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ABSTRACT

NEOGENE PALEOMAGNETIC ANALYSIS OF NORTHWEST
ANATOLIA

Ince, Meryem Dilan
Doctor of Philosophy, Geological Engineering
Supervisor: Prof. Dr. Nuretdin Kaymakec1
Co-Supervisor: Prof. Dr. Bora Uzel

February 2026, 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 paleomagnetic and
kinematic analysis of Miocene volcanic and sedimentary units exposed within
selected Neogene basins of northwestern Anatolia, with the aim of quantifying

vertical-axis rotations and their relationship to basin-scale deformation.

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

regional deformation patterns rather than local or site-specific effects.

Comparative analysis of NE-trending basins indicates that the Gordes Basin exhibits
a rotational history comparable to that of the Akhisar and Bigadi¢ areas,
characterized by similar rotation senses and timing. In contrast, the Demirci and
Selendi basins define a distinct kinematic domain, internally consistent but clearly

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



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

spatially heterogeneous basin development during the Miocene.

Keywords: Paleomagnetism, Neogene vertical axis rotations, Northwest Anatolia,

Miocene stratigraphy, NE-trending Neogene basins.
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0z

KUZEY BATI ANADOLU’DA NEOJEN DONEMINE AiT
PALEYOMANYETIK ANALIZ

Ince, Meryem Dilan
Doktora, Jeoloji Mithendisligi
Tez Yoneticisi: Prof. Dr. Nuretdin Kaymake1
Ortak Tez Yoneticisi: Prof. Dr. Bora Uzel

Subat 2026, 155 sayfa

Kuzeybati Anadolu, dagmik genisleme ve transtansiyonel tektonik ile iligkili
Miyosen deformasyonunun mekansal ve zamansal evrimini anlamak agisindan kilit
bir bolgedir. Bu calisma, kuzeybati Anadolu’daki se¢ilmis Neojen havzalarinda
yiizeylenen Miyosen yasl volkanik ve sedimanter birimler {izerinde ger¢eklestirilen
biitiinlesik paleomanyetik ve kinematik analizleri sunmakta ve diisey eksen
etrafindaki rotasyonlarin nicel olarak belirlenmesini ve bu rotasyonlarin havza

olcegindeki deformasyon ile iligkisini ortaya koymay1 amaclamaktadir.

Yeni paleomanyetik veriler, diisey eksen etrafindaki rotasyonlarin sistematik ve
zamansal olarak ayrismis bir karakter sergiledigini gdstermektedir. Erken Miyosen
birimleri baskin olarak saat yoniinde rotasyonlar kaydederken, Orta—Ge¢ Miyosen
birimleri genellikle daha biiyiik biiyiikliklere sahip saat yoOniiniin tersine
rotasyonlarla karakterizedir. Bu rotasyonlar, tekil havzalar icinde ve komsu havzalar
arasinda belirgin bir mekansal tutarlilik sunmakta olup, yerel ya da noktasal

etkilerden ziyade bolgesel deformasyon Oriintiilerini yansittiklarini gdstermektedir.

KD-GB dogrultulu havzalarin karsilastirmali analizi, Gérdes Havzasi’nin Akhisar ve
Bigadi¢ alanlar1 ile benzer rotasyon yonleri ve zamanlamasi sergileyen ortak bir

donme ge¢misine sahip oldugunu ortaya koymaktadir. Buna karsilik, Demirci ve

vii



Selendi havzalari, rotasyon Oriintiileri ve gerilme yonelimleri agisindan giineydeki
gruptan belirgin sekilde ayrilan, kendi icinde tutarli ayri bir kinematik alan
tanimlamaktadir. Bu sonuglar, kuzeybati Anadolu’daki KD-GB dogrultulu
havzalarin Miyosen boyunca tek ve uniform bir tektonik rejim altinda gelismedigini,
aksine mekansal olarak heterojen havza gelisim siireglerini kaydettiklerini

gostermektedir.

Anahtar Kelimeler: Paleomanyetizma, Neojen diisey eksen rotasyonlari, Kuzeybati

Anadolu, Miyosen stratigrafisi, KD-GB dogrultulu Neojen havzalari.
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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. This 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 Anatolia, with 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 strike-slip deformation and strain partitioning has received
comparatively less attention, except for early studies (Kaya, 1979, 1981; Sengor,
1987) and a limited number of more recent works (Ring et al., 1999; Uzel & Sozbilir,
2008; Sozbilir et al., 2011; Uzel et al., 2013, 2015, 2017).

The present-day Aegean-Cyprian subduction system extends south of Crete and
northeast of Rhodes, where the African plate subducts beneath the Anatolian-Aegean
domain. The western Anatolian lithosphere, positioned above the subducting slab, is
currently affected by two distinct but interacting tectonic regimes. An extensional
regime dominates the western and southern parts of the region, while strike-slip
deformation is mainly associated with the North Anatolian Fault Zone (NAFZ) and
its westward-propagating branches (Figure 1). Seismic tomography studies suggest
that the subducting slab beneath the Aegean region is undergoing oblique tearing
along the Pliny-Strabo trench (Wortel & Spakman, 2000; Gans et al., 2009; Hale et
al., 2010; van Hinsbergen et al., 2010). This slab tear is thought to exert a first-order



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

extension and strike-slip deformation.

Within this framework, a NE-trending shear zone has been proposed along the
western margin of Anatolia as the upper-crustal expression of slab tearing. This zone,
commonly referred to in the literature as the izmir-Balikesir Transfer Zone (IBTZ),
is interpreted as a Miocene-age structure that accommodated differential extension
and strain partitioning between adjacent extensional domains (Okay et al., 1996;
Ring et al., 1999; Sozbilir et al., 2011; Uzel et al., 2013, 2015, 2017; Westeerwell et
al., 2020). Rather than representing a single throughgoing fault zone, the IBTZ is
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 present-day surface expression remains discontinuous and locally obscured by

younger deformation.

One of the most important implications of this NE-trending shear zone is its potential
role in the development of NE-trending Neogene volcano-sedimentary basins in
western Anatolia. Late Tertiary basins in the region are commonly grouped into three
main categories: (i) Oligocene-Miocene basins, (ii) NE-trending Neogene basins,
and (iii) E-W-trending Pliocene-Quaternary grabens. The NE-trending basins,
including Goérdes, Demirci, and Selendi, developed predominantly on the northern
flank of the Menderes Core Complex and were later dissected by E-W-trending high-
angle normal faults during the Pliocene-Quaternary. Despite extensive research, the
origin and tectonic significance of the NE-trending basins remain debated. Early
models proposed a two-stage evolution involving an initial compressional regime
followed by N-S-directed extension (Sengor, 1987), while other studies suggested
synchronous development of NE and E-W-trending basins during the Early Miocene
(Seyitoglu & Scott, 1994; Hetzel et al., 1995). Alternative interpretations attributed
basin formation to erosional processes in a compressional setting (Inci, 1998),
although the lack of transitional contacts between high-grade metamorphic rocks and

unmetamorphosed units argues against purely erosional exhumation mechanisms.



More recent syntheses favor an extensional to transtensional origin for the NE-
trending basins. Bozkurt (2003) proposed that these basins formed during the early
Miocene under an approximately N-S-directed extensional regime, with deformation
accommodated by NE-SW-trending high-angle normal to oblique-slip faults. This
interpretation is supported by syn-tectonic magmatism and kinematic evidence
indicating transtensional deformation. Ersoy et al. (2011) further refined this model
by suggesting episodic basin development under alternating extensional and
transtensional stress regimes, and by emphasizing the role of strike-slip and oblique-
slip faulting, particularly in the Gordes Basin. In this context, the eastern margin of
the Gordes Basin has been interpreted as a structural boundary between a strike-slip-
dominated domain to the west, associated with the NE-trending shear zone (IBTZ),
and the Simav detachment fault system to the east, which controlled the exhumation

of the Menderes Metamorphic Complex.
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Figure 1: (a) Major tectonic structures in Anatolia. NAFZ: North Anatolian Fault
Zone, MCL: Mid-Cycladic Lineament, IBTZ: [zmir-Balikesir Transfer Zone.
(modified from Sengor et al., 1985; Le Pichon et al., 1979; Walcott and White, 1998;
Philippon et al., 2012; Uzel et al., 2013, 2015) (b) Regional tectonic units around
eastern Mediterrenean (modified from Okay and Siyako, 1993; Okay and Tiiysiiz,
1999; Stampfli and Borel, 2002).

1.2 Problem definition and Aim of the study

Northwestern Anatolia represents a key region for understanding the interaction
between extensional and strike-slip tectonics in western Anatolia. The study area
encompasses the north of NE-SW-trending transtensional deformation corridor,
commonly referred to as the Izmir-Balikesir Transfer Zone (IBTZ) (Uzel et al.,
2015). Although this region has been the subject of numerous structural and

stratigraphic studies, vertical-axis rotation patterns 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 framework (Figure 2). In most cases,
paleomagnetic results are reported without clear separation of age groups, making it
difficult to distinguish between early Miocene, middle Miocene, and younger
rotational phases. Moreover, it is unknown whether vertical-axis 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 of NE-trending Neogene
basins in western Anatolia. Competing models propose that these basins formed
synchronously under a single regional extensional regime, or episodically under
different tectonic conditions involving transtensional or strike-slip deformation.
However, the lack of age-constrained paleomagnetic data 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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Figure 2: Previous paleomagnetic studies and the location of the study area (The
boundaries of the Izmir-Balikesir Transfer Zone are adapted from Uzel et al., 2015).



Accordingly, the central problem addressed in this study is whether vertical-axis
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 NE-trending transtensional shear zone and (ii) the

evolution of NE-trending Neogene Basins.

To solve these problems, this study adopts an integrated, multidisciplinary approach
combining stratigraphic, paleomagnetic analyses. The methodology is designed to

link deformation timing and the rotational phases.

Paleomagnetic sampling focuses on Miocene volcanic and sedimentary units
exposed within selected Neogene basins in northwestern Anatolia. Oriented core
samples were collected using a portable drill, with special emphasis on obtaining
stratigraphically well-constrained and minimally altered lithologies. Sampling sites
were selected to allow comparison between different basins and to evaluate

variations across the NE-trending transtensional corridor and adjacent fault zones.

Laboratory analyses include stepwise thermal and/or alternating-field
demagnetization to isolate characteristic remanent magnetization (ChRM). Site-
mean directions are calculated and evaluated using standard statistical criteria.
Paleomagnetic results are grouped according to stratigraphic age to distinguish early
Miocene rotations from middle-late Miocene and younger rotational components.
This approach enables assessment of both spatial and temporal variations in vertical-

axis rotations.

The paleomagnetic dataset is synthesized to construct a spatially and temporally
constrained rotation model for northwestern Anatolia. This integrated approach
allows evaluation of (i) whether early Miocene and middle-late Miocene units record
different rotational histories and (ii) whether NE-trending 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 prominent N-S continental extension.
This region 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 proposed 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 Anatolian Fault Zone (EAFZ) (Dewey and Sengor, 1979; Sengér, 1979,
1987; Sengor et al., 1982, 1985; Goriir et al., 1995). The second model claim that the
extension is the result of a back-arc processes, particularly the south-southwestward
migration of the Aegean Arc, driven by rollback of the subducting African Plate
(McKenzie, 1978; Le Pichon and Angelier, 1979; Le Pichon et al., 1982; Jackson
and McKenzie, 1988; Meulenkamp et al., 1988, 1994). The inception of the initiation
of the subduction rollback is controversial, 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 over-thickened crust,
following the Paleocene-Eocene collision along the Neotethys and lasting in the
Oligocene-early Miocene times (Dewey, 1988). The final, an episodic two-stage
graben model, divides the extension phases into a Miocene-Early Pliocene stage
associated with orogenic collapse and a Plio-Quaternary stage associated with N-S

extension, attributed to the westward escape of the Anatolian block (Kogyigit et al.,



1999). However, recent geological data from the Aegean region indicates that the
orogenic collapse model is less feasible, and the Late Oligocene-early Miocene
extension in western Anatolia is mainly driven by rollback of the subducting plate
rather than the orogenic collapse. This is discussed by Okay and Satir (2000), and
geological evidence, such as calc-alkaline volcanic and plutonic rocks formed above
the N-dipping 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 blueschists 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 extension 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 VVardar Ocean led to crustal thickening
due to the activity of a NE-SW-trending transform fault located between the
Neotethys Ocean and the Anatolide-Tauride carbonate platform. This transform fault
facilitated the deposition of the Bornova Flysch Zone along the fault zone (Okay et
al., 1996). Following a period of rapid convergence, the subducting slab likely began
to retreat under its own weight relative to the overriding plate. Subduction continued
without further convergence until the Early Eocene. Between the Early Eocene and
Late Eocene-Early Oligocene, convergence rates increased, reinstating a
compressional regime that affected pre-Late Eocene rocks in the Aegean region.
These rocks experienced late Mesozoic-early Tertiary Alpine compressional events,
leading to the formation of the Cycladic Blueschist and eclogite facies. As thrusting
advanced southward, core complexes began to develop, and the Cycladic Blueschist
started to exhume along low-angle detachment faults. This exhumation preserved
high-pressure, low-temperature parageneses and exhibited top-to-the-NE ductile
shearing within the gneissic nappe pile of the Menderes Massif, interpreted as

resulting from Late Eocene crustal thickening and nappe stacking (Lips et al., 2001).



During this period, syn-extensional volcanism and granite plutonism occurred in the

northern Rhodope region (Jolivet & Brun, 2010).

Intracontinental N-S convergence linked to the Paleocene-Eocene collision along the
Izmir-Ankara suture zone persisted until the Oligocene when significant changes in
boundary conditions took place around 30-35 Ma (Bozkurt, 2001; Sozbilir et al.,
2011). The subducting slab began to retreat southward as the northward movement
of the African plate slowed (Jolivet & Faccenna, 2000). Consequently, the trench
and associated magmatic arc migrated southward. In the backarc region of the
retreating slab, partial melting facilitated the development of high-temperature core
complexes within the extending Cyclades, known as the Cycladic Core Complex
(CCC) and Menderes Core Complex (MCC). At the onset of the Oligocene, 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 Menderes exhumation (ten Veen et al., 2009; Gessner
etal., 2013).

By the beginning of the Miocene, back-arc extension in the Cyclades accelerated and
reached a peak, and western Anatolia was characterized by a core complex mode of
extension, which led to the formation of supra-detachment basins and the intrusion
of granodioritic plutons into the core complexes (Lips 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 footwalls of the
Gediz and Biiyiikk Menderes detachment faults (Lips et al., 2001; Gessner et al.,
2013). This brittle extension affected the core complex, promoting the development
of sedimentary basins. The most prominent neotectonic features of Western Anatolia
are the approximately E-W-trending grabens and their basin-bounding active normal
faults. Major graben systems include the Edremit, Bakircay, Kiitahya, Simav, Gediz,
Kiiciik Menderes, Biiyiik Menderes, and Gokova grabens. These structures dominate
the Neotectonic architecture 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 well-developed horst-graben systems. In



addition to the E-W-trending grabens, Western Anatolia also contains less prominent
NNE-SSW-trending basins and intervening horsts, such as the Gordes, Demirci,
Selendi, and Usak-Gtire basins. These structures reflect a more complex deformation
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 the study areas based on
comprehensive literature review. The pre-Neogene basement is not described in
detail, as the primary focus of this study is on the sedimentary and volcanic rock
units that developed 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 sources (Figure 3).
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2.2.1 Stratigraphy of Akhisar Region

The stratigraphic sequence in the Akhisar area begins with the Baglamis Formation,
exposed near Baslamis Village, west of the Menderes Massif, and overlying the
ophiolitic complex with an angular unconformity. It starts with a conglomerate
sequence composed of pebbles from the ophiolitic basement, followed by sandstone,
marl, and limestone layers. This formation is overlain by the red-colored
conglomerates and sandstones of the Oligocene age with an unconformity (Akdeniz,
1980).

Baglamis Formation is overlain by the Dagdere Formation in the north and the
Tepekdy Formation in the south which are followed by the Kuslukkdy Formation
consisting of alternating sandstone and mudstone intercalated with acidic tuffs and
intruded by dacitic-rhyolitic volcanic necks known as central volcanics (Seyitoglu
and Scott, 1994). Ersoy et al. (2012) renamed the Dagdere Formation as the Kizildam
Formation, which is overlain by the Kuslukkdy Formation, interfingering with the
Glinesli Volcanics and cut by the Kayacik Volcanics in the center of the basin. All
these units are unconformably overlain by the Gokgeler Formation (Ersoy et al.,
2014).

The Kizildam Formation, best observed around Kizildam Village, comprises
reddish-brown conglomerates of alluvial fan origin, primarily derived from the
Menderes Massif, and unconformably overlies the metamorphic rocks, transitioning
laterally into the Kuslukkdy Formation towards the basin center. The Kuslukkoy
Formation consists of fluvio-lacustrine conglomerates, sandstones, and claystones,
with coal occurrences around Dagdere Village, and correlates with the alluvial plain
and lacustrine/tuff facies described by Purvis and Robertson (2004). Radiometric
dating of volcanic intercalations indicates an early Miocene age. The Gilinesli
Volcanics are composed of pink to white rhyolitic dykes and lava flows, with
pyroclastic rocks interfingered with fine-grained sedimentary rocks of the

Kuslukkdy Formation, correlating with the dacitic to rhyolitic volcanic rocks of the
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Kayacik Volcanics (Ersoy et al., 2012), dated to 19.16 £ 0.6 to 17.04 = 0.35 Ma using
biotite and feldspar Ar/Ar dating (Purvis et al., 2005). The Kayacik Volcanics,
previously named as central volcanics by Seyitoglu and Scott (1994), comprising
green-colored dacitic to rhyolitic volcanic necks, lava flows, and associated
pyroclastic rocks interfingered with the Kuslukkdy Formation, and dated to 18.4 +
0.6 to 16.3 £ 0.5 Ma using K/Ar dating (Seyitoglu and Scott, 1994), and to 21.71 £
0.04 to 17.6 £ 0.1 Ma using Ar/Ar dating (Purvis et al., 2005). The Gokgeler
Formation consists of conglomerate, pebblestone, sandstone, siltstone, and marl
sequences of fluvio-lacustrine origin, unconformably overlying the Kuslukkoy
Formation, and is identified as middle Miocene in age based on its stratigraphic

position.

2.2.2 Stratigraphy of Bigadic Area

The stratigraphy of the Bigadic area begins with the basement rocks, which consist
of the Upper Cretaceous-Paleocene Bornova Flysch Zone, the Eocene Baglamig
Formation, and Oligocene detrital sediments. These units are unconformably
overlain by the Lower Miocene Kocaiskan volcanics, which are unconformably
overlain by the Bigadi¢ volcano-sedimentary sequence and the Upper Miocene to

Pliocene continental deposits (Erkiil et al., 2005).

The Baslamis Formation, well-exposed near Sindirgi, is characterized by thick-
bedded nummulitic limestone, marl, and alternating mudstone-sandstone 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 sediments 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 described as basal volcanics by Giindogdu
et al. (1996) and Helvaci (1995), is predominantly andesitic in composition and

represents the earlier phase of Early Miocene volcanic activity in the Bigadic area
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(Erkil et al., 2005). 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 sub-vertical flow foliations. K-Ar dating of
the Kocaiskan volcanics by Krushensky (1976) and Giindogdu et al. (1996) yielded
an age of 23.6 + 0.6 Ma, while later dating by (Erkiil et al., 2005) using biotites from
the early-phase andesitic intrusions, gives an age of 23.0 = 2.8 Ma. The Kocaiskan
volcanics are unconformably overlain by the lacustrine and volcanic units of the

Bigadi¢ volcano-sedimentary succession.

The Bigadi¢ volcano-sedimentary succession extends across a broad area,
particularly well-exposed north of the Sindirgi and Yagcilar districts. This
succession includes four distinct volcanic units: the Sindirgi volcanites, Golciik
basalt, Kayirlar volcanites, and Sahinkaya volcanites (Helvaci, 1995; Giindogdu et
al., 1996; Erkiil et al., 2005). The Sindirg1 volcanites, well-exposed in the eastern
and southern parts of the Bigadig¢ area, consist of dacitic and rhyolitic intrusions,
massive and brecciated lava flows, and pyroclastic deposits. These volcanites have
been dated at 19.0 = 0.2 Ma (K/Ar) from the lower tuff unit (Helvaci, 1995), and at
20.2 £ 0.5 Ma to 19.0 £ 0.4 Ma (K/Ar) (Erkiil et al., 2005). The Gdlciik basalt,
extending from Golciik to Babakdy, is characterized by NE-trending olivine basaltic
dykes and lava domes intercalated with lacustrine deposits of the Bigadi¢ volcano-
sedimentary succession. The Kayirlar volcanites, exposed in the northern part of the
Bigadig¢ area, comprise andesitic dykes and massive to brecciated lava flows around
Kayuirlar village. The Goélciik basalt and Kayirlar volcanites, dated to 20.5 +£ 0.1 Ma
and 20.6 + 0.7 Ma respectively, are considered synchronous (Erkiil et al., 2005). The
Sahinkaya volcanites, composed of basaltic andesite, include dykes, lava flows, and
associated pyroclastic rocks. They represent the youngest volcanic unit in the
Bigadig area, with K-Ar ages of 17.8 + 0.4 Ma (Erkiil et al., 2005).
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2.2.3 Stratigraphy of the Alacamdag area

In the Alagamdag area, the stratigraphy is characterized by Miocene to Quaternary
magmatic and sedimentary rocks, which overlie the basement rocks of the Menderes
Massif and the Izmir-Ankara Zone. The primary lithological units, listed from the
oldest to the youngest, include the Alagamdag granite, the Sagirlar volcanic unit,
fluviolacustrine continental deposits, and alluvial deposits. The Alagamdag granite
forms a NW-SE elongated body, cropping out east of Alagam Mountain. This Early
Miocene granite intruded into the Menderes Massif and the Bornova Flysch Zone
and is composed of porphyritic granites and aplitic dykes (Erkiil & Tatar Erkiil,
2010). The age of the Alagamdag granite has been determined through Ar/Ar and
U/Pb dating, yielding ages of 19.83 + 0.1 Ma and 20.7 + 1.1 Ma, respectively (Erkiil,
2010; Hasozbek et al., 2011).

The Early Miocene ignimbrites and andesitic-dacitic volcanogenic sedimentary
rocks of the Sagirlar volcanic unit unconformably overlie the Alagamdag granite.
This unit is exposed south of the Sagirlar and southeast of the Dursunbey districts. It
also contains andesitic-dacitic intrusions that intersect the clastic sediments of the
Izmir-Ankara Zone. The age of the Sagirlar volcanics has been established as 19.17
+ (.18 Ma based on Ar-Ar dating from the andesites within the unit (Erkiil & Tatar
Erkiil, 2010).

The Sagirlar volcanic unit is unconformably overlain by alluvial and lacustrine
sedimentary deposits and also felsic volcanic rocks in the southern Dursunbey area.
These sedimentary deposits appear as lenses within the ignimbrites of felsic volcanic
rocks around the Catalcam district. Based on correlations and radiometric dating of
the surrounding felsic volcanic rocks, these sedimentary deposits are considered as

Early Miocene age.

Felsic volcanic rocks, which include dacites, rhyolites, and ignimbrites, are exposed
from the Dursunbey to Diivertepe districts. In some locations, these felsic volcanic

rocks are transitional with the alluvial-lacustrine sedimentary deposits. Radiometric
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dating of the felsic volcanic rocks in the Bigadi¢ borate basin by (Erkiil et al., 2005)
yielded K-Ar biotite ages ranging from 20.2 to 19.0 Ma, which can be correlated
with the Early Miocene felsic volcanic units in the Alagamdag region (Erkiil & Tatar
Erkiil, 2010).

2.2.4 Stratigraphy of the Balikesir area

In the Balikesir region, the Neogene stratigraphy is defined by the Hallaglar
volcanics, followed by volcano-sedimentary units, and overlained by the overlying
Bayrami¢ Formation from oldest to youngest rock units. The Hallaglar volcanics
were first described by (Krushensky, 1976) as comprising lava flows, minor flow-
breccia, and tuff units, primarily andesitic and dacitic in composition. Ercan et al.
(1984) further 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., 2012). The Hallaglar volcanics were initially dated at 23.6 + 0.6
Ma using the K-Ar method (Krushensky, 1976). Additionally, (Ercan et al., 1996)
reported that the volcanic activity of the Hallaglar volcanics commenced in the early
Oligocene and persisted until the end of the Oligocene. This unit is unconformably

overlain by younger volcano-sedimentary units of Miocene age.

The volcano-sedimentary units exposed in the Balikesir area are predominantly
composed of acidic lavas, dykes, and pyroclastic rocks associated with volcanic
activity, along with synsedimentary fluviolacustrine sedimentary deposits. The base
of this sequence is characterized by grayish-white acidic lavas and pyroclastics.
Radiometric dating of these volcanic rocks by Krushensky (1976) and Ercan et al.
(1996) yielded ages of 18.2 + 0.3 Ma and 21.9 £ 0.6 Ma, respectively (K-Ar ages).
Furthermore, Benda et al. (1974) noted the presence of sporomorphs in the lacustrine
sediments, which agrees well with the radiometric age data. According to
Altunkaynak & Geng (2008), the Miocene magmatism in this region can be divided
into three distinct stages, spanning from the early to late Miocene. The first stage is

characterized by felsic to basic volcanism, with high-K shoshonitic magmas, dated
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between 21.3 and 18.5 Ma (Krushensky, 1976; Ercan et al., 1996; Altunkaynak &
Geng, 2008). The subsequent stage is marked by mildly 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, sandstones, and fine-grained
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
thinned continental crust, with ages ranging from 11 + 0.4 to 8.32 + 0.19 Ma
(Altunkaynak & Geng, 2008).

The Bayrami¢ Formation unconformably overlies this entire volcanic-sedimentary
sequence. Initially described by Siyako et al. (1989), the formation is composed of
fluvial and lacustrine sediments, including conglomerate, sandstone, and shale
intercalations. Based on its fossil content, the age of the Bayrami¢ Formation has

been determined as Plio-Quaternary (Gozler et al., 1984).

2.25 Stratigraphy of the Gonen area

The Neogene units in the Gonen area begin with Oligo-Miocene granitic volcanism.
The age of this volcanic unit determined using the K/Ar dating method, ranges from
20.3 to 23.5 Ma (Karacik et al., 2008). This unit is correlated with the Hallaglar
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,
characterized by medium- to coarse-grained 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 methods (Aldanmaz et al., 2000;
Altunkaynak & Geng, 2008; Altunkaynak et al., 2012). This volcanic sequence is
unconformably overlain by a middle to late Miocene volcano-sedimentary

succession. The base of this succession begins with red-colored continental clastics,
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followed by another set of andesitic, dacitic, and basaltic volcanic rocks. The ages
of this volcanic activity are dated between 7.7 Ma and 11.6 Ma (Ercan et al., 1996;
Kaymakci et al., 2007).

2.2.6 Stratigraphy of the Ivrindi area

The Neogene stratigraphy of the Ivrindi region closely resembles like Balikesir area.
The sequence begins with the Hallaglar Volcanics, which rest atop the pre-Neogene
basement rocks. This unit was originally defined by Krushensky (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 indicates volcanic activity occurred
between the early and late Oligocene (Krushensky, 1976; Ercan et al., 1996). The
Hallaglar volcanics are unconformably overlain by Miocene-aged volcano-
sedimentary successions comprising acidic lavas, pyroclastics, and interbedded
fluviolacustrine sediments. These deposits mark the transition from felsic to mildly
alkaline volcanic phases (Altunkaynak and Geng, 2008), with interlayered clastic-
carbonate sediments reflecting contemporaneous sedimentation. Local andesite
intrusions crosscut 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¢ formation, which include conglomerate,
sandstone, and shale layers of Plio-Quaternary age (Siyako et al., 1989; Gozler et al.,
1984). The youngest unit in the region consists of unconsolidated Quaternary alluvial

deposits filling the present-day drainage systems.

2.3 Origin of NE-trending basins

The Late Tertiary volcano-sedimentary basins developed in the western Anatolia can
be classified into three main groups: (a) Oligocene-Miocene basins (Sozbilir, 2002,

2005), (b) NE-trending Neogene volcano-sedimentary basins Ercan et al., 1978;
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Sengor, 1987; Seyitoglu and Scott, 1991, 1994; Helvaci, 1995; Helvact and
Yagmurlu, 1995; Seyitoglu, 1997; Helvaci and Alonso, 2000; Yilmaz et al., 2000;
Bozkurt, 2003; Purvis and Robertson, 2004; Ersoy et al., 2010, 2011), and (c) E-W-
trending Pliocene-Quaternary basins. The NE-trending Neogene volcano-
sedimentary basins, which developed on the Menderes Massif in the northern part of
the Menderes Core Complex, were cut and displaced by approximately E-W-

trending, high-angle normal faults of Pliocene-Quaternary age.

Despite the large number of studies carried out in these basins, there is no consensus
regarding the stratigraphic correlations and tectonic evolution of the NE-SW-
trending Neogene basins. According to Sengor (1987), these basins formed during
two distinct stages. The first stage corresponds to a compressional tectonic regime
initiated by the collision between the Sakarya Continent and the Anatolide-Tauride
platform, leading to N-S-directed compression and the development of paleotectonic
Tibetan-type cross-grabens, which persisted until the middle Miocene. The second
stage began after the middle Miocene and is associated with N-S-directed
extensional tectonics. As a result of this extensional regime, neotectonic Aegean-
type cross-grabens developed in western Anatolia, cutting the pre-existing graben
system. Within this framework, NE-trending basins such as Gordes, Selendi, and
Demirci were interpreted as basins formed by NE-SW-oriented normal faults
resulting from crustal thickening associated with the closure of the Northern
Neotethys Ocean and later dissected by E-W-trending high-angle normal faults
(Y1ilmaz et al., 2000, 2001). However, the applicability of this model to the formation
mechanism of the NE-trending basins is debated, primarily due to the lack of
evidence for significant continental crustal thickening comparable to that observed
in Tibet (Okay and Satir, 2000), the absence of regionally developed compressional
folding in the Selendi and Gordes basins. In addition, Sengér (1987) and Goriir et al.
(1995) interpreted the NE-trending basins as replacement structures, suggesting that
they are older and contain thicker sedimentary successions that the E-W-trending
grabens, which were classified as revolutionary structures. Seyitoglu and Scott

(1994) proposed that the NE-trending basins and E-W-trending basins formed
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contemporaneously during the early Miocene based on their field observations and
stratigraphic age correlations. This interpretation is also consistent with age data
from the syn-extensional granodiorites exposed within the E-W-trending Alasehir
Graben (Hetzel et al., 1995).

Inci (1998, 2000) interpreted the NE-trending basins as intermontane basins formed
by erosion-related 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 high-grade metamorphic rocks and the unmetamorphosed
ophiolitic mélange units exposed in the region. Instead, both units are juxtaposed
along low-angle tectonic contacts. Comparing the different proposed models,
Bozkurt (2003) suggested that the NE-SW-trending basins formed during the early
Miocene under an approximately N-S-directed regional extensional regime.
According to this interpretation, extension was accommodated by NE-SW-trending
high-angle normal faults along the margins of the Gordes, Demirci, and Selendi
basins. These faults were interpreted as transtensional structures developed between
normal faults during the early Miocene, and the presence of syn-tectonic magmatism

supports this interpretation.

Furthermore, studies that consider the Oligocene-Miocene tectonic exhumation of
the Menderes Metamorphic Complex propose that the Miocene NE-trending
volcano-sedimentary basins developed as scoop-shaped depressions above low-
angle detachment fault surfaces (Purvis and Robertson, 2004). Although 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 Gordes and Selendi basins are suggested to have formed prior to the early
Miocene. It was also proposed that this model could be applicable to the Demirci

Basin.

One of the most comprehensive studies on the NE-trending basins is that of Ersoy et

al. (2011), which generally attributes the basin formation to an N-S-directed
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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 Hacibekir Group deposited during early Miocene in the Demirci and Selendi
basins are interpreted to have deposited in basins developed above the Simav
Detachment Fault. In contrast, the volcano-sedimentary units exposed in the Gordes
Basin are interpreted to have been deposited under the control of NE-SW-trending
dextral strike-slip and oblique-slip faults. Accordingly, the Gordes Basin is
interpreted as a transtensional basin formed during the early Miocene. Moreover, the
castern margin of the Gordes Basin during the early Miocene is interpreted as a
structural boundary between the Izmir-Balikesir Transfer Zone, dominated by strike-
slip deformation to the west, and the Simav detachment fault, which played a key
role in the tectonic exhumation of the Menderes Massif to the east.

231 Stratigraphy of NE-trending basins

The NE-trending Neogene basins of western Anatolia preserve a well-developed
volcano-sedimentary record that provides key constraints on the tectono-
stratigraphic evolution of the region. Previous studies have shown that these basins
show comparable stratigraphic successions, characterized by early to middle
Miocene fills and associated syn-depositional magmatism. In this section, the
stratigraphy pf the NE-trending basins is summarized based on previously published
studies, as no stratigraphic observations were conducted within the scope of this
study. The stratigraphic framework adopted here is illustrated in the composite
stratigraphic column (Figure 4), which highlights the main lithostratigraphic units,
their relative ages, and correlations among the Gordes, Selendi, and Demirci basins.
This synthesis provides a consistent basis for regional stratigraphic correlation and

for the tectonic interpretations discussed in subsequent sections.
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Figure 4: Geological map showing NE-trending basins (Go6rdes, Demirci, and
Selendi) and corresponding generalized stratigraphic sections (See the figure for
references used).

2.3.1.1 Gordes Basin

The stratigraphy of the Gordes Basin has been investigated by several authors,
including Nebert (1961), Yagmurlu (1984), Seyitoglu and Scott (1994), Purvis and
Robertson (2004, 2005), and most recently revised by Ersoy et al. (2011) based on
detailed field observations and geochronological data. In this 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 basin fill begins with the Kizildam Formation,
which unconformably overlies the metamorphic rocks of the Menderes Massif along
the eastern basin margin and ophiolitic mélange units of the Bornova Flysch Zone
along the western margin. The Kizildam Formation laterally passes into finer-
grained basin deposits and is regionally correlated with Lower Miocene 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
Kizildam Formation (Seyitoglu and Scott, 1994; Ersoy et al., 2011). The Kuslukkdy
Formation conformably overlies the Kizildam Formation and constitutes the most
widespread unit within the Gordes Basin. It is composed of conglomerate-sandstone
and sandstone-mudstone alternations deposited in fluvio-lacustrine environments.
This unit locally contains coal-bearing 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
Kuslukkéy Formation corresponds to the sandstone-mudstone successions
previously described by Seyitoglu and Scott (1994) and to the alluvial plain-
lacustrine facies of Purvis and Robertson (2004). The Giinesli Volcanics crop out
mainly in the northern part of the basin and consist of rhyolitic dykes, lava flows,
and associated pyroclastic deposits. These volcanic rocks interfinger with the fine-
grained sediments of the Kuslukkdy Formation. Ar/Ar ages obtained from these
pyroclastic rocks range between approximately 19 and 17 Ma, confirming their Early
Miocene age (Purvis et al., 2005; Ersoy et al., 2011). In the central part of the basin,
the Kayacik Volcanics are represented by dacitic to rhyolitic volcanic necks, lava
flows, and minor pyroclastic deposits. These volcanic bodies cut and locally deform
the sedimentary units of the Kuslukkdy Formation, indicating syn-sedimentary to
slightly post-sedimentary emplacement. Radiometric dating of these volcanic rocks
yields K/Ar and Ar/Ar ages between approximately 22 and 16 Ma, consistent with
Early Miocene volcanic activity (Seyitoglu and Scott, 1994; Purvis et al., 2005). The
Early Miocene basin fill is unconformably overlain by the Gokgeler Formation,

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 in fluvio-lacustrine
settings. Based on its stratigraphic position and lithological similarities with Middle
Miocene units in neighboring basins, the age of the Gokgeler Formation is assigned
as Middle Miocene (Ersoy et al., 2011). The Miocene succession of the Gordes Basin

is locally overlain by Late Miocene to Recent sediments.

23.1.2 Demirci Basin

The stratigraphy of the Demirci Basin has been described by several authors like Inci
(1984), Yilmaz et al. (2000), Seyitoglu (1997), and more recently by Ersoy et al.
(2011). Based on these studies, the Neogene basin fill of the Demirci Basin rests on
the metamorphic rocks of the Menderes Massif and is intruded locally by Oligocene-
Miocene granitoids. The basin fill comprises two main volcano-sedimentary

successions separated by a regional angular unconformity.

Early studies by Inci (1984) suggested that sedimentation began with coarse
conglomerates of the Kiirtkdyli Formation, which pass upward into sandstone-
mudstone alternations of the YenikO0y Formation. These units were interpreted as
early to middle Miocene in age and were unconformably overlain by younger
sedimentary and volcanic units. Yilmaz et al. (2000) later revised this stratigraphy
and proposed that the basin fill started with boulder conglomerates of the Borlu
Formation, overlain by sandstones and mudstones of the Kopriibast Formation,
locally intercalated with andesitic lavas and pyroclastic rocks of the Okgular
Volcanics. These units were interpreted as conformably overlain by marls and shales
of the Demirci Formation and unconformably capped by late Miocene-early Pliocene
limestones of the Adala Formation.

Ersoy et al. (2011), integrating new field observations and regional correlations,
demonstrated that the stratigraphy of the Demirci Basin closely resembles that of the
Selendi and Usak-Giire basins. According to this interpretation, the basin fill consists

of two distinct stratigraphic groups separated by an angular unconformity. The older
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unit is correlated with the Lower Miocene Hacibekir Group and includes the
Kiirtkdyli and Yenikdy formations together with rhyolitic volcanic rocks of the
Sevingler Volcanics. These deposits comprise coarse alluvial fan conglomerates
derived mainly from the Menderes Massif, passing upward into fluvio-lacustrine
sandstones, mudstones, and associated rhyolitic pyroclastic rocks. Radiometric and
stratigraphic age data indicate an Early Miocene age for this succession. The younger
unit is correlated with the Middle Miocene Inay Group and unconformably overlies
the Hacibekir Group. It includes the Akdere pyroclastics, coarse alluvial fan
conglomerates of the Borlu Formation, sandstone-siltstone alternations of the
Kopriibasi Formation, and finer-grained lacustrine deposits of the Demirci
Formation. These sedimentary units are interfingered with andesitic-dacitic lava
flows and pyroclastic rocks of the Asitepe Volcanics, as well as syn-sedimentary
basaltic flows of the Nasa basalt, dated at approximately 15 Ma (Ercan et al., 1996).
The Demirci Formation, composed mainly of marls, bituminous shales, and
limestones, represents the most distal lacustrine environments and can be correlated

with equivalent middle Miocene units in the Selendi Basin.

2.3.1.3 Selendi Basin

The stratigraphy of the Selendi Basin has been well documented by previous
geological studies (Akdeniz and Konak, 1979; Helvaci, 1984, 1986; Ersoy et al.,
2011). The basin fill consists of two main Neogene volcano-sedimentary units
separated by a regional angular unconformity, as in the Demirci Basin, the units are
correlated with the Lower Miocene Hacibekir Group and the middle Miocene Inay

Group.

The Hacibekir Group comprises the Kiirtkdyii Formation, Yenikdy Formation, and
associated Egreltidag volcanics, and Kuzayir lamproite. The Kiirtkdyii Formation
consists of reddish-brown alluvial fan conglomerates with sandstone intercalations,
deposited unconformably on Izmir-Ankara Zone rocks and tectonically over the

Menderes Massif (Helvaci, 1984). It is conformably overlain by the Yenikoy

25



Formation, which is composed of coal-bearing sandstone-siltstone-mudstone
alternations and laminated limestones of fluvio-lacustrine origin. These sediments
are interfingered with rhyolitic lavas and pyroclastics of the Egreltidag volcanics,
dated at ~20-19 Ma (Seyitoglu et al., 1997; Helvact and Alonso, 2000). Syn-
sedimentary mafic lava flows of the Kuzayir lamproite locally overlie the Yenikoy

Formation and are also assigned to the early Miocene.

The Inay Group includes the Ahmetler Formation and Ulubey Formation, which
interfinger with the Yagcidag volcanics and Orhanlar basalt. The Ahmetler
Formation is dominated by conglomerates and sandstones and passes laterally into
the fine-grained, fluvio-lacustrine deposits of the Ulubey Formation toward the basin
center (Akdeniz and Konak, 1979; Helvaci, 1986). The Ulubey Formation hosts
economically significant borate deposits. Andesitic to rhyolitic lavas and
pyroclastics of the Yagcidag volcanics are intercalated within the inay Group and
yield K/Ar ages of ~16.8 Ma (Helvaci and Alonso, 2000). In the southern part of the
basin, syn-sedimentary basaltic lava flows of the Orhanlar basalt overlie the
Ahmetler Formation and are dated at ~15.4-14.9 Ma (Seyitoglu et al., 1997; Helvaci
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 and Madir basaltic lava flows.
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 ancient 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 in 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. They 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 minerals that the 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, the disruptive effect of the thermal
energy gradually diminishes allowing spin moments within the minerals to align in
the external magnetic field directions. This magnetization can be stable for billions
of years unless it is subjected to higher magnetizations (like lightning). 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 (DRM) is acquired.
Detrital magnetic grains align with the effect of the ambient geomagnetic field only
if they are in the water column or the soft and water-saturated top layer of the

sediments.
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3.2 Methodology

3.2.1 Sampling

The orientation of the magnetic minerals contained in the rocks, acquired by the
earth’s magnetic field under the influence of the natural remnant magnetization,
forms the basis of the paleomagnetism methods. Directional samples collected from
the rocks during fieldwork are evaluated in a laboratory environment, 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 deformational and

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 factors should
be considered: (1) Samples should be collected in suitable sizes 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 least 5-7 samples 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 magnetic 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 brand portable
core drilling machine with a drill bit of 5 cm in 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 deposition or cooling 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 correction. In cases 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 compass. While
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/semi-metallic ore deposits. Therefore, great care should be taken to ensure
that any deviation 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 corrected for the present-day 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. Generally, multiple sub-samples are extracted
from one core sample per site, and these sub-samples 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 diameter of 5 cm were cut to 22
mm using water-cooled 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 obtained (Figure 5 a). 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 Curie Balance Measurements. 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 domains above a certain temperature
known as Curie temperature. Curie temperature can vary for each sample depending
on the dominant magnetic carrier. Above the Curie temperature, magnetic minerals
pass from a ferromagnetic state to a paramagnetic state. In other words, for samples
dominated by ferromagnetic minerals, the magnetization intensity (Js) approximates
that of the ferromagnetic minerals, and the Curie temperatures are determined as the
points where a significant decrease in the magnetization intensity occurs as 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 the 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 translation-type Curie balance
device with a noise level of 5.10° Am? (Mullender et al., 1993), and heating-cooling
cycles were initiated started from the room temperature to a maximum of 725 °C
(Figure 5 b, c, d). These cycles continued until the samples lost their magnetic
properties. The temperature increments were selected differently for each sample
based on their lithological properties. For instance, for igneous rock specimens, the
maximum temperature was set to 725 °C since igneous rocks, especially mafic rocks
consist of magnetic minerals, whereas for sedimentary rock specimens, smaller

temperature increments were used. 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 demagnetization procedure, 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 demagnetized 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
demagnetization 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 magnetometer with a noise level of 3.10*> Am? (Mullender et al., 2016)
(Figure 5e, f) and Zijderveld and Wullf diagrams are often used to visually represent
the changes in the direction of the NRM throughout the demagnetization process
(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 indicates that the
magnetic behavior of the minerals has become paramagnetic.
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Fort Hoofddijk Paleomagnetic Laboratory
University of Utrecht

Figure 5: (a) Paleomagnetic core samples prepared through cutting processes for
further measurements, (b) Caps remaining from the cutting process and quartz wool
used to prepare sample for Curie Balance measurements, (c) Horizontal translation-
type Curie balance device with a noise level of 5.10° Am? (Mullender et al., 1993),
(d) Powdered sample prepared for analysis, (e) 2G Enterprises horizontal DC Squid
magnetometer with a noise level of 3.102 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 or 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, equal-area
projections, and vector component diagrams (Zijderveld, 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 completely, with
the stable end 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 diagrams. After each
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 best-fit line through the linear part 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 circles (McFadden and McElhinny, 1988), describing the plane
defined by the ChRM 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, a 45-degree cutoff was applied to discard
widely outlying ChRM directions, and the averages and cones of confidence were
determined using statistics. Errors in the declination and inclination values are given
separately as AD and Al following Butler (1992). Fisher statistics (1953) were used
to determine the mean directions and their statistical properties (k, a95) as well as
the mean of virtual geomagnetic poles (VGP) and their statistical properties (K,
A95). N-dependent minimum and maximum values of A95 (A95min, A95max) Were
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determined, and values falling within this range indicate that the paleosecular
variation has been sufficiently sampled. However, if the A95 value is smaller than
the minimum value (A95 < A95min), the VGP distribution underrepresents the
paleosecular variation due to secondary magnetization or the sampling of too short
time span, i.e., spot reading. The results of the demagnetization analysis will 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 tests-Fold 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: pre-folding, post-folding, or syn-folding magnetizations. If the
magnetic directions 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 history of 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 geomagnetic field, 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 suitable for interpreting the primary paleomagnetic signals or the
pre-folding tectonic history 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 event, 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 and are not suitable for 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 is used in paleomagnetic analyses to
evaluate whether two or more site-mean directions are statistically indistinguishable
and thus representative of a single tectonic block or a shared tectonic history since
magnetization acquisition. In addition to assessing post-magnetization vertical-axis
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 reference frame and evaluating
whether their dispersion decreases relative to the in-situ configuration. 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 common magnetization
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 Fisher statistics and
confidence parameters (e.g., a95) and is widely applied to group paleomagnetic sites

prior to regional rotation analysis and tectonic interpretation.

3.3  Aim of the paleomagnetic analyses

The main objective of the paleomagnetic analyses in this study is to evaluate the
temporal and spatial variations in vertical-axis 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 counterclockwise 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 NE-trending basins located to the east of the NE-trending transtensional corridor.
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In addition, the analysis investigates whether the NE-trending basins developed in
association with a NE-trending transtensional corridor, or whether they record a
distinct tectonic regime. Finally, similarities and differences in rotation patterns
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, Ivrindi, Bigadi¢, Alacamdag, Balikesir, and Génen in the
northern part of the study area. Additional sampling sites are located within the NE-
trending basins to the east and include Gordes, Demirci, and Selendi. The locations

of all sampling sites are shown in Figure 6.
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Figure 6: The location map of all sampling sites.
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34.1 Akhisar-Gérdes area

Sampling locations around Akhisar include Savastepe to the north of the Soma
Basin, Gelenbe to the north of Akhisar, and an area bordered by Balikesir to the north
(Figure 7). In this area, outcrops of Miocene age pyroclastics, acidic lavas, clastics,
and carbonate rocks have been sampled. A total of 190 paleomagnetic cores were
collected from 10 different locations (Table 1). Detailed stratigraphic positions of

geological sections and collected samples are provided below.
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Figure 7: Geological map of the Akhisar study area (based on MTA geological maps,
2002), showing the locations of paleomagnetic sampling sites .
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Table 1: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
and quantities of paleomagnetic samples collected from Akhisar area.

Locality Lat Lon Type Age Collected
Site samples
Akhisar

GEO01 39°07'32.02"N  27°51'29.60"E  sedimentary Early Miocene 28
GEO02 39°06'18.44"N  27°52'43.98"E volcanic Early Miocene 20
GE04 39°10'07.10"N  27°49'07.75"E  sedimentary Middle Miocene 15
GEO08 39°16'33.01"N  27°53'09.05"E volcanic Early Miocene 17
GE09 39°19'56.96"N  27°53'36.69"E volcanic Early Miocene 17
GE10 39°24'58.83"N  27°50'07.01"E  sedimentary Middle Miocene 18
GE15 39°23'30.25"N  27°38'48.83"E  sedimentary Early Miocene 20
GE16 39°28'29.55"N  27°33'03.36"E  sedimentary Early Miocene 19
GE20 39°13'48.93"N  27°53'56.29"E volcanic Early Miocene 20
GE21 39°15'18.27"N  27°5722.54"E volcanic Early Miocene 16
Total 190

At the GEO1 location, a sequence consisting of whitish-brown limestone and
greenish-gray laminated mudstone-sandstone alternations is observed. Sampling was
conducted from approximately 10 meters-thick levels of mudstone and sandstone
layers. The bedding orientation is noted as N28W, 19SW for the preceding tilt
corrections. For the location GEO2, the sedimentary sequence starts with a 3-meter-
thick alternation of sandstone and mudstone at the base and continues upwards with
a tuff layer. Overlying the tuff layer, there is a 13-meter-thick pinkish-gray to light-
gray andesitic lava flow. Sampling was conducted from the pinkish-colored andesitic
lava layers. A total of 20 samples were collected from this locality, and the bedding
was measured as N63E, 20SE. At the GE04 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 GEO8 locality was conducted entirely from a tuff sequence. The
attitude of the tuff layers is measured as N76W, 22SE, and N68E, 28SE. Same as the
GEOQ8, the GEQ9 sampling location consists entirely of tuff levels, and the attitude
was measured as NOSE, 26SE. To the east of Savastepe, there are two sampling

locations, namely GE10 and GE11. The sequence at the GE10 sampling location
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starts with approximately 7-meter-thick mudstone layers at the base. Moving
upwards, the sequence continues with clayey limestone-mudstone-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, the sequence starts
with mudstone transitioning into mudstone-limestone alternation towards the upper
levels. The sampling was conducted from the limestone levels, and the attitude of
the bedding plane was measured as N35E, 22SE from this locality. The GE16
succession begins with 3-meter-thick limestone-mudstone 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 mudstone at the base and continues upwards with marly
limestone and sandstone alternations. At the top of the sequence, altered muddy
limestone-sandstone alternations were observed and the bedding plane was measured
as N20E, 06NW. Finally, the GE21 sampling location consists 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 ivrindi area

In this area, 182 paleomagnetic cores were sampled from 11 different locations
(Table 2). During the field observations, cross-sectional geological sections were
prepared, and the stratigraphic position of the samples was noted. The locations and

the lithologies of the collected samples are shown in Figure 8.
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Figure 8: Geological map of the Ivrindi study area (based on MTA geological maps,
2002), showing the locations of paleomagnetic sampling sites.
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Table 2: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
and quantities of paleomagnetic samples collected from Ivrindi area.

Locality Lat Lon Type Age Collected

Site samples

ivrindi

AN1 27°32'49"E 39°26"29"N volcanic Early Miocene 15

AN2 27°37'02"E 39°28'45"N volcanic Early Miocene 22

AN3 27°29'17"E 39°17'34"N volcanic Middle Miocene 18

AN4 27°27'33"E 39°21'08"N volcanic Early Miocene 15

AN7 27°28'07"E 39°39'04"N volcanic Oligocene 18

AN8 27° 2528"E 39°23'39"N volcanic Early Miocene 14

BZ01 39°40'4.50"N  28°17'13.83"E  volcanic Early Miocene 19

BZz02 39°35'26.27"N  27°17'49.68"E  volcanic Oligocene 15

TFO1 39°33'6.98"N  27°18'16.45"E  volcanic Middle Miocene 15

TF02 39°29'8.83"N  27°18'13.48"E volcanic Early Miocene 16

TFO03 39°27'37.73"N  27°18'53.76"E  volcanic Early Miocene 15
Total 182

The ANO1, AN02, AN03, ANO4, ANO7 and ANO8 samples were collected from an
andesitic lava outcropping in the Ivrindi area. The BZ01 sampling location is situated
in the eastern part of the study area. The observed stratigraphic sequence at this
location starts with basaltic lava at its base, and the sampling was conducted from
these outcrops. Also, one sample was taken from this location for an Ar/Ar dating
analysis. The BZ02 sampling location is located west of Ivrindi and the stratigraphy
here is approximately 25 meters thick and 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 northwest of 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 additionally, 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 coarse-grained tuff. The orientation of the
tuff layers was measured as N35E, 30SE. Finally, the TFO3 sampling location is
located at the north of Derekdy and west of Kayapa village and comprises entirely

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

3.4.3 Bigadic area

Sampling studies were conducted in the vicinity of Bigadi¢, and a total of 362
paleomagnetic core samples were collected from 18 different locations (Table 3).
The region is situated between Alacamdag to the east and Bigadig to the west. In this
area, Miocene volcanic and sedimentary units are exposed (Figure 9). Detailed

stratigraphic positions of geological sections and collected samples are provided

below.
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Figure 9: Geological map of the Bigadig study area (based on MTA geological maps,
2002), showing the locations of paleomagnetic sampling sites.
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Table 3: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
and guantities of paleomagnetic samples collected from Bigadig area.

Locality Lat Lon Type Age Collected
Site samples
Bigadic

BGO1 39°19'17.83"N  28°06'14.93"E  volcanic Early Miocene 22
BGO03 39°13'49.59"N  28°11'51.26"E volcanic Early Miocene 22
BG04 39°13'18.05"N  28°13'01.60"E volcanic Middle Miocene 17
BGO05 39°13'38.27"N  28°1528.74"E volcanic Middle Miocene 25
BG06 39°1427.58"N  28°22'43.71"E volcanic Middle Miocene 19
BGO07 39°16'50.69"N  28°25'02.77"E volcanic Middle Miocene 15
BGO08 39°16'49.88"N  28°23'15.24"E volcanic Middle Miocene 20
BG09 39°26'25.52"N  28°07'15.57"E  volcanic Early Miocene 25
BG10 39°29'02.36"N  28°0 721.23"E volcanic Early Miocene 20
BG11 39°31'19.81"N 28°08'03.27"E  sedimentary Late Miocene 20
BG13 39°31'17.38"N  28°12'01.77"E volcanic Early Miocene 21
BG14 39°28'06.17"N  28°13'18.59"E  sedimentary Late Miocene 18
BG16 30°2922.58"N  28°18'46.82"E volcanic Middle Miocene 17
BG17 39°29'02.36"N  28°20'16.56"E volcanic Middle Miocene 25
BG20 39°33'34.82"N  28°23'29.79"E volcanic Early Miocene 21
BG22 30°3128.47"N  28°33'59.18"E volcanic Middle Miocene 20
BG23 39°30'05.43"N  28°29'40.08"E volcanic Middle Miocene 19
BG24 39°30'00.76"N  28°23'59.38"E volcanic Early Miocene 18

Total 362

At the sampling location BGO1, light gray lavas are exposed. The bedding
measurement from the lava layers is N21E, 19NW. At the sampling location BGO03,
the sequence consists of andesitic lavas at the base to agglomerates and reddish-dark
grayish lava layers towards the top. At BG04, the sequence starts with very altered
orange-grayish lavas at the base and continues upwards with greenish-gray andesitic
lava flows extending for about 6 meters. An approximately EW-oriented fault system
was observed along the andesitic lava flows, and it causes orange-colored alteration
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 greenish-gray andesitic
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

black-colored basalts conformably overlie the tuff layers. The attitude of the tuff
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layers was measured as N52E, 19SE. The sampling locations BGO7 and BG08 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 green-black basalts with a thickness of approximately 15 meters. The layer
orientation of the basaltic lavas was measured as N72E, 28NW. At the BG08
sampling location, sampling was conducted from the greenish-gray tuff layers with
a thickness of about 9 meters. The orientation was measured as N75W, 28SW. at
sampling location BG09, a sequence consisting of brownish-gray marl-limestone-
mudstone alternations was observed. sampling was conducted from the marl-
limestone-mudstone alternations which have a thickness of approximately 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 brownish-yellow colored, sandy limestone-
clayey limestone-mudstone alternations. The bedding plane was measured as N36W,
20NE. At sampling location BG13, the sequence begins with gray-colored organic-
rich sandstone at the base. Moving upwards, layers of brownish-gray mudstone and
clayey limestone alternations are observed. The bedding plane was measured as
N33E, 05SNW. The BG14 location consists of greenish-gray tuffs. The orientation of
the tuff layers was measured as N44W, 12NE. At the sampling location BG16, the
observed sequence consists of dark gray and pinkish-gray andesitic lavas. The
paleomagnetic samples were collected from these andesitic lavas and the flow bands
of the lavas have an orientation of N42W, 28SW. The sequence at the BG17
comprises mudstone-sandstone-limestone 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 entirely of tuff with
a thickness of about 12 meters. The tuff layers were measured as N78W, 09NE. At
the BG21 sampling location, a limestone-sandstone-mudstone alternation within a
tuff layer is observed. The sampled outcrop begins with a thick tuff layer at the base

and continues upwards with limestone-sandstone-mudstone-tuff alternations. Silica-
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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 dark-gray 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 gray-black andesitic lava flows. The flow bands of the
lavas were measured to be N21W, 15NE.

3.4.4 Alagamdag area

Paleomagnetic sampling was conducted in the vicinity of Alagamdag bordered to the
north by Dursunbey and to the south by Diivertepe. In this region, Miocene volcanic
and sedimentary rocks are exposed at the Alagamdag highs, while pre-Neogene
basement rocks and Miocene granites are exposed at the center of this high (Figure
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.

Figure 10: Geological map of the Alagamdag study area (based on MTA geological
maps, 2002), showing the locations of paleomagnetic sampling sites.
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Table 4: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and guantities of paleomagnetic samples collected from Alagamdag area.

Locality Lat Lon Type Age Collected
Site samples
Alacamdag

ALO1 39°25'9.52"N  28°22'19.45"E sedimentary  Early Miocene 17
ALOQ2 39°28'17.90"N 28°24'28.00"E  volcanic Middle Miocene 18
ALO3 39°30'21.60"N  28°33'29.68"E  volcanic Middle Miocene 20
AL04 39°29'48.45"N  28°38'37.72"E  volcanic Middle Miocene 27
ALO5 39°21'4.55"N  28°47'45.06"E  volcanic Oligo-E.Miocene 11
ALO06 39°19'3.52"N  28°50'59.35"E  volcanic Early Miocene 23
ALO7 39°21'36.89"N  28° 7'59.22"E volcanic Early Miocene 20
ALO8 30°24'1.82"N  28°13'14.44"E volcanic Middle Miocene 20
AL09 39°24'28.19"N  28°19'38.09"E volcanic Middle Miocene 21
Total 177

Sampling locations ALOL is located north of the Yagcilar village. The sequence
begins with yellowish gray to greenish-gray 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 rocks are observed and the
bedding plane of the tuff layer was measured as N68E, 36NW. At the sampling
location ALO2, the sequence comprises dark gray to pinkish-gray andesitic lava
flows, with a thickness of approximately 12 meters. The layers of the lava flows were
measured as N76W, 12SE. ALO3 sampling location consists of approximately 10-
meter-thick andesitic lava from the base to the top of the sequence. The observed
pinkish-gray andesitic lava flows were measured as N72E, 11NE. The ALO4
sampling location consists of pinkish gray to 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, 40SE. At ALO5,
the entire sequence is composed of granite, exhibiting an open anticline structure.
The paleomagnetic sampling was conducted from these granite outcrops. Sampling
location ALO6 starts with a layer of approximately 10-meter-thick sandstone-
mudstone sequence at the base and continues to massive conglomerate 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



the base, cut by numerous faults and occasional slump structures. Overlying the basal
volcanics, the sequence passes to a sequence of sandstone-limestone-mudstone
alternations. The paleomagnetic samples were collected from this sedimentary
succession and the bedding plane was measured as N63E, 22SE. At the ALOS8
sampling location, the sequence is approximately 15 meters thick and consists
entirely of pinkish-brown and greenish-gray colored andesitic lavas. The
paleomagnetic samples were collected from the andesitic lavas and the trend of the
lava flow was measured as N34E, 24NE. Finally, at the sampling location AL0Q9, the
sequence begins with thick-bedded, greenish-gray colored tuff at the base. Overlying
these thick-bedded tuffs, there are approximately 9 meters thick layers of thin to
medium-bedded tuffs displaying a brownish gray to dirty-white color. Samples were
collected from the thin-to-medium bedded tuffs, and the bedding plane was measured
as N58E, 24NW.

345 Balikesir area

In the Balikesir area, paleomagnetic sampling was conducted between Gokgeyazi to
the west, Kepsut to the east, Bigadic to the south, and Yenikoy to the north (Figure
11). In total, 19 locations were sampled and paleomagnetic core samples from 18
locations were collected from the Early to Middle Miocene volcano-sedimentary
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 locations (Table 5). Below are the detailed

stratigraphic positions of the sections and collected samples.
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Figure 11: Geological map of the Balikesir study area (based on MTA geological
maps, 2002), showing the locations of paleomagnetic sampling sites.
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Table 5: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and quantities of paleomagnetic samples collected from Balikesir area.

Locality Lat Lon Type Age Collected
Site samples
Balikesir
BAO1 39°35'57.91"N  28°9'36.22"E volcanic Middle Miocene 20
BA02 39°38'56.57"N  28°8'30.73"E  sedimentary Late Miocene 20
BAO03 39°40'07.72"N  28°05'16.69"E  sedimentary Late Miocene 20
BA04 39°39'35.38"N  27°51'05.37"E volcanic Early Miocene 20
BAOQ5 39°24'16.62"N  28°00'07.93"E  volcanic Early Miocene 23
BA06 39°33'58.26"N  27°53'58.40"E  sedimentary Miocene 20
BAOQ7 39°38'07.73"N  27°47'59.58"E  volcanic Early Miocene 20
BAO8 39°43'35.64"N  27°40"28.06"E volcanic Early Miocene 20
BAO09 39°43'44.51"N  27°42'58.07"E  volcanic Early Miocene 20
BA10 39°48'20.09"N 27°54'07.29"E volcanic Early Miocene 20
BA11l 39°26'23.08"N  28°04'06.35"E  sedimentary Late Miocene 27
BA12 39°3029.61"N 28°01'11.74"E  sedimentary Late Miocene 26
BA13 39°39'39.43"N  28°04'45.15"E  sedimentary Late Miocene 23
BAl4 39°44'06.24"N  28°04'45.99"E volcanic Early Miocene 25
BA15 39°45'45.66"N  28°20'33.50"E sedimentary Late Miocene 24
BAL16 39°41'16.45"N  28°18'11.21"E volcanic Late Miocene 20
BA17 39°34'22.50"N  27°36'33.00"E  volcanic Early Miocene 18
BA19 39°29'56.50"N  27°40223.43"E volcanic Early Miocene 19
Total 419

At the first sampling location BAO1, highly weathered Oligocene Hallaglar volcanics
are observed at the base of the sequence. The pinkish-gray andesitic lavas at the base
overlay the dark gray basaltic lavas unconformably. Sampling was conducted from
the approximately 5-meter-thick dark gray basaltic lavas. There are also tuff units
overlying the basaltic rocks with conformable contact. 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, followed by a limestone layer where
5 core samples were collected. Four core samples were collected from the brownish
limestone layer. On top of the limestone layer, a yellowish-brown to white-colored
conglomerate layer is observed. Overlying the conglomerate is an interbedded
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 yellowish gray to brown mudstone, transitioning upwards into limestone
of milky brown color. The bedding plane was measured as N83E, 11INW from the
limestone levels. At the BA04 sampling location, the sequence starts with massive,
thick-bedded, greenish-grey 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 with an orange-brown
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 N35W, 32SW
at this locality. At the A06 sampling location, the identified stratigraphic section
presents an open synclinal structure. On the western limb, the limestone is beige-
brownish-grey in color and medium to thick-bedded. The bedding attitude was
measured as N34E, 32SE. On the eastern limb, limestone layers overlie 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 paleomagnetic 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 high content of shiny metallic minerals is observed.
The orientation of the lava flows was measured as N4OE, 14SE. The entire
stratigraphy comprises layers of dark-colored basaltic andesite lava flows at the
BAO09 sampling location. The orientation of the lava flows was measured as N14E,
10SE. At the BA10 sampling location, the sequence starts with approximately 15-
meter-thick tuff layers followed by pinkish-gray andesitic lava flows. The sampling
was conducted from andesitic lava flows and the flow orientation was 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 N38E, 26NW. BA12
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sampling location comprises layers of yellowish-brown and pinkish-gray limestone
and greenish-gray 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 approximately 9-meter-thick limestone and
mudstone layers. The orientation of the beds is nearly horizontal and was measured
as N78E, 08SE. At the BA14 sampling location, pinkish-gray colored andesitic
basalts dominated. The paleomagnetic 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 8-meter thickness. It comprises conglomerate-sandstone-mudstone
alternations. The conglomerate layers exhibit a greenish-brown color while the
sandstones are grayish-brown and moderately thick. Additionally, there are
indications of basal erosion in the mudstone layers underlying the conglomerate
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. The orientation of the lava layers at the base of the sequence was measured
as N24W, 26NE. The stratigraphy observed at BA17 comprises approximately 4
meters of medium-bedded tuff layers. Sampling was conducted from these tuff
layers. The attitude of the bedding 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 was measured as N32W, 14SW.
Finally, the sequence at the BA19 sampling location begins with greenish-brown
colored mudstone at the base, transitioning into alternating layers of mudstone and

limestone. The orientation of the mudstone layers was measured as N25E, 09SE.
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3.4.6 Gonen area

In this area, 63 paleomagnetic cores were sampled from 4 different locations (Table
6). During the field observations, cross-sectional geological sections were prepared,
and the stratigraphic position of the samples was noted. The locations were
designated as ANO5, AN06, SD05 and SD06 for Gonen area (Figure 12). Below are

the locations of the samples and the stratigraphic sequences are given.
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Figure 12: Geological map of the Gonen study area (based on MTA geological maps,
2002), showing the locations of paleomagnetic sampling sites.

Table 6: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
and quantities of paleomagnetic samples collected from Gonen area.

Locality Lat Lon Type Age Collected
Site samples
Gonen

ANO5 40° 6'22.74"N  28°4'4.74"E volcanic Early Miocene 19
ANO6 40°12'15.38"N  27°44'11.27"E  volcanic Early Miocene 15
SD05 40°920.55"N  28°7'12.83"E  sedimentary Pliocene 16
SD06 39°45'15.38"N  28°20'23.84"E  sedimentary Pliocene 13
Total 63

The ANO5 sampling location is situated in the northern part of the study area and to
the northeast of Manyas Lake. The stratigraphic sequence at this location starts with
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massive lava at the base and is overlain by approximately 2 meters of coarse-grained
debris flow. The flow bands within the sequence were measured as N58E, 29SE. The
ANO06 sampling location is located southwest of Bugdayl: village. The stratigraphic
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. The SD06 sampling location is situated in the east of
Gonen. 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 sampling 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-trending basins (Gordes, Demirci, Selendi basins)

To evaluate the regional kinematic framework, this study also incorporates
paleomagnetic data from a series of NE-trending basins in western Anatolia. These
basins are Gordes, Demirci, and Selendi Basins from west to east. Systematic
paleomagnetic sampling was carried out to document rotational history across these
basins. The distribution of sampling sites within Gordes, Demirci, and Selendi

Basins is shown in Figure 13.
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Figure 13: Geological map of the NE-trending basins (based on MTA geological
maps, 2002), showing the locations of paleomagnetic sampling sites.

3.4.7.1 Gordes Basin

A total of 14 paleomagnetic sampling sites were investigated within the Gordes
Basin, yielding 267 oriented core samples. These sites, from GBO01 to GB14, consist
of both volcanic and sedimentary units (Table 7). The first site, GB0L, 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
andesitic lava flow exhibiting flow attitude of N35E, 12SE. The GB04 and GBO05
sites display sandstone-mudstone alternation with attitudes of N46E, 38NW, and
N17E, 12SE, respectively. The GB06 consists of a mudstone-sandstone-tuff
alternation with bedding oriented N61W, 18SW, and GBO07 is characterized by
mudstone units with an attitude of N54W, 17NE. At GBO08, tuff-mudstone
alternations exhibit attitudes of N67W, 21SW, whereas GB09 comprises limestone-
mudstone-sandstone alternations with bedding at N86W, 18NE. GB10 contains
sandstone and tuff layers dipping N28W, 23SW, while GB11 and GB12 represent
mudstone-sandstone alternations with bedding measured at N14E, 18NW and
N76W, 21NE, respectively. The final two sites include a sandstone unit at GB13
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with a bedding orientation of N82E, 34NW, and a mudstone-sandstone alternation
at GB14 dipping N18W, 23NE. These sites collectively provide a representative
lithological and structural dataset for evaluating the paleomagnetic rotational
behavior of the Gordes Basin.

Table 7: Sampling locations, rock types (sedimentary or volcanic), proposed ages,
and quantities of paleomagnetic samples collected from Gordes Basin.

Locality Lat Lon Type Age Collected

Site Samples

Gordes

GBO01 38°59'39.86" N 28°26'47.04" E volcanic Early Miocene 15

GB02 39°05'53.52" N 28°29'0421"E sedimentary  Early Miocene 24

GBO03 39°09'56.10" N 28°21'33.87"E volcanic Early Miocene 15

GB04 39°10'01.05" N 28°19'5691"E sedimentary ~ Miocene 15

GB05 38°58'19.69" N 28°14'27.71"E sedimentary  Early Miocene 21

GB06 38°56'05.74" N 28°17'53.83"E sedimentary ~ Miocene 29

GBO07 39°00'27.44" N 28°20'50.78" E sedimentary ~ Miocene 11

GB08 38°53'37.00" N 28°16'58.82" E sedimentary ~ Miocene 22

GB09 38°52'21.66" N 28°13'4147"E sedimentary ~ Miocene 22

GB10 38°52'05.30" N 28°12'46.29" E sedimentary ~ Miocene 16

GB11 38°48'50.46" N 28°05'25.08" E sedimentary ~ Miocene 16

GB12 38°47'03.27" N 28°04'23.10" E sedimentary ~ Miocene 18

GB13 38°46'09.74" N 28°04'09.62" E sedimentary ~ Miocene 19

GB14 38°49'55.88" N 28°10'02.55" E 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 DBO01 to DB15, representing a range of sedimentary,
volcano-sedimentary, and volcanic units that show the lithological variability of the
basin-fill (Table 8). DBO1 consists of sandy mudstone beds dipping N32E, 14SE,
followed by DB02, where limestone units exhibit a bedding attitude of N64E, 18NW.
At DB03, mudstone-limestone 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 structural attitude of NO5SW, 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 DB07
includes mudstone, volcaniclastic material, and limestone with bedding at N35W,
21NE. DBO08 consists of mudstone-sandstone alternations dipping N12W, 10NE,
followed by DBQ9, where mudstone, limestone, and clay-rich limestone beds show
an attitude of N32E, 21SE. DB10 contains mudstone-sandstone alternations dipping
N38E, 24SE, whereas DB11 represents a volcano-sedimentary tuff unit with bedding
oriented N35E, 17SE. DB12 and DB13 are both volcanic sites, sampled from
andesitic lava flows exhibiting attitudes of N78W, 21INE and NG61E, 24SE,
respectively. The final two sites, DB14 and DB15, comprise sandstone-mudstone-
limestone alternations, with bedding orientations of N78E, 12SE and N52E, 23NW.
Table 8: Sampling locations, rock types (sedimentary or volcanic), proposed ages,

and guantities of paleomagnetic samples collected from Demirci Basin.

Locality Lat Lon Type Age Collected
Site Samples
Demirci
DB01 38°45'12.82" N 28°24'53.13"E sedimentary Miocene 24
DB02 39°03'08.08" N 28°40'49.27" E sedimentary Miocene 15
DBO03 39°03'12.05" N 28°41'08.71" E sedimentary Miocene 24
DB04 39°02'23.85" N 28°43'15.17" E sedimentary Early Miocene 17
DBO05 39°02'56.36" N 28°43'23.20" E volcanic Middle Miocene 19
DB06 39°03'30.67" N 28°43'39.55" E sedimentary Middle Miocene 24
DBO07 39°04'17.82" N 28°43'13.78" E sedimentary Miocene 25
DBO08 39°06' 14.03" N 28°44'05.02" E sedimentary Miocene 16
DB09 39°00'33.37" N 28°36'27.79" E sedimentary Miocene 17
DB10 38°58'56.62" N 28°35'49.65" E sedimentary Miocene 17
DB11 38°58'26.15" N 28°35'38.24" E volcanic Early Miocene 24
DB12 38°57'01.84" N 28°34'57.97"E volcanic Early Miocene 18
DB13 38°53'07.18" N 28°34'12.46" E volcanic Early Miocene 15
DB14 38°50'25.54" N 28°32'32.26"E sedimentary Early Miocene 19
DB15 38°46'15.07" N 28°29'04.52" E sedimentary Miocene 30
Total 304
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3473 Selendi Basin

A total of 366 oriented core samples were collected from 17 paleomagnetic sites
within the Selendi Basin, from SB01 to SB17, consisting of both volcanic and
sedimentary units (Table 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 comprises
mudstone beds with an attitude of N12E, 09SE, and SBO04 includes sandstone-
limestone-mudstone alternation with attitude of NO9W, 11NE. SB05 and SB06 both
represent mudstone-sandstone alternations, exhibiting attitudes of N44W, 28SW and
N48W, 21SW, respectively. 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 measured attitude of N24E, 14SW. SB09 consists of
silicified limestone whose bed attitude is N68E, 07NW, while SB10 comprises
limestone-mudstone-sandstone alternations with the attitude of N64W, 07NE. SB11
contains limestone-sandstone-mudstone alternations oriented N86E, 06NW,
followed by SB12, a basaltic lava flow with an attitude of N60E, 24SE. SB13 and
SB14 represent limestone-mudstone-sandstone and limestone-mudstone alternations
having the attitudes of N84W, 12SW and N77W, 08SW, respectively. SB15 consists
of tuff-intercalated mudstone and clay-rich layers with bedding at N72E, 0O5NW. The
final two sites, SB16 and SB17, include limestone-mudstone-sandstone alternations
displaying attitudes of N76W, 21NE and N74W, 17NE, respectively.
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Table 9: 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
SBO01 39°01'14.42" N  28°52'23.16"E  volcanic Early Miocene 15
SB02 38°56'48.29" N  28°56'10.63" E  volcanic Miocene 21
SBO03 38°57'24.44" N 29°03'02.03"E sedimentary Early Miocene 18
SB04 38°57'27.89" N  29°02'48.13"E sedimentary Early Miocene 31
SB05 39°00'59.96" N 29°02'48.38"E sedimentary Miocene 19
SB06 38°54'45.56" N 28°44'21.31"E sedimentary Miocene 19
SBO7 38°57'01.54" N  28°47'42.58"E volcanic Middle Miocene 23
SB08 38°51'53.92" N  28°46'27.28"E  sedimentary Miocene 16
SB09 38°50'18.74" N 28°47'49.94"E sedimentary Early Miocene 24
SB10 38°46'55.26" N 28°51'25.39"E sedimentary Miocene 11
SB11 38°44'40.25" N  28°55'31.74"E sedimentary Miocene 12
SB12 38°48'54.32" N 28°58'30.07"E volcanic Miocene 26
SB13 38°39'30.06" N  28°55'38.40"E sedimentary Miocene 21
SB14 38°39'28.90" N  28°53'27.06"E sedimentary Late Miocene 24
SB15 38°41'29.20" N  28°51'08.42"E sedimentary Miocene 22
SB16 38°43'45.81"N  28°46'04.09"E sedimentary Miocene 43
SB17 38°45'59.10" N 28°39'34.83"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 procedure. All
the results are given in Figure 14. The fine-grained mudstone sample (GEO1) exhibits

paramagnetic properties up to 400 °C, after which non-magnetic pyrite transforms
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into magnetic phases, losing its magnetic intensity around 580 °C, which indicates
the presence of magnetite. The andesite sample (GE02) shows a gradual decrease in
magnetization up to 300 °C, with irreversible curves developing thereafter, and a
critical temperature of 625 °C suggesting the presence of magnetite. A limestone
sample (GE04) shows the same behavior as GE02 but with lower magnetic intensity.
The tuff sample (GE08) shows a gradual decrease up to 200 °C, with significant
changes at 350 °C occurring and the critical temperature of 625 °C indicating
maghemite inversion to hematite. Similarly, the GEQ9 tuff sample shows a distinct
slope change after 350 °C - 400 °C, with a more observable inflection point due to a
higher amount of maghemite to hematite transition. The mudstone sample (GE11)
exhibits a gradual decrease in magnetization up to 300 °C, with irreversible changes
starting after and continuing up to 580 °C where the sample loses its magnetic
intensity completely, indicating that the dominant magnetic carrier of this sample is
magnetite. The basalt sample (GE17) shows a gradual decrease in magnetization up
to 350 °C, followed by the development of irreversible curves and the critical
temperature for this sample is 580 °C, indicating magnetite as a dominant magnetic
carrier. Finally, the mudstone sample (GE21) shows a steeper slope beginning at 300
°C, with a critical temperature of 580 °C, suggesting the transition of greigite to

magnetite starting from 300 °C.
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Figure 14: Thermomagnetic curves of the samples from Akhisar area.
3.5.1.2  lIvrindi samples (AN, BZ, TF)

The thermomagnetic analysis of samples collected from Ivrindi area reveals the
dominant magnetic carriers for each sample (Figure 15). Sample ANO1, collected
from an andesitic lava flow, exhibits significantly high magnetization intensity. The
thermomagnetization curve shows a gradual decrease up to 300 °C, afterward the
irreversible curves begin to develop. The critical temperature is approximately 580
°C, indicating that magnetite is the dominant magnetic carrier for this sample. Like
ANO1, ANO7 is also derived from an andesitic lava flow. Irreversible curves start to
form after 300 °C, with a notable slope break in the thermomagnetization curve
suggesting the transition of greigite to magnetite minerals. The critical temperature
is around 580 °C, confirming the presence of magnetite as the dominant magnetic
carrier. The sample BZ01, collected from a basaltic lava, shows very high
magnetization intensity. The thermomagnetization curve exhibits a gradual decrease
up to 300 °C, after which irreversible curves start to develop. The critical temperature

of the sample is 580 °C suggesting magnetite as the dominant magnetic carrier. BZ02
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sample, also taken from a basaltic lava flow, exhibits similar thermomagnetic
behavior as BZ01. Irreversible curves form after 300 °C where the slope of the curve
changes distinctly indicating the transition from greigite to magnetite at this
temperature. Since the critical temperature is around 580 °C, the dominant magnetic
carrier for this sample is magnetite. Sample TF01, taken from a tuff layer, shows
irreversible curves starting at 300 °C, with a distinct slope break at this temperature.
The critical temperature is around 625 °C, indicating a transition from maghemite to
hematite after 300 °C, and the presence of hematite as the dominant magnetic carrier.
Sample TF03, also from the tuff layer, exhibits thermomagnetic behavior like ANO7.
Irreversible curves begin to develop after 300 °C, with a clear slope break in the
thermomagnetization curve indicating the transition of greigite to magnetite. The
critical temperature is around 580 °C, so magnetite is the dominant magnetic carrier
for this sample.
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Figure 15: Thermomagnetic curves of the samples from ivrindi area.
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3.5.1.3 Bigadic samples (BG)

The thermomagnetic properties of several samples from the Bigadic area are given
below (Figure 16). BG01 sample, taken from an andesitic lava flow, shows unusually
low magnetic intensity values for an andesite sample, suggesting possible alteration.
It shows a gradual decrease in magnetization up to 200 °C, after which a steeper
slope indicates the formation of a new magnetic phase, with a critical temperature
around 600 °C, potentially indicating the transition from maghemite to hematite.
Sample BGO6 is derived from a tuff layer, and it shows a gradual decrease in
magnetization up to 300 °C, with irreversible curves developing thereafter. The
sample loses its magnetic property at around 580 °C. Despite the low intensities, this
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 °C. After 350 °C, magnetization drops to negative values,
implying potential paramagnetic behavior caused by alteration. Lastly, the BG17
sample, derived from a mudstone, displays a distinct slope change after 300 °C, with
a critical temperature near 700 °C. This suggests a significant presence of maghemite
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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Figure 16: Thermomagnetic curves of the samples from Bigadig area.

3514  Alacamdag samples (AL)

The thermomagnetic analysis of AL samples from various rock types reveals the
dominant magnetic carriers for each sample (Figure 17). Sample ALO1, taken from
a tuff layer, shows a gradual decrease in magnetization up to 300 °C, followed by
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 carrier. Sample ALO2,
derived from andesitic lava, exhibits a distinct slope change after 300 °C, with a
critical temperature around 630 °C, suggesting the transition of maghemite to
hematite at higher temperature steps. Sample ALO6, taken from a mudstone layer,
shows a gradual decrease in magnetization up to 500 °C, followed by a slope break,
with a critical temperature around 580 °C, indicating magnetite as the dominant
magnetic carrier, although magnetization loss occurs at higher temperatures. Sample
ALO7, from a limestone layer, shows a steeper slope starting after 300 °C, with a

critical temperature of 580 °C, suggesting the transition of greigite to magnetite at
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higher temperatures. Sample ALO08, taken from andesitic lava, similarly shows a
distinct slope change after 300 °C, with a critical temperature near 630 °C, indicating
the transition of maghemite to hematite at higher temperatures. Finally, the ALO9
sample, taken from a tuff layer, shows a gradual decrease up to 300 °C, with
irreversible curves starting afterward. All these data suggest the presence of

magnetite as the dominant magnetic carrier for this sample.
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Figure 17: Thermomagnetic curves of the samples from Alagamdag area.

3.5.1.5  Balikesir samples (BA)

Thermomagnetic analysis of BA samples provides information about the
thermomagnetic behavior of magnetic minerals (Figure 18). Sample BAOQ2, 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 °C, suggesting magnetite is the dominant magnetic
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 thermomagnetic behavior similar to BAO6 but with better-developed
irreversible curves. The loss of magnetic properties occurred at temperatures
between 250-300 °C, completely. It indicates the presence of pyrrhotite, an iron
sulfide mineral formed through hydrothermal 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 250-300 °C, suggesting the presence
of pyrrhotite as the dominant magnetic carrier.

BALIKESIR AREA

\ BAO2-Limestone l BA06-Limestone

Magnetizati

Temperature (°C) Temperature (°C

BAI11-Sandstone

BAI19-Limestone

Temperature (°C) Temperature (°C)

Figure 18: Thermomagnetic curves of the samples from Balikesir area.

3.5.1.6 Gonen samples (AN, SD)

The thermomagnetic analysis of samples collected from Gonen (AN&SD) area
reveals the dominant magnetic carriers for each sample (Figure 19). Sample ANO5,
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collected from an andesitic lava flow, exhibits significantly high magnetization
intensity. The thermomagnetization curve shows a gradual decrease up to 300 °C,
afterward the irreversible curves begin to develop. The critical temperature is
approximately 580 °C, indicating that magnetite is the dominant magnetic carrier for
this sample. Like ANO05, ANO6 is also derived from an andesitic lava flow.
Irreversible curves start to form after 300 °C, with a notable slope break in the
thermomagnetization curve suggesting the transition of greigite to magnetite
minerals. The critical temperature is around 580 °C, confirming the presence of
magnetite 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 the result of instrumental errors.
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Figure 19: Thermomagnetic curves of the samples from Gonen area.
3.5.1.7 NE-trending Gordes Basin samples (GB)

Rock magnetic investigations using Curie balance measurements were performed on

three representative samples from the Gordes Basin, GBO1 (granite), GBO03
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(limestone), and GB04 (sandstone), in order to identify the dominant magnetic
carriers (Figure 20). The thermomagnetic curve of GBOL1 displays relatively low
magnetization intensity that decreases to negative values shortly after ~350 °C. The
irreversible curves initiate at approximately 250 °C, and the critical unblocking
temperature, where heating and cooling curves fully diverge, is observed near ~625
°C. This high-temperature inflection 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 rather than 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 alteration processes or reflects dominant
paramagnetic mineralogy rather than a stable ferromagnetic phase. By contrast, the
GBO04 sandstone sample presents the clearest thermomagnetic signature among the
Gordes samples. Irreversible curves start between 250 to 300 °C, followed by a
critical unblocking temperature near ~625 °C, consistent with the thermal

transformation of maghemite to hematite.
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Figure 20: Thermomagnetic curves of the samples from Gordes Basin.

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 stability Figure
21). The DBO1 sandstone sample exhibits a gradual decline in magnetization up to
~300 °C, after which heating and cooling curves become irreversible. The complete
loss of magnetization between ~580-600 °C indicates a Curie temperature consistent
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 ~250-300 °C, followed by a high-temperature
critical point near ~625 °C. This combination of features is characteristic of the
thermal transformation of maghemite to hematite, with the higher-temperature
inflection marking the hematite-related unblocking. A similar thermomagnetic

pattern is observed in DB13, also a limestone 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 thermomagnetic behavior comparable to
DBO01, consistent with magnetite as the main carrier, although the curve is noticeably
less stable, likely due to the presence of altered or weathered material and/or minor

instrumental noise.

DEMIRCI BASIN

DB#1-Sands
-Sandstone DBO4-Limestone

ization (Amkg)
Magnetization (Am¥kg)

z

00
Temperature ("C)

DBi5-Sandstone

DBI13-Limestone

Magnetization (Am?/kg)

Temperature (°C) Temperature (°C)

Figure 21: 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 properties (Figure 22). The SB04 mudstone sample exhibits a
notably unstable thermomagnetic curve, characterized by significant noise and
irregularities throughout the heating cycle. This instability is likely attributable to
alteration processes affecting the magnetic phases, or alternatively, to minor
instrumental artefacts. Magnetization intensity decreases gradually and crosses into

negative values at approximately 450-500 °C, suggesting that the sample transitions
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into a dominantly paramagnetic state at elevated temperatures and lacks a well-
defined ferromagnetic Curie point. In contrast, the SB07 andesite sample displays a
distinctly more interpretable thermomagnetic behavior. A pronounced inflection is
observed between ~250-300 °C, followed by a high-temperature critical point near
~625 °C. This two-step pattern is characteristic of the oxidation-driven
transformation of maghemite to hematite during progressive heating, with hematite

governing the final unblocking at higher temperatures.

SELENDi BASIN

SBO4-Mudstone SBO7-Andesite

kgd

ation (Am*kg)

Magnctizatio

oz

Figure 22: Thermomagnetic curves of the samples from Selendi Basin.

3.5.2 Vertical axis rotation patterns

3521 Akhisar area

In the Akhisar-Gordes area, both volcanic and sedimentary sites were sampled and
subjected to thermal and alternating field demagnetization procedures based on the
magnetic intensities 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 behavior upon thermal demagnetization, with unblocking
temperatures close to 580 °C, indicating the presence of magnetite. Conversely, the
sedimentary samples generally have lower magnetic intensities, with some
specimens overprinted by secondary present-day field components. For most

sedimentary specimens, the unblocking temperatures are around 350 °C and below.
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At some sites, particularly sedimentary ones, low intensities (noise level) and

incoherent directions (shotgun or spaghetti patterns) were observed. These sites 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 directions (Table 10). The rotation patterns of the sites are

illustrated in Figure 23, showing both geographic directions (no tilt correction

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

for each site separately.

Table 10: Paleomagnetic analyses
demagnetization.

Locality Site Type Na Nc D 1
Akhisar

GEO1 PCA 28 2 219.25 -71.45
GE02 PCA 20 6 53.15 47.73
GE04 PCA 15 3 344.27 13.63
GEO08 PCA 17 4 67.27 38.19
GE09 PCA 17 3 39.83 43.07
GE10 PCA 18 6 349.38 36.36
GE15 PCA 20 3 34.67 58.45
GE16 PCA 19 3 0.46 45.17
GE20 PCA 20 2 5.86 57.81
GE21 PCA 16 3 272.66 -10.45

results from each Akhisar
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Figure 23: The rotation patterns of Akhisar samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).

3.5.2.2  lvrindi area

In the Ivrindi area, samples were collected from volcanic (AN, BZ, TF) sites. The
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
unblocking temperatures for the AN and BZ samples are around 570 °C, for the TF
samples around 540 °C, and for some TF samples around 300 °C, indicating the
presence of low-temperature magnetic minerals and potential secondary remanent
magnetizations due to alteration. A total of 11 sites provided coherent directions
(Table 11) and the rotation patterns of Ivrindi area are illustrated in Figure 24Figure
24. This figure shows both geographic directions (without tilt correction) and
tectonic directions (after tilt correction), along with the mean directions for each site
separately.
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Table 11: Paleomagnetic analyses results from each Ivrindi site after
demagnetization.

Locality Site Type Na Nc D | K a95 A95 A95min  A95max
Ivrindi
Bz01 GC- 19 8 35290 21.95 19.31 1293 1280 5.22 22.12
PCA
BZ02 GC- 15 9 326.24  -26.88 64.49 6.95 5.82 5.22 22.12 A95<A95min
PCA
TFO1 PCA 15 10 66.02 -60.15 21833 3.28 4.15 4.78 19.22 A95<A95min
TFO02 PCA 16 8 312.07 19.70 216.13  3.78 2.83 5.22 22.12 A95<A95min
TFO03 PCA 15 12 29195  47.97 65.04 5.70 5.36 4.60 18.10
AN1 PCA 15 15 28319 60.38 109.72  3.67 5.22 4.06 14.89
AN2 PCA 22 22 348.45  -25.42 32.04 5.56 5.24 3.49 11.70
AN3 PCA 18 18 79.54 3.07 43.01 5.33 5.13 3.78 13.27
AN4 PCA 15 15 30071 -62.92 85.40 4.16 6.10 4.06 14.89 A95<A95min
AN7 PCA 18 18 297 -49.30 116.02  3.22 3.40 3.78 13.27
AN8 PCA 14 14 2476 -63.30 118.98  3.66 5.27 4.18 15.55
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Figure 24: The rotation patterns of Ivrindi samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).

3.5.2.3 Bigadic area (BG)

In the Bigadi¢ area, all sampled sites were volcanic, including tuff samples, and they
underwent thermal and alternating field demagnetization procedures. The magnetic
intensities of these samples ranged 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 exhibited stable univectorial behavior upon thermal
demagnetization, with unblocking temperatures for the high-temperature
components around 530 °C. However, some tuff samples displayed low-temperature
components of the ChRM, considered representative due to secondary overprints of
the natural remanent magnetization occurring between 250 °C and 350 °C, indicating
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 procedure (Table 12). 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 the paleosecular
variation for subsequent analyses. Figure 25 illustrates the geographic and tectonic
magnetic directions for each site, along with the mean directions for the accepted

sites.

Table 12: Paleomagnetic analyses results from each Bigadi¢ site after
demagnetization.

Locality Site Type Na Nc D | k a95 A95 A95min A95max

Bigadi¢

BGO01 PCA 20 6 34.04 51.62 255.78 4.20 4.69 5.86 26.52 A95<A95min
BGO03 PCA 22 6 1.67 2.14 273.25 4.06 2.74 5.86 26.52 A95<A95min
BG04 PCA 17 5 339.10 60.31 166.97 5.94 7.64 6.30 29.75

BG05 PCA 25 6 17.48 49.56 33.52 1341 1417 6.30 29.75

BG06 PCA 19 6 29.75 53.13 20.02 1534 1844 5.86 26.52

BGO07 PCA 15 5 9.19 -2492 9174 8.03 5.03 6.30 29.75 A95<A95min
BGO08 PCA 20 5 306.81  33.33 6.53 5277 3651 7.73 41.04

BG09 PCA 25 4 16.39 44.69 17.45 3045 2779 7.73 41.04

BG10 PCA 20 5 341.24 46.02 41.01 1452 1119 6.89 34.24

BG11 PCA 20 3 13.05 44.43 7.77 4763 43.04 7.73 41.04 A95>A95max
BG13 PCA 21 8 336.83  52.77 90.33 5.86 7.70 5.22 22.12

BG14 PCA 18 3 14.33 48.72 52.81 17.14 16.04 7.73 41.04

BG16 PCA 17 5 220.45 78.69 170.92 5.87 10.58 6.30 29.75

BG17 PCA 25 8 45.68 39.19 46.49 8.21 8.80 5.22 22.12

BG20 GC-PCA 21 6 359.04  32.46 41.69 11.99 9.52 6.30 29.75

BG21 PCA 20 5) 346.44 59.89 16.35 2342 3319 6.89 34.24

BG22 PCA 19 5 82.14 -36.34 800.95 4.36 474 7.73 41.04 A95<A95min
BG23 PCA 18 2 45.50 32.47 4355 3880 41.16 9.09 52.99
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Figure 25: The rotation patterns of Bigadi¢ samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).

3.5.24  Alagcamdag area

In the Alagamdag area, all samples were collected from volcanic sites and subjected
to progressive demagnetization procedures, including both thermal and alternating
field demagnetizations. The magnetic intensities of these samples ranged from
1,512.30 A/m to 4,325,781.91 A/m. Principal component analysis was used to
determine the magnetic directions of the high-temperature components in the
demagnetization diagrams, while the great circle method was employed for the low-
temperature components. The blocking temperatures varied from 600 °C to 300-450
°C. The low-temperature 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 primary mineralization. A total of 9 sites were sampled, and

most samples, except for a few, were successfully demagnetized, yielding coherent

directions (Table 13). For sites with high magnetic intensities and where paleosecular

variation was underrepresented (spot readings), only mean directions will be used

for further calculations. The rotation pattern of the sites is shown in Figure 26,

illustrating both geographic and tectonic coordinates of the ancient geomagnetic

directions.

Table 13: Paleomagnetic analyses results from each Alacamdag site after

demagnetization.
Locality Site Type Na
Alacamdag
ALO1 PCA 17
AL02 PCA 18
ALO03 PCA 20
AL04 PCA 27
ALO05 PCA 11
AL06 GC-PCA 23
ALO7 GC-PCA 20
ALO08 PCA 20
AL09 PCA 21
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. Y,
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I
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Figure 26: The rotation patterns of Alagamdag samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).
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3.5.25 Balikesir area

In the Balikesir area, both volcanic and sedimentary sites were sampled 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
between 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 exhibited stable univectorial
behavior upon thermal demagnetization, with unblocking temperatures close to 500
°C, indicating high-temperature components. Conversely, the sedimentary samples
generally had lower magnetic intensities, with some specimens overprinted by
secondary present-day field components. For most sedimentary specimens, the
unblocking temperatures were around 370 °C and below. At some sites, particularly
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 low-temperature components of the magnetic directions. 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 samples yielded coherent
directions (Table 14). A total of 18 sites provided coherent directions, and the
rotation patterns of these sites are illustrated in Figure 27. This figure shows both
geographic directions (no tilt correction applied) and tectonic directions (after tilt

correction), along with the mean directions for each site separately.
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Table 14: Paleomagnetic analyses results

demagnetization.

Locality Site Type

Balikesir

BAO1 GC-PCA

BA02 GC-PCA

BAO3 GC-PCA

BAO4 PCA

BAO05 PCA

BA06 GC-PCA

BAO7 PCA

BAO08 PCA

BA09 PCA

BA10 PCA

BAll GC-PCA

BA12 GC-PCA

BA13 PCA

BAl4 PCA

BA15 GC-PCA

BA16 GC-PCA

BA17 PCA

BA19 PCA
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& &
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20
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20
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20
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Figure 27: The rotation patterns of Balikesir samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).
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3.5.2.6 Gonen area

In the Gonen area, all samples were collected from both volcanic (AN) and
sedimentary (SD) sites. The magnetic intensities of these samples range between
258,719 A/m and 10,660,556.99 A/m. The SD samples have very low magnetic
intensities, ranging from 35.45 A/m to 929.33 A/m, exhibiting almost paramagnetic
behavior. They were subjected to both thermal and alternating field demagnetization
procedures. Nearly all volcanic samples exhibited stable univectorial behavior upon
demagnetization. For most of the AN samples, the unblocking temperature is around
600 °C, suggesting the presence of high-temperature magnetic minerals. The
unblocking temperature for the SD samples is around 450 °C. Most samples could
be successfully demagnetized, allowing for the interpretation of ancient magnetic
directions using principal component analysis. However, in cases where secondary
overprints of magnetization were too evident, the great circle method was also
employed. A total of 4 sites provided coherent directions (Table 15) and the rotation
patterns of Gonen area are illustrated in Figure 28. This figure shows both geographic
directions (without tilt correction) and tectonic directions (after tilt correction), along

with the mean directions for each site separately.

Table 15: Paleomagnetic analyses results from each Gonen site after
demagnetization.

Locality Site Type Na Nc D | k a95 A95 A95min A95max

Gonen

ANO05 PCA 19 16 41.17 -22.14 13.94 10.62 7.85 4.06 14.89

ANO06 GC- 15 14 322.20 -6.52 45.70 6.20 5.38 4.30 16.29
PCA

SD05 GC- 16 2 334.54 39.10 40.74 6.57 6.70 4.30 16.29
PCA

SD06 PCA 13 6 358.57 -38.28 14.22 21.01 15.99 6.30 29.75
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Figure 28: The rotation patterns of Gonen samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).

3.5.2.7 NE-trending Gordes Basin

Stepwise thermal demagnetization of the Gordes Basin samples yielded stable and
interpretable characteristic remanent magnetization (ChRM) directions for most of
the sites. The magnetic intensity values across all specimens range from a minimum
of 67.18 A/m to a maximum of 10314.94 A/m, indicating a variability in remanence
intensity among sampled lithologies. For each specimen, principal component
analysis (PCA) was applied to isolate the ChRM, since no systematic overprints or
secondary magnetization trends were observed throughout the unblocking
temperature. Magnetization decay typically occurred between 450 °C to 600 °C,
consistent with the presence of high-coercivity iron oxide phases during the
thermomagnetic runs. Of the 14 successfully demagnetized sites, all produced
coherent site-mean directions with statistical confidence intervals (A95) fall within
the acceptable range defined by A95min and A95max (Table 16). Two additional
sites (GB11 and GB13) yielded higher A95 values exceeding A95max threshold,
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indicating underrepresented paleosecular variation and thus these two sites are

classified as spot readings, only the mean directions considered for further

calculations. The rotation pattern of the sites is shown in Figure 29, illustrating both

geographic and tectonic coordinates of the ancient geomagnetic directions.

Table 16: Paleomagnetic analyses results from each Gordes Basin site after

demagnetization.

Locality Site Type Na Nc D |
Gordes

GB01 PCA 11 11 20.59 24.24
GB02 PCA 16 16 337.40 50.87
GBO03 PCA 7 9 54.26 55.08
GB04 PCA 11 11 349.53 34.81
GBO05 PCA 10 10 5.32 45.98
GB06 PCA 12 15 12.69 52.61
GBO07 PCA 6 6 359.85 24.76
GBO08 PCA 14 17 23.13 67.89
GB09 PCA 17 17 15.11 30.31
GB10 PCA 8 10 341.94 36.28
GB11 PCA 6 7 345.23 4191
GB12 PCA 6 6 354.18 40.22
GB13 PCA 6 6 341.48 49.21
GB14 PCA 5) 5) 4221 28.27
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Figure 29: The rotation patterns of Gordes Basin samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).

3.5.2.8  NE-trending Demirci Basin

Thermal demagnetization of the Demirci Basin samples revealed a wide range of
remanence intensities reflecting the contrasting lithologies sampled. Sedimentary
specimens display magnetic intensities between 30.99 A/m and 5052.81 A/m,
whereas volcanic samples exhibit significantly higher values ranging from 5041.17
A/m to 909125.14 A/m, consistent with the presence of strong magnetic iron-oxide
phases within the volcanic units. For most sedimentary specimens, unblocking
temperatures were relatively low, generally at or below ~370 °C, and several of these
samples produced directions that were either incoherent or dominated by low-
intensity noise, yielding shot-gun or spaghetti patterns. Despite this variability, the
overall demagnetization behavior across the basin indicates a general high-
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temperature unblocking component near ~600 °C, characteristic of stable, high-
coercivity magnetic carriers. Of the 15 sampled sites, 15 were successfully
demagnetized, but two did not meet statistical reliability criteria (Table 17) where
one site (DB04) exhibited a spot reading pattern with an A95 value below A95min,
indicating underrepresentation of paleosecular variation, and one site (DB15)
displayed an A95 value exceeding A95max, suggesting insufficient directional
consistency. Consequently, this site was excluded for further calculations. The
remaining sites yielded coherent and statistically robust mean directions suitable for
assessing vertical-axis rotations, and these results are presented in both geographic
and tilt-corrected directions in Figure 30.

Table 17: Paleomagnetic analyses results from each Demirci Basin site after
demagnetization.

Locality Site Type Na Nc D | k a95 A 95 A95min  A9max

Demirci

DBO1 PCA 9 9 8.59 46.65 4191 8.05 8.37 4.98 20.54

DB02 PCA 6 7 280.05 -21.92 7.95 2531 1828 5.86 26.52

DBO03 PCA 8 11 36.98 76.75 112.60 5.24 9.56 5.22 22.12

DBO04 PCA 5 12 313.84  40.20 156.99 6.13 6.12 6.30 29.75 A95<A95min
DB05 PCA 14 14 14.26 25.90 11.63 12.18 9.30 4.18 15.55

DBO06 PCA 6 6 35.51 -11.88 9.80 2252 1794 5.86 26.52

DBO07 PCA 13 13 3.47 55.46 25.84 8.31 10.48 4.30 16.29

DB08 PCA 13 13 10.84 54.76 33.16 7.31 8.88 4.30 16.29

DB09 PCA 5 5 43.65 68.11 27.91 1474 22.61 6.30 29.75

DB11 PCA 16 16 45.60 58.03 60.48 4.78 6.32 3.96 14.30

DB12 PCA 12 13 7.17 43.53 53.65 5.98 6.73 4.44 17.14

DB13 PCA 10 10 9.01 46.46 54.60 6.60 7.87 4.78 19.22

DB14 PCA 4 8 82.45 18.75 8.55 3336 26.34 6.89 34.24

DB15 PCA 10 12 359.57  42.26 6.46 20.59  20.26 4.78 19.22 A95>A95ma

X
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Figure 30: The rotation patterns of Demirci Basin samples showing both geographic
directions (no tilt correction-notc) and tectonic directions (tilt correction-tc).

3.5.29  NE-trending Selendi Basin

Thermal demagnetization of the Selendi Basin samples revealed a wide range of
magnetic intensities corresponding to the different lithologies across the basin.
Sedimentary samples exhibit magnetic intensities between 51.80 A/m and 3772.23
A/m, whereas volcanic samples display substantially higher values ranging from
376933.24 A/m to 3030165.51 A/m, consistent with the presence of strong magnetic
iron-oxide minerals. Principal component analysis (PCA) was applied to all
specimens to isolate the characteristic remanent magnetization directions. Most of
the sites exhibit a high unblocking temperature component close to 600 °C.
However, at several sites, characterized by lower magnetic intensities, major
unblocking temperatures occur near 300 °C. Of the 17 sampled sites, all produced
measurable magnetic signals, but three of them did not satisfy the statistical
reliability criteria (Table 18). Two sites (SBO1 and SB07) display spot reading
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behavior with A95 values below the A95min. For these sites, only the mean
directions were used for the further calculations. One site (SB06) shows random,
inconsistent ChRM directions and the A95 value is much above the A95max value,
therefore excluded from further calculations. The results obtained from the sites are
presented in both geographic and tilt-corrected coordinates in Figure 31.

Table 18: Paleomagnetic analyses results from each Selendi Basin site after
demagnetization.

Locality Site Type Na Ns D | k a95 A95 A9%min  A95Max

Selendi

SBO1 PCA 4 4 49.97 42,78 890.81 3.08 2.50 6.89 34.24 A95<A95min
SB02 PCA 10 11 2475 3756 55.82 6.52 5.90 4.78 19.22

SB03 PCA 6 6 16.62 37.81 3383 11.68 1043 5.86 26.52

SB04 PCA 12 12 27.10 45.05 2259 9.33 8.68 4.44 17.14

SB05 PCA 3 3 307.74 63.76 152.62 10.01 13.87 7.73 41.04

SB06 PCA 2 8 7.25 16.89 2.33 141.86  9.09 52.99 A95>A95max
SBO7 PCA 14 14 9.79 55.89 180.82 2.96 3.83 4.18 15.55 A95<A95min
SB08 PCA 7 10 31385 3449 21.05 13.47 12.80 5.51 24.07

SB11 PCA 17 17 359.88 51.50 20.05 8.17 9.73 3.86 13.76

SB12 PCA 15 15 1845 68.36  52.38 5.33 8.28 4.06 14.89

SB13 PCA 16 16 14.47 54.48 20.71 8.30 9.88 3.96 14.30

SB14 PCA 17 17 12.84 40.01 17.26 8.84 8.61 3.86 13.76

SB15 PCA 7 7 4.89 56.76  79.01 6.83 7.99 551 24.07

SB16 PCA 3 3 304.09 4092 38.21 20.22 2254 7.73 41.04

SB17 PCA 5 5 4.32 57.37 85.49 8.32 9.88 6.30 29.75
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Figure 31: The rotation patterns of Selendi Basin samples showing both geographic
directions (no tilt correction-no tc) and tectonic directions (tilt correction-tc).

3.5.3 Evaluation of vertical axis rotation patterns through time

Rotation patterns derived from paleomagnetic analyses of samples collected from
multiple sites across the study area, including both the northern sector and the NE-
trending basins (Gordes, Demirci, and Selendi), were categorized according to the
age of the sampled units. Stratigraphic ages were constrained using published MTA
geological maps and available geochronological data, allowing the classification of
sites into Early Miocene and Middle to Late Miocene age groups. Rotation data were
first evaluated individually for each sampling location with respect to these age
categories. Subsequently, the rotation patterns were assessed collectively, and

average net rotations were calculated for each subarea based on the age
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classification. In the following section, the rotation patterns and results obtained for

each individual site are presented in detail.

3.5.3.1 Akhisar area

When the paleomagnetic results from the Akhisar-Gordes area are evaluated, it IS
observed that nearly all the early Miocene localities exhibit clockwise (CW) rotation.
In contrast, the rotation results from middle to late Miocene localities indicate a
counterclockwise (CCW) rotation pattern. Considering all the sites, the Akhisar area
experienced a clockwise vertical-axis rotation of 36.30° + 14.36° CW during the
early Miocene. Subsequently, this trend shifted to a 12.88° + 12.27° CCW rotation
during the middle to late Miocene period (Figure 32). The middle-late Miocene
results exhibit considerable dispersion, leading to a wide error range relative to the
main rotation magnitude. Additionally, the fold test performed on the middle-late
Miocene sites indicates an intermediate degree of unfolding. This may be the
consequence of the presence of Gelenbe Fault Zone, continuing its activity. In
contrast, the fold test for the early Miocene sites shows positive unfolding (Figure
33), suggesting that magnetization was acquired post-folding during the early

Miocene.
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Figure 32: Vertical-axis rotations for Akhisar area during early Miocene and middle
to late Miocene.
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Figure 33: Fold test results from Akhisar vertical-axis rotations.
3.5.3.2  Ivrindi area

The paleomagnetic analyses results from Ivrindi area situated at the western part of
Akhisar and Balikesir areas. The rotations obtained from each site show complex
rotations for the Ivrindi area, both clockwise and counterclockwise rotations during
early Miocene and middle to late Miocene. The early Miocene sites are evaluated
together, and the average net rotation for the early Miocene sites are found to be
21.46° + 6.81° CCW, whereas middle to late Miocene sites exhibit an average net
rotation of 66.2° = 5.51° CW (Figure 34). After rotations were further analyzed on a
location-based, early Miocene samples (TF02, TF03, and BZ02) and middle to late
Miocene sample (TF01) were differentiated from other sites because of the
differences in rotation amounts, and they have been analyzed together as separate
paleomagnetic blocks. For the early Miocene at western side, 50.03° + 8.87° of
counterclockwise rotation was found, and the other early Miocene sites (ANO2,
ANO04, ANO7, ANO8) exhibit significantly less 2.34° + 5.49° counterclockwise
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rotation (Figure 34). The fold test applied both for the early Miocene and middle to
late Miocene sites, and they exhibit negative unfolding and intermediate degree of
unfolding, respectively (Figure 35). When fold test was applied to the westernmost
sites of early Miocene age, it again gives negative unfolding, inferring that the

magnetization was acquired after the folding event.
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Figure 34: Vertical-axis rotations for Ivrindi area during early Miocene and middle
to late Miocene.
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Figure 35:

Fold test results from Ivrindi vertical-axis rotations.
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3.5.3.3  Bigadic area

Paleomagnetic analyses from Bigadi¢ area, located at the north of Akhisar area,
exhibits both clockwise and counterclockwise rotation patterns for early Miocene
and middle to late Miocene samples. However, when the sampling sites were
considered together, the early Miocene samples show no net rotation, while the
middle to late Miocene samples exhibits 23.8°+ 9.44° CW rotation (Figure 36 36).
The fold test was applied to the results and obtained results show no folding for the
early Miocene samples, on the other hand, for the middle to late Miocene samples,
the fold test shows intermediate degree of unfolding (Figure 37), suggesting that the

magnetization may have been acquired before the folding.
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Figure 36: Vertical-axis rotations for Bigadi¢ area during early Miocene and middle
to late Miocene.
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Figure 37: Fold test results from Bigadi¢ vertical-axis rotations.

3.5.3.4  Alacamdag area

The Alacamdag region is another area situated east of the Bigadic area.

Paleomagnetic data indicates that all the early Miocene

sites exhibit

counterclockwise (CCW) rotations, while all the middle to late Miocene sites show

clockwise (CW) rotations. Specifically, the Alagamdag area experienced 14.17° +
6.81° CCW during the early Miocene and 22.14° + 7.16° CW rotation during the

middle to late Miocene (Figure 38) which the results of middle to late Miocene sites

are consistent with the rotational patterns observed in the adjacent Bigadi¢ area to

the west. The fold test results for the early Miocene sites and middle to late Miocene

sites show intermediate degree of unfolding (Figure 39).
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Figure 39: Fold test results from Alagamdag vertical-axis rotations.
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3.5.35 Balikesir area

The Balikesir region, located to the north of the Akhisar and Bigadi¢ areas,
represents another key study area. Paleomagnetic data from this region reveals a
complex pattern of rotations, including both clockwise (CW) and counterclockwise
(CCW) directions. In the early Miocene sites north of the Savastepe district, all
rotations are counterclockwise. However, to the east, the rotational pattern becomes
more complex, with clockwise rotations predominating. A similar trend is observed
in the middle to late Miocene sites, where both CW and CCW rotations occur,
irrespective of geographic position. Upon re-examining rotations based on site-
specific ages and locations, the early Miocene samples from the north of the
Savagtepe district show a counterclockwise rotation of 9.71° + 6.36°, whereas other
early Miocene sites exhibit a clockwise rotation of 22.17° & 10.18°. For the middle
to late Miocene sites, a counterclockwise rotation of 39.64° £+ 9.71° is observed
(Figure 40). The fold test results for the early Miocene sites north of Savastepe
indicate negative unfolding, which likely explains the rotational disparity compared
to other early Miocene sites that show CW rotation. Fold test results for both early
Miocene and middle to late Miocene sites suggest an intermediate degree of

unfolding (Figure 41).
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Figure 40: Vertical-axis rotations for Balikesir area during early Miocene and middle
to late Miocene.
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Figure 41: Fold test results from Balikesir vertical-axis rotations.
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3.5.3.6 Gonen area

Another study area, Gonen, is located at the northernmost part of the study area.
Paleomagnetic analyses of the collected samples reveal that a single early Miocene
site (ANOS) exhibits 41.17° £ 8.01° CW rotation. In contrast, results from the late
Miocene sample (ANO06) indicate 37.8° + 5.38° CCW. Additionally, two Pliocene
sedimentary sites, SD05 and SDO06, are evaluated together, and they show 22.17° +
9.16° CCW rotation (Figure 42). The fold tests, applied for early Miocene, middle
to late Miocene and Pliocene sites, all give intermediate degree of unfolding (Figure
43).
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Figure 42: Vertical-axis rotations for Gonen area during early Miocene and middle
to late Miocene.
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Figure 43: Fold test results from Gonen vertical-axis rotations.

3.5.3.7  NE-trending basins

Vertical axis rotation patterns from the NE-trending basins evaluated by integrating

paleomagnetic results with the statistical tests. Site-based rotations were first groups

100



according to the stratigraphic age of the sampled unit and the lithological
characteristics of the host rock, whether sedimentary or volcanic, based on MTA
geological maps and the basin-scale geological map of Ersoy et al. (2011). After
establishing the individual rotation patterns for each basin, the rotation patterns from
nearby basins were compared to determine whether they record similar rotational
behavior. This approach helps to identify whether neighboring sites behaved as the
same tectonic block during the deformation or whether they experienced different
rotation histories during early Miocene.

Almost all the paleomagnetic sites retained after fold test and statistical evaluation
record clockwise vertical axis rotation, with only a few localities showing minor
counterclockwise rotation (Figure 44, Table 19). In the Gordes Basin, early Miocene
volcanic units exhibit a mean rotation of 10.02° + 6.12° CW, whereas sedimentary
units of comparable age show a smaller magnitude of 4.34° + 5.04° CW, suggesting
that both lithological and local structural factors may influence the recorded rotation
values. The Demirci Basin displays a more uniform rotational pattern: all statistically
reliable sites show clockwise rotation. When early-middle Miocene volcanic and
sedimentary units are evaluated together, they yield a mean of 17.60° + 6.00° CW,
while the Miocene sedimentary units alone show a reduced rotation of 9.96° + 7.07°
CW. This decrease is likely related to the broader age range of the sedimentary sites,
which include middle and late Miocene samples that may have experienced a smaller
portion of the total rotational deformation. A similar rotational behavior is observed
in the Selendi Basin, where most sites record clockwise rotation, except for a single
locality near the Odemis Fault Zone displaying counterclockwise rotation attributed
to localized deformation. The early-middle Miocene units across the basin show
substantial clockwise rotation of 18.82° + 4.97° CW, whereas the Miocene
sedimentary units yield lower values of 11.10° & 5.49° CW. As in the Demirci Basin,

this difference is possibly attributed to the evaluation of middle and late Miocene
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sedimentary units together, which may either postdate the main phase of rotational

deformation or have recorded only part of the regional rotational strain.

To evaluate the regional vertical-axis rotation patterns and to assess how the NE-
trending basins evolved through time, site-level rotation estimates were reorganized
into broader groups based on stratigraphic age and basin affinity. The first
classification compared the early Miocene rotation values from the Gordes Basin
with the early Miocene localities from the Demirci and Selendi basins, respectively.
This grouping is justified because all three basins contain volcanic and sedimentary
units of similar age, allowing a direct comparison of rotational behavior during the
early phase of Miocene extension. When the early Miocene sites from the Gordes
and Demirci basins are combined, they yield a mean rotation of 15.44° + 4.76° CW,
whereas combining the early Miocene sites from Gordes and Selendi produces a
mean rotation of 16.12° + 4.34° CW. A third classification focuses exclusively on
the early Miocene sites from the Demirci and Selendi basins, which share similar
lithological characteristics and time intervals. This comparison provides insight into
whether the two basins experienced similar early Miocene rotational deformation.
These combined early Miocene localities record a mean rotation of 18.20° + 3.86°
CW. Finally, a fourth grouping was created to incorporate the full Miocene datasets
from both the Demirci and Selendi basins, including early, middle, and late Miocene
sedimentary units. This grouping allows assessment of long-term rotational
evolution. The combined Miocene sedimentary units from these two basins show a
mean rotation of 10.68° + 4.29° CW, supporting the interpretation that rotation
magnitudes decrease in younger deposits, likely due to a reduction in regional
rotational deformation through time.

102



GEOLOGICAL MAP OF
Pliocene sedimentaryand volcanics NE BASINS

I Lower-Middle Miocene volcanics
Miocene sediments

B Ofigocene volcanics / cive Faults
B Eocene sedimentary O Sampleloiaioni
- W Pre-Neogene basement. 30 km
. o, 10.02°+6.12°CW e . 17.60° £ 6.00° CW T 18.82°+4.97°CW
< : o < ° » < .0 >
. °® ) ) N ° 2% e : Y . £ ° 8
S S - P <o
A \ / oy \ / &,. e
o :\. \ / . o“. / L
L4

 Gordes Basin-Early Miocene Demirci Basin-Early-Middle Miocene  Selendi Basin-Early-Middle Miocene

1 o 4.34°+£5.04°CW o 9.96°%7.07°CW o 11.10°+ 5.49° CW
d ® oF 0 ¢ Se S, y *° LY
e O & S A
.‘.\ L4 A 4 e, A £ .c. . &
AN \ g . / “
 Gordes Basin-Early Miocene 4 " Demirci Basin-Miocene ) ! Selendi Basin-Miocene
(sedimentary sites) (sedimentary sites) (sedimentary sites)
— ]r5‘44°i4.76°CW o d612°x4.34°CW e, 18.20°3.86°CW oo 10.68°+4.29°CW
. "o . jos . g o ~
o8 o, e oe o : o' it ¢ .
*e 2% o 0 L) * 9 po . o o*
2 AR SN SN
®s . . : L d . : : . ‘ e 7 Y % &
o N .i. : ¢ R “\: 3 { , TRt yof R .
e 1 f N i f e° i M
Gordes & Demirci Gordes & Selendi Selendi & Demirci Selendi & Demirci
Early Miocene Early Miocene Early Miocene Miocene

Figure 44: Vertical-axis rotations for NE-trending basins during early Miocene and
Miocene.

Fold test results from the Gordes, Demirci, and Selendi basins show intermediate
characteristics, with improved clustering at partial unfolding levels within an
acceptable statistical range (Figure 45). Although not conclusive, these results
suggest that the remanent magnetization was most likely acquired during

deformation, indicating a syn-tectonic magnetization related to the folding process.
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Figure 45: Fold test results from Gordes, Demirci, and Selendi Basin vertical-axis
rotations.

Table 19: Paleomagnetic results of the accepted sites from the NE-trending basins.

Locality Lat Lon D | k a95 A95 A95min A95max
Site

Gordes

GB01 38°59'39.86" N 28°26'47.04"E  20.59 2424  25.82 9.16 6.01 460 18.10
GB02 39°05'53.52" N 28°29'04.21"E 33740 50.87 26.18 7.35 854 396 14.30
GBO03 39°09'56.10" N  28°21'33.87"E  54.26 55.08 98.90 6.10 7.13 551 24.07
GB04 39°10'01.05"N  28°19'5691"E 349.53 34.81 82.65 5.05 507 460 18.10
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Table 19 (cont’d)

Locality
Site
GB05
GBO06
GBO07
GBO08
GB09
GB11
GB12
GB13
GB14
Demirci
DBO01
DB02

DBO03
DB04
DB05
DBO07
DB08
DB09
DB11
DB12
DB13
DB14
Selendi
SBO1
SB02
SB03
SB04
SBO7
SB08
SB11
SB12
SB13
SB14
SB15
SB17

Lat

38°58'19.69" N
38°56'05.74" N
39°00'27.44" N
38°53'37.00" N
38°52'21.66" N
38°48'50.46" N
38°47'03.27"N
38°46'09.74" N
38°49'55.88" N

38°45'12.82"N
39°03'08.08" N

39°03'12.05"N
39°02'23.85" N
39°02'56.36" N
39°04'17.82" N
39°06'14.03" N
39°00'33.37"N
38°58'26.15" N
38°57'01.84" N
38°53'07.18" N
38°50'25.54" N

39°01'14.42" N
38°56'48.29" N
38°57'24.44" N
38°57'27.89" N
38°57'01.54" N
38°51'53.92" N
38°44'40.25" N
38°48'54.32" N
38°39'30.06" N
38°39'28.90" N
38°41'29.20"N
38°45'59.10" N

Lon

28°14'27.71"E
28°17'53.83"E
28°20'50.78" E
28°16'58.82" E
28°13'41.47"E
28°05'25.08"E
28°04'23.10" E
28°04'09.62" E
28°10'02.55" E

28°24'53.13"E
28°40'49.27"E

28°41'08.71"E
28°43'15.17"E
28°43'23.20"E
28°43'13.78" E
28°44'05.02" E
28°36'27.79"E
28°35'38.24"E
28°34'57.97"E
28°34'12.46" E
28°32'32.26"E

28°52'23.16"E
28°56'10.63"E
29°03'02.03"E
29°02'48.13"E
28°47'42.58"E
28°46'27.28"E
28°55'31.74"E
28°58'30.07"E
28°55'38.40" E
28°53'27.06" E
28°51'08.42" E
28°39'34.83"E

5.32
12.69
359.85
23.13
15.11
345.23
354.18
341.48
42.21

8.59
280.05

36.98
313.84
14.26
3.47
10.84
43.65
45.60
7.17
9.01
82.45

49.97
24.75
16.62
27.10
9.79
313.85
359.88
18.45
14.47
12.84
4.89
4.32

45.98
52.61
24.76
67.89
30.31
4191
40.22
49.21
28.27

46.65

21.92
76.75

40.20
25.90
55.46
54.76
68.11
58.03
43.53
46.46
18.75

42.78
37.56
37.81
45.05
55.89
34.49
51.50
68.36
54.48
40.01
56.76
57.37

105

33.79
14.24
25.25
30.03
25.34
188.70
65.64
237.83
51.16

4191
7.95

112.60
156.99
11.63
25.84
33.16
27.91
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CHAPTER 4

DISCUSSION

In the following discussion, paleomagnetic results are evaluated on a locality-by-
locality basis, where each locality is considered to represent a coherent geological or
tectonic block. Rotation data from individual sites within each locality were first
assessed and then compared to identify internally consistent rotation patterns. To
evaluate temporal variations, the rotations were subdivided into early Miocene and
middle to late Miocene age groups based on the age of the sampled units by using
the MTA geological maps. For localities comprising only two sites, average rotations
were calculated using all available samples and only results with A95 values falling
within the A95 confidence envelope defined by Deenen et al. (2011, 2014) were
considered to reliably represent paleosecular variation (PSV). In cases where A95
values are smaller than A95min, particularly at volcanic sites, the results are
interpreted as spot readings of the geomagnetic field, indicating that the PSV
component has not been fully averaged out. Rotations are described using site-mean
declination values relative to geographic north, together with their associated
uncertainties, and are discussed individually for each site before being compared
across localities and age groups. These comparisons form the basis for the
subsequent interpretation of regional rotation patterns and their tectonic

implications.

4.1  Early Miocene Phase

The paleomagnetic results for the early Miocene sites reveal distinct rotation patterns
across different regions in the study area (Figure 46). In the Akhisar area, four early
Miocene sites exhibit coherent paleomagnetic directions with minimal uncertainty

(Table 20). The individual site results are clustered in the NE quadrant. Collectively,
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these results indicate that the Akhisar area experienced a clockwise (CW) vertical-
axis rotation of 36.30° since early Miocene. In the Ivrindi area, seven early Miocene
sites show both clockwise and counterclockwise rotations. To refine the analysis, the
area was divided into western and eastern subregions. In the eastern part of Ivrindi,
the early Miocene sites exhibit a 2.34° CCW rotation, which is negligible. However,
in the western part, the rotation is more pronounced, with an average 50.03° CCW
rotation for the early Miocene sites. In the Bigadig area, seven early Miocene sites
were analyzed, displaying a mix of clockwise and counterclockwise rotations. When
the site rotations were averaged, the Bigadi¢ area showed no net rotation for the early
Miocene period. In the Alagamdag area, five early Miocene sites were analyzed. The
fold test yielded a negative result, suggesting that the observed rotation may have
been influenced by subsequent tectonism. Despite this, the average net rotation for
the early Miocene sites in Alagamdag indicates a 14.17° CCW rotation, contrasting
with the clockwise rotations observed in the Akhisar area. In the Balikesir area, early
Miocene sites exhibit both clockwise and counterclockwise rotation patterns.
Notably, at the western margin north of the Savastepe district, the fold test indicated
negative unfolding, suggesting that the magnetization was acquired after folding. As
such, the CCW rotations in this area may not represent true early Miocene rotations.
For the remaining early Miocene sites in Balikesir, an average 22.17° CW rotation
was observed. In the Gonen area, only one Early Miocene site provided reliable

paleomagnetic data, showing a 41.17° CW rotation for the early Miocene period.

When the early Miocene rotation patterns are considered in a regional context, a
systematic spatial pattern emerges that is characterized by adjacent domains of
clockwise and counterclockwise rotations. The clockwise rotations are
predominantly observed from SW to NE of the study areas extending along Akhisar,
Balikesir, and Gonen areas. On the other hand, the early Miocene sites located both
west and east of this zone display mainly counterclockwise rotation such as
Alacamdag to the east, and Ivrindi to the west. Such transitions can indicate that the
early Miocene rotations were not distributed uniformly across the region but instead

partitioned into distinct rotational domains, and the contrasting rotational behavior
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of the Ivrindi and Alagamdag areas may be related to their position outside the main

clockwise rotating zone.

The early Miocene rotation patterns observed from the NE-trending basins, Goérdes,
Demirci, and Selendi, reveal a remarkably consistent clockwise vertical-axis
rotations across the region. The Gordes Basin records a CW rotation of 10.02°, while
the Demirci and Selendi basins exhibit larger but comparable CW rotations of 17.60°
and 18.82°, respectively. Despite differences in rotation magnitude, all three basins
display the same sense of rotation, indicating coherent rotational behavior during the
early Miocene. This consistency contrasts with the more heterogeneous rotation
patterns observed in some of the adjacent areas and suggests that the NE-trending
basins may have shared a common kinematic response during this time interval. The
similarity in rotation sense and magnitude implies that these basins were affected by
comparable deformation conditions during the early Miocene, although the structural
controls and tectonic mechanisms responsible for this behavior require further

evaluation.

4.2 Middle to late Miocene phase

The paleomagnetic results for the middle to late Miocene sites reveal varying
vertical-axis rotation patterns across the study areas (Figure 46). In the Akhisar area,
middle to late Miocene sites exhibit scattered paleomagnetic directions, leading to
relatively large uncertainties in the rotation results. When averaged, the Akhisar area
underwent a 12.88° counterclockwise rotation during the middle to late Miocene
period, contrasting with the Early Miocene CW rotations observed in the region. In
the Ivrindi area, only one site was taken into consideration to reflect the middle to
late Miocene rotation because others may be affected by the lightening. The one site
shows 66.2° CW rotation for the Ivrindi area. In the Bigadi¢ area, middle to late
Miocene sites show mixed rotational patterns, with both clockwise (CW) and
counterclockwise rotations observed. However, the net rotation averaged across all

sites indicates a 23.8° CW rotation, with a negative degree of unfolding may suggest
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the rotations affected by the tectonism. In the Alacamdag area, middle to late
Miocene sites display mostly CCW rotations for each site. The fold test results
suggest intermediate unfolding, indicating that the magnetization was likely acquired
during deformation. The net rotation for Alagamdag during the middle to late
Miocene is 22.14° CW, indicating a change of the counterclockwise rotation trend
observed in the Early Miocene. In the Balikesir area, the middle to late Miocene sites
show both CW and CCW rotations. When the rotational data are averaged, the
Balikesir area exhibits a 39.64° CCW rotation during the middle to late Miocene. In
the Gonen area, limited late Miocene data are available. The two reliable sites in this
area indicate a 37.8° CCW rotation, which stands out compared to the CCW rotation
patterns observed in most other areas during this period, and for the Pliocene, 22.17°
CCW rotation was observed showing the CCW rotation is ongoing in the area during

late Miocene-Pliocene time interval.

When compared with the early Miocene rotation patterns, middle to late Miocene
results indicate a reorganization of vertical-axis rotations across the study areas.
During the early Miocene, a NE-SW-oriented corridor characterized by clockwise
rotations extended across the central part of the study area, whereas areas located to
the west and to the east of this corridor were mainly affected by counterclockwise
rotations. In contrast, the middle-to-late Miocene rotation data reveals an opposite
rotation pattern. Within former CW-rotation dominated corridor, several localities
record a shift to CCW rotations, as observed in Akhisar, Balikesir, and Go6nen.
Conversely, areas that previously display CCW rotations during early Miocene, such
as Alagamdag and Ivrindi, and Bigadi¢ area which shows no rotation during early

Miocene, exhibit CW rotations during middle to late Miocene.
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Table 20: Paleomagnetic results of the accepted sites from the study areas.

Locality Lat Lon D | k a95 A95 A95min A95max

Site
Akhisar

GE02 39°06'18.44"N 27°52'43.98"E 53.15 47.73 69.17 8.11 9.50 5.86 26.52

GEO04 39°10'07.10"N 27°49'07.75"E 344.27 13.63 311.10 7.00 5.87 7.73 41.05 spot

GE09 39°19'56.96"N 27°53'36.69"E 39.83 43.07 8.21 46.14 56.85 7.73 41.04

GE10 39°24'58.83"N 27°50'07.01"E 349.38 36.36 8.81 27.29 24.76 6.30 29.75

GE15 39°23'30.25"N 27°38'48.83"E 34.67 58.45 25.50 24.94 31.43 7.73 41.04

GE16 39°28'29.55"N 27°33'03.36"E 0.46 45.17 529.83 5.36 4.56 7.73 41.04 spot
Bigadi¢

BGO1 39°19'17.83"N 28°0 6'14.93"E 34.04 51.62 255.78 4.20 4.69 5.86 26.52 spot

BGO03 39°13'49.59"N 28°11'51.26"E 1.67 2.14 273.25 4.06 2.74 5.86 26.52 spot

BG04 39°13'18.05"N 28°13'01.60"E 339.10 60.31 166.97 5.94 7.64 6.30 29.75

BGO05 39°13'38.27"N 28°1528.74"E 17.48 49.56 33.52 13.41 14.17 6.30 29.75

BG06 39°14'27.58"N 28°22'43.71"E 29.75 53.13 20.02 15.34 18.44 5.86 26.52

BGO07 39°16'50.69"N 28°25'02.77"E 9.19 -24.92 91.74 8.03 5.03 6.30 29.75 spot

BGO08 39°16'49.88"N 28°23'15.24"E 306.81 33.33 6.53 52.77 36.51 7.73 41.04

BG09 39°26'25.52"N 28°07'15.57"E 16.39 44.69 17.45 30.45 27.79 7.73 41.04

BG10 39°29'02.36"N 28°0721.23"E 341.24 46.02 41.01 14.52 11.19 6.89 34.24

BG13 39°31'17.38"N 28°12'01.77"E 336.83 52.77 90.33 5.86 7.70 5.22 22.12

BG14 39°28'06.17"N 28°13'18.59"E 14.33 48.72 52.81 17.14 16.04 7.73 41.04

BG17 39°29'02.36"N 28°20'16.56"E 45.68 39.19 46.49 8.21 8.80 5.22 22.12

BG20 39°33'34.82"N 28°23'29.79"E 359.04 32.46 41.69 11.99 9.52 6.30 29.75

BG23 39°30'00.76"N 28°23'59.38"E 45.50 32.47 43.55 38.80 41.16 9.09 52.99

Alagamdag

ALO1 39°25'9.52"N 28°22'19.45"E 349.67 1.28 12.72 22.30 13.21 6.30 29.75

ALO02 39°28'17.90"N 28°24'28.00"E 35.37 51.74 153.58 5.42 6.00 5.86 26.52

ALO3 39°30'21.60"N 28°33'29.68"E 57.25 57.43 82.89 8.45 10.30 6.30 29.75

ALO4 39°29'48.45"N 28°38'37.72"E 14.61 -40.59 47.84 9.78 9.95 5.86 26.52

ALO5 39°21'4.55"N 28°47'45.06"E 349.45 60.19 55.97 6.94 10.15 4.98 20.54

ALO6 39°19'3.52"N 28°50'59.35"E 10.98 49.03 69.81 4.05 4.52 3.70 12.83

ALO7 39°21'36.89"N 28°7'59.22"E 349.45 60.19 55.97 6.94 10.15 4.98 20.54

ALO8 39°24'1.82"N 28°13'14.44"E 340.52 36.57 72.13 7.94 7.32 5.86 26.52

AL09 39°24'28.19"N 28°19'38.09"E 343.20 34.62 119.76 8.43 6.25 6.89 34.24 spot
Balikesir

BAO1 39°35'57.91"N 28°9'36.22"E 34.04 51.62 255.78 4.20 4.69 5.86 26.52 spot

BA02 39°38'56.57"N 28°8'30.73"E 341.56 48.48 15.04 10.60  12.08 418 15.55

BAO3 39°40'07.72"N 28°05'16.69"E 24.59 35.44 18.20 11.64 12.12 4.78 19.22

BA04 39°39'35.38"N 27°51'05.37"E 308.06 37.64 10.80 1322 13.35 4.30 16.29

BA05 39°24'16.62"N 28°00'07.93"E 300.82 40.70 8.80 15.50 14.64 4.44 17.14

BA06 39°33'58.26"N 27°53'58.40"E 14.63 -26.58 11.57 13.33 11.54 4.44 17.14

BAO8 39°43'35.64"N 27°4028.06"E 351.90 62.96 85.17 7.30 11.09 5.86 26.52

BA09 39°43'44.51"N 27°42'58.07"E 349.93 57.59 142.46 5.63 7.05 5.86 26.52

BA11l 39°26'23.08"N 28°04'06.35"E 340.56 42.85 51.13 8.52 9.55 551 24.07
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Table 20 (cont’d)

Loc_ality Lat Lon D | k a95 A95 A95min A95max
BSAIth 39°3029.61"N 28°01'11.74"E 316.70 -13.07 14.05 16.68 12.29 Sl 24.07
BA13 39°39'39.43"N 28°04'45.15"E 62.62 57.08 32.48 13.63 17.70 6.30 29.75
BA14 39°44'06.24"N 28°04'45.99"E 28.24 13.48 65.83 8.32 8.08 5.86 26.52
BA15 39°45'45.66"N 28°20'33.50"E 72.42 36.79 52.37 455 3.80 3.62 12.42
BA16 39°41'16.45"N 28°18'11.21"E 5.63 15.29 53.25 9.27 531 5.86 26.52 spot
BA17 39°34'22.50"N 27°36'33.00"E 356.79 65.78 49.63 5.70 8.49 4.18 15.55
BA19 39°29'56.50"N 27°4023.43"E 349.70 38.70 73.17 5.37 5.33 4.60 18.10
Génen
ANO05 40° 622.74"N 28°4'4.74"E 41.17 -22.14 13.94 10.62 7.85 4.06 14.89
ANO6 40°12'15.38"N 27°44'11.27"E 322.20 -6.52 45.70 6.20 5.38 4.30 16.29
SD05 40° 920.55"N 28°7'12.83"E 334.54 39.10 40.74 6.57 6.70 4.30 16.29
SD06 39°45'15.38"N 28°2023.84"E 358.57 -38.28 14.22 21.01 15.99 6.30 29.75
Ivrindi
Bz02 39°3526.27"N 27°17'49.68"E 326.24 -26.88 64.49 6.95 5.82 5.22 22.12
TFO1 39°33'6.98"N 27°18'16.45"E 66.02 -60.15 218.33 3.28 4.15 4.78 19.22 spot
TF02 39°29'8.83"N 27°18'13.48"E 312.07 19.70 216.13 3.78 2.83 5.22 22.12 spot
TFO03 39°27'37.73"N 27°18'53.76"E 291.95 47.97 65.04 5.70 5.36 4.60 18.10
AN1 39°2629"N 27°32'49"E 283.19 60.38 109.72 3.67 5.22 4.06 14.89
AN2 39°28'45"N 27°37'02"E 168.45 -25.42 32.04 5.56 5.24 3.49 11.70
AN3 39°17'34"N 27°29'17"E 79.54 3.07 43.01 5.33 5.13 3.78 13.27
AN4 39°21'08"N 27°27'33"E 120.71 -62.92 85.40 4.16 6.10 4.06 14.89
AN7 39°39'04"N 27° 28'07"E 182.97 -49.30 116.02 3.22 3.40 3.78 13.27
AN8 39°23'39"N 27°2528"E 204.76 -63.30 118.98 3.66 5.27 4.18 1555
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Figure 46: Distribution of early Miocene and middle to late Miocene rotations from previous studies and this study (1- Uzel et al., 2015, 2 -Kaymaker et al., 2007, 3- van Hinsbergen et al., 2010, 4- Sen and
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4.3  Regional tectonic implications of vertical-axis rotations

The interpolated rotation fields highlight a spatially heterogeneous distribution of
vertical-axis rotations, indicating that deformation was not accommodated by a
single coherent rotating crustal segment. Instead, the observed pattern is more
consistently explained by the presence of discrete kinematic domains, in which
internally coherent blocks underwent differential rotations. In the early Miocene,
paleomagnetic results define a well-developed corridor of clockwise (CW) rotations,
whereas adjacent areas outside this corridor are dominated by counterclockwise
(CCW) rotations. This spatial partitioning of rotation sense is consistent with the
interpretation of a right-lateral transtensional corridor proposed by Gessner et al.
(2013) and Uzel et al. (2015), and with its northward continuation suggested by
Westerweel et al. (2020). Within this framework, the CW domains likely represent
coherent blocks situated within the transtensional zone, while the surrounding CCW

rotations may reflect differential block rotations at their margins.

A significant reorganization of the regional rotational framework occurred during
the middle Miocene, which coincides with the major geodynamic changes affecting
the Aegean extensional domain. One of the causes of this extension is the progressive
closure of the Bitlis-Zagros suture Zone, which resulted in substantial crustal
thickening and uplift in eastern Anatolia. This uplift increased gravitational potential
energy of the Anatolian plateau and is widely interpreted to have promoted westward
tectonic escape and extensional deformation in western Anatolia (Sengor et al., 1981,
1985; Barka, 1992). Therefore, part of the shortening accommodated in the east may
have been compensated by enhanced extension in the western Anatolian region.
Also, during middle Miocene, geodynamic models suggest that tearing of the
subducting African slab beneath the Aegean region led to a significant change in
mantle dynamics, facilitating accelerated slab rollback and an increase in extension
rates across the back-arc domain (Brun et al., 2016). This process likely contributed

to the rapid exhumation of metamorphic core complexes and the development of
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major detachment systems in western Anatolia. In particular, the Central Menderes
Massif (CMM) experienced pronounced exhumation within the boundaries of the
Gediz and Biiyiik Menderes detachment systems during the middle Miocene (Catlos
and Cemen, 2005; Rojay et al., 2005; Glodny and Hetzel, 2007; Bozkurt et al., 2008;
van Hinsbergern et al., 2010). The intensification of extension associated with this
phase likely enhanced crustal segmentation and promoted the development of

discrete rotating blocks.

The dashed lines drawn on the interpolated maps delineate zones where rotation
sense changes abruptly. Although these boundaries remain interpretative, their close
spatial relationship with sharp rotation gradients suggests that they may approximate
first-order tectonic block boundaries. Such abrupt transitions are difficult to
reconcile with purely distributed strain and instead imply localized deformation
along discrete structures separating adjacent rotating domains. A comparison
between the early Miocene and the mid-late Miocene rotation fields further indicates
a temporal reorganization of the regional kinematic framework (Figure 47 a, b).
Relative to the early Miocene, the mid-late Miocene rotation field appears more
spatially organized and is characterized by both increased rotation magnitudes and a
systematic inversion of rotation sense in areas that previously recorded CW rotations.
This evolution suggests progressive localization of deformation through time,
whereby strain became increasingly concentrated into fewer and more active
structures, promoting enhanced block segmentation and larger vertical-axis

rotations.

This interpretation is consistent with tectonic models proposed for western Anatolia
(Figure 48), in which the NE-trending CW rotated corridor, named as IBTZ by Uzel
et al. (2015), evolved from a relatively broad transtensional corridor into a narrower
and more localized deformation domain. Uzel et al. (2013, 2015) suggested that
progressive narrowing of the IBTZ was associated with strain softening, potentially
facilitated by increasing thermal conditions linked to widespread Miocene
magmatism. At a broader scale, the kinematic synthesis of Brun et al. (2016)
documented a middle Miocene shift in the mode of extension across the Aegean
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domain, attributed to an increase in strain rate driven by accelerated trench retreat.
Mechanical models indicate that increased strain rates strengthen the ductile layer,
enhance brittle-ductile coupling, and promote more efficient strain localization
(Brun, 1999; Schueller et al., 2005, 2010). Within this evolving tectonic framework,
the observed changes in rotation patterns, such as the increase in rotation magnitudes
and the reorganization of CW and CCW domains, may reflect the kinematic response
of crustal blocks to a more localized and rapidly evolving extensional regime.
Clockwise rotations observed in NE-trending Neogene basins may be related to the
progressive activation of basin-bounding structures and differential block rotations
associated with the exhumation of the Menderes core complex. Taken together, these
processes suggest that the middle Miocene marks a transition from a relatively
distributed deformation regime to a more localized tectonic configuration
characterized by accelerated extension, enhanced block segmentation, and

reorganized vertical-axis rotations.
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Figure 47: Interpolated vertical-axis rotation patterns for (a) the early Miocene and
(b) mid-late Miocene datasets. (Dashed lines outline zones of abrupt rotation change
and are interpreted as possible tectonic block boundaries).
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Figure 48: Interpolated vertical-axis rotation of the (a) early Miocene, and (b) middle
to late Miocene, generated by combining paleomagnetic rotation results from this
study with published rotations from previous studies.

4.4  Paleomagnetic constraints on the development of the NE-trending basins

Paleomagnetic results obtained from early Miocene units within the NE-trending
Gordes, Demirci, and Selendi basins consistently indicate clockwise vertical-axis
rotations; however, the magnitude of rotation varies among the basins. The Gordes
Basin records a modest CW rotation of 10.02°, whereas higher CW rotations are
observed in the Demirci (17.60°) and Selendi (18.82°) basins. Although a similar
sense of rotation may suggest a broadly comparable kinematic framework, the
differences in rotation magnitudes and statistical relationships may also point to

variations in tectonic behavior and block affinity during the early Miocene.

Previous studies have proposed a wide range of tectonic models to explain the origin

and evolution of these NE-trending basins, with many interpretations suggesting
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synchronous basin formation under a single regional tectonic regime. For example,
Sengor (1987) interpreted these structures as paleotectonic Tibetan-type cross
grabens formed during crustal thickening and later reactivated as neotectonic
Aegean-type cross grabens, referring to them as replacement basins, in contrast to
younger E-W-trending ‘“revolutionary” grabens. Also, suggested the rotational
model suggesting a N-S extensional regime during the early Miocene, and as a result
of this extension, pre-existing weakness zones were reactivated, and formed
rotational pull-apart basins nearly parallel to the extension direction. Similarly,
Seyitoglu and Scott (1994) argued that NE- and E-W-trending grabens developed
contemporaneously during the Early Miocene. Comparable views were also
presented by Inci (1998, 2000), Bozkurt (2003), and Purvis and Robertson (2004).
In contrast, Ersoy et al. (2011) proposed a more heterogeneous tectonic framework,
suggesting that the Gordes Basin developed under transtensional deformation
characterized by dextral strike-slip to oblique-slip boundary faults, whereas the
Demirci and Selendi basins formed as Neogene sedimentary basins associated with
the Simav detachment fault system. Stratigraphic correlations further support this
distinction. Ersoy et al. (2011) emphasized the similarity between the Neogene
volcano-sedimentary succession of the Gordes Basin and the borate-bearing
successions of the Bigadi¢ Basin, which were deposited during the early Miocene
and are characterized by coeval felsic and mafic volcanism. The comparable
stratigraphies and radiometric age constraints suggest that Gordes and Bigadi¢

shared a closely related depositional and tectonic history during the early Miocene.

To assess whether the observed paleomagnetic rotations reflect a common tectonic
origin or distinct kinematic domains, the Common True Mean Direction (CTMD)
test was applied to the early Miocene rotation data. This statistical test evaluates
whether two datasets share a common mean paleomagnetic direction within their
respective confidence limits, thereby indicating acquisition of magnetization under
the same rotational history and tectonic conditions. The CTMD test was first applied
within the NE-trending basins themselves. The results show that the early Miocene

rotations from the Gordes Basin are statistically inconsistent with those of the
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Demirci and Selendi basins, whereas the Demirci and Selendi datasets are
statistically consistent with each other. This outcome implies that Demirci and
Selendi basins belonged to the same tectonic block during the early Miocene, while
Gordes represented a separate kinematic block. Further support for this interpretation
comes from CTMD tests applied to middle Miocene rotation data from the Demirci
and Selendi basins, which also yield statistically consistent mean directions,

indicating continued shared tectonic behavior through time (Figure 49).

In contrast, the Gordes Basin shows a closer kinematic affinity with areas to the west.
Given its geographic proximity to the Akhisar area and its interpretation as a
transtensional basin by Ersoy et al. (2011), CTMD tests were conducted between the
early Miocene rotation results of Gordes and Akhisar. These datasets are statistically
indistinguishable, indicating that both areas experienced the same vertical-axis
rotation during the early Miocene. A similar statistical consistency is observed

between the early Miocene rotations of Gordes and Bigadig.

To sum up, these results indicate that the Gordes, Akhisar, and Bigadi¢ basins
experienced a common kinematic rotation during the early Miocene, consistent with
deformation within a shared tectonic domain, likely related to transtensional
processes. In contrast, the Demirci and Selendi basins record rotations that are
statistically distinct from Gordes but mutually consistent with each other, suggesting
that they evolved under a different tectonic mechanism, possibly linked to

detachment-controlled deformation rather than transtensional basin development.
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CHAPTER 5

CONCLUSION

This study presents new paleomagnetic and kinematic results from Miocene volcanic

and sedimentary units in northwestern Anatolia. The main findings of the study can

be summarized as follows:

Paleomagnetic data reveal two temporally distinct phases of vertical-axis
rotation during the Miocene. Early Miocene units are characterized
predominantly by clockwise rotations, whereas middle to late Miocene units
record counterclockwise rotations with generally larger rotation magnitudes.
Early Miocene clockwise rotations define a NE-trending corridor extending
from Akhisar through Balikesir to Gonen. Areas located outside this corridor
record counterclockwise or negligible rotations, indicating a clear spatial
partitioning of rotational behavior across the study area. Rotation magnitudes
increase from the early Miocene to the middle-late Miocene, suggesting a
temporal change in deformation style toward more localized deformation
during the later stages.

The paleomagnetic results from the NE-trending Gordes, Demirci, and
Selendi basins indicate clockwise vertical-axis rotations during the early
Miocene. CTMD test results show that the Demirci and Selendi basins are
statistically consistent with each other during both the early and middle
Miocene, indicating that they belonged to the same kinematic block through
time. In contrast, the Gordes Basin is statistically distinct from the Demirci
and Selendi basins and shows closer kinematic affinity with the Akhisar and
Bigadic basins during the early Miocene. These results demonstrate that the
NE-trending basins did not evolve as a single mechanically coherent domain

but instead record heterogeneous kinematic behavior during the Miocene.
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A. Fold Test Results of each paleomagnetic samples
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