fieldwork and also during transportation to the laboratory.

In this study, sample collection was conducted by using an ECHO bratadblpor
core drilling machine with a drill bit of 5 cnn diameter. During sampling,
stratigraphic positions, structural features, and orientation of the samples were

examined and recorded. Additionally, it was ensured that the sampled rocks were not
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affected by any strong magnetic field after depositionooticg such as alteration

or lightning strike, and that they retained their primary magnetic properties. If the
bedding strike deviates from the horizontal, the attitude of the bedding must be
determined for the application of structural tilt correctioncéses where samples

are collected from a structural feature such as plunging folds, it is also crucial to
determine the attitude and the plunge of the fold to allow complete tectonic
correction. Bedding attitude is usually measured by a magnetic conviasgs.
measuring the attitude of the beds where the samples were taken, the influence of the
adjacent rock units with strong magnetic properties (such as basalt) was taken into
consideration since igneous rocks can affect the magnetic compass needle used
during measurements causing deviations of about 10 degrees due to the natural
magnetic properties of especially mafic minerals and their potential of carrying
metallic/semimetallic ore deposits. Therefore, great care should be taken to ensure
that any de\ation in the compass needle is avoided. When a magnetic compass could
not be used to measure directions that may cause deviations larger than 10 degrees,
a sun compass was preferred. Rather than that, core orientations and bedding tilt
measurements were rcected for the presewtay declination of about 6 degrees
according to the World Magnetic Model (WMM2025).

3.2.2 Sample Preparation

Before the paleomagnetic analysis, it is essential to prepare all core samples to the
appropriate sizes for measurements. Gelyenalultiple subsamples are extracted

from one core sample per site, and thesessubples provide additional checks to
ensure the homogeneity of the data and can be used for other experimental
procedures. For this reason, all core samples with a diaoféieam were cut to 22

mm using watecooled nonmagnetic rock slaw to standardize their volume to 10.5
cm3, which is appropriate for the measurement devices (Tauxe, 2010). At least one
specimen for each core was obtainegjre 5a). After that, samples with volumes

of 10.5 cm3 are labeled based on their site names and arranged according to their
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stratigraphic positions within the sampled blocks. The remaining parts of these
samples are stored for subsequent use in the Curiedgaldeasurements. The

samples were selected taking into consideration the changes in lithology.

3.2.3 Curie Balance Measurements

The thermal vibrations of atoms act against the alignment processes, leading to a
decrease in the spontaneous magnetization dombhmg a certain temperature
known as Curi¢gemperature. Curie temperature can vary for each sample depending
on the dominant magnetic carrier. Above the Curie temperatagnetic minerals

pass from a ferromagnetic state to a paramagnetic state. In @ttty for samples
dominated by ferromagnetic minerals, the magnetization intengitgp@roximates

that of the ferromagnetic minerals, and the Curie temperatures are determined as the
points where a significant decrease in the magnetization intensitysoas the
temperature increases. To discover the magnetic behavior of the rock samples and
identify the predominant magnetic carries within the samples Curie Balance
measurements were performed. Understanding the dominant carrier of the samples

enables th determination of the appropriate demagnetization steps for each sample.

For this purpose, the selected samples were initially powdered and then individually

placed between layers of quartz wool within a glass sample holder. A minimum of

50 mg of the powdered sample was used for the measurements. Following this, the

powdered samples were placed into a horizontal transigtmm Curie balance

device with a noise level of 5.23m? (Mullender et al., 1993)and heatingooling

cycles were initiated stared fr om t he room temperature to
(Figure 5b, ¢, 9. These cycles continued until the samples lost their magnetic

properties. The temperature increments were selected differently for each sample

based on theiithological properties. For instance, for igneous rock specimens, the

maxi mum temperat ur e wa socksespeciallyomaficPobks AC si nce
consist of magnetic minerals, whereas for sedimentary rock specimens, smaller

temperature increments veeused. This approach was taken because sedimentary
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rocks often have lower magnetization intensities, and using larger temperature

increments might erase the remanent magnetizations in the sample.

3.24 Demagnetization Procedure

In a progressive demagnetizatioprocedure, samples are systematically
demagnetized by incrementally applying higher levels of temperature or alternating
field. At each step, the sample's natural remanent magnetization (NRM) is measured.
Low-stability components of NRM are typically degmetized more easily, while
high-stability components may require higher levels of demagnetization. The
demagnetization process commonly involves applying alternating fields (AF
demagnetization) or heating the samples (Thermal magnetization), and the
demagetization levels and increments are determined based on the coercivity of the
magnetic minerals present in the samples. After each demagnetization step, the
remaining magnetization of the sample is measured on a 2G Enterprises horizontal
DC Squid magnetoster with a noise level of 3.16 Am? (Mullender et al., 2016)
(Figure =, f)and Zijderveld and Wullf diagrams are often used to visually represent
the changes in the direction of the NRM throughout the demagnetization roces
(Zijderveld, 1967) Additionally, the intensity of each sample is measured after each
step, and when the intensity reaches zero i.e. when the NRM is reduced to <10% of
the initial value, the demagnetization procedure is stopped, as this indicatég that
magnetic behavior of the minerals has become paramagnetic.
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Fort Hoofddijk Paleomagnetic Laboratory
University of Utrecht

Figure5: (a) Paleomagnetic core samples prepared through cutting processes for
further measurements, (b) Caps remaining from the cutting process and quartz wool
usedto prepare sample for Curie Balance measurementsof@dntal translation

type Curie balance device with a noise level of 8.A? (Mullender et al., 1993)

(d) Powdered sample prepared for analysis2@Enterprises horizontal DC Squid
magnetomete with a noise level of 3.1 Am? (Mullender et al., 2016)(f)
Magnetically shielded ovens used for thermal demagnetization procedure.

The remanent magnetization retained in a sample, which reflects the Earth's
magnetic field at the time of cooling deposition, is defined as the Characteristic

Remanent Magnetization (ChRM) of the rocks. ChRM values of the samples are
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determined through the inspection of decay in intensity curves, -atpel
projections, and vector component diagrai@igderveld, 1967. When the results
show linear decay, usually towards the origin, or univectorial decay towards the
origin, almost 90% of the natural remanent magnetization (NRM) has demagnetized.
At a specific temperature, the sample loses its magnetic property celppleth

the gableend of the vector path, after removing secondary components, representing
the ChRM.

The samples subjected to successive heating steps were measured for intensity and
magnetization directions and were plotted on Zijderveld diagramer A&fach
demagnetization step, the resulting magnetization vectors were added to the diagram.
To measure the ancient geomagnetic field directions, Principal Component Analysis
(PCA) (Kirschvink, 1980)is used to find the beéit line through the linear gt of

the data points. However, one or several samples at the sites may have overprints
overlapping with the ChRM, typically due to secondary magnetization resulting from
alteration or lightning effects, mostly in volcanic sites. These samples also show
abnormally high magnetic intensities with random directions at higher temperatures.
Therefore, overprinted directions and the intersection points of secondary
magnetization great circléMcFadderandMcElhinny, 1988) describing the plane
defined by theChRM and secondary magnetizations, allow the identification of the

primary ChRM of the samples.

The ChRM directions or great circles with maximum angular deviation exceeding
15 degrees were excluded from further analysis. Consequently, 557 ChRM
directions were determined from 1291 analyzed specimens subjected to the
demagnetization procedure. For each site,-detisee cutoff was applied to discard
widely outlying ChRM directions, and the averages and cones of confidence were
determined usingtatistics. Erors in the declination and inclination values are given
separ at el y folowing@®iler £199a) Fishérstatistics (1953) were used

to determine the mean directions and their statistical properties (k, a95) as well as
the mean of virtual geomagnetmwles (VGP) and their statistical properties (K,
A95). N-dependent minimum and maximum values of A95 (A95A95nax) were
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determined, and values falling within this range indicate that the paleosecular
variation has been sufficiently sampled. Howevethé& A95 value is smaller than

the minimum value (A95 < A%), the VGP distribution underrepresents the
paleosecular variation due to secondary magnetization or the samptowmshort

time spani.e., spot reading. The results of the demagnetizaathysiswill be
presented in detail below. Each site's data will be examined to provide a
comprehensive understanding of paleomagnetic directions and block rotations
separately site by site.

3.25 Statistical testsFold test and Common True Mean Direction test

The fold test is conducted by reorienting paleomagnetic directions and progressively
unfolding the strata from 0% to 100%, correcting for the tilt of the samples based on
the measured attitude of the beds or flow directions. This process involves plotting
the magnetic directions at different unfolding percentages and calculating the
concentration parameter for each step. The test results can indicate one of three
possible outcomes: pffelding, postfolding, or synfolding magnetizations. If the
magnetic diections are most tightly clustered at or near 100% unfolding, the fold
test is positive, indicating that the magnetization was acquired before the folding
event. In this case, the magnetic directions can be directly used to infer the
paleomagnetic historyf the region. Conversely, if the magnetic directions are most
tightly clustered at or near 0% unfolding, the fold test is negative, suggesting that the
magnetization was acquired after the tilting event. Since the data reflects the post
folding geomagnetifield, it cannot be used to infer the paleomagnetic directions or
rotational history of the region prior to the folding. Therefore, these magnetic
directions are not stablefor interpreting the primary paleomagnetic signals or the
pre-folding tectonichistory of the region. There is also the possibility of intermediate
clustering, where the magnetization directions cluster at an intermediate percentage
of unfolding. This indicates that the magnetization was acquired both before and
after the folding evat, which can occur in situations where the rock has subjected to
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multiple phases of magnetization or has been partially overprinted by secondary
magnetization. Although intermediate results can provide some information, they
require further analysis andeenot suiablefor straightforward interpretation. In such
cases, the common true mean direction test should be applied to determine whether

different paleomagnetic sites record the same geomagnetic signal.

The common true mean direction (CTMD) test isdug1 paleomagnetic analyses to
evaluate whether two or more siteean directions are statistically indistinguishable

and thus representative of a single tectonic block or a shared tectonic history since
magnetization acquisition. In addition to assesgingtmagnetization verticadxis
rotations, the test can be used to determine whether the sampled sites were subjected
to the same tectonic regime at the time of magnetization. The method compares site
mean directions by restoring them to a common referdraame and evaluating
whether their dispersion decreases relative to thstinconfiguration. A positive

CTMD result at a given confidence level indicates that the sites share a common true
mean direction, implying coherent tectonic behavior and a cammagnetization
framework. In contrast, failure of the test suggests differential rotation, spatially
variable deformation, or distinct tectonic conditions affecting the sites during or after
magnetization. The CTMD test is commonly implemented using Fsagstics and
confidence parameters (e.g., U95) and is

prior to regional rotation analysis and tectonic interpretation.

3.3  Aim of the paleomagnetic analyses

The main objective of the paleomagnetic analyses g1 gtidy is to evaluate the
temporal and spatial variations in vertieadis rotations across the study areas from

the early Miocene to the present. The analyses aim to determine whether distinct
rotational domains, such as systematic clockwise or couotkmise rotation
patterns, can be identified through the study areas. Particular emphasis is given to
the comparison of adjacent tectonic regions, including the Northern Aegean domain,

the NEtrending basins located to the east of thetMfding transtemsnal corridor.

35



In addition, theanalysis investigateshether the NHrending basins developed in
association with a Nirending transtensional corridor, or whether they record a
distinct tectonic regime. Finally, similarities and differences in rotapatterns
among the studied regions are examined to evaluate possible kinematic linkages and

shared tectonic evolution.

3.4  Sampling Sites

Paleomagnetic sampling was carried out at several locations in western Anatolia,
including Akhisar, Kvrindi, Bigadi -, Al a- a
northern part of the study area. Additional sampling sites are located within the NE
trendingbasis t o t he east and include G°rdes, De mi

of all sampling sites are shownkigure 6
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Figure6: The location map of all sampling sites

36



3.4.1 Akhisar-G°rdes area

Sampling locatios around Akhisar includ& a v a ktd teepnerth of the Soma
Basin, Gelenbe to the north of Akhisar, and an area bordei®dbly é to #esnorth
(Figure 3. In this area, outcrops of Miocene age pyroclastics, acidic lavas, clastics,
and carbonate rockzave been sampled. A total of 190 paleomagnetic cores were
collected from 10 different location3dble 1). Detailed stratigraphic positions of

geological sections and collected samples are provided below.
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Figure7: Geological map of the Akhisar study afbased on MTA geological maps,
20032, showing the locations of paleomagnetic sampling sites
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Table1l: Sampling locations, rock types (sedimentary or volcanic), proposad age

and quantities of paleomagnetic samples collected from Akhisar area.

Locality
Site
Akhisar
GEO1
GEO02
GEO4
GEO08
GEO09
GE10
GE15
GE16
GE20
GE21

W W W w w wwwww

Lat

9A07"
9A06"
9A10"
9A16"
9A19"
9A24"
9A23"
9A28"
9A13"
9A15"

P AN WO O WO Pk W
N NN DNDNDNDNDNDDNDNDN

Lon

7A51"
7A52"
7A49"
7A53"
7A53"
7A50"
7A38"
7A33"
7A53"
7A57"

N (M O DN O ) O O N N

Type

sedimentary
volcanic
sedimentary
volcanic
volcanic
sedimentary
sedimentary
sedimentary
volcanic
volcanic

Age Collected

samples
Early Miocene 28
Early Miocene 20
Middle Miocene 15
Early Miocene 17
Early Miocene 17
Middle Miocene 18
Early Miocene 20
Early Miocene 19
Early Miocene 20
Early Miocene 16
Total 190

At the GEO1 location, a sequence consisting of whibigiwn limestone and

greenishgray laminated mudstorsandstone alternations is observed. Sampling was
conducted from approximately 10 meténgk levels of mudstone and sandstone

layers. The beddingrientation is noted as N28W, 19SW for the preceding tilt

corrections. For the location GEO2, the sedimentary sequence starts witbtar3

thick alternation of sandstone and mudstone at the base and continues upwards with

a tuff layer. Overlying the tfifayer, there is a X&neterthick pinkishgray to light

gray andesitic lavllow. Sampling was conducted from the pinkisiiored andesitic

lava layers. A total of 20 samples were collected from this locality, and the bedding
was measured as N63E, 20SE.the GEO4 locality, a predominant succession of

bluish limestone is observed. The measured bedding plane in the field was N82E,

07SE at this locality, and sampling was conducted from these limestone layers.

Sampling at the GEOS8 locality was conductedrehtifrom a tuff sequence. The
attitude of the tuff layers is measured as N76W, 22SE, and N68E, 28SE. Same as the

GEO08, the GE09 sampling location consists entirely of tuff levels, and the attitude

was measured as NO5SE, 26SE. Tethe a s t

of

Savaktepe,

ther e

locations, namely GE10 and GE11. The sequence at the GE10 sampling location
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starts with approximately -iheterthick mudstone layers at the base. Moving
upwards, the sequence continues with clayey limestwndstme sandstone and
altered tuff alternations. The paleomagnetic sampling was conducted from all units
including the tuff layers. The bedding orientation along this section was measured as
N72E, 16NW at the base of the sequence. At the GE15 location, ttensecpiarts

with mudstone transitioning into mudsteli@estone alternation towards the upper
levels. The sampling was conducted from the limestewels,and the attitude of

the bedding plane was measured as N35E, 22SE from this locality. The GE16
succesion begins with 3neterthick limestonemudstone alternation continuing

with clay alternations. The bedding plane was measured as N46W, 13NE, and the
sampling was conducted from these layers. In the GE20 sampling location, the
sequence begins with mudseomat the base and continues upwards with marly
limestone and sandstone alternations. At the top of the sequence, altered muddy
limestonesandstone alternations were observed and the bedding plane was measured
as N20E, 0O6NW. Finally, the GE21 sampling lo@atconsists of a clayey limestone

and mudstone alternation with approximately 20 meters. Sampling for
paleomagnetic purposes was conducted from the base to the top of the sequence and
the bedding attitude was measured as N29E, 13SE.

3.4.2 Kvrindi area

In this aea, 182 paleomagnetic cores were sampled from 11 different locations
(Table 2). During the field observations, cressctional geological sections were
prepared, and the stratigraphic position of the samples was noted. Thanko el

the lithologies of the collected samples sinewn inFigure 8
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Table2: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and quantitie® f

Locality
Site
Kvrin
AN1
AN2
AN3
AN4
AN7
ANS8
Bz01
Bz02
TFO1
TF02
TFO3

Lat

27A
27A
27A
27A
27A 28"
27A 25"
39A40"' 4
39 A3.37"N2
39A33"' 6
39A29"' 8
39A27"' 3

32"
37"
29"
27"

Lon

39A2
39A2
39A1
39A2
39A3
9A2
8A1
7A1
7A1
7A1

3
2
2
2
2
27A1

pal eomagnetic

Type

6' 2
8' 14
7' G

volcanic
volcanic
volcanic
volcanic
volcanic

volcanic

(¢%]

volcanic
volcanic

volcanic

S N L

volcanic

O 00 00 N N w ©

volcanic

n

sampl es

Age

Early Miocene
Early Miocene
Middle Miocene
Early Miocene
Oligocene
Early Miocene
Early Miocene
Oligocene
Middle Miocene
Early Miocene
Early Miocene
Total

col

Collected

samples

15
22
18
15
18
14
19
15
15
16
15
182

|l ect ed

The ANO1, ANO2, AND3, ANO4, ANO7 and ANO8 samples were collected from an

andesitic |

ava

outcropping i

n

t he

Kvrindi

in the eastern part of the study area. The observed stratigraphic sequence at this

location starts with basaltiava at its base, and the sampling was conducted from

these outcrops. Also, one sample was taken from this location for an Ar/Ar dating

anal ysi s.

The

BZ02

sampling

ocat

on i s

here is approximately 25 meters thiand comprises entirely of basaltic lava as in

BZ01. Paleomagnetic sampling was conducted from the basaltic outcrops and

additionally, one sample was taken from this location for Ar/Ar dating analysis.

The TFO1 sampling location is situated to the nor#iwsd Kayapa village. The

stratigraphic sequence here is approximately 15 meters thick and consists entirely of

fine-grained tuff containing biotite crystals up to 2 mm in size. All the paleomagnetic

core samples were taken from the tuff layers and addityy one sample was taken

for Ar/Ar dating analysis. The orientation of the tuff layers was measured as N30E,
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34SE. The TF02 sampling location is situated to the west of Kayapa village. The

stratigraphic sequence consists entirely of cegramed tuff.The orientation of the

tuff layers was measured as N35E, 30SE. Finally, the TFO3 sampling location is

| ocated at the north of Derek®y and west of

of tuff. The orientation of the tuff layers was measured as N32E, 34SE.

3.4.3 Bigadi- area

Sampling studies were conducted in the vicinityBof g a ahd a total of 362
paleomagnetic core samples were collected from 18 different locafiabte).

The region is situated betweAn a - atmttheacpst anB i g aadthe west. In this
area, Miocene volcanic and sedimentary units are exp@dgdre 9. Detailed

stratigraphic positions of geological sections and collected samples are provided

below.

Quaternary
- Middle Miocene volcanics

- Lower-Middle Miocene volcanics
Miocene sediments

- Oligocene volcanics

- Pre-Neogene basement

Active Faults
Q© sample locations

- o =
6 DUVERTEpE FAULT ZONE 10km
». Ea G080) O T .

Figure9: Geol ogi cal map dbbsedohETABeolpgcdl maps,st udy ar
20032, showing the locations of paleomagnetic sampling sites
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Table3: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
pal eomagneti c

and quantié s o f

Locality Lat
Site

Bi gad

BGO1 39A19'
BGO03 39A13"

1
4

BG04 39 A1@"N1

BGO5 39A13'
BGO6 39A14'
BGO7 39A16"
BGO8 39A16"
BG09 39A26"
BG1I0 39A29'
BG11 39A31'
BG13 39A31"
BG14 39A28"
BG16 39A29'
BG17 39A29"
BG20 39 A33"
BG22 39A31"
BG23 39A30'
BG24 39A30"

At the sampling location BGO1, light gray lavaare exposed. The bedding
measurement from the lava layers is N21E, 19NW. At the sampling location BG03,

the sequence consists of andesitic lavas at the base to agglomerates andlaekidish

3
2
5
4
2
0
1
1
0
2
0
3
2
0
0

Lon Type
8 A0 6' volcanic
8A11' 5 volcanic
8 A13' 0 volcanic
8A15"' 2 volcanic
8 A22"' 4 volcanic
8 A25"' 0 volcanic
8 A B.24"E1  volcanic
8A 07" volcanic
8 A0 7' volcanic
8 A 08" sedimentary
8A12' 0 volcanic
8 A1 3"' 1 sedimentary
8 A18' 4 volcanic
8A20"' 1 volcanic
8 A23' 2 volcanic
8 A33' 5 volcanic
8 A29"' 4 volcanic
8 A23' 5 volcanic

Age

Early Miocene
Early Miocene
Middle Miocene
Middle Miocene
Middle Miocene
Middle Miocene
Middle Miocene
Early Miocene
Early Miocene
Late Miocene
Early Miocene
LateMiocene
Middle Miocene
Middle Miocene
Early Miocene
Middle Miocene
Middle Miocene
Early Miocene
Total

sampl es col

Collected
samples

22
22
17
25
19
15
20
25
20
20
21
18
17
25
21
20
19
18
362

grayish lava layers towards the top.B®04, the sequence starwith very altered

orangegrayish lavas at the base and continues upwards with gregraiglandesitic

lava flows extending for about 6 meters. An approximately@idhted fault system

was observed along the andesitic |#oavs, and it causes orangmlored alteration

ect e

at the base of the sequence. The orientation of this fault plane was measured as

N82W, 79NE.At the sampling location BGO5, the sequence begins with whitish

gray andesitic lavas at the base and continues upwards with grgeayséindesitic

lavas. The layer orientations were measured as N32W, 27NE, and N52W, 21NE.

BGO6 location consists of a white tuff layer at the base and continues upward with

blackcolored basalts conformabtyerlie the tuff layers. The attitude of the tuff
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layers was masured as N52E, 19SE. The sampling locations BGO7 and BGO08 are
located at the north of the Simav River and in this area, Miocene outcrops of dacite,
rhyolites, and rhyodacites are exposed. At the BGO7 locality, the sequence consists
of dark greerblack baalts with a thickness of approximately 15 meters. The layer
orientation of the basaltic lavas was measured as N72E, 28NW. At the BGO08
sampling location, sampling was conducted from the greamentuff layers with

a thickness of about 9 meters. The a@¢ion was measured as N75W, 28SW. at
sampling location BG09, a sequence consisting of browgnai marllimestone
mudstone alternations was observed. sampling was conducted from the marl
limestonemudstone alternations whittavea thickness of approxinely 8 meters,

and the bedding plane was measured as N67W, 14NE. At location BG10, sampling
was carried out from the tuff layers exhibiting low dip angles and regular bedding
planes having an attitude of N67E, 18NW. Sampling at location BG11 was carried
out from the layers consisting of beige to browrystlow colored, sandy limestone
clayey limestonanudstone alternations. The bedding plane was measured as N36W,
20NE. At sampling location BG13, the sequence begins with-godgred organic

rich sandstonat the base. Moving upwards, layers of browsgséty mudstone and
clayey limestone alternations are observEde bedding plane was measured as
N33E, 05NW. The BG1bcation consistsf greeniskgray tuffs. The orientation of

the tuff layers was measuresd B44W, 12NE. At the sampling location BG16, the
observed sequence consists of dark gray and phgkesh andesitic lavas. The
paleomagnetic samples were collected from these andesitic lavas and the flow bands
of the lavas have an orientation of N42W, 28SWe sequence at the BG17
comprises mudstorgandstondimestone alternations overlying volcanic rocks. The
sampling was conducted from the sedimentary successions with an attitude of
N23W, 27NE. At the BG20 locality, the sequence is composed entiralff afith

a thickness of about 12 meters. The tuff layers were measured as N78W, 09NE. At
the BG21 sampling location, a limestesandstonenudstone alternation within a

tuff layer is observedlhe sampled outcrop begins with a thick tuff layer at the base

and continues upwards with limestesendstonanudstonetuff alternationsSilica-
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rick zones are also observed near the base of the limestone layers. The bedding plane
was measured as N18W, 16NE. BG22 sampling location consists of a sequence of
pinkish-gray and darigray andesitic lavas. The andesitic lava layers in the field were
measured as N28E, 08NW. Finally, at the sampling location BG23, there is a
sequence of dark pink and grhlack andesitic lava flows. The flow bands of the
lavas were measured be N21W, 15NE.

3.4.4 Ala-amdg area

Paleomagnetic sampling was conducted in the vicinify bfa - abodiergd to the
north by Dursunbey and to the southlby, v e r. Ih thipregion, Miocene volcanic
and sedimentary rocks are exposed atAHe a - a highs jwhle preNeogene
basement rocks and Miocene granites are exposed at the center of tifisdugh

10). A total of 177 paleomagnetic core samples were collected from 9 different
locations (Table 4). Detailed stratigraphic positions of geological sections and

collected samples are provided below.

Figurel.Geol ogi c al map of t(dased oh MdA gaalodical] st ud
maps, 200p showing the locations of paleomagnetic sampling sites
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Table4: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
and quantitie o f

Locality
Site
Al a-ar
ALO1
ALO2
ALO3
ALO4
ALO5
ALO6
ALO7
ALO8
ALO9

Lat

39A25"
39A28"

pal eomagneti c

¢
1

3 9 &23.60"N

39A29"
39A21"
39A19"
39A21"
39A24"
39A24"

4

L

Lon

(28A22"

28A24"
28A33"
28A38"
28A47"

$28A50"
2 87%9.22"E

3
1
2

28A13"
28A19"

1
z
i
4
[~

1

"
<

Type

volcanic
volcanic
volcanic
volcanic
volcanic
volcanic
volcanic
volcanic

Age

sedimentary Early Miocene

Middle Miocene
Middle Miocene
Middle Miocene

Oligo-E.Miocene
Early Miocene
Early Miocene

Middle Miocene
Middle Miocene

Total

sampl es col

Collected
samples

17
18
20
27
11
23
20
20
21
177

ected

Sampling locations ALO1 is located north of tifea | ¢ € | a.rThewseqlehca g e

begins withyellowish grayto greeniskgray tuffs, extending for approximately 5

meters at the base. Paleomagnetic core samples were taken from these tuff layers.

Towards the sequence, limestone lenses in the volcanic neckdserved and the

bedding plane of the tuff layer was measured as N68E, 36NW. At the sampling

location ALO2, the sequence comprises dark gray to pirdial andesitic lava

flows, with a thickness of approximately 12 meters. The layers of the lavavilengs

measured as N76W, 12SE. ALO3 sampling location consists of approximately 10

meterthick andesitidava from the base to the top of the sequence. The observed

pinkish-gray andesitic lava flows were measured as N72E, 11NE. Ti@4 A
sampling location caists of pinkish grayto dark andesitic lavas with varying

thicknesses. The paleomagnetic core samples were collected from these andesitic

lavas. The observed trend of the lava flow was measured as N65E, 408M5At

the entire sequence is composed a@nge, exhibiting an open anticline structure.

The paleomagnetic sampling was conducted from these granite outcrops. Sampling

location ALO6 starts with a layer of approximately-meterthick sandstone

mudstone sequence at the base and continues to massiglomerate layers

towards the top. The bedding plane was measured for the sandstone is N57W, 09SE.

ALO7 sampling location, the sequence starts with volcanic breccia, tuff, and lavas at

46

f



the base, cut by numerous faults and occasional slump structueelyi@ythe basal
volcanics, the sequence passes to a sequence of sards&stenemudstone
alternations. The paleomagnetic samples were collected from this sedimentary
succession and the bedding plane was measured as N63E, 22SE. At the ALO8
sampling Ieation, the sequence is approximately 15 meters thick and consists
entirely of pinkishbrown and greenisgray colored andesitic lavas. The
paleomagnetic samples were collected from the sitncléavas and the trend of the

lava flow was measured as N34BNE. Finally, at the sampling location ALQ9, the
sequence begins with thiddledded, greenisgray colored tuff at the base. Overlying
these thickbedded tuffs, there are approximately 9 meters thick layers of thin to
mediumbedded tuffs displayingl@ownish grayto dirty-white color. Samples were
collected from the thito-medium beddetuffs, and the bedding plane was measured

as N58E, 24NW.

3.45 Bal&esir area

I n the Bal ékesir area, pal eom@d&nettyiaz és a mj
the westKepsutto the eastB i g a@althe-south, andf e n i tk theynorth(Figure

11). In total, 19 locations were sampled and paleomagnetic core samples from 18
locations were collecteddm the Early to Middle Miocene volcarsedimentary

sequences outcropping in the region, while samples from one location (BA16) were
derived from Middle to Late Miocene volcanic rocks. A total of 419 core samples

were collected from 19 different locatiorfable 5). Below are the detailed

stratigraphic positions of the sections and collected samples.
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Table5: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and

Locality
Site
Bal é
BAO1
BAO2
BAO3
BA04
BAO5S
BAO6
BAOQO7
BAO8
BAO9
BA10
BA1ll
BA12
BA13
BA14
BA15
BA16
BA17
BA19

guanti
Lat

k

9A35
9A38
9A40
9A39
9A24
9A33
9A38
9A43
9A43
9A48
9A26
9A30
9A39
9A44
9A45
9A41
9A34
9A29

W W WWWwWwWwwWwWwwWwwWwwwwwwwwow

t

i es
Lon
528A 9

528A 8
028A05"

of

[ N N

327A51'0

128A00"
527A53
027A47
327A40
427A42
227A54
228A04
228A01
3
0
4
1
2
5

28A04
28A04
28A20
28A18
27A36"
27A40"

C
E
£
z
£
C
C
1
4
4
1
z

pal eomagnetic

Type

volcanic
sedimentary
sedimentary
volcanic
volcanic
sedimentary
volcanic
volcaric
volcanic
volcanic
sedimentary
sedimentary
sedimentary
volcanic
sedimentary
volcanic
volcanic
volcanic

Age

Middle Miocene

LateMiocene
Late Miocene
Early Miocene
Early Miocene
Miocene
Early Miocene
Early Miocene
Early Miocene
Early Miocene
LateMiocene
Late Miocene
LateMiocene
Early Miocene
Late Miocene
Late Miocene
Early Miocene
Early Miocene
Total

sampl es

Collected
samples

20
20
20
20
23
20
20
20
20
20
27
26
23
25
24
20
18
19
419

At the first sampling location BAO1, highly weathered Oligocene Haltarolcanics

are observed at the base of the sequéliue pinkishgray andesitic lavas at the base

overlay the dark gray basaltic lavas unconformably. Sampling was conducted from

the approximately #neterthick dark gray basaltic lavas. There are also tuff units

overlying the basaltic rocks witonformablecontact. The bedding plane of the tuff

layer was measured as N18W, 17NE. At the BAO2 sampling location, the

stratigraphic section consists of interbedded limestone, conglomerate, and mudstone.

The sequence begins with mudstone at the base, followedrbgsidne layer where

5 core samples were collected. Four core samples were collected from the brownish

limestone layer. On top of the limestone layer, a yellovkigiwn to whitecolored

conglomerate layer is observe@verlying the conglomerate is an inbedded

sequence of mudstone and limestone which other samples were taken from. The

orientation of the bedding was measured as N88W, 23NE. The BA03 sampling
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location consists entirely of limestone and mudstone alternation. The sequence
begins with yellowistyray to brown mudstone, transitioning upwards into limestone

of milky brown color. The bedding plane was measured as N83E, 11NW from the
limestone levels. At the BAO4 sampling location, the sequence starts with massive,
thick-bedded, greenisprey tuff layers. Above this tuff layer, there is an
interbedding of grey, yellow, brown, and beige limestone and mudstone layers. The
orientation of the limestone layers was measured as N78W, 24NE. At the BAO5
sampling location, the stratigraphic section begins wéh orangeérown
agglomerate at the base. Above this, there is a milky brown limestone alternating
with thin mudstone layers. Above the limestone layers, there is a tuff layer which
conformably overlies limestones. The bedding plane was measured as N3, 32

at this locality. At the A0O6 sampling location, the identified stratigraphic section
presents an open synclinal structu®m the western limb, the limestone is beige
brownishgrey in color and medium to thidkedded. The bedding attitude was
measured ®N34E, 32SEOn the eastern limbimestone layersverlie a greenish
to-brown calcareous mudstone at the base. The bedding orientation was measured as
N15W, 26SW. At the BAO7 sampling location, the entire stratigraphy is composed
of andesite, and paleomgetic sampling was conducted from the andesite unit. At
the BAO8 sampling location, the section is approximately 15 meters thick and
consists entirely of andesitic lava flows. Upon closer examination, the andesitic lava
flows are bluish in color and a Higontent of shiny metallic minerals is observed.
The orientation of the lava flows was measured as N40E, 14SE. The entire
stratigraphy comprises layers of danddored basaltic andesite lava flows at the
BAO9 sampling location. The orientation of the ldhavs was measured as N14E,
10SE. At the BA10 sampling location, the sequence starts with approximately 15
meterthick tuff layers followed by pinkisigray andesitic lava flows. The sampling
was conducted from andesitic lava flows and the flow orientates measured as
N72E, 12SE. At the BA11 sampling location, the stratigraphy begins with greenish
gray tuff at the base and transitions into layers of gray, moderately thick sandstone

levels. The orientation of the sandstone layer was measured as N38%, BBNI2
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sampling location comprises layers of yellowlstown and pinkistgray limestone

and greenistgray mudstone at the base of the section. It continues with greenish tuff
at the top. The bedding was measured as N28E, 26SE. At the BA13 sampling
location, the sequence comprises approximatelynederthick limestone and
mudstone layers. The orientation of the beds is nearly horizontal and was measured
as N78E, 08SE. At the BA14 sampling location, pinigshy colored andesitic
basaltslominated The palemagnetic sampling was conducted from these andesites
which have approximately 6 meters thickness. The orientation of the lava flows was
measured as N72W, 12SW. At the BA15 sampling location, the sequence has an
approximately 8meter thickness. It comprise®nglomeratesandstonenudstone
alternations. The conglomerate layers exhibit a gredmigwn color while the
sandstones are grayibinown and moderately thick. Additionally, there are
indications of basal erosion in the mudstone layers underlying tihglatoerate
layers. The orientation of the sample layers from the northeastern part of the
sequence was measured as N50W, 55SW. At the BA16 sampling location, the
sequence starts with basaltic lava layers, followed by agglomerate deposits towards
the top. he orientation of the lava layers at the base of the sequence was measured
as N24W, 26NE. The stratigraphy observedBAtl7 comprises approximately 4
meters of mediurbedded tuff layers. Sampling was conducted from these tuff
layers. The attitude of the d@ing was measured as N72E, 11SE. The BA18
sampling location is approximately 25 meters thick and composed entirely of tuff
layers. Towards the upper levels of the sequence, some of the tuff layers were
observed to be silicified. The attitude of the base weasured as N32W, 14SW.
Finally, the sequence at the BA19 sampling location begins with grelerasim
colored mudstone at the base, transitioning into alternating layers of mudstone and

limestone. The orientation of the mudstone layers was measukitbgs 09SE.
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3.4.6 G°nen area

In this areaf3 paleomagnetic cores were sampled frbdifferent locationgTable
6). During the field observations, cressctional geological sections were prepared,
and the stratigraphic position of ethsamples was noted. The locations were
designated as ANQANO06, SD05andSD06 for @ nenarea Figurel?). Below are

the locations of the samples and the stratigraphic sequences are given.

i
®

"
~
=
-
S

Quaternary Miocene sediments

Pliocene sedimentary " oligocene volcanics / Active Faults
! Middle Miocene volcanics - Eocene volcanics O Sample locations
I Lower-Middle Miocene volcanics Bl Pre-Neogene basement 10 km

Figurel2Ge ol ogi cal map o f(bated @ MGRgedatogicalsmapsdy ar e a
20032, showing the locations of paleomagnetic sampling sites

Table6: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and quantitesgb al eomagneti c samples collected from
Locality Lat Lon Type Age Collected
Site samples
G°ner
ANO5 40A 6' 2 28A 4' volcanic Early Miocene 19
ANO06 40A12' 127A44" 1 volcanic Early Miocene 15
SDO05 40A 9' z 28 A28B"E! sedimentary Pliocene 16
SD06 39A45' 128A20"' Z sedimentary Pliocene 13
Total 63

The ANO5 sampling location is situated in the northern part of the study area and to
thenortheasbf ManyaslLake. The stratigraphic sequence at theatmn starts with
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massive lava at the base and is overlain by approximately 2 meters ofgi@ansel

debris flow. The flow bands within the sequence were measured as N58E, 29SE. The
ANO6 sampling location is located southwest of 8aylevillage. The statigraphic
section from this location is approximately 16 meters and consists entirely of
volcanic lava. The flow bands observed in this locality were measured to have an
orientation of N57E, 30SE he SD06 sampling location is situatedtive easof

G ° en The stratigraphic sequence consists of an interbedded sequence of sandy
limestone, claystone, and sandstone. All paleomagnetic sampling was conducted
from these outcrops, and the orientation of the bedding plane was measured as N81E,
27SE. The SDO05 sarting location consists of a sequence entirely composed of
clayey limestone and claystone alternation. The bedding plane was measured as
N53E, 29SE.

3.4.7 NE-t rending basins (G°rdes, Demirci,

To evaluate the regional kinematic framework, thisdgt also incorporates
paleomagnetic data from a series of-td&nding basins in western Anatolia. These
basins are G°rdes, Demirci, and Selendi
paleomagnetic sampling was carried out to document rotational historg Huess

basi ns. The distribution of sampling si

Basins is showm Figure 13
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Figure 13. Geological map of the NEending basingbased on MTA geological
maps, 202), showing the locations of paleomagnetic sampling sites.

3471 G°rdes Basin

A tot al of 14 paleomagnetic sampling sites
Basin, yielding 267 oriented core samples. These sites, from GBO1 to GB14, consist
of both volcanic andedimentary unitsTiable7). The first site, GBO1, is a volcanic

site consisting of a granite body. GB02 includes interlayered sandstone and tuff beds
having the attitude of N32W, 12NW. The GBO03 samples were collected from
andesiic lava flow exhibiting flow attitude of N35E, 12SE. The GB04 and GB05
sites display sandstomsudstone alternation with attitudes of N4A6E, 38NW, and
N17E, 12SE, respectively. The GBO06 consists of a mudstandstonduff
alternation with bedding oriented61W, 18SW, and GBO7 is characterized by
mudstone units with an attitude of N54W, 17NE. At GBO08, -mifdstone
alternations exhibit attitudes of N67W, 21SW, whereas GB09 comprises limestone
mudstonesandstone alternations with bedding at N86W, 18NE. G&iritains
sandstone and tuff layers dipping N28W, 23SW, while GB11 and GB12 represent
mudstonesandstone alternations with bedding measured at N14E, 18NW and
N76W, 21NE, respectively. The final two sites include a sandstone unit at GB13

54



with a bedding orietation of N82E, 34NW, and a mudstesandstone alternation

at GB14 dipping N18W, 23NE. These sites collectively provide a representative
lithological and structural dataset for evaluating the paleomagnetic rotational
behavior of the G°rdes Basin.

Table7: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
and quantities of paleomagnetic sampl es

Locality Lat Lon Type Age Collected
Site Samples
Gerd
GBO01 38A 59 2 8 A'4R04"E volcanic Early Miocene 15
GBO02 39A 05" 28A 29' 0 sedimentary Early Miocene 24
GBO03 39A 09" 28A 21' 3 volcanic Early Miocene 15
GB04 39A 10" 28A 19' 5 sedimentary Miocene 15
GBO05 38A 58N 28A 14' 2 sedimentary Early Miocene 21
GBO06 38A 56" 28A 17' 5 sedimentary Miocene 29
GBO07 39A 00" 28A 20' 5 sedimentary Miocene 11
GBO08 38A 53 28A 16' 5 sedimentary Miocene 22
GBO09 38A 5@&N 28A 13' 4 sedimentary Miocene 22
GB10 38A 52 28A 12' 4 sedimentary Miocene 16
GB11 38A 48" 28A 05' 2 sedimentary Miocene 16
GB12 38A 47 28A 04' 2 sedimentary Miocene 18
GB13 38A 46" 28A 04' 0 sedimentary Miocene 19
GB14 38A 49 28A 10' 0 sedimentary Miocene 24

Total 267

3.4.7.2 Demirci Basin

A total of 304 oriented core samples were collected from 15 paleomagnetic sites
within the Demirci Basin, from DBO1 to DB] representing a range of sedimentary,
volcanasedimentary, and volcanic units that show the lithologiaahbility of the
basinfill (Table8). DBO1 consists of sandy mudstone beds dipping N32E, 14SE,
followedby DB02, where limestone units exhibit a bedding attitude of N64E, 18NW.
At DB03, mudstondimestone alternations dip N72E, 21SE, whereas DB04 includes

a mixed succession of mudstone, limestone, and an intercalated andesitic lava flow
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showing a structuradttitude of NO5W, 46SW. DBO5 represents a volcanic rhyolite
unit with a measured attitude of N62W, 18NE. DB06 comprises red laminated
mudstones and massive sandy mudstone layers dipping N83W, 21NE, while DBO7
includes mudstone, volcaniclastic materialgd dmestone with bedding at N35W,
21NE. DBO08 consists of mudstosandstone alternations dipping N12W, 10NE,
followed by DB09, where mudstone, limestone, and-cdigy limestone beds show

an attitude of N32E, 21SE. DB10 contains muds&argdstone alternans dipping
N38E, 24SE, whereas DB11 represents a volsaaimentary tuff unit with bedding
oriented N35E, 17SE. DB12 and DB13 are both volcanic sites, sampled from
andesitic lava flows exhibiting attitudes of N78W, 21NE and N61E, 24SE,
respectively. Thdinal two sites, DB14 and DB15, comprise sandstongstone
limestone alternations, with bedding orientations of N78E, 12SE and N52E, 23NW.
Table8: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and quatities of paleomagnetic samples collected from Demirci Basin.

Locality Lat Lon Type Age Collected
Site Samples
Demirci

DBO1 38A 45" 28A 24' E sedimentary Miocene 24
DB02 39A 03" 28A 40' 4 sedimentary Miocene 15
DB03 39A 03" 28A 41' C sedimentary Miocene 24
DB04 39A 02 28A 43' 1 sedimentary Early Miocene 17
DB05 39A 02 28A 43' Zvolcanic Middle Miocene 19
DB06 39A 03" 28A 43' ¢ sedimentary Middle Miocene 24
DB07 39A 04" 28A 43' 1 sedimentary Miocene 25
DB08 39A 06" 28A 44' C sedimentary Miocene 16
DB09 39A 00" 28A 36' 2 sedimentary Miocene 17
DB10 38A 58" 28A 35' 4 sedimentary Miocene 17
DB11 38A 58" 28A 35' 2 volcanic Early Miocene 24
DB12 38A 57 28A 34' E volcanic Early Miocene 18
DB13 38A 53 28A 34' 1 volcanic Early Miocene 15
DB14 38A 50 28A 32' & sedimentary Ealy Miocene 19
DB15 38A 46" 28A 29' ( sedimentary Miocene 30

Total 304
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3.4.7.3 Selendi Basin

A total of 366 oriented core samples were collected from 17 paleomagnetic sites
within the Selendi Basin, from SBO1 to SB17, consisting of bothawatcand
sedimentary unitsT@able 9). SBO1 sample consists of an andesitic lava flow with
attitude of N34W, 21SW, followed by SB02, where an andesitic lava flow
intercalated with tuff layer with an attitude of N17W, 24SW. SB03 mises
mudstone beds with an attitude of N12E, 09SE, and SB04 includes sandstone
limestonemudstone alternation with attitude of NO9W, 11NE. SB05 and SBO6 both
represent mudstoreandstone alternations, exhibiting attitudes of N44W, 28SW and
N48W, 21SW, repectively. SBO7 is a volcanic site sampled from an andesitic lava
unit lacking a recorded bedding attitude. SB08 includes a mixed sedimentary and
volcanic succession of sandstone and limestone alternations together with an
andesitic lava flow, with a meaed attitude of N24E, 14SW. SB09 consists of
silicified limestone whose bed attitude is N68E, 07NW, while SB10 comprises
limestonemudstonesandstone alternations with the attitude of N64W, 07NE. SB11
contains limestonsandstonanudstone alternations ernited N86E, O06NW,
followed by SB12, a basaltic lava flow with an attitude of N60E, 24SE. SB13 and
SB14 represent limestomeudstonesandstone and limestoneudstone alternations
having the attitudes of N84W, 12SW and N77W, 08SW, respectively. SB15 consists
of tuff-intercalated mudstone and clagh layers with bedding at N72E, OSNW. The
final two sites, SB16 and SB17, include limestomedstonesandstone alternations
displaying attitudes of N76W, 21NE and N74W, 17NE, respectively.

57



Table9: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and quantities of paleomagnetic samples collected from Selendi Basin.

Locality Lat Lon Type Age Collected
Site Samples
Selendi

SB0O1 39A 01 28A 52' volcanic Early Miocene 15
SB02 38A 56 28A 56"' volcanic Miocene 21
SB03 38A 57 29A 03' sedimentary Early Miocene 18
SB04 38A 57 29A 02' sedimentary Early Miocene 31
SB05 39A 00 2 9 A 8B8"E sedimentary Miocene 19
SB06 38A 54 28A 44' sedimentary Miocene 19
SB07 38A 57 28A 47' volcanic Middle Miocene 23
SB08 38A 51 28A 46' sedimentary Miocene 16
SB0O9 38A 50 2 8 A 997"E sedimentary Early Miocene 24
SBI0 38A 46' 28A 51' sedimentary Miocene 11
SB11 38A 44' 28A 55' sedimentary Miocene 12
SB12 38A 48' 28A 58' \volcanic Miocene 26
SB13 38A 39' 28A ™6'E sedimentary Miocene 21
SB14 38A 39' 28A 53' sedimentary Late Miocene 24
SB15 38A 41 28A 51' sedimentary Miocene 22
SB16 38A 43' 28A 46' sedimentary Miocene 43
SB17 38A 45' 28A 439"E sedimentary Miocene 21

Total 366
3.5 Results
3.5.1 Rock Magnetic Properties

3.5.1.1  Akhisar samples (GE)

In the Akhisar area, thermomagnetic analysis of various rock samples reveals a

distinct dominant magnetic carrier upon Curie Balance Measurement prog&itiure.

the results are given Figure 14 The finegrained mudstone sample (GE01) exhibits

after

paramagnetic propert i esmagnptic pydte trarformsA C,
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into magnetic phases, losing its magnetic intensity aréuBdd A C, whi ch i n
the presence of magnetite. The andesite sample (GE02) shows a gradual decrease in
magnetization up to 300 AC, with irrever
critical temperature of 625 .AGmestanggest i n
sample (GE04) shows the same behavior as GE02 but with lower magnetic intensity.

The tuff sample (GEO0O8) shows a gradual C
changes at 350 AC occurring and the cri
maghemite inversion to hematite. Similarly, the GEQ9 tuff sample shows a distinct

sl ope changd08fA€r H50®hA@ more observabl
higher amount of maghemite to hematite transition. The mudstone sample (GE11)
exhibitsagradal decrease in magnetization up tc
starting after and continuing up to 580
intensity completely, indicating that the dominant magnetic carrier of this sample is
magnetite. The basaample (GE17) shows a gradual decrease in magnetization up

to 350 AC, followed by the development
temperature for this sample is 580 AC, i
carrier. Finally, the mudstone spla (GE21) shows a steeper slope beginning at 300

AcC, with a critical temperature of 580 ¢/

magnetite starting from 300 AC.
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AKIISAR-GORDES AREA

GEOI-Mudstone GEN2-Andesite GEO4-Limestone

\\ t \\\
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GEOS-Tuff GEO09-Tuff GE11-Mudstone
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Figurel4: Thermomagnetic curves of the samples from Akhiszai.a
3512 Kvrindi samples (AN, Bz, TF)

The thermomagnetic analysis of samples col |
dominant magnetic carriers for each sampligyre 15. Sample ANO1, collected

from an andesitic lava flow, exhibissgnificantly high magnetization intensity. The

t her momagneti zation curve shows a gradual d
irreversible curves begin to develop. The critical temperature is approximately 580

AcC, i ndi cati ng t hatmagnetigoarder fortthes sample. tikee d o mi n a
ANO1, ANO7 is also derived from an andesitic lava flow. Irreversible curves start to

form after 3lfesldp€ breakvin thehtheanonmgnetization curve

suggesting the transition of greigite to magnetitearals. The critical temperature

is around 580 AC, confirming the presence o0
carrier. The sample BZ01, collected from a basaltic lava, shows very high
magnetization intensity. The thermomagnetization curve exhibi@daglr decrease

up to 300 AC, after which irreversible curve

of the sample is 580 AC suggesting magnetite
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sample, also taken from a basaltic lava flow, exhibits similar theragnetic
behavior as BzZ01l. Irreversible curves for
changes distinctly indicating the transition from greigite to magnetite at this
temperature. Since the critical tiemperat
carrier for this sample is magnetite. Sample TF01, taken from a tuff layer, shows
irreversible curves starting at 300 AC,
The critical temperature is arounw 625 A
hematite after 300 AC, and the presence
Sample TF03, also from the tuff layer, exhibits thermomagnetic behavior like ANO7.
|l rreversible curves begin to develop aft
thermomagnetization curve indicating the transition of greigite to magnetite. The
critical temperature is around 580 AC, s
for this sample.
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Figurel5: Thermomagnetic curves of the sangplef r om Kvr i ndi ar ea.
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3513 Bigadi- samples (BG)

The thermomagnetic properties of several samples from the Bigadic area are given

below Figure 1§. BGO1 sample, taken from an andesitic lava flow, shows unusually

low magnetic intensityalues for an andesite sample, suggesting possible alteration.

It shows a gradual decrease i n magnetizatic
slope indicates the formation of a new magnetic phase, with a critical temperature

around 600 Adecatingtoettransition fomImagheamite to hematite.

Sample BGO6 is derived from a tuff layer, and it shows a gradual decrease in
magnetization up to 300 AC, with irreversi
sample loses its magnetic property atarourddl58A C. Despi te the | ow i nt
temperature suggests the possible presence of magnetite. Sample BG14 is also from

a different tuff layer, and shows unclear thermomagnetic curves, but irreversible

curves start at 200 ACdropsAtb negative 9aués, AC, mag
implying potential paramagnetic behavior caused by alteration. Lastly, the BG17
sample, derived from a mudstone, displays a
a critical temperature neesencédMaghe@ite Thi s suc
transitioning into hematite. The bad quality of the results from the Curie balance
measurements for the Bigadic area could be the result of alteration of the samples or

potential instrumental errors.
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BIGADIC AREA
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Figurel6. Ther momagnetic curves of the sampl ¢
3514 Al a-amdaj] samples (AL)

The thermomagnetic analysis of AL samples from various rock types reveals the
dominant magnetic carriers for each sampigyre 173. Sample ALO1, taken from

a tuff layer, shows a gradual decrease in magaea t i on up to 300 AC
the development of irreversible curves. The absence of a significant slope break in

the thermomagnetization curve indicates no formation of secondary magnetic
minerals, indicating magnetite as the dominant magnetic caBanple ALO2,
derived from andesitic | ava, exhibits a
critical temperature around 630 AC, sug
hematite at higher temperature steps. Sample ALO6, taken from a mudstone layer,
shows a gradual decrease in magnetizati ol
with a critical temperature around 580 ¢
magnetic carrier, although magnetization loss occurs at higher temperatures. Sample
ALO7,from a | i mestone | ayer, shows a steeper

critical temperature of 580 AC, suggesti

63



higher temperatures. Sample AL08, taken from andesitic lava, similarly shows a
distinctslopechmage after 300 AC, with a critical ter
the transition of maghemite to hematite at higher temperatures. Finally, the ALO9

sampl e, taken from a tuff |l ayer, shows a

o~

irreversible curves stariin afterward. All these data suggest the presence of

magnetite as the dominant magnetic carrier for this sample.
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Figurel7z Ther momagnetic curves of the sampl es |

3515 Bal ékesir samples (BA)

Thermomagnetic analysis of BA samples provides information about the
thermomagnetic behavior of magnetic miner&gre 1§. Sample BA02, taken
from a limestone layer, shows very low magnetic intensities. Although irreversible

curves are not observable, the critical temperature at which the magnetization value
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drops to zero is <clear at 520 AC, sugge
carrier.Similarly, sample BA06 from a limestone layer also shows low intensities

and negative values of magnetization intensity, indicating possible alteration or the
presence of paramagnetic minerals. Sample BA11, derived from a sandstone layer,
displays thermomgnetic behavior similar to BAO6 but with bettbveloped

irreversible curves. The loss of magnetic properties occurred at temperatures
between 25800 AC, compl etely. |t indicates t
sulfide mineral formed through hydretmal or diagenetic processes during the
lithification of the sedimentary rocks. Finally, sample BA19, taken from a limestone

layer, shows the same thermomagnetic behavior as BA11, showing low magnetic
intensities and a critical temperature is around@® AC, suggesting t
of pyrrhotite as the dominant magnetic carrier.

BALIKESIR AREA

\\ BAO2-Limestone \ BAO6-Limestone
\ \

Temperature (°C

BAI19-Limestone

Figurel8 Ther momagnetic curves of the sampl

3516 G°nen samples (AN, SD)

The thermomagnetic analysis of samples collected from G@ABI&SD) area
reveals the dominant magnetic carriers for each sarRgargé 19. Sample ANO5,
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collected from an andesitic lava flow, exhibits significantly high magnetization

intensity. The thermomagnetization curve showsaadju a | decrease up to
afterward the irreversible curves begin to develop. The critical temperature is
approxi mately 580 AC, indicating that magne:
this sample. Like ANO5, ANO6 is also derived from an andesii@a flow.

|l rreversible curves st artablestome breakinntheaf t er 30
thermomagnetization curve suggesting the transition of greigite to magnetite

mi ner al s. The <critical temperature is aroul
magngite as the dominant magnetic carrier. SD05 and SD06 samples, derived from

a limestone unit, exhibit very poor magnetization results and negative intensity

values after heating. This may indicate the presence of paramagnetic minerals in the

sample or theesult of instrumental errors.
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Figurel> Ther momagneti c curves of the samples
3517 NEtrending G°rdes Basin samples (GB)

Rock magnetic investigations using Curie balance measurements were performed on

three represeatt i v e sampl es from the G°r des Basin
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(limestone), and GB04 (sandstone), in order to identify the dominant magnetic
carriers Figure 20. The thermomagnetic curve of GBO1 displays relatively low
magnetization nt ensi ty that decreases to negat:i:
irreversible curves initiate at approxir
temperature, where heating and cooling curves fully diverge, is observed near ~625

AcC. T h-terapeatuie gnfiection is consistent with the presence of hematite.
However, the development of negative magnetization intensities suggests that the
sample is either significantly altered or dominated by paramagnetic behavior,
making hematite an overprint rathitian a dominant magnetic carrier. The GB03

limestone sample exhibits a broadly similar pattern, with negative magnetization

values starting at even lower temperature steps than in GB01, again indicating that

the magnetic signal is affected by alteratiorogesses or reflects dominant
paramagnetic mineralogy rather thartabteferromagnetic phase. By contrast, the

GB04 sandstone sample presents the clearest thermomagnetic signature among the
G°rdes sampl es. |l rreversi bl efolloevedrby@ s st ar
critical unbl ocking temperature near ~ €

transformation of maghemite to hematite.
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GORDES BASIN

GBO1-Granite

GBO3-Limestone

Magnetization (Am*/ke)

Temperature ("C) Temperature (°C)

GBO4-Sandstone

Magnetization {Am¥/kg)

Temperature (*C)

Figure200. Ther momagneti c curves of the sampl es
3.5.1.8 NE-trending Demirci Basin samples (DB)

Curie balance analyses conducted on representative samples from the Demirci Basin

reveal variable but generally diagnostic thermomagnetic behavior that allows

identification of the dominant magnetic carriers and their thermal stabiljyre

21). The DB0O1 sandstone sample exhibits a gradual decline in magnetization up to

~300 AC, after which heating and cooling cu
loss of magnetization between~5800 0 AC i ndi cat esonsistefCur i e t e mp
with magnetite, suggesting that magnetite is the principal magnetic carrier in this

sample. The DBO04 limestone sample displays a pronounced inflection in the
thermomagnetic curve between ~25@ 0 A C, fol |l tempedturdboy a hi gh
critical pointnear ~625 AC. This combination of fea
thermal transformation of maghemite to hematite, with the hitgreperature

inflection marking the hematieelated unblocking. A similar thermomagnetic

pattern is observed in DB13, aladimestone sample, where the overall curve shape
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resembles that of DB04; however, the slope change is more subdued, implying a
smaller proportion of maghemite undergoing oxidation to hematite during heating.
The DB15 sandstone sample shows a thermomiaghehavior comparable to
DBO01, consistent with magnetite as the main carrier, although the curve is noticeably
less sable likely due to the presence of altered or weathered material and/or minor

instrumental noise.
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Figure21: Thermomagnetic curves of the samples from Demirci Basin.
3.5.1.9 NE-trending Selendi Basin samples (SB)

Thermomagnetic analyses of representative Selendi Basin samples reveal
contrasting magnetic properti@sigure 232. The SB04 mudstorgample exhibits a
notably ungable thermomagnetic curve, characterized by significant noise and
irregularities throughout the heating cycle. This instability is likely attaibie to
alteration processes affecting the magnetic phases, or alternativeigjntw
instrumental artefacts. Magnetization intensity decreases gradually and crosses into

negative values at approximately45@0 0 AC, suggesting that
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into a dominantly paramagnetic state at elevated temperatures and lacks a well
defined ferromagnetic Curie point. In contrast, the SBO7 andesite sample displays a
distinctly more interpr@ablethermomagnetic behavior. A pronounced inflection is
observed between ~2800 0 A C, f ol Hempeeatiire britical @oinhnieay h
~625 A twostép pattern is characteristic of the oxidatisiven
transformation of maghemite to hematite during progressive heating, with hematite

governing the final unblocking at higher temperatures.
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Figure22: Thermomagnetic cues of the samples from Selendi Basin.

3.5.2 Vertical axis rotation patterns

3.5.2.1 Akhisar area

In the AkhisafG° r des ar e a, both volcanic and sedi me
subjected to thermal and alternating field demagnetization procedures based on the
magnetidntensities of the samples. The intensity values of the sedimentary samples

range from 46.97 to 1691.62 A/m, while the magnetic intensity of the volcanic

samples varies from 4,542.97 to 1,564,900 A/m. Most volcanic samples exhibit

stable univectorial beh@or upon thermal demagnetization, with unblocking
temperatures close to 580 AC, indicating th
sedimentary samples generally have lower magnetic intensities, with some

specimens overprinted by secondary presiagt field components. For most

sedi mentary specimens, the unblocking tempe
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At some sites, particularly sedimentary ones, low intensities (noise level) and

incoherent directions (shotgun or spaghetti patterns) were obsehesse: Jites were

excluded from the overall analysis due to their unreliable magnetic directions. Out

of 10 sites, 8 were successfully demagnetized, allowing for the calculation of ancient

geomagnetic field directionsTéble 10). The rotation patterns of the sites are

illustrated inFigure 23 showing both geographic directions (no tilt correction

applied) and tectonic directions (after tilt correction), along with the mean directions

for each site separagel

Table 10: Paleomagnetic analyses

demagnetization.

Locality Site Type
Akhisar

GEO1 PCA
GEO02 PCA
GEO4 PCA
GEO08 PCA
GEQ09 PCA
GE10 PCA
GE15 PCA
GE16 PCA
GE20 PCA
GE21 PCA

Na

28
20
15
17
17
18
20
19
20
16

Nc

W N W W o W WO N

219.25
53.15
344.27
67.27
39.83
349.38
34.67
0.46
5.86
272.66

-71.45
47.73
13.63
38.19
43.07
36.36
58.45
45.17
57.81
-10.45

69.17
311.10
2.62
8.21
8.81
25.50
529.83

3.36
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a95

8.11
7.00

46.14
27.29
24.94
5.36

results from

A95

9.50
5.87

56.85
24.7
31.43
4.56

158.54

each Akhisar site after

A95min

12.00
5.86
7.73
9.09
7.73
6.30
7.73
7.73
12.00
9.09

A95max

82.00

26.52

41.05 A95<A95min
52.99

41.04 A95>A95max
29.75

41.04

41.04 A95<A95min
82.00

52.99 A95>A95max



AKHISAR - GORDES AREA
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Figure 23 The rotation patterns of Akhisar samplgisowing both geographic
directions (no tilt correctiomotc) and tectonic directions (tilt correctigo).

3522 Kvrindi area

I n the Kvrindi area, samples were collected
magnetic intensities of the AN samples range from 4373965.55 A/m to 301212.50

A/m and of the BZ samples range from 152,445.79 A/m to 16,917,909.58 A/m, while

those of the TF samples range from 33,409.96 A/m to 979,008.24 A/m. All samples

were subjected to thermal and alternating field demagnetization procedures. The

unbl ocking temperatures for the AN and BZ s
samples around 544 C, and for some TF samples around
presence of lovwemperature magnetic minerals and potential secondary remanent
magnetizations due to alteration. A total of 11 sites provided coherent directions
(Tablel)and the rotation patt eimkigsredFigur&kvr i ndi ar
24. This figure shows both geographic directions (without tilt correction) and

tectonic directions (after tilt correction), along with the mean directions &br ste

separately.
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Table 11: Pal
demagnetization.
Locality Site Type Na
Kvrindi
BZ01 GC- 19
PCA
BZ02 GC- 15
PCA
TFO1 PCA 15
TF02 PCA 16
TFO3 PCA 15
AN1 PCA 15
AN2 PCA 22
AN3 PCA 18
AN4 PCA 15
AN7 PCA 18
AN8 PCA 14

eomagnet.i

Nc

10

12
15
22
18
15
18
14

352.90

326.24

66.02
312.07
291.95
283.19
348.45
79.54
300.71
2.97
24.76

21.95

-26.88

-60.15
19.70
47.97
60.38
-25.42
3.07
-62.92
-49.30
-63.30

19.31
64.49

218.33
216.13
65.04
109.72
32.04
43.01
85.40
116.02
118.98
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a95

12.93

6.95

3.28
3.78
5.70
3.67
5.56
5.33
4.16
3.22
3.66

anal yses
A95 A95min A95max
12.80 5.22 22.12
582 5.22 22.12
415 478 19.22
283 522 22.12
536  4.60 18.10
522  4.06 14.89
5.24  3.49 11.70
513 3.78 13.27
6.10  4.06 14.89
340 3.78 13.27
527 4.18 15.55

resul

A95<A95min

A95<A95min
A95<A95min

A95<A95min

ts
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Figure 24 The rotation pat shewing both @éograghicr i n d i s a

directions (no tilt correctiomotc) and tetonic directions (tilt correcticir).
3523 Bigadi- area (BG)

I n the Bigadi- area, all sampled sites were
underwent thermal and alternating field demagnetization procedures. The magnetic

intensities of these sampleanged from 395.48 A/m to 6,873,516.76 A/m. Due to

the relatively higher magnetic intensities, the results of thermal demagnetization

were primarily used to represent the ancient geomagnetic directions for the sites.
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Most volcanic samples exhibitedtable univectorial behavior upon thermal
the -heghperature

demagnetization,

component s

t he

with  unblocking

natur al

around

temperatures for
AcC.
components of the ChRM, considered representative due to secondarnntvefp

530

remanent

magnet.

H o wiemperatyre s o me

zation

pyrite mineral alteration. A total of 18 sites were sampled, with only 2 sites being

excluded due to low magnetic intensities and incoherent directions after the

demagnetization procedurd@dble12). Since the A95 values for the samples were

smaller than the A95min values, these samples were considered as spot readings.

Consequently, only the mean directions will be used to represent gwseallar

variation for subsequent analységyure 25illustrates the geographic and tectonic

magnetic directions for each site, along with the mean directions for the accepted

sites.

Table 122 Paleomagnei c

demagnetization.

Locality Site  Type
Bigadi -

BGO1 PCA
BGO3 PCA
BG4 PCA
BGO5 PCA
BG06 PCA
BGO7 PCA
BGO8 PCA
BG09 PCA
BG10 PCA
BG11 PCA
BG13 PCA
BG14 PCA
BG16 PCA
BG17 PCA
BG20 GC-PCA
BG21 PCA
BG22 PCA
BG23 PCA

Na

20
22
17
25
19
15
20
25
20
20
21
18
17
25
21
20
19
18

Nc

N OO 0 g1 W oWk~ OO O OO O

34.04
1.67
339.10
17.48
29.75
9.19
306.81
16.39
341.24
13.05
336.83
14.33
220.45
45.68
359.04
346.44
82.14
4550

anal
| k
51.62 255.78
2.14 273.25
60.31 166.97
49.56 33.52
53.13 20.02
-24.92 91.74
33.33 6.53
44.69 17.45
46.02 41.01
44 .43 7.77
52.77 90.33
48.72 52.81
78.69 170.92
39.19 46.49
32.46 41.69
59.89 16.35
-36.34 800.95
32.47 43.55

75

Yy S

a9s

4.20
4.06
5.94
13.41
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Figure 25. The rotation patterns of Bigd i - sshawmd lBoth geographic

directions (no tilt correctiomotc) and tectonic directions (tilt correctidgo).

3524 Al a-amdaj area

I n the Al a-amdaj area, all samples were

to progressive demagnetization procedures, including both thermal and alternating
field demagnetizations. The magnetic intensities of these samples ranged fr

1,512.30 A/m to 4,325,781.91 A/m. Principal component analysis was used to
determine the magnetic directions of the higimperature components in the

demagnetization diagrams, while the great circle method was employed for the low
temperaturecomponent The bl ocking temper adb5ur es
AcC. T Heenpetatoirer components in the andesitic samples likely resulted from

lightning effects, whereas in the tuff samples, these components were overprinted
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due to the alteration of primaryineralization. A total of 9 sites were sampled, and
most samples, except for a few, were successfully demagnetized, yielding coherent
directions Tablel3). For sites with high magnetic intensities and where paleosecular
variationwas underrepresented (spot readings), only mean directions will be used
for further calculations. The rotation pattern of the sites is showfigure 26

illustrating both geographic and tectonic coordinates of the ancient geetita

directions.

Table 13 Pal eomagneti c anal yses resul ts f
demagnetization.

Locality Site Type Na Nc D | k ag95 A95 A95min  A95max

Al a- amd

ALO1 PCA 17 4 349.67 1.28 12.72 22,30 13.21 6.30 29.75
ALO2 PCA 18 6 35.37 51.74 153.58 5.42 6.00 5.86 26.52
ALO3 PCA 20 6 57.25 57.43 82.89 8.45 10.30 6.30 29.75
ALO4 PCA 27 6 14.61 -40.59 47.84 9.78 9.95 5.86 26.52
ALO5 PCA 11 6 349.45 60.19 55.97 6.94 10.15 4.98 20.54
ALO6 GC-PCA 23 17 1098 49.03 69.81 4.05 4.52 3.70 12.83
ALO7 GC-PCA 20 15 34945 60.19 55.97 6.94 10.15 4.98 20.54
ALO8 PCA 20 6 340.52 36.57 72.13 7.94 7.32 5.86 26.52
ALO9 PCA 21 5 343.20 34.62 119.76 8.43 6.25 6.89 34.24 A95<A95min
ALACAMDAG AREA
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Figure 26: The rotation pat t showing bothfgeogkdptic- a md a j
directions (no tilt correctiomotc) and tectonic directions (tilt correctigo).
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3525 Bal ékesir area

I n the Baleékesir area, both volaaani c and
subjected to thermal and alternating field demagnetization procedures based on the
magnetic intensities of the samples. The intensity values of the samples were
relatively lower compared to other sites. For sedimentary samples, intensities ranged

betwesn 38.26 and 85,982.37 A/m, while for volcanic samples, they ranged from

968.22 to 3,305,693.98 A/m. Most volcanic samples exhibii@olesunivectorial

behavior upon thermal demagnetization, with unblocking temperatures close to 500

AcC, i ndi-teraperaturegconmpongrits. Conversely, the sedimentary samples

generally had lower magnetic intensities, with some specimens overprinted by
secondary presefay field components. For most sedimentary specimens, the

unbl ocking temper at wbaosy. Ansemessites, padicularty 370 AC
sedimentary ones, low intensities (noise level) and incoherent directions (shotgun or
spaghetti patterns) were observed. For those, the great circle method was used to
observe lowtemperature components of the magndirections. Other sites were

excluded from the overall analysis due to their unreliable magnetic directions. Most

of the samples could not be successfully demagnetized, preventing the calculation of

ancient geomagnetic field directions. However, some ssnpielded coherent

directions Table 14). A total of 18 sites provided coherent directions, and the

rotation patterns of these sites are illustrateBigure 27 This figure shows both

geographic direans (no tilt correction applied) and tectonic directions (after tilt

correction), along with the mean directions for each site separately.
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