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data from Neogene rocks in SW
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e Deformation is the result of SW
directed stretching of the over-riding
lithosphere above the southward
retreating subducted African oceanic
slab
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Abstract Convergence between the Eurasian and the African plates in the West Anatolian-Aegean region
results in a trench retreat due to slab roll-back and tearing of the subducted African lithosphere. The upper
plate response of this process gave way to back-arc extension in the region. We have conducted a very detailed
anisotropy of magnetic susceptibility (AMS) study on the Neogene rocks in SW Anatolia to unravel the style
and magnitudes of deformation. For this purpose, from 83 sites in 11 structurally homogeneous domains,
1,680 paleomagnetic samples were analyzed. The results show that AMS fabrics are related to the tectonic
deformation and that the magnetic lineation (maximum susceptibility axis, k,) is parallel to inferred maximum
extension, while minimum susceptibility (k) is typically normal to the bedding plane, corresponding to a
preserved compaction associated with deposition fabric. The intermediate axis (k,) is parallel to a second
extension direction and indicates that the region has been under the control of multi-directional extension
during the Neogene. Two main magnetic lineation directions are identified and represent Oligocene to middle
Miocene E-W, and late Miocene to Pliocene NW-SE oriented extension. The magnetic lineation directions

are dominantly parallel or perpendicular to the general strikes of the normal faults. The results show that the
deformation in the region resembles two differentially stretched rubber sheets under the influence of SW
oriented extension, exerted by the southward retreating Eastern Mediterranean subduction system.

Plain Language Summary The tectonic style and amount of crustal deformation in SW-Anatolia
are revealed by sets of anisotropy of magnetic susceptibility data obtained from SW Anatolia. The orientation
of principal strain axes changes gradually although the shape of the strain ellipsoid among all the rocks in late
Miocene to Pliocene domains remains the same. Based on these results and published information, we conclude
that the SW Anatolia is under the control of multi-directional extension associated with counterclockwise
rotation exerted by the southward retreat of the Eastern Mediterranean subduction system (Hellenic-Pliny-
Strabo and Cyprian Trenches). The retreat resulted in stretching of SW Anatolia, the over-riding plate, to
accommodate the retreat of the trench as a non-rigid, stretched rubber-sheet like deformation style, which seems
to be pulled from a single point toward the SW. The Biiyiilk Menderes-Denizli-Baklan grabens and Dinar-Aksu
faults mark the northern boundary of this peculiar and active deformation zone.

1. Introduction

The anisotropy of magnetic susceptibility (AMS) in weakly deformed rocks can be used to provide information
on the sedimentary and tectonic history of rocks because there is typically a relationship between the AMS tensor
(ellipsoid) and the stress and resulting strain field of the area. The shape of the AMS ellipsoid in sedimentary
rocks depends on the shape and distribution of magnetic grains in a rock volume (the magnetic fabric), and it
is closely related to deformation; hence to the strain ellipsoids (Liineburg et al., 1999; Oliva-Urcia et al., 2010;
Rochette et al., 1992). The magnetic fabric is controlled by primary geologic processes, such as compaction and
current flow that produce purely sedimentary magnetic fabrics. However, secondary factors, such as related to
tectonic deformation are also important factors in the development of the magnetic fabric, and they often replace
the primary sedimentary fabric. Authigenic minerals and fine-grained clastic deposits, such as clays, which ac-
cumulate by vertical deposition in a low-energy environment, often lack visible primary sedimentary structures
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and paleocurrent features. Therefore, they also lack an interpretable primary depositional environment fabric.
Discrimination between the primary and secondary (post-depositional) features is very crucial in the utilization
of AMS ellipsoid as a strain marker. Nevertheless, sediments may lack directional markers but the compactional
fabric is well developed with &, perpendicular to beddings plane and k1 and k2 dispersed in the foliation plan.

Classic methods for the determination of strain ellipsoids for sedimentary rocks involves clast-based measure-
ments such as clast geometry, orientations, texture, and packing (Ramsey & Huber, 1983). However, AMS-based
strain determination techniques in low to weakly deformed sedimentary rocks have the potential to quantify
principal strain axes using the character and distribution of magnetic grains in rock volumes (Borradaile & Hen-
ry, 1997; Hirt et al., 1993; Liineburg et al., 1999; Oliva-Urcia et al., 2010; Parés & van der Pluijm, 2002; Rochette
et al., 1992; Sagnotti & Speranza, 1993).

Deformation related to tectonic processes is often recorded in sedimentary basin sequences. Deciphering the tec-
tonic deformation recorded in sedimentary basins provides information on the basic geologic/tectonic processes
that have acted upon the rock, although qualitative and quantitatively definition of these processes is not always
possible using classical geologic tools such as grain-based techniques, especially in the absence of penetrative
deformation. Although paleostress analyses conducted directly on fault surfaces provide clues about the strain
axes, they are always discrete and result from inhomogeneous deformation, which does not always reflect the
regional strain ellipsoid. The AMS technique, on the other hand, is an alternative and effective method for the
determination of a strain ellipsoid in low to weakly deformed sedimentary rocks (e.g., Scheepers & Langere-
is, 1994). Care must be given to the fact that the minimum strain axis (k,) almost always corresponds to primary
sedimentary compaction (Duermeijer et al., 1998; Tarling & Hrouda, 1993).

This work collected abundant AMS data that we use to quantify and unravel deformation styles in the late Oligo-
cene-Neogene basins in SW Anatolia, where extensional deformation involving vertical axis rotations took place
(Kaymake et al., 2018) related to slab edge processes at the over-riding plate of the Aegean-Cyprian subduction
system. These include the Acipayam, Burdur, Cameli, Denizli, EImali, Oren and Tavas basins (Figure 1), which
are characterized by continental deposits. The basins (a) spatially cover almost all of SW Anatolia where the
Menderes Core Complex, Lycian Nappes, and Tauride Platform rocks are exposed and (b) temporally cover the
Oligocene to Pliocene time interval, which includes the exhumation of the Menderes Core Complex, the em-
placement of the Lycian Nappes and the subduction history of the African oceanic lithosphere along the eastern
Mediterranean trenches (Figure 1; Algicek, 2007; Algigek et al., 2013; Biryol et al., 2011; Hayward, 1984; Le
Pichon & Angelier, 1979; van Hinsbergen, Dekkers et al., 2010; van Hinsbergen, Kaymakei, et al., 2010).

Except for the senses and magnitudes of Neogene rotations in the region (e.g., Kaymaker et al., 2018; van Hins-
bergen, Dekkers et al., 2010; van Hinsbergen, Kaymaker, et al., 2010), the studies concerned with the quantifica-
tion of deformation amounts and the strain related to the ongoing tectonic processes in the region are relatively
rare. Few studies are focused on the temporal and tectonostratigraphic records of these geologic processes, and
these concentrate on only a few basins in the region or are based on regional stratigraphic correlations (Algicek
et al., 2019; Kaymaket, 2006; Ozkaptan et al., 2018 and references therein).

Seismic tomography studies have shown that the subducted African oceanic slab is fragmented in the mantle
(Biryol et al., 2011; Faccenna et al., 2006; van Hinsbergen, Dekkers et al., 2010; van Hinsbergen, Kaymakci,
et al., 2010) and gave way to differential stretching on the overriding plate, SW Anatolia and the Aegean region
(Figure 1). Related to this process, one of the ongoing debates concerns the surface expressions of the fragment-
ed African slab in SW Anatolia. It is generally accepted that the fragmented subducted slab below SW Anatolia
produced a tear that provided a mantle window below western Anatolia (Biryol et al., 2011; Faccenna et al., 2006;
Govers & Wortel, 2005; Kaymakei et al., 2018; Wortel & Spakman, 2000). Some studies argued that this tear is
coupled with the overriding plate and produced a large sinistral strike-slip shear zone in SW Anatolia (e.g., Elitez
et al., 2016; Elitez & Yaltirak, 2016; Hall et al., 2014). Others, however, claimed that that the available kine-
matic data in the region are still insufficient to corroborate the strike-slip mechanism. Some recent studies (e.g.,
Algicek, 2015; Kaymaker et al., 2018; Ozkaptan et al., 2014, 2018) have shown that SW Anatolia is deforming
under a very strong extensional setting coupled with a regional counterclockwise rotation. The magnitude and
sense of rotation in SW Anatolia increases from east to west and north to south, with no remarkable changes
reported in relation to the assumed shear zone. Based on this information, Kaymakci et al. (2018) argued that
the subducted slab and the overriding plate are not coupled to produce a continuous shear zone from the mantle
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Figure 1. (a) Simplified tectonic scheme of the eastern Mediterranean region. (b) Simplified geologic map of SW Anatolia
showing AMS sample locations and major faults (Kaymakeci et al., 2018; General Directorate, MTA, 2002).

up to the surface. Therefore, the slab tear in the northern edge of the subducted part of the African slab does
not penetrate the overriding plate, but it is thought to be responsible for the distributed differential extensional
strain in the region. The differential retreat of the segmented subducted African Slab in the mantle is expressed
in the form of rotational (counterclockwise) and extensional deformation on the SW Anatolian crust (Kaymakci
et al., 2018; Ozkaptan et al., 2014).

In this contribution, we investigate the kinematic evolution of SW Anatolia based on newly acquired AMS data
collected from the Oligocene-Neogene basins in the region. The data cover Oligocene to Pliocene sedimentary
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records of SW Anatolian basins, which are constrained temporally by newly established biostratigraphic data of
Algigek et al. (2019). The main purpose of this study is to quantify the amounts of total cumulative deformation
in the region and to establish the orientation of the principal strain axes in the Neogene sequences in the region
based on AMS data.

2. Methods
2.1. Sampling

In total, 2,138 standard paleomagnetic samples were drilled in 11 domains consisting of a total of 83 sites in
SW Anatolia. Samples were collected from in Eocene-Oligocene (11 sites/519 cores) and Miocene (49 sites/883
cores) marine sediments (limestones, marls, and sandstones) and in Miocene to Pliocene (23 sites/736 cores), la-
custrine to continental detrital rocks (mudstones, claystone, and siltstones; Figure 1 and Table 1). In all sampling
locations, the weathered surface was removed to reach fresh sedimentary rocks. Care was taken to sample away
from active faults and other possible disturbance (e.g., chemical or volcanic) near the sampled sites. The standard
cylindrical samples (25 mm @) were obtained using a handheld gasoline-powered motor drill or an electric drill
with a generator, depending on the rock type in the sites, both equipped with water-cooled diamond-coated drill
bits. Both core orientations and bedding attitudes were always measured in the field using a magnetic compass,
later corrected for the present-day declination (4.5°W for the entire sampling period, June 2013). Drilled sample
cores were marked, wrapped in aluminum foil, and put in protective plastic bags. Because the collected samples
were used for many paleomagnetic purposes (determining tectonic vertical axis block-rotations as well as mag-
netostratigraphy), the number of samples taken per site is variable; a minimum of 13 but—at some localities for
magnetostratigraphy—it can reach a maximum of ~400 samples. Ages of the sampled rock types are adopted
from Kaymakei et al. (2018), Konak and Senel (2002), and Senel (2002).

2.2. Thermomagnetic Experiments

Before the AMS measurements, at least one thermomagnetic measurement was carried out for each sampled site
in order to characterize the magnetic minerals present on samples. Thermomagnetic runs were carried out in air,
and the total magnetic moment versus temperature (M/T) diagrams was obtained using a modified horizontal
translation type Curie-balance with a sensitivity of ~5 X 10~ Am? (Mullender et al., 1993). Depending on the
intensity of the expected magnetic carrier, about 50—100 g of powdered material from one specimen in each site
was put into a quartz glass sample holder and held in place by quartz wool. We used the following heating-cooling
cycles (in °C): 20-150, 50-250, 150-350, 250-400, 300-450, 350-525, 420-580, and 500-700 respectively. The
maximum temperature level reached is 700°C, finally cooling down to 20°C (room temperature). The successive
heating and cooling rates were 10°C/min in air. Based on the results, Curie temperatures were determined fol-
lowing (Fabian et al., 2013) and one representative curve for each of the 11 identified domains is illustrated in
Figure 2 and summarized in Table 1.

2.3. AMS Measurements

The collected samples were cut to standard paleomagnetic specimen size with a dual blade rock saw (ASC Scien-
tific, Carlsbad, CA, USA). Because the AMS results are more affected by shape of the specimens than the other
paleomagnetic methods, only unbroken, crack-free, and whole specimens are used for AMS measurements. Gen-
erally, the cores collected from the field were sufficiently long enough to provide more than one standard spec-
imen. They are divided into subsamples and used for other paleomagnetic purposes. Optimum height/diameter
ratio for specimen size varies between 0.8 and 0.9 (Collinson, 1983; Noltimier, 1971; Scriba & Heller, 1978). A
total of 1,680 specimens out of more than 2,000 samples collected from the field were analyzed for AMS purpos-
es (Table 1). The AMS was measured with an automatic field variation (low field, 200 A/m) susceptometer using
the Multi-Function Kappabridge (MFK1-FA AGICO-Brno, Czech Republic), equipped with an up-down mech-
anism and a rotator. The measurement sensitivity is 1078 SI, which is very critical for some sedimentary rocks
(especially limestones), that exhibit very weak magnetic susceptibility. All measurements and analyses were
conducted at the Fort Hoofddijk Paleomagnetic Laboratory of Utrecht University (The Netherlands). Anisoft 4.2
data browser (Chadima & Jelinek, 2009) was used for the display of AMS results and their density distributions
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Figure 2. Representative thermomagnetic curves for samples from each site, consisting of several heating-cooling cycles to assess changes (alterations) in the magnetic
properties (Mullender et al., 1993). The final cooling curve is indicated with the blue line. See the text for an explanation of the thermomagnetic behavior.

by converting from specimen coordinates to geographic and tectonic coordinates. The site mean AMS parameters
were calculated according to Jelinek statistics (Jelinek, 1977, 1978), and tilt corrected results are given in Table 1.

2.4. AMS and Deformation

During the past few decades, the magnetic fabric of a rock matrix has been increasingly used as a rock deforma-
tion indicator, especially in rocks from sedimentary basins (e.g., Borradaile, 1991; Hrouda, 1991, 1993; Maffione
et al., 2012; ()Zkaptan & Giilyiiz, 2019; Parés et al., 1999; Sagnotti et al., 1994; Soto et al., 2009; Tarling &
Hrouda, 1993; Wasoo et al., 2020). The magnetic fabric orientations can often identify the deformation history of
sedimentary rocks, even lacking clear strain markers for low to moderately deformed areas change in for weakly
to moderate deformed sedimentary deposits (e.g., Cifelli et al., 2005, 2004; Graham, 1966; Hirt et al., 1995; Kis-
sel et al., 1986; Kodama, 1995; Mattei et al., 1997).
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The AMS ellipsoid is described by a tensor, which is defined by three principal axes; k, > k, > k, that refer to
maximum, intermediate, and minimum susceptibility, respectively (Hrouda, 1982). The shape of the magnetic
ellipsoid is controlled by a combination of these three principal susceptibility vectors. A purely sedimentary fab-
ric is characterized by a minimum axis k, that is perpendicular to bedding due to compaction. Because we have
fine-grained sedimentary rocks and have observed no sedimentary structures due to transport direction (paleocur-
rents), the k, and k, axes are then randomly distributed in the horizontal bedding plane (Scheepers & Langere-
is, 1994). Upon compression or extension, the k; and k, axes will tend to cluster, causing a tectono-sedimentary
fabric. In terms of structural observations, previous AMS studies commonly inferred that in compressional set-
tings the k, axis is oriented to be perpendicular to the shortening direction and (sub)parallel to fold axes or strikes
of thrust faults, while k3 remains normal to the bedding plane (e.g., Borradaile & Henry, 1997; Graham, 1966;
Maffione et al., 2015; Mattei et al., 1997, Ozkaptan & Giilyiiz, 2019). However, in extensional settings, the mag-
netic lineation vector (k,) typically coincides with the bedding dip direction and stretching direction, and is per-
pendicular to strikes of local normal faults (Cifelli et al., 2005; Mattei et al., 1997, 1999; Sagnotti et al., 1994). All
the measurements were corrected for bedding attitude, and AMS parameters at both the specimen and site-level
were computed following the Jelinek statistics (Jelinek, 1977, 1978).

In addition to three magnetic susceptibility axes, several parameters have been used to quantify the degree of
anisotropy and the shape of the magnetic ellipsoids, which are closely related to lithological features and tectonic
deformation. The most commonly used ones are:

kn(mean magnetic susceptibility) = (ki + k2 + k3)/3

P;j(corrected anisotropy degree) = exp\/2(n1 - n)2 + (n2 — n)z(n3 - n)2
L(magnetic foliation)k; /k»
F(magnetic foliation) = k> /k3
T (shape parameter) = (2n2 — nl — n3)/(nl — n3)
where, n =In k, n = (nl + n2 + n3)/3, as proposed by Jelinek (1981).

k,, provides mostly qualitative information about the magnetic (ferromagnetic, paramagnetic, and diamagnetic)
mineral composition; P, provides information about the elongation (prolate) or flattening (oblate) of the magnetic
fabric which is assumed to be a function of strain ellipsoid (Borradaile, 1988; Parés & van der Pluijm, 2002); T
is the shape factor and provides information about the shape the susceptibility ellipsoid varying between prolate
(—1) and oblate (1; Ferré, 2002).

3. Results
3.1. Thermomagnetic Data

Examples of thermomagnetic runs of samples from 11 different domains, and variable rock types of Oligocene
to Pliocene age are illustrated in Figure 2. In general, thermomagnetic curves present a moderately high total
magnetization typically in the range 1-3 x 10~® Am? for the white marls, mud-siltstones, and limestones, whereas
some gray marls and sandstones are stronger, in the range 7-30 X 107 Am?. Most curves are fully reversible
up to 300°C. Above 300°C, there is an increased loss of magnetization, causing an inflection in magnetization
between 300°C and 400°C. This could be due to the presence of some maghemite (Dankers, 1978; e.g., through
low-temperature oxidation/weathering of magnetite), or caused by a relatively Ti-rich magnetite with a lower
Curie temperature. The final cooling bulk susceptibility is significantly lower than the heating curves, indicating
progressive oxidation of magnetite at the highest temperatures (700°C). Most curves show a Curie temperature
of 550°C-580°C, indicative of Ti-poor magnetite. Some curves for clay-sandstone, siltstone or mudstone (RB1,
RCM?7, and ORI in Figure 2) show a strong increase starting at ~400°C which is typically an indicator for the
presence of pyrite that is transformed to magnetite during thermal demagnetization, and the newly formed mag-
netite is subsequently demagnetized or oxidized at ~550°C (Passier et al., 2001)
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Figure 3. (a) Frequency distribution of the magnetic susceptibility (k) from all measured specimens. (b) Anisotropy plots of magnetic foliation (F) versus magnetic
lineation ratios (L). (c) Shape factor (7)) versus corrected anisotropy degree ®) diagram compared to the typical trend expected from an increasing degree of
deformation, from an oblate sedimentary magnetic fabric (I) to a prolate tectonic-sedimentary fabric (II) and finally to an oblate purely tectonic fabric (III; e.g.,
Borradaile & Henry, 1997; Parés & van der Pluijm, 2004; Robion et al., 2007). (d) Lithology distribution of the magnetic susceptibility (km) from all measured sites.

3.2. AMS Data

All the AMS data obtained have been passed through strict criteria to assess their reliability and quality. The first
and the most determining criterion for all sites with estimated confidence ellipses (e, e,, or e;) higher than 45°
around the declination of the three susceptibility axes were rejected. The second criterion involved all sites with
negative bulk susceptibility (k) due to diamagnetism and these were also rejected. Due to insufficient meas-
urements (N < 5) two sites (YT1 and YT2) were rejected. One site (OR5) shows relatively high &k (74.9 x 10-°
SI) and low e values (e < 45°), and k, is not normal (62.3°) to the bedding plane, therefore it is also rejected.
The equal-area projections of the axes of the remaining AMS ellipsoids from each of the accepted 46 sites after
bedding plane correction are illustrated in Figures 3 and 4. In total, 36 sites that failed to meet our criteria were
excluded from the database (Figure 4 and Table 1). Subsequently, the site-based results were combined into the
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Figure 4. Lower hemisphere equal area plots of tilt corrected AMS data per site and their site mean AMS lineations. Rose diagrams are prepared from the strikes of

faults within each domain.

11 different domains according to their geologic and geographic locations. The obtained results (Figure 4) are
compared with the strikes of the previously mapped normal faults (Kaymakc et al., 2018) in each domain.

3.2.1. Acipayam Domain

The Acipayam Domain is characterized mainly by NE-SW striking normal faults and few NW-SE striking or-
thogonal faults developed under multi-directional extension dominated by a NE-SW direction. The domain is
represented by five sites in upper Miocene to Pliocene strata, and sampled rocks include mudstones, marls, and
limestones (Table 1). The limestone site (PK2) and marl site EL4 have very low magnetic susceptibility and very
large confidence ellipses (e > 45°) around k|, k), and k,. Therefore, these sites are rejected for further analysis
(Table 1). The remaining upper Miocene (PK3 and PK4) and Pliocene rocks (EL3) indicate NNE-SSW to WNW-
ESE orientations of maximum anisotropy axes (magnetic lineations). The magnetic lineations in the sites EL3,
PK4 are almost perpendicular to the strikes of the nearby normal faults, whereas site PK3 yields an angle of
almost 45° with the nearby orthogonal normal faults (Figure 3). The combined analysis of the four accepted sites
comprises 33 specimens, and they altogether indicate a magnetic lineation oriented in 240N/00 direction after
tilt correction, which is almost parallel to orientations (237N/05) before tilt correction (Figures 4—6 and Table 1).

3.2.2. Burdur Domain

The Burdur Domain is characterized mainly NE-SW striking normal faults developed under multi-directional
extension dominated by about an E-W direction (Ozkaptan et al., 2018). The domain is represented by 10 sites
(Figure 4) where Pliocene sandstone-claystone and marl-mudstone are collected from its eastern parts (Figure 1).

OZKAPTAN ET AL.

13 of 26



A7 | .
€ 19 Tectonics 10.1029/2021TC006882

ADVANCING EARTH
AND SPACE SCIENCE

Acipayam (Late Miocene-Pliocene) Burdur (Pliocene) Cameli (Late Miocene-Pliocene) Denizli (Late Miocene)
N

Tavas (Late Miocene)
N

N:28

Tavas (Oligocene - Early Miocene)

= (M) ksite (mean), A (A)k,site (mean), @ (@)k,site (mean),

(?) uncertainity ellipses,

Figure 5. Lower hemisphere equal area plots of the three axes of the AMS ellipsoids from the 11 domains after bedding plane correction. The site-based AMS results
are given in Table 1.

These sites have low to moderate mean magnetic susceptibility values varying between 6.7 and 174 x 10~°
(SI; Table 1). In sites BU1, SK8, and SK9 AMS directions are scattered and have large confidence intervals
>45°. Therefore, they are rejected (Table 1). Site BS belongs to a magnetostratigraphic sampling site (Ozkaptan
et al., 2018). Therefore, it contains a very large number of samples, and despite the fact that the site indicates
NW-SE oriented lineation, it is rejected because confidence angles are larger than 45°.
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Figure 6. Orientations of the mean magnetic lineation (k,) of each 11 domains after tectonic correction overlain on length weighted rose diagrams showing the strike of
normal faults identified in each domain.

The remaining results show that magnetic lineations are oriented dominantly in two directions. In the sites, BU3
and RCM1 magnetic lineations are oriented NW-SE, whereas they are oriented NE-SW in sites BU2, BU1, RB2,
and RB1 and E-W in the site SK7 (Figure 4 and Table 1). The combination of all accepted sites (66 specimens)
yields k; oriented in 243N in situ and 241N (N61E) after tilt correction (Figure 5). The site mean magnetic
lineations are generally parallel to the local bedding strikes. Furthermore, the strikes of the normal faults in the
Burdur Domain are oriented dominantly in NE-SW, subparallel to the obtained mean magnetic lineation direction
although they are almost perpendicular to orthogonal NW-SE striking short faults in the domain (Figure 6).

3.2.3. Cameli Domain

The Cameli Domain is characterized by NE-SW striking, west-facing, normal faults that developed under the
NW-SE oriented extension that produced a series of west-thinning half grabens and associated fluvio-lacustrine
deposits (Algicek et al., 2005). The domain includes 12 sites collected from upper Miocene to Pliocene marl,
sandstone, mudstone intercalations, and claystone (Table 1). Two sites (RCM3 and RCM4) have very low mean
magnetic susceptibility values of ~10 x 107 (SI), and large confidence ellipses (>45°) and are rejected. In ad-
dition, despite sites PK6 and SK6 have relatively high magnetic susceptibility values, however they have large
confidence angles (e,, e, > 45) therefore they are rejected from the database. The remaining eight sites have at
least k_~ 10 X 107 (SD), but one site (PK5) has extremely high mean magnetic susceptibility values reaching up
t0 2,320 x 107 (SI; Table 1).

Similar to the Burdur Domain, the magnetic lineations in the Cameli Domain are also oriented in two dominant
directions. The first group includes the sites RMC6, RCMS8, PKS5, PK6, whose magnetic lineations are oriented,
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in general, NW-SE. The remaining sites show that k| is generally oriented NE-SW (Figure 3). It is important to
note here that there is no age or tectonic setting difference between these sites. In addition, the AMS results from
all sites do not show any significant discrepancy in both in sifu and tilt corrected coordinates (Figures 4 and 5 and
Table 1) due to their orthogonal nature with respect to bedding attitudes. Specifically, the bedding plane strikes
are almost perpendicular or parallel to one of the AMS axes, except for site RCMS.

The combined analysis (235 specimens) of eight sites indicates that k, is oriented E-W and k, is oriented N-S.
This orientation is almost parallel to the trends of the major normal faults in the domain (Figures 5 and 6).

3.2.4. Denizli Domain

The Denizli Domain comprises the Denizli Basin and its surroundings. The basin is characterized dominantly
by NW-SE striking normal faults and NE-SW oriented relatively short but tectonically significant normal faults.
According to a detailed kinematic study (Kaymakci, 2006), the basin experienced multi-directional extensional
deformation with triaxial-strain conditions. The infill of the basin is dominated by various lacustrine phases of
late Miocene to Pliocene age rocks, which gradually becomes a fluvio-lacustrine environment associated with
fan-deltas.

The Denizli Domain is represented by four sites in late Miocene to Pliocene age rocks (BD2, BD3, BD4, and
BDS5) composed of clayey-limestone and marls. The limestone site (BD3) yielded scattered directions with a
very large confidence interval (>45°) for all three AMS axes (Table 1). Therefore, it is rejected and not used for
further analysis. Furthermore, site BD4 has large confidence ellipses (e,, e, > 45°) and was rejected. Both sites
show that magnetic lineations are oriented ~NW-SE and strikes of the local bedding planes are perpendicular
(BD2) or subparallel (BDS5) to the direction of the magnetic lineations. The combined analysis of marl bearing
sites (BD2 and BD5, in total 15 specimens) indicates a magnetic lineation of ~NNW-SE (164N in sifu and 340N
after tilt correction; Figure 4 and Table 1). This orientation is sub-parallel to the trends of the dominant normal
faults in the domain (Figures 5 and 6).

3.2.5. Didim Domain

The Didim Domain comprises Pliocene lacustrine deposits, which are locally cut by NE-SW striking normal
faults. It is located at the southern flank of the Biiyilk Menderes Graben (BMG). The lacustrine deposits in the
domain have been uplifted along the southern boundary fault of BMG (Figure 1b) and the NW-SE striking faults
that delimit the Pliocene deposits in the east, where they are juxtaposed with the rocks of the Menderes Core
Complex.

The Didim Domain contains four sites sampled in Pliocene limestones and marls. The limestone sites (DM2
and DM4) were rejected due to large scattered AMS directions (e > 45°). The remaining sites, DM1 and DM3,
have relatively high mean magnetic susceptibility magnitudes. Combined analysis of magnetic lineation at sites
DM1 and DM3 is oriented approximately NW-SE (145N; Figure 4 and Table 1). The Didim Domain is almost
undeformed but slightly tilted to south in places. However, there are some normal faults developed at the northern
margin of the domain, and the mean lineation direction is perpendicular to the normal faults around the domain
(Figures 5 and 6).

3.2.6. Dinar Domain

The Dinar Domain is in the northeastern part of the study area (Figure 1). It is dominated by the NW-SE striking
seismically active Dinar fault and NE-SW striking normal faults controlling the domain in the east and the west
(Baklan Graben; Figure 1b). The domain consist of only two sites, and both comprise Pliocene mudstones and
marls. The mean magnetic susceptibility in both sites is low to moderate, ranging between 50 and 620 x 10~°
(SI; Table 1). The results show moderate to well scattering, and both sites have very low confidence intervals
(e < 45°); however, they are low inclination values (BU4 = 21.3° and SK10 = 6.8°) of &, after tilt correction
(Figure 4 and Table 1) possibly due to compaction related inclination shallowing. Combined analysis of the two
sites in the domain indicate that the mean magnetic lineation is oriented 295N after tilt correction (Figure 4 and
Table 1). This direction is parallel to one of the dominant normal fault sets in the domain (Figures 5 and 6).

3.2.7. Elmal Domain

The Elmali Domain comprises lower to middle Miocene marine turbidites in an eastward thinning sedimenta-
ry wedge, marls and limestones in the east and north. These sedimentary rocks were deposited in the Lycian
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Foreland Basin (Sis et al., 2020) developed in front of the SE verging Lycian nappes. The post middle Miocene
sedimentary rocks in the domain correspond to the outer part of the foreland basin where extensional deformation
is due to flexural bending of the down-going block (Beydaglart Platform, Figure 1) by the load of the advancing
nappes (Hayward, 1984; Sis et al., 2020).

The Elmali Domain was sampled at 11 sites comprising lower-middle Miocene fine sandstones-mudstone-marl
and limestone rocks. Two mudstone-marl sites (EL1 and SK4) yielded erratic directions (e > 45°), and almost
zero mean magnetic susceptibility (0 X 1076 to —4 x 1076 (SI) likely due to diamagnetic mineral content in the
matrix, hence these sites are rejected (Table 1). Despite high magnetic susceptibility intensity (440 x 106 ST),
site ST6 presents a triaxial cluster and mean k, direction that is not normal to the bedding plane (38.3°), pos-
sibly due to remagnetization (Sis et al., 2020). In the other nine sites, the k_ values range between 44 X 107
and 1,020 x 1076 (SI). Sites ST1, GM are sampled in sandstone-mudstone alternations. Although the bedding
attitudes vary widely from each location in the domain, the lineations are generally almost parallel to bedding
strikes for each site except for site SK3 (Table 1). NW-SE striking normal faults and NE-SW striking thrust faults
dominate the domain. The magnetic lineations are sub-perpendicular to the bedding strikes and clearly show two
directions. Strikes at sites EL2, ST2, and ST5 are oriented NE-SW, while the remaining sites are oriented NW-
SE (Figure 3 and Table 1). Combined analysis of eight sites (458 specimens) provides mean magnetic lineation
of NW-SE (319N in situ, 142N after tilt correction) direction, which is an almost parallel to trends of the main
normal fault strikes in the domain (Figures 5 and 6).

3.2.8. Fethiye Domain

The Fethiye Domain is delimited by NE-SW and NW-SE striking normal faults, which are developed under the
control of multi-directional extension dominated in the WNW-ESE direction (Tosun et al., 2021). The domain
is sampled by six middle Miocene to Pliocene sites composed of sandstone, mudstone, and marls. All sampled
rocks show moderate to high magnetic intensity, especially the marly samples of site SK2, which reach up to
3,690 x 107 (SI; Table 1). Thermomagnetic experiments show that ferrimagnetic (Ti-magnetite) is the dominant
mineral (Figure 2). Site FE6 shows scattered AMS directions (e,, e, > 45°) so is rejected from the interpretation.
Except for site FE2, magnetic lineations are almost perpendicular to bedding strikes. The middle Miocene and
Pliocene rocks are classified into two temporal groups to reconstruct mean AMS directions for each age group
for the domain. The Pliocene data indicate an almost E-W magnetic lineation (082N in situ and 062N after tilt
correction), and middle Miocene sites indicate almost a N-S (359N in situ and 178N after tilt correction) orien-
tation (Table 1).

The Fethiye Domain is dominated by many normal faults developed due to ongoing extension in the region (ten
Veen, 2004). Length weighted rose diagrams of the normal faults in the domain indicate two orthogonal sets
of dominant fault sets striking NE-SW and NW-SE directions (Figure 6). Although the lineations from middle
Miocene rocks are oblique to the any of the two dominant orthogonal normal fault sets, however, Pliocene linea-
tions are almost parallel to NE-SW striking normal fault set, indicating NE-SW directed extension in the domain
during Pliocene.

3.2.9. Oren Domain

The Oren domain is characterized by roughly E-W striking normal faults, which controlled the deposition of
lower Miocene strata (Giirer and Yilmaz, 2002). From the Oren Domain, nine sites in lower to middle Miocene
rocks composed of mudstone, sandstone, and marls were sampled. Among these, two sites (OR3 and YT3) were
rejected because they did not result in any reliable directions and are scattered (e > 45°; Table 1). In addition, the
YT1 and YT2 sites did not have a sufficient number of measurements for Jelinek statistics due to unconsolidated
material broken into pieces during the transport. Sites OR2 and OR4 have very low to negative mean magnetic
susceptibility (—2.4 x 1076 to —5.7 x 107° (SI) due to diamagnetic mineral content in the matrix, and hence these
sites are rejected. Despite small confidence ellipses in all three axes, site ORS5 show a triaxial cluster, possibly
due to intense deformation and shearing due to simple shear mechanism which destroys original stress and strain
axes. Therefore, the site is rejected from the database.

The remaining two sites yielded reliable results. The magnetic lineations obtained from these sites (OR1 and
ORG6) are perpendicular to the local bedding strikes (Figure 4). A combination of the two sites (21 specimens)
shows that the mean magnetic lineation is oriented in NW-SE (154NE before and after tilt correction, Table 1)
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direction, which is oblique to the NW-SE striking normal faults in the domain (Figures 5 and 6) implying possible
WNW-ESE directed sinistral strike-slip shear in the domain.

3.2.10. Tavas Domain

The Tavas Domain is characterized by NE-SW striking normal faults in the eastern part and NW-SE striking nor-
mal faults, with a graben morphology in the western part. The domain developed under the influence of tectonic
conditions similar to those of the Denizli Basin (Kaymakci, 2006) and has been subjected to multi-directional
extension.

The domain contains 11 sites sampled in Oligocene to upper Miocene sandstone-mudstone alternations and
limestones. Site TVS4 has negative (diamagnetic) mean magnetic susceptibility —2.9 x 107 (SI), and maximum
susceptibility directions are clustered nearly perpendicular to the bedding plane (Table 1), while sites TVSI,
TVS3, TVSS, KL2, KLS, and KL6 have very large confidence ellipse (e > 45°). Therefore, these sites are reject-
ed for further analysis (Table 1). The remaining four sites show very consistent results with a slight discrepancy
between the lineations before and after tilt correction (Table 1). The lineations in the tilted sites are generally
sub-parallel to the bedding strikes except for site TVS2, where the magnetic lineation is perpendicular to the local
bedding strike (Table 1).

The sites in the Tavas Domain are grouped into two as Oligocene to middle Miocene sites (KL.1-KL3 and KL4)
and a site in upper Miocene rocks (TVS2). The combined analysis of Oligo-Miocene sites indicates that the
mean magnetic lineation is oriented almost N-S after tilt correction (123N in situ and 172N after tilt correction).
However, the mean magnetic lineation for the upper Miocene strata oriented almost E-W (287N in situ and 107N
after tilt correction; Table 1).

The length weighted rose diagrams of normal faults developed in the domain indicate that two orthogonal dom-
inant sets of normal faults are developed (Figure 6). The magnetic lineations from the Oligocene to middle
Miocene rocks are oblique to any of these dominant sets, however, upper Miocene rocks are oriented parallel to
almost NW-SE striking set of faults indicating NW-SE directed extension in the domain since the upper Miocene
(Figure 6).

3.2.11. Ulubey Domain

The Ulubey Domain is delimited in the east by NE-SW striking normal faults that control Baklan Graben (Fig-
ure 1) and in the south by the northern boundary faults of the Denizli basin. The domain is characterized by an al-
most undeformed flat-lying plateau possibly influenced by tectonic conditions that gave way to the development
of Baklan and Denizli basins (Figure 1).

The domain was sampled at nine sites in Pliocene limestones, sandstone, mudstone, and marl rocks cropping out
in the northernmost part of the study area (Figure 1). Among these sites, five of them were rejected because they
yielded very erratic directions, with poorly clustered directions (e > 45°), negative mean magnetic susceptibility
values, and one site (ULS5) presents a triaxial cluster before and after tilt correction (Table 1). The remaining four
sites have moderate to high magnetic susceptibility values, and in one site, k_ reaches up to 2,200 x 1076 (SD),
implying a ferrimagnetic mineral dominant composition, which is also evident from the thermomagnetic curves
(Figure 2).

Among the accepted four sites, three of the magnetic lineations are oriented NE-SW, while only the UL6 is ori-
ented NW-SE. Combined analysis of all sites indicates NNE-SSW (198N in situ and 200N after tilt correction)
orientation of the mean magnetic lineation (k, ).

Most of the sites are undeformed, and no major tectonic activity could be observed in the Ulubey Domain.
However, the southern and eastern margin of the domain is delimited by normal faults of the Denizli and Baklan
grabens, the eastern continuation of the Biiylik Menderes Graben (Figure 1). Length weighted rose diagrams
prepared from the faults in the domain indicate that they are oriented dominantly NW-SE (Figure 6). The mean
magnetic lineation direction is almost perpendicular to the NW-SE striking normal faults (dominant fault set) in
the domain (Figure 6 and Table 1).
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4. Discussion
4.1. Origin of Anisotropy of Magnetic Susceptibility Fabrics

The mean magnetic susceptibility axes results before and after tilt correction of 83 sites, and their domain means
based on accepted (48/83) sites with the magnetic anisotropy results (L, F, Pj, T, etc.) are listed in Table 1.
The results per site are shown in Figure 4. To illustrate an approximate qualitative magnetic mineralogy of all
analyzed sites, we plot the mean susceptibility values (k) of all specimens from both Oligocene-Miocene and
upper Miocene to Pliocene sedimentary rocks (Figure 6). The k  values show a wide range, from very low values
around 0 X 107 ST up to very high values of more than 6,000 X 107 SI. There are two main mean frequencies,
one around 25-75 x 107 (mostly upper Miocene to Pliocene rocks) and one around 1,000 x 1076-5,000 x 10°
SI (mostly Oligocene - middle Miocene rocks; Figure 3 and Table 1). When the Miocene and Pliocene samples
are compared, the Miocene specimens exhibit the highest susceptibilities and dominate the high susceptibility
cluster, consistent with their rock type, as fine detrital mudstones and marls. In contrast, samples of rocks of
upper Miocene to Pliocene were collected dominantly from sandstones and claystones (Figure 3d). The k  values
show a wide range proving that the specimens include a varying composition and concentration of (ferri-) mag-
netic minerals. In addition, the k  distribution seems to be partly dependent on the age of the specimens because
lower-middle Miocene samples tend to have larger values. Distributions of the maximum (kl), intermediate (kz),
and minimum (k,) susceptibility axes at the site level exhibit a variable degree of clustering from quite scattered
(large confidence ellipses; e > 45°) to very well-defined clusters (Table 1). As above, the sites with statistically
insufficient samples and that show considerable scatter in the three susceptibility axes (confidence ellipses >45°)
were excluded from further analysis. The rejected site mean results are given in Table 1, and accepted sites are
shown in Figure 4. Most of the rejected sites (35 in total) have very low to negative susceptibilities (diamagnetic)
and those data cannot be interpreted.

The distribution of the susceptibility axes directions after tilt correction from the remaining accepted (48) sites
generally presents a predominantly oblate shape, reflecting the essentially sedimentary origin of the fabric (k,
typically perpendicular to the bedding plane). However, the clustering of the k, and k, axes reflects the type
and magnitude of the tectonic deformation prevailing in the region. The mean foliation parameters (F) have
small scattering ranging 1.003 < F < 1.078 (F .. = 1.025). Site mean magnetic lineation (L) parameters range
1.002 <L <1.033 (L, = 1.008). F__ isslightly higher than L . —it is clear from Figure 3c that most of the
foliation values are higher than the lineation values, reflecting the mainly oblate character of the distributions, in
particular for the range with both L and F' <1.2. The corrected anisotropy degree P, is, in general, relatively low
with a dominant mean clustering around P, = 1.02. In general, the shape of the AMS ellipsoids is mostly mod-
erately oblate (Figure 3c), but also negative T values (prolate) occur. We note that there is no evident correlation
between T and P, indicating that the lithologic and spatio-temporal distribution of the sites is almost equally
affected by tectonic deformation. This implies that the observed AMS fabrics formed in response to tectonism or
a combination of sedimentary and tectonic processes (Figures 3c and 3d).

4.2. Interpretation of Results

In addition to the spatial differences in orientations of susceptibility axes, variations in magnitude of magnetic
susceptibility show that some bulk magnetic susceptibilities are clustered as low as around 50 X 107 SI, whereas
others cluster as high as around 5,000 x 107 SI (Figure 3). The low and high values are interpreted to be asso-
ciated with the dominances of diamagnetic/paramagnetic or ferrimagnetic minerals in the samples, respectively
(Figure 3a). According to previous studies, the dominance of either paramagnetic and ferrimagnetic minerals in
a rock volume does not affect the AMS patterns (e.g., Borradaile & Jackson, 2010). Paramagnetic phyllosilicate
(e.g., clay) minerals are highly sensitive in terms of strain indicators, more than classical strain analyses methods
in weakly deformed areas (Scheepers & Langereis, 1994).

In ideal conditions, such as a low energy, vertical (no flow involved) depositional environment, the presence of
suitable magnetic minerals in the absence of diagenetic or other post-depositional petrologic changes, the maxi-
mum anisotropy axis (k,) aligns parallel to the maximum stretching direction in extensional settings. On the other
hand, k, is aligned parallel to 6, in the compressional-contractional settings (Qayyum et al., 2021). In both cases,
pure shear conditions must have prevailed in the region (e.g., Gong et al., 2009; Maffione et al., 2015; Mattei
et al., 1997; Scheepers & Langereis, 1994; Soto et al., 2009). In this study, the magnetic fabric orientations in
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Figure 7. Lower hemisphere equal area plots of AMS axes for rocks of (a)
Oligocene to middle Miocene (arrows in orange color) and (b) late Miocene to
Pliocene age (arrows in blue color). (c) Rose diagrams of all the fault strikes in

the Neogene sedimentary rocks are from one of the most tectonically active
extensional deformation dominated regions in the eastern Mediterranean and
are used to decipher past and recent deformation patterns. The AMS tensor
provides information about the geometry of the strain ellipsoid (e.g., Cifelli
et al., 2004, 2005). The AMS shape parameter (7) versus corrected anisotro-
py degree (Pj) diagram (Figure 6¢) indicate that most of the measurements
yield positive T values (clustered in the oblate region) and suggest a con-
siderable amount of compaction (e.g., Tarling & Hrouda, 1993). However,
the systematic clustering of maximum (k) and intermediate (k,) anisotropy
axes in the horizontal plane suggests that the sedimentary fabric has been
modified into a tectono-sedimentary fabric that facilitates determination and
quantification of strain axes in space and time.

The AMS data from Oligocene to Pliocene sedimentary sequences from the
entire SW Anatolia (from 83 sites in 11 domains) are documented in this
study. Except for sites with diamagnetic susceptibilities and/or scattered dis-
tributions, the AMS results show that the magnetic fabrics of the detrital sed-
imentary rocks result from tectonic deformation. These deformation-related
AMS patterns are characterized by an orientation parallel or perpendicular
to the bedding strikes and a well-defined magnetic lineation with low error
ellipsoids (Figure 3 and Table 1). The results show that the magnetic fabrics
of the sites that we have accepted from Neogene deposits indicate an apparent
tectonic overprint (Table 1).

The study area is dominated by two families of structures, oriented in NE-SW
and NW-SE directions (Figures 4 and 7). They are developed under mul-

the study area and dominant orientations of AMS lineations. ti-directional extension with triaxial strain conditions (cf. Kaymakci, 2006;

Krantz, 1988; Reches, 1978). Therefore, the main magnetic lineations at spe-

cific sites are either parallel or almost perpendicular to one of the sets of adja-

cent faults. On the other hand, almost all of the Oligocene to middle Miocene
rocks in the Tavas, Oren, and Fethiye basins yield oblique lineations to the adjacent local major normal faults. The
results also indicate that bedding strikes and maximum anisotropy directions are almost perpendicular to each
other, except for a few sites, mainly in the Fethiye and Elmali domains, where compressional deformation pre-
vailed during the early to middle Miocene. Considering the late Miocene to Recent extensional regime in the re-
gion, it is safe to assume that tilting of strata is the result of normal faulting, therefore the strikes of the faults and
bedding are almost parallel to each other, which are also mostly perpendicular to the mean magnetic lineations.

In order to obtain mean magnetic lineation directions for each domain, the results are categorized based on
the rock ages. The results yielded 13 mean AMS directions for 11 domains (Figure 5 and Table 1). These are
produced by grouping data from the Oligocene to middle Miocene and upper Miocene to Pliocene sequences
separately. Obtained mean directions are compared with the length weighted rose diagrams of the normal fault
trends in each domain (Figure 6). The unit length of each fault is taken as 250 m. As seen in Figure 6, except Dinar
domain, in all other domains show that mean AMS directions are almost parallel to one of the dominant sets of
the normal faults. The directions, which are essentially perpendicular to the most dominant set, are interpretable
because they indicate major extension directions during and after sedimentation, as the main basin bounding
normal faults are perpendicular to the extension directions.

In Figure 7, AMS ellipsoids based on the age and shape factor (7 in Table 1) are given. Pre-upper Miocene rocks
(Figure 7a) in the Oren, Elmali, Tavas, and Fethiye yield prolate magnetic fabric indicating almost E-W oriented
extension. On the other hand, combined analysis of the AMS data from all upper Miocene to Pliocene sites indi-
cate almost NW-SE directed extension, although individual orientations are scattered almost radially (Figure 7b).
Similarly, the length weighted rose diagram prepared from the strikes of the faults developed in the study area
(Figure 7c) indicates that the faults in SW Anatolia can be grouped into two orthogonal sets oriented in NE-SW
and NW-SE directions. The late-Miocene to Pliocene magnetic lineations are almost parallel to the NW-SE strik-
ing fault set, however, Oligocene to middle Miocene magnetic lineations are not parallel to any of the orthogonal
fault set and they are oblique to both of them.
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Figure 8. Strain ellipses based on directions of k, and k, and rose diagrams of the fault strikes and for each structural domain. Note. Isotropic point around Ulubey

domain.

Using the general trends of the magnetic lineations (k, and k,), smoothed trajectories are constructed manually for
the late Miocene to Pliocene time interval (Figure 8). The mean magnetic lineations, hence maximum extension
directions for almost all domains are parallel to the smoothed trajectories except for Dinar domain (Figure 8). In
addition, all of the Oligocene to middle Miocene magnetic directions are oblique to the constructed trajectories.
This relation can be explained by block rotations that affected the region (Kaymakc et al., 2018).

4.3. Regional Implications

The combined analysis of the results indicates two spatiotemporally distinct directions, although individual sites
and domains vary considerably. The domains exposing Oligocene to middle Miocene rocks indicate approximate-
ly E-W oriented extension, and late Miocene to Pliocene domains indicate NW-SE oriented extension (Figure 7),
which are almost perpendicular to each other. This relationship implies that the dominant extension direction
has changed in the region from E-W to NW-SE by the end of the middle Miocene. However, recent field data
(Kaymake1, 2006), moment tensor solutions (Shah, 2015; Tan et al., 2008), and GPS vectors (Elitez et al., 2016)
indicate that the region was under the influence of multi-directional extension until recently. Nevertheless, E-W
and NW-SE oriented least principal stress (o,) slightly dominate over other directions within almost vertical
uniaxial stress conditions.

The Miocene exhumation of metamorphic core complexes in the region is associated with the extensional
deformation resulting from the southward retreat of the northwards subducted African slab below the western
Anatolian and Aegean regions (Gessner et al., 2013; Kaymakeci et al., 2018; Uzel et al., 2015). These process-
es are associated with the exhumation of the Cycladic Complex in the south. The extensional strain between
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Figure 9. Schematic representation of SW-directed Stretching rubber sheet
deformation model and associated counterclockwise rotation proposed for
SW Anatolia. (a) Original geometry, (b) deformed geometry, and (c) position
of a starting E-W imaginary line from Oligocene (#,) to present (tp). Large
black arrow shows the main stretching direction. The NE corner of the model
approximately corresponds to the Burdur domain. Note. The change in the
shapes of originally square blocks. Rotation senses and magnitudes, and the
rubber sheet model is adopted from Kaymakc et al. (2018).

these complexes is partitioned with the development of a crustal-scale iz-
mir-Balikesir Transfer Zone (IBTZ) dominated by transtensional deforma-
tion (Uzel et al., 2013, 2015; Westerweel et al., 2020). On the eastern side
of the Menderes Core Complex, a similar transtensional shear zone, namely
Fethiye-Burdur Shear Zone (Hall et al., 2014) has also been proposed. How-
ever, some authors criticized the presence of such a sinistral shear zone (e.g.,
Algicek, 2015; Kaymaker et al., 2018; Ozkaptan et al., 2018) and argued
that such a shear zone would produce strike-slip kinematic indicators, al-
though documented structural features are mainly related to normal faulting
along the proposed zone (Ozkaptan et al., 2018), unlikely the IBTZ (e.g.,
Uzel et al., 2013, 2015; Westerweel et al., 2020). Besides, a very prominent
differential rotation of fault blocks within and outside of such a shear zone
would have been developed (Kaymaker et al., 2018).

The AMS results presented here indicate smooth transitions of the princi-
pal strain axes across the region, which is not consistent with the presence
of a NE-SW oriented strike-slip shear zone extending from Fethiye to Bur-
dur domains as was previously argued (Kaymaker et al., 2018, Ozkaptan
et al., 2018; Tosun et al., 2021).

Paleomagnetic studies carried out on the same Neogene sedimentary se-
quences in the region (Algigek et al., 2016; Giirsoy et al., 2003; Kaymakci
et al., 2018; Kissel & Laj, 1988; Kog et al., 2016; Ozkaptan et al., 2014;
Tatar et al., 2002; Uzel et al., 2015), as well as a few magnetostratigraph-
ic studies (Ozkaptan et al., 2018; Sen & Seyitoglu, 2009) and the studies
based on fault kinematics, seismotectonic and Global Navigation Satellite
System based active deformation studies in the region, all indicate multi-di-
rectional extension (Aktug et al., 2009; Algicek, 2007; Algigek et al., 2005,
2006, 2012, 2013, 2018; Barka & Reilinger, 1997; Kaymakci et al., 2018;
Price & Scott, 1994; Taymaz & Price, 1992; ten Veen et al., 2009).

There is a major change in the orientation of the magnetic lineations from
sites to the north and the south of the major domain boundary, that is, ap-
proximately defined by Biiyiik Menderes-Denizli-Baklan grabens in the west
and Dinar-Aksu faults (Kaymakci et al., 2018) in the east (Figure 8). This
boundary also marks the boundary between clockwise and counterclockwise
rotating regions in western Anatolia (Kaymakci et al., 2018). To this end,
we propose that differential extension and rotational deformation in the re-
gion gave way to the development of small checkerboard-like pattern of fault
blocks south of this line, their rotation and translation of which has produced
complex deformation and even locally contrasting deformation styles in the
region. Rotation and non-rigid deformation resulted in both inhomogeneous
strain and the development of discrete shear (transfer) zones between these
blocks that have been shaping the deformation style and tectonic pattern in
the region since the early Miocene (Kaymakci et al., 2018).

Our new AMS results reveal the tectonic style and amount of crustal deformation in SW-Anatolia. The variations
in the deformation axes gradually change between the domains, while the strain ellipsoid shape factor is almost
the same for all the upper Miocene to Pliocene sedimentary sequences. Based on these results and the literature
(e.g., Kaymakci et al., 2018 and references therein), we conclude that SW Anatolia experienced multi-directional
extension associated with counterclockwise rotation exerted by the southward retreat of the Eastern Mediterra-
nean subduction system and this deformation continues today. This resulted in stretching of the SW Anatolia, the
over-riding plate, to accommodate the retreat of the trench by a non-rigid stretched rubber-sheet like deformation
style (Figure 9), which seems to be pulled from a single point in a SW direction (Kaymakci et al., 2018). The
Biiyiik Menderes-Denizli-Baklan grabens and Dinar-Aksu faults mark the northern boundary of this peculiar

deformation zone.
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5. Conclusions

The tectono-sedimentary magnetic fabrics in the rocks of Oligocene-Pliocene basins in SW Anatolia suggest
that the original sedimentary (purely compactional) fabrics of these sedimentary rocks have been overprinted by
increasing strain effects closely linked to the Cenozoic tectonism.

The distinct AMS patterns result from tectonic deformation; hence they are parallel to the principal strain axes,
such that k, corresponds to major extension direction, and k, which is almost normal to the bedding, correspond
to sedimentary compaction.

Anisotropy of magnetic susceptibility (AMS) results from weakly deformed Oligocene to Pliocene sedimentary
rocks from 83 sites dispersed over entire SW Anatolia reveal two dominant extension directions. These are E-W
for Oligocene to middle Miocene and NW-SE for late Miocene to Pliocene.

The major extension directions, both on a within-site basis and a combined analysis of the sites into deformation
domains, are generally parallel or perpendicular to the major faults in each domain and bedding strikes.

Deformation in SW Anatolia is characterized by multi-directional extension with the dominance of E-W and
NW-SE orientations associated with the southward retreat of the trench related to the eastern Mediterranean sub-
duction system, which resulted in the SW stretched rubber sheet-like deformation of SW Anatolia.

The results reported do not support the presence of a major sinistral shear zone within the region.

Data Availability Statement

The paleomagnetic anisotropy of magnetic susceptibility data obtained in this study is measured and analyzed
using AGICO-Anisoft v.4.2 Anisotropy data software. The output data is stored in EarthRef.org database can be
downloaded from: http://earthref.org/ERDA/download:2503/.
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