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Abstract The Nigde-Kirsehir Massif, known also as the Central Anatolian Block, is bordered by the sutures
of the Neotethys Ocean. The massif suffered several deformation phases during and after the consumption
of the surrounding oceans and the postcollisional events of the continental pieces of Anatolia in latest
Cretaceous to Miocene. Previous paleomagnetic studies on the Nigde-Kirsehir Massif and its surroundings
displayed either insufficient data or have claimed large rotations and/or remagnetization. In order to
understand the tectonic history of the Nigde-Kirsehir Massif and its adjacent blocks we have sampled 147
different sites in the age range of Upper Jurassic to Miocene from the Nigde-Kirsehir Massif throughout its
W/SW and E/SE boundaries and the central-southeastern Taurides. The results display that except the
limestones in central Taurides, all rocks examined carry a primary magnetization. Among these an important
finding is that rotations between the massif and the central-eastern Taurides indicate an oroclinal bending
with counterclockwise rotation of R=41.1°+7.6° in the SE and clockwise rotation of R=45.9°+9.3° in the
central Taurides from Upper Cretaceous rocks with respect to the African reference direction. Paleomagnetic
rotations in the SE Taurides are compatible with the vergent direction of the thrusts generated from
consumption of the Intra-Tauride Ocean prior to postcollisional convergence between Taurides and the
massif. In the central Taurides it has been shown that the clockwise rotation of 45.9 +£ 9.3 started in Middle
Eocene, because of a remagnetization in Upper Cretaceous limestones. The deformation was linked to the
final closure of the southern Neotethys and the collision between the African and Eurasian plates. In the
Nigde-Kirsehir Massif counterclockwise rotation up to 25.5°+ 7.3° is recognized during Middle Eocene and
interpreted in terms of block rotation together with the Taurides. After the Miocene a counterclockwise
rotation of 16.8°+3.9° along the Eastern Taurides shows that this area was mostly affected by the westward
movement of Anatolia despite the Nigde-Kirsehir Massif and its SW/W area—the central Taurides—which is
recognized as stable with counterclockwise rotation less than 10°.

1. Introduction

Anatolia represents orogenic amalgamates that began to form starting from the Late Paleozoic [Sengdr
et al, 1984] to the late Miocene [Sengdr and Yiimaz, 1981; Yilmaz et al., 1995; Robertson et al., 2004].
From north to south major components of this tectonic mosaic are the Pontides (the western part of this
unit is known as the Istanbul Zone), the Sakarya Continent, the Nigde-Kirsehir Massif, the Anatolide-
Tauride Platform, and the Arabian Plate (Figure 1). Some of these fragments were parts of Eurasia, e.g.,
Istanbul Zone [Sengér, 1979; Okay et al., 1996], while the other continental pieces were detached from
the Arabian-African Plate representing the northern part of Gondwana. As a result of the elimination of
the separating oceanic realms the continental pieces collided with one another and finally accreted with
Gondwana at late stage of orogenic development. Elimination of the separating oceans occurred over
an extended period [Sengér and Yiimaz, 1981; Ustaémer and Robertson, 1997; Okay and Tiiysiiz, 1999;
Robertson, 2002; Robertson et al., 2004; Okay et al., 2006, 2013] from the Late Triassic to Early Jurassic (the
Paleo-Tethys and the Karakaya Basin) [Seng6r and Yilmaz, 1981; Bingdl et al.,, 1973] in the north and lasted to
the latest collision along the SE Anatolian orogen in the Miocene (the Bitlis-Zagros suture Mountains)
[Yilmaz, 1983].
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Figure 1. Main tectonic units of Anatolia and surroundings (modified after National Oceanic and Atmospheric Administration
(NOAA); the white outlined box denotes the location of the studied area. ATB, Anatolide Tauride Block; Cl, Cyprus Island; CP,
Central Pontides; DFZ, Dead Sea Fault Zone; EAAC, Eastern Anatolian Accretionary Complex; EAFZ, Eastern Anatolian Fault
Zone; EP, Eastern Pontides; GC, Great Caucasus; IAES, lzmir-Ankara-Erzincan Suture; IPSZ, Intra Pontide Suture Zone; 1Z, Istanbul
Zone; LC, Lesser Caucasus; MM, Menderes Massif; MP, Moesia Platform; NKM, Nigde-Kirsehir Massif; RSM, Rhodope Strandja
Massif; SAS, Sevan Akera Suture; SKZ, Sakarya Zone; and TB, Thrace Basin).

The suture zone extending along the southern boundary of the Pontide separates it from the Kirsehir-Nigde
Massif (Figure 1). It curves around the eastern edge of the massif and extends westward. This part of the
suture is known as the Ankara-Erzincan suture. It represents the northern branch of the Neotethyan Ocean,
which was eliminated by northward subduction under the Pontides [Sengér and Yilmaz, 1981; Okay and
Sahinttirk, 1997; Ustabmer and Robertson, 1997; Rice et al., 2006, 2009].

The southern boundary of the Nigde-Kirsehir Massif is also represented by a suture zone known as the Intra-
Tauride Suture [Sengdr and Yilmaz, 1981; Gdriir et al., 1984; Robertson and Dixon, 1984; Goriir and Tiiysiiz,
2001; Robertson et al., 2009; Parlak et al., 2013]. The Intra-Tauride Ocean began to form as a basin rifted from
the northern part of the Tauride during the Triassic [Goriir et al., 1984; Okay and Tiysiiz, 1999; Robertson et al.,
2009; Pourteau et al., 2010], and the northerly drifted continental fragment later formed the Kirsehir Massif
[Sengér et al., 1984; Gériir and Tiiysiiz, 2001; Whitney and Hamilton, 2004].

During the convergence between the Pontides and the Taurides in the Late Cretaceous and Early Cenozoic, sev-
eral basins developed around the southern part of the Nigde-Kirsehir Massif and the southern Taurides, inter-
preted as fore-arc basins [Gorir et al., 1984], remnant oceanic basins [Yilmaz et al., 1997a], or postcollisional
molasse basins [Yilmaz, 1994] formed, during the closure of the Intra-Tauride Ocean. The views may be summar-
ized as follows: the basins began to form during the closing period of the Izmir-Ankara-Erzincan Ocean and
have continued to develop in the postcollisional period. They may therefore be regarded as composite basins,
basins of different tectonic origin developed one above the other.

The study area is located in a transitional zone between two contrasting tectonic environments: the eastern
Anatolia deformed under N-S compressional deformation and the western Anatolian-Aegean region deformed
by N-S extension. Previous paleomagnetic studies carried out around the Nigde-Kirsehir Massif have been gen-
erally sampled from Eocene and younger rocks to understand the tectonic escape regime of Anatolia [i.e., Tatar
et al,, 1995; Piper et al., 1996]. The block rotations were reported by Giirsoy et al. [1997] around the Sivas Basin,
and resolution of regional block rotations has been the goal of other researchers [Piper et al., 1996; Giirsoy et al.,
1998; Kissel et al., 2003; Piper et al., 2010]. In the southern part of the Nigde-Kirsehir Massif, Kissel et al. [1993] and
Giirsoy et al. [1998] showed the importance of crustal deformation around the Isparta angle. In the study of
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Sanver and Ponat [1981], counterclockwise rotations of 90° were obtained from Upper Cretaceous ophiolitic
extrusive sequences. This result indicates that the Nigde-Kirsehir Massif underwent large rotation before reaching
its present position. Lefebvre et al. [2013] showed different sense of rotations, obtained from Upper Cretaceous
granitic rocks in the Nigde-Kirsehir Massif, which was forced to rotate between two transpressional fault zones.

To contribute to the major controversies created by the previous paleomagnetic studies, we have undertaken
this paleomagnetic study aiming at larger coverage and more numerous sampling coverage. We sampled
rocks from 147 different sites, which include the massif and the surrounding regions (SW and SE of the
Nigde-Kirsehir Massif and the central-eastern Taurides) covering a wide age span ranging from the Upper
Jurassic to Miocene. The initial geographical location and tectonic position of the central Taurides now adja-
cent to the Nigde-Kirsehir Massif were also investigated in this context by sampling Upper Jurassic-Lower
Cretaceous platform carbonates. The Upper Cretaceous ophiolites and related sedimentary rocks in the
southern (Pozanti ophiolites) and northern parts (Cicekdag ophiolite) of the Nigde-Kirsehir Massif and the
Taurides (Mersin ophiolite) were sampled from different localities.

The tectonic position of the Ulukisla Basin located between the central Tauride and the Nigde-Ulukisla Massif was
investigated by sampling Paleocene and Miocene volcanic and sedimentary rocks from the basin. We also
studied relative motion history of the peripheral basins with respect to the massif. For this we sampled the basin
fills and the postophiolitic cover rocks from the Kirikkale, Haymana, Tuz Golu, Ulukisla, and Sarkisla Basins.

2. Previous Paleomagnetic Studies

One of the pioneering studies partly related to the problems that this paper concerns was carried out by Saribudak
[1989], who aimed at evaluating paleotectonic evolution of the Pontides during the Late Cretaceous-Eocene per-
iod. Later studies focused primarily on detecting the deformation that occurred related with the North Anatolian
Transform Fault Zone (NAF) [Platzman et al., 1994; Tatar et al., 1995, 1996; Piper et al., 1996, 1997; Giirsoy et al., 1999;
Isseven and Tilysiiz, 2006; Cinku and Orbay, 2010; Piper et al., 2010]. In the studies more directly related with the
Nigde-Kirsahir Massif, Kaymakgi et al. [2000, 2003] suggested that the omega shape of the Nigde-Kirsehir Massif
formed as a result of the indentation of the Kirsehir Block into the Sakarya Continent. Later, Meijers et al. [2010]
showed that this indentation occurred as an oroclinal bending on the Pontides, while Cinku et al. [2011, 2015]
supported this conclusion with a paleomagnetic study conducted on the north-central Anatolia and stated also
that the indentation was still active in the Middle Eocene.

Paleomagnetic studies carried out in the western Taurides have been mainly concentrated on the isparta
angle [Kissel and Poisson, 1986, 1987; Kissel et al., 1993, 2003; Morris and Robertson, 1993; Piper et al., 2002;
Tatar et al.,, 2002; Van Hinsbergen et al., 2010; Meijers et al., 2011]. Among those, Kissel et al. [1993] reported
clockwise rotation of 40° during the Middle Eocene from the east of the Isparta angle and a much smaller
clockwise rotation during the Early Miocene to the west of the Isparta angle. Morris and Robertson [1993]
reported remagnetization of Paleozoic to Paleocene rocks in the Beydaglari area. This conclusion was not
confirmed by the data produced by Van Hinsbergen et al. [2010]. A partial remagnetization is suggested by
Gallet et al. [1993] from the Antalya nappes and Meijers et al.[2011] from Carboniferous-Paleocene limestones
on Geyikdag-Aladag units. In areas located farther southeast, a series of paleomagnetic studies have been
carried out on the Upper Cretaceous rocks, i.e., Hatay-Troodos and Baer-Bassit ophiolites, to predict the
spreading center of the southern Neotethys Ocean [Morris et al., 1990; Allerton and Vine, 1991; Hurst et al.,
1992; Morris et al., 1998, 2002; Inwood et al., 2009]. Morris [2003] determined a paleolatitude of 20.6°N
+1.8° and 23.6°N+2.5° on the Troodos and Baear-Bassit ophiolites, respectively, which indicate that the
spreading center of the Baer-Bassit segment was close to the paleolatitude of the Pontides [Channell et al.,
1996; Hisarli, 2011] in Late Cretaceous.

Paleomagnetic results from previous studies carried out around the investigation area are given in Appendix A
and will be further discussed together with the results of this study.

3. Regional Geology
3.1. The Nigde-Kirsehir Massif

The Nigde-Kirsehir Massif [Sengdr and Yilmaz, 1981] is a ~300 km X ~200 km triangular-shaped tectonic entity.
The massif has been referred to under different names by different authors such as the Central Anatolian
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Figure 2. Geological map of the study area (after General Directorate of Mineral Research and Exploration (MTA), 1/500000
scale geological map), including the paleomagnetic sample sites.

Crystalline Complex [Akiman et al., 1993], the Kirsehir continent [Sengdr et al., 1984], or the Kirsehir block
[Robertson and Dixon, 1984]. It is bounded to the west by the Tuz Golu fault zone [e.g., Cemen et al.,
1999] and to the east by the Ecemis fault zone [Jaffey and Robertson, 2001] (Figure 2). Its northern part is
commonly represented by Mesozoic to Palaeozoic metamorphic rocks of the “Kirsehir Massif” overlain by
ophiolitic rocks, which are observed along the rims of the Nigde-Kirsehir Massif. The ophiolitic rocks are
interpreted as the remnants of the izmir-Ankara-Erzincan Ocean, which was consumed as a result of its
northerly subduction under the Pontide Arc during the Late Cretaceous-Eocene period [Sengér and
Yilmaz, 1981]. A southward obduction of slabs of this ophiolite onto the Nigde-Kirsehir Massif occurred
during the same period [Yiimaz et al., 1997b; Nairn et al., 2012]. This tectonic assemblage was then intruded
by pulses of granitic intrusions during Late Cretaceous time [Akiman et al., 1993; Boztug et al., 2007]. The
magmatic assemblage is variously named as the Yahsiyan formation [Norman, 1972] in Kirikkale, the
Cicekdag or Sarikaraman formation in the Nigde-Kirsehir Massif [Yaliniz et al., 1996; Dénmez et al., 2008],
and the Karacaali magmatic complex [Delibas and Geng, 2004].

The epi-ophiolitic cover rocks comprise Upper Cretaceous-Lower Eocene deep sea sediments and turbidites
[Tekeli et al., 1983; Dellaloglu et al., 1992; Yilmaz et al., 1997a, and the references therein] observed over large
areas at the base of the Kirikkale, Polatli-Haymana, Tuz Go6ld, Ulukisla, and Sarkisla Basins. The southern part of
the Nigde-Kirsehir Massif is represented by the Nigde Massif regarded as a core complex [Whitney and Dilek,
1998]. The northern and southern parts of the Kirsehir-Nigde Metamorphic Massif display low-P metamorph-
ism, dated Late Cretaceous (84.1 £ 0.8 Ma) [Whitney and Hamilton, 2004] indicating deep burial, possibly
down to 20 km depths [Whitney and Dilek, 1997].

During the Early Eocene, the collision between the Nigde-Kirsehir Massif and the Pontides occurred. During
this period severe north vergent thrusting and thick skin deformation were developed along the northern
borders of the Nigde-Kirsehir Massif and in the Pontides [Yilmaz et al., 1997b]. However, folding and thrusting
in the east and southeast affected the Tauride platform and the southern edge of the Nigde-Kirsehir Massif,
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when the Pontide Arc collided with the Taurides during the Late Eocene to Early Oligocene [Yilmaz et al., 1997b].
In the southern areas postcollisional volcanism covered large areas during the Miocene [Pasquare, 1968;
Innocenti et al., 1975; Dirik and Génctioglu, 1996; Dirik, 2001; Gencalioglu-Kuscu et al., 2007].

3.2. The Central-Eastern Taurides

The Ecemis Fault, a major left lateral strike-slip fault zone, [Saroglu et al., 1983; Ozgiil, 1984] defines the eastern
boundary of the Kirsehir Massif separating it from the central Tauride. Farther south it defines the contact
between the central and the eastern Taurides (Figure 1).

The Taurides are essentially a nappe stack, in which the Mesozoic and Cenozoic thrust slices were tectoni-
cally intermixed. In the study area, at the base of the nappes are schists and Permo-Triassic limestone fol-
lowed upward by Jurassic-Cretaceous recrystallized limestone. Collectively, they form the Bozkir unit
regarded as the relative autochton of the central Tauride with respect to the overlying tectonic slices. It
is tectonically overlain by the Bozkir unit Triassic-Jurassic limestone, pelagic limestone, and overlying
ophiolitic rocks. The nappe above this is known as the Geyikdag unit. It consists of shelf carbonates of
Jurassic, Lower, and Upper Cretaceous ages [Ozgiil, 1984]. All of the nappes were thrust from north to south
[Ozgiil, 1984, 1997].

4. Paleomagnetic Sampling

We collected volcanic and sedimentary rocks at 147 different sites under the Kirikkale, Haymana, Tuz Gold,
Ulukigla, Mersin, Pozanti-Camardi, Kirsehir, and Konya-Karaman subareas (Figures 2 and 3). The Upper
Jurassic-Lower Cretaceous sediments were sampled at 13 sites, and the Upper Cretaceous sedimentary and
volcanic rocks were sampled at 50 and 14 sites, respectively. Palaeocene sedimentary rocks were mostly
sampled around the Ulukisla and Tuz Géli-Haymana basins at 18 different sites, and the lavas were sampled
at 8 sites. Middle Eocene sedimentary rocks were sampled at 23 sites, whereas Oligocene and Middle
Miocene rocks were sampled at 5 and 15 sites, respectively. In addition, a conglomerate test conducted on peb-
bles of the Upper Cretaceous Haymana formation was applied to test the age of magnetization. Main geological
characters of the subareas are summarized below.

4.1. The Haymana Basin

The Haymana basin is located in the southwest of Ankara. The Tuz Gl basin defines its southern boundary.
To the north it is surrounded by the izmir-Ankara-Erzincan accretionary complex (IAEAC) [Gériir et al., 1984].
The basement rocks of the Haymana basin are composed of Upper Jurassic-Lower Cretaceous neritic lime-
stone and ophiolitic rocks of the IAEAC [Unalan et al., 1976; Gériir et al., 1984; Norman, 1972; Kogyigit et al.,
1988; Kogyigit, 1991]. For paleomagnetic study a volcanoclastic layer of the ordered ophiolite succession
was sampled in addition to the cover rocks from SE of Bala (TT26 and TT27) (Figures 2 and 3a).

A limestone unit known as the Asmabogazi Formation covers the ophiolite after its tectonic emplacement. It
is followed upward by a sandstone-marl alternation of Upper Cretaceous age (the Haymana Formation) that
is relatively extensive in the region. It is followed by a sandstone unit of Paleocene age that is known as
the Dizilitaslar Formation, which in turn passes laterally to the Kartal Formation consisting of sandstone-
mudstone alternation. The Upper Cretaceous-Lower Eocene successions are unconformably overlain by
the Middle Eocene sandstone and sandstone units (The the Yoncali and Cayraz Formations, respectively)
and the Middle Miocene cover rocks.

4.2. The Kirikkale Basin

The basement in the Kirikkale region consists of three main tectono-stratigraphic units [Nairn, 2010]. These
are the IAEAC, basalt, and andesite lavas located in the center of the basin together with intercalated sedi-
mentary rocks and younger granitic rocks. The IAEAC is also named previously as the Irmak formation
[Norman, 1972], Cicekdag formation [Yaliniz et al., 1996], or the Hisarkdy formation [Akyiirek et al., 1984] in
different studies. The ophiolitic rocks are covered successively by pelagic limestone followed upward uncon-
formably by conglomerates and sandstone [Norman, 1972; Nairn et al., 2012].

In the study area lavas and sandstones of the volcanic complex are sampled at the northeast of Kirikkale
(TT74, TT75, and TT135), whereas sandstone and chert are taken from the Cicekdag ophiolite (TT71, TT91,
and TT92) (Figures 2 and 3b).
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The top of the ophiolites comprises Upper Cretaceous-Lower Cenozoic sediments and turbidites which grade
upward into limestone, sandstone (the Dizilitas formation), and conglomerate-limestone (the Karagiiney and
Cayraz formations) deposited as younger basin fills. Following a phase of uplift continental red beds (red
sandstone and conglomerate) transiting locally to lacustrine marl and limestone were deposited in the basin
during Oligocene time [Norman, 1972, 1973a, 1973b]. They suffered a severe deformation during late
Oligocene, which formed tight folding, faulting, and thrusting. To differentiate this deformation stage from
the earlier deformations, related possibly with the ophiolite obduction event, paleomagnetic sampling was
conducted on the postophiolitic rocks (TT72, TT73, and TT96; Figure 3b).

4.3. Tuz Golii Basin

Both the Tuz Goli and Haymana basins are interpreted as synchronous fore-arc basins developed after total
demise of the northern branch of the Neotethyan Ocean [Arikan, 1975; Gériir et al., 1984; Kogyigit et al., 1988;
Kogyigit, 1991; Goriir et al.,, 1998]. The Tuz GOl basin is located adjacent to the Nigde-Kirsehir Massif across
the Tuz Golu fault zone.

The oldest basin fill is composed of conglomerate of Upper Cretaceous age (the Kartal formation). This formation
passes vertically to sandstone and shale unit of the Asmabogazi formation [Rigo de Righi and Cortesini, 1959]. It is
followed by an overlying limestone (the Dizilitaslar formation) of Maastrichtian age [Norman, 1972]. The younger
basin fill consists of sandstone of Middle Eocene (the Yoncali formation) and Oligo-Miocene evaporites.

Around the Tuz G6li Basin, sandstones of Paleocene age (the Dizilitaslar formation) were sampled near
Cardak (TT76, TT80, and TT81), while sandstones of Middle Eocene Yoncali formation were sampled in sites
TT77-TT79 (Figures 2 and 3c). Near Sereflikochisar Oligocene sandstones and mudstones (the incik formation
of Birgili et al. [1975]) were sampled in TT8 and TT24 sites (Figure 3c).

4.4. Ulukisla Basin

The Ulukisla formation around Nigde-Camardi-Ulukisla consists mainly of volcanoclastic rocks, lavas, pyroclastic
rocks, and intercalated sandstone and shale. The age of the Ulukisla formation was determined as Paleocene-
Middle Eocene by Demirtasl et al. [1975] and Clark and Robertson [2005]. The paleomagnetic sampling was
conducted on sandstones (TT9-TT17) in the south of Camardi, basaltic rocks (TT18, TT19, and TLO5) in the south
of Postalll, and lavas in the sites of TT66-TT68, TL03, and TL04 of Ulukisla (Figures 2 and 3d). The Aktoprak
formation overlies the Ulukisla formation. The tuff (Beekman [1966]-Melendizdag tuffs) and mudstone
(Atabey and Ayhan [1986]-Gokbe formation) of the Melendiz group [Pasquare, 1968] form the top of the unit.
Along the road between Camardi-Yelatan and Ascibekirli located within the branches of the Ecemis fault sites
TT35-TT36 were sampled from the Oligocene mudstones of the Aktoprak formation in this region while the
overlying tuffs were sampled at sites TT20-TT22 (Figure 3d).

4.5. The Camardi-Pozanti Region

The Pozanti ophiolitic rocks tectonically overlie the Triassic-Lower Cretaceous limestone [Tekeli et al., 1983;
Catakli, 1983; Parlak et al., 2000, 2002]. It is separated from the Mersin ophiolites located farther west by
the left lateral Ecemis fault. The Pozanti ophiolitic complex is composed of a dismembered ophiolitic assem-
blage represented from bottom to top from harzburgite-dunite tectonites followed upward by ultramafic to
mafic cumulates, isotropic gabbro, dike, and pillow lava [Catakli, 1983; Parlak et al., 2000, 2002]. Previous
radiometric age dating from the metamorphic sole of the ophiolite identified a cooling age of 92-90 Ma
[Dilek et al., 1999; Celik et al., 2006].

An Upper Jurassic-Lower Cretaceous limestone unit were sampled around Camardi in sites TT118-120, TT127,
and TT128. Its equivalent units (the Divrikdagi/Demirkazik Formations) were also sampled around Kayseri-
Kapuzbasi (TT48-TT50, TT63-TT65, and TT127-TT128 sites) (Figures 2 and 3d).

Cumulate Gabbros of the Pozanti-Karsanti ophiolite was sampled at TT125-TT126 sites, near Kayseri-Kapuzbasi.
Upper Maastrichtian shallow marine carbonates overly the ophiolitic rocks. In turn, they are unconformable over-
lain by Oligocene shallow marine and lagoon sediments [Unliigenc et al., 1993] sampled near Pozanti (TT37-TT41),
Yahyali (TT121-TT122), and Bakirdagi (TT129 and TT130; Figure 3d).

To the NE ophiolitic rocks are unconformably overlain by clastic sedimentary rocks of Eocene and Quaternary
ages [Gordr et al., 1998]. Middle Eocene sandstone and siltstone were sampled at different localities (TT69, TT70,
TT99,TT131,TT132, TLO8, and TLO9; Figures 2 and 3d) from the Sarkisla Basin. The cover rocks around the study
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area consist of Miocene to Quaternary sedimentary and volcanic rocks, which cover the older units with a
distinct angular unconformity. We sampled siltstone and sandstone at sites TT123 and TT124 (Figure 3d). The
volcanic units were previously sampled from a wide region [Giirsoy et al., 1997; Platzman et al., 1998; Glirsoy
et al, 2011] and were not resampled again in this study.

4.6. Tuzlagolii and Hacibektas Areas

The ophiolites that crop out in the northeastern and northwestern part of the Nigde-Kirsehir Massif (the
Sarikaraman and Cicekdag ophiolites) [Yaliniz et al., 1996] were sampled from lavas, pelagic limestone and
siltstone-fine-grained sandstone in Haymana (TT26 and TT27) and Kirikkale (TT74 and TT75) regions, whereas
sandstone (TT82, TT86, TT87, and TT89), lava (TT83), mudstone (TT84), pelagic limestone (TT85), and chert
(TT88) were sampled in Kayseri-Tuzlagoli (Figures 2 and 3e).

Eocene sandstones which belong to the Altipinar formation and the Kizil6z formation were sampled around
Kirsehir-Hacibektas at TT28-TT34 sites (Figure 3e).

The Central Anatolian volcanic rocks are exposed extensively around Aksaray. Although these volcanics were
sampled in earlier studies, we also sampled lavas from Upper Miocene Kegikalesi volcanics (TT23) (Figure 3e)
for a further examination.

4.7. Konya-Karaman

In the central and eastern Taurides located to the south of the Kirsehir-Nigde Massif, the Bozkir, Bolkardag,
Aladag, and Geyikdagi nappes were differentiated from north to south [Ozgiil, 1976] which show wide litho-
logical variations. Around Konya-Karaman, Jurassic-Lower Cretaceous shelf sediments (Hacialabaz limestone)
[Demirkol, 1981; Hakyemez et al., 1992] pass upward into Upper Cretaceous neritic carbonates (Saytepe for-
mation) to form the Geyikdagi nappe. In the study area the Geyikdagi nappe is tectonically overlain by ophio-
litic rocks of the Bozkir nappe [G6ger and Kiral, 1969]. Tectonic slices of the Bozkir nappe comprise the
Maastrichtian Hatip ophiolitic mélange at the bottom. Cherty-clayey carbonates and radiolarites belong to
deep shelf edges of Upper Cretaceous Boyalitepe groups. Middle and Triassic-Jurassic aged massive neritic
carbonates of Gencek groups are at the top. Clastics and volcanic rocks are the cover rocks formed during
Late Miocene-Early Pliocene transgression.

We sampled the Upper Jurassic-Lower Cretaceous aged Hacialabaz limestones from the Konya region (sites
TT105 and TT106) and Upper Cretaceous pelagic limestones from the Geyikdagi nappe (TT100-TT104 and
TT107-TT117; Figures 2 and 3f).

4.8. Mersin Ophiolite

The outcrops of the Mersin ophiolite located in the southernmost part of the study area are regarded as a part
of the Bozkir unit [Ozgiil, 1976]. The sinistral Ecemis fault defines the eastern border of the ophiolite. Along
the southern and western parts Miocene sedimentary rocks were deposited above the ophiolite. In the north
against the Bolkardag metamorphics the contact is a normal fault, which resulted by the exhumation of the
metamorphic rocks [Juteau, 1980; Parlak, 1996]. The ophiolitic mélange constitutes, in addition of the
different members of the ophiolites, mainly serpentinite, gabbro and basalt, Permian to Upper Cretaceous
sandstone, shale, mudstone, and limestone. The melange unit is overlain tectonically by metamorphic
rocks [Parlak and Delaloye, 1996]. An *°Ar->?Ar dating cooling age of 96-91 Ma were obtained from the
metamorphic rocks [Parlak and Delaloye, 1999; Dilek et al., 1999].

Volcanic rocks of the Camliyayla-Arslankdy area were sampled from lavas (TT43, TT46, and TT134), diabase (TT45
and TT55), and pillow lavas (TT54a, TT54b, and TLO2). The sedimentary rocks, chert (TT42, 44, 53), sandstone
(TT51), limestone (TT52a and TT52b), and claystone (TT56) were also sampled at different localities from the
top of the Mersin ophiolite (Figures 2 and 3g). The cover sedimentary rocks were sampled from Middle
Miocene marl-claystone and limestone of the Gildirli formation [Schmidt, 1961] which is a part of the Adana
group (TT57-TT62; Figure 3g).

5. Laboratory Procedures

5.1. Paleomagnetic and Rock Magnetism

Cores were cut into standard 2.2 cm long cylindrical specimens. A motorized portable core drill was used to
collect core samples. Sample orientation was determined using both magnetic and sun compasses. All
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measurements were carried out at the paleomagnetic laboratory of Karls Eberhardt Universtity in Tiibingen
and the Yilmaz ispir paleomagnetic laboratory at istanbul University. The directions and intensities of the nat-
ural remanent magnetization (NRM) were measured with a 2G Enterprises 755R three-axis DC-SQUID cryo-
genic magnetometer and a JR6 spinner magnetometer. Thermal demagnetization was conducted using an
ASC TD48, MTD-80, and MMTD70 furnace in progressive steps between room temperature and 680°C, and alter-
nating field (AF) demagnetization was performed with either a LDA-3A or a 2G-Enterprises degausser attached
to the magnetometer between 0 and 100 mT. The vector components were defined by principal component
analysis [Kirschvink, 1980] and the average ChRM for the sites calculated using the Fisher statistical analysis
[Fisher, 1953]. The NRMs of the volcanic samples typically range between 100 and 3020 mA/m, whereas those
of the sedimentary rocks are between 0.01 and 40 mA/m. The 1862 samples from 147 different sites have been
demagnetized both with AF and TH in sister samples, showing negligible differences in the results. However, AF
was more effective in cleaning 80% of the samples, suggesting magnetite as the main magnetic carrier.

Detailed rock magnetic experiments, including thermomagnetic measurements, acquisition of isothermal
remanent magnetization (IRM), and thermal demagnetization of three-axis composite IRM [Lowrie, 1990]
were conducted on typical lithologies. Thermomagnetic experiments were measured on representative sam-
ples by heating in air at room temperature, using an MS2 device and an AGICO KLY-2 Kappabridge fitted with
an oven. The stepwise acquisition of IRM was made with an ASC pulse magnetizer (Model IM-10-30) upto 1T
along the sample z axis (hard component). Afterward, 0.4 T (medium component) was applied to the sample y
axis and 0.12T (soft component) to the sample x axis [Lowrie, 1990]. Subsequently, samples were thermally
demagnetized to identify the magnetic carriers based on their coercivity and unblocking behavior.

5.2. Rock Magnetic Results

The thermomagnetic results of different lithology including volcanic and sedimentary rocks show a strong
decrease in susceptibility between 500 and 600°C typical of Ti-poor magnetite in a variety of sample
(Figures 4a1, 4c1, and 4e1). The susceptibility upon cooling is lowered in all the volcanic samples, suggesting
some degree of oxidation (Figures 4a1 and 4b1), while in most of the sedimentary rocks the cooling curves show
higher susceptibility values after heating, indicating the growth of new minerals after heating (Figures 4c1-4f1).
IRM curves show rapid acquisition of magnetization to about 200 and 300 mT in general, suggesting the exis-
tence of a soft coercivity component (Figures 4a2, 4c2, and 4e2). Thermal demagnetization of the cross-
component IRM shows that the low-coercivity component is gradually unblocked until 600°C (Figures 4a3,
4c3, and 4e3). The second strongest component of the IRM is the medium component, in almost all the samples,
which is demagnetized at 400°C or 600°C presents the existence of titanomagnetite (Figures 4a3-4f3).

In some basalt samples (TT43, i.e., Figure 4a1), Curie temperatures below 600°C, and a drop between 350 and
400°C may indicate the transformation of magnetite into maghemite or titanomagnetite. IRM curves show
rapid acquisition of magnetization to about 200 and 300 mT in general, suggesting the existence of a soft
coercivity component (Figure 4a2). Thermal demagnetization of the cross-component IRM shows that the
low-coercivity component is gradually unblocked until 600°C (4a3). From a group of gabbro samples (TT125,
i.e.,, Figure 4b1), Curie temperatures above 600°C show evidence of titanohematite. For these samples a
saturation at 1T could not be reached, and the three-component demagnetization curves indicate that the
high-coercivity component is demagnetized above 600°C (Figures 4b2 and 4b3).

In most of the sandstone samples, the Curie point is defined below 600°C, with minor amount of alteration
(Figure 4c1) and a rapid increase in the IRM curves at approximately 300 mT (Figure 4¢2). In these samples
the demagnetization curves of three-component IRM show that this low-coercivity component is unblocked
until 600°C, which is obvious in the thermomagnetic curves (Figures 7a3 and 7¢3). In another group of sedi-
mentary rocks, the Curie point is defined at about 650°C, with noticeably amount of alteration suggesting the
existence of (titano) hematite (Figure 4d1). The IRM acquisition curve shows that the saturation could not be
reached at maximum field (Figure 4d2). It is shown that both the soft and high-coercivity components are
dominant and unblocked gradually at 650°C (Figure 4d3).

The thermomagnetic results of the limestone samples show two different types of behavior which exhibit
one magnetic phase. One group is characterized by Curie temperatures between 550 and 580°C, showing
some degree of alteration (Figure 4e1). In the other group of limestone samples Curie temperatures above
600°C show evidence of titanohematite (Figure 4f1). The IRM acquisition curve shows two different types
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of behavior which is recognized with a soft and hard component (Figures 4e2 and 4f2). The unblocking tem-
peratures of the triaxial IRM were identified by 600°C for low and medium components (Figure 4e3) or 650°C

in all three components (Figure 4f3).

5.3. Paleomagnetic Analysis

NRM components were isolated both with AF and thermal demagnetization. The ChRM vectors of lavas, sand-
stones, and claystones which indicate low-coercivity (temperature) components are isolated with AF (thermal)
cleaning at alternating fields up to 40 mT (unblocking temperature below 600°C) (Figures 5a-5d and 5f-5n),
while the limestones and chert samples with high unblocking temperatures were demagnetized thermally with
maximum unblocking temperatures above 600°C (Figures 5e and 50). Two NRM components are generally
recognized during demagnetization. The low unblocking temperatures or low-coercivity components
recording probably a minor viscous origin with random distribution are removed between 50°C and 300°C or
5-10mT, respectively (Figures 5a, 5b, 5h, and 5k). The directions of this secondary component is scattered,
while the present field direction, which was unblocked at 150-200°C, was only obtained in site TT1b (D/
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Figure 6. Paleomagnetic declination vectors (a) from this study and (b) from previous studies according to different ages
(blue arrows indicate Late Jurassic rotations, green arrows refer to Late Cretaceous rotations, and orange and yellow arrows
indicate Middle Eocene and Middle Miocene rotations, respectively. IAES, Izmir Ankara Erzincan suture; IPS, Intra Pontide
Suture; SKZ, Sakarya zone; NKM, Nigde-Kirsehir Massif; ATB, Anatolide-Tauride Block; and AP, Arabian platform).
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1=359.6°/61.6°). After removal of the weak overprint, a ChRM direction was calculated from the vector that
decays linearly to the origin (Figures 5b, 5¢, 5e-5g, 5i, 5j, and 51-50).

The site-mean directions before and after tectonic correction for individual sites according to their age and
locality are given in Table 1. The mean directions of individual sites are relatively well grouped with ags values
between 2.3° and 15.4°. Out of 147 sites, 34 sites were discarded because of a confidence circle greater than
20°(TT19,TT26,TT47,TT52b, TT54a, TT63, TT82, TT83, TT102, and TT133), unreliable behavior in the Zijderveld
diagram [Zijderveld, 1967] (TT6, TT9, TT24, TT42, TT99, TT105, TT116, 132, and TT135), and too much disper-
sion from the group mean direction (TT1b, TT10, TT39, TT66, TT112, TT118, TT121, and TT126) (Table 1).
Sites TT75 and TT125 which consist of volcanic rock are not included into the mean direction of sedimentary
rocks. Sites TT50 and TT127 showed difference in declination from the rest of the group in TTJ-G1 and TTJ-G2,
respectively (Table 1). In addition to this filtering, we apply the criteria of Deenen et al. [2011] who used k
values >50 for volcanic rocks. Therefore, sites TT55, TT66, and TT67 were discarded from the group mean
direction (Table 1, TTC-G5). All ChRM directions are calculated by fitting a line to four or more consecutive
demagnetization steps and show Medium Destructive Field (MAD) values equal to or less than 5°.

5.4. Paleomagnetic Mean Directions

In Figures 6a and 6b, the paleomagnetic directions from this study and those from earlier studies are given on
separate tectonic maps. The Late Jurassic-Lower Cretaceous vectors indicate counterclockwise rotation in SE
Taurides in almost all sites, while one single site in the central Taurides (TT106) shows clockwise rotation.
Previous Late Cretaceous paleomagnetic vectors from the ophiolites and the overlying sedimentary rocks
indicate a concordance with the curvature of the Izmir-Ankara-Erzincan Suture (IAES) [Cinku et al., 2015].
However, in this present study, clockwise rotations up to 52° are obtained inside the Nigde-Kirsehir Massif
in the Kirikkale area, and counterclockwise rotations are found in the Polatli-Haymana Basin which could
be linked to local deformation (Table 1). In the SE Taurides, counterclockwise rotations are obtained between
Mersin and Kayseri, while clockwise rotations are shown in the central Taurides (Table 1).

The mean directions from Palaeocene sites in the east of the Ulukisla Basin show declination in clockwise sense,
while counterclockwise rotations occur farther west of the basin. The counterclockwise rotation in Tuz G6lu con-
tinues through Kirikkale, although small clockwise rotations are obtained in the Haymana Basin. The Middle
Eocene results clearly show counterclockwise rotations in both the SE Taurides and the Nigde-Kirsehir
Massif. In the Tuz GOlU area, large counterclockwise rotations ranging from 63° to 112° are observed, while
no significant rotations are shown in northern Kirikkale. When considering the Middle Miocene results, as a
general picture, clockwise rotations are obtained in the southern Nigde-Kirsehir Massif and counterclock-
wise rotations are apparent in the north (Figures 6a and 6b). Moreover, no significant rotations are shown
in the SE Taurides, whereas in local areas large rotations are found in the borders of small faults.

5.4.1. The Haymana Basin

Two different group mean directions have been calculated around the Haymana basin in Latest Cretaceous.
The Late Cretaceous mean site direction is calculated as D=318.8° and /=39.5° (k=36.1, g5 = 12.9°) in strati-
graphic coordinates (Figure 7a1). In the McElhinny [1964] fold test the mean direction passes the fold test at
95% confidence level with ky/ky=4.5 (critical values at 95% limit: 3.44 and 99% limit: 6.03). In the McFadden
[1990] test the precision parameter reached a maximum at 97% unfolding (Figure 7a4). For Paleocene rocks a
ChRM direction of D=348.5° and [=39.5° (k=47.9, ags=11.2°) is obtained in stratigraphic coordinates
(Figure 7a2). The ratio of tilt corrected and in situ precision parameter is ks/kq = 3.6 (critical values at 95% limit:
3.44 and 99% limit: 6.03) after McElhinny [1964], and a knay is achieved at 93% tilt correction (Figure 7a4). In
addition, three sites from Middle Miocene sandstones obtained from the same strata indicate a ChRM
direction of D=343.6° and /=53.5° (k=35.0, ags =21.2; Figure 7a3). Out of three Middle Eocene sites, one
reliable site showed small counterclockwise rotation, while the others showed either very small inclination
or a secondary component with a nearly present field direction (Table 1).

In order to determine the timing and stability of the remanence we could perform only one conglomerate
test in cobbles from the Late Cretaceous sandstones of the Haymana formation. During the conglomerate
tests, high medium destructive fields (MDF > 30 mT) were isolated in the Zijderveld diagrams (Figure 7a5).
The mean direction of the cobble specimens scattered, as seen in the stereonet (Figure 7a5) showing random
distribution with ags =52.6° and R < Ry according to the Watson test [Watson, 1956], indicates that they pass
the conglomerate test and is therefore considered a primary remanence.
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5.4.2. The Kirikkale Basin

Data groups have been assigned according to the age of different sites in Kirikkale. The Late Cretaceous
group mean direction is obtained with two normal polarity and two reversed polarity sites, yielding a mean
ChRM direction of D=26.2° and [=41.7° (k=15.0, ags = 17.7°) in stratigraphic coordinates (Figure 7b1). In the
McFadden [1990] fold test, the precision parameter reaches a maximum at 71% of unfolding, indicating a
prefoding magnetization (Figure 7b3). The Middle Eocene mean direction of three normal-polarity sites is
well defined with a mean ChRM direction of D=7.9° and | =46.1° (k=123.3, ags = 11.2°) in stratigraphic coor-
dinates (Figure 7b2). The precision parameter (k) increases (ks/kg=10.1; critical values at 95% limit: 6.39 and
99% limit: 16.00) after tilt correction, which indicates a positive fold test [McElhinny, 1964] at the 95%
confidence limit. In the McFadden fold test [McFadden, 1990], kmax reached at 77% unfolding (Figure 7b3).
5.4.3. The Tuz Golii Basin

The ChRM site mean directions obtained from three Paleocene sites yielding a ChRM mean direction of
D=320.0°and /=31.2° (k=90.9, ags = 13.0°) in stratigraphic coordinates Figure 7c1. The precision parameter
appears at 77% unfolding after applying the McFadden [1990] fold test (Figure 7c3). The Middle Eocene sites
from three reliable normal polarity sites show a mean direction of D=278.6° and I =45.9° (k=30.7, ags = 22.6°)
in stratigraphic coordinates (Figure 7c2). For this group mean direction the fold test of McElhinny [1964] yields
aratio of ky/ky=11.2 (critical values at 95% limit: 6.39 and 99% limit: 16.00) which is significant at 95% level. In
the McFadden [1990] fold test, however, a maximum precision parameter is reached at 121% of unfolding,
suggesting a complex structural fold (Figure 7c3).

One reliable site (TT8) was obtained from Oligocene sandstones showing a more northerly direction (Table 1).
This site was, however, not considered in further interpretation.

5.4.4. The Ulukisla Basin

Group mean directions from Paleocene Ulukisla formation was calculated separately for lavas and sedimen-
tary rocks. We then obtained a mean direction from four normal polarity and one reversed polarity sites of the
sedimentary rocks, which is D=177.5° and I=— 38.8° (k=24.2, aos=13.9°) in stratigraphic coordinates
(Figure 7d1). The volcanic rocks showed three reversed polarity and one normal polarity sites and a mean
direction of D=308.2° and /=40.7° (k=24.2, ags=15.9°) in stratigraphic coordinates (Figure 7d2). In the
McElhinny [1964] fold test, the k ratio of tilt corrected and in situ precision parameters are 4.2 (critical values
at 95% limit: 2.97 and 99% limit: 4.85) and 5.7 (critical values at 95% limit: 3.44 and 99% limit: 6.03) for
sedimentary and volcanic rocks, respectively. Both the sedimentary and volcanic rocks pass the McFadden
[1990] test at 115% and 122% unfolding (Figure 7d4).

In the same area close to the Ecemis fault, one single site from Oligocene mudstones showed a mean direction of
D=332.8°and /=40.5° (k=37.3, ags =8.5°) in stratigraphic coordinates (Table 1, site TT35). The overlying Middle
Miocene sedimentary rocks showed a mean direction of D=191.4° and /=—-52.6° (k=56.0, ags=12.9°) in
stratigraphic coordinates (Figure 7d3). Both the McElhinny [1964] and McFadden [1990] test was inconclusive
for these sites, because of only one single tilt correction applied for three sites and a horizontal layered site.
5.4.5. The Camardi-Pozanti-Sarkisla Region

When considering the mean direction on stereonets, two different groups could be separated. The Late
Jurassic mean direction from three normal polarity sites is D=314.1° and /=23.5° (k=227.4, ags = 8.2°) after
tilt correction (Figure 7e1). The k ratio of tilt corrected and in situ precision parameters was estimated to
be 9.5 (critical values at 95% limit: 6.39 and 99% limit: 16.00), and the maximum precision parameter was
reached at 92% unfolding (Figure 7e4).

The Late Cretaceous ChRM site-mean direction obtained from six normal and two reversed polarity sites yielding
a ChRM mean direction of D=328.8° and /=33.7° (k=50.9, ags = 9.5°) in stratigraphic coordinates (Figure 7e2). To
constrain the age of magnetization, the fold test of McElhinny [1964] showed a k ratio of ky/ky = 4.6 (critical values
at 95% limit: 2.97 and 99% limit: 4.85) which is significant at 95% level. The McFadden [1990] fold test
demonstrates that the precision parameter reached a maximum at 88% of unfolding (Figure 7e4).

Further northeast around Sarkisla, Middle Eocene sites obtained from three normal and two reversed polarity
sites yield a mean direction of D=341.4° and /=49.0° (k=83.3, ag5 = 8.4°; Figure 7e3). When concerning the
fold test of McElhinny [1964] a ratio of precision ky/kg=17.2 (critical values at 95% limit: 3.44 and 99% limit:
6.03) is calculated at 99% confidence level. In the McFadden [1990] test the Middle Eocene sites exhibit a
prefolding after 108% of unfolding (Figure 7e4).
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5.4.6. The Tuzlagolii-Hacibektas Area

The ChRM mean direction of the Late Cretaceous sites from three normal and reversed polarity sites is
D=165.5° and [=—40.7° (k=17.4, ass = 16.5°; Figure 7f1). A prefolding was considered for this group mean
direction after a positive fold test [McFadden, 1990] at 86% unfolding (Figure 7f3).

The site mean direction from Middle Eocene sites in Hacibektas indicates five normal and two reversed
polarity sites which is D=343.6° and /=35.4° (k=17.8, ags=14.7°; Figure 7f2) after tilt correction. In the
McElhinny [1964] fold test, the k ratio of tilt corrected and in situ precision parameters is 6.6 (critical values
at 95% limit: 2.69 and 99% limit: 4.16) A positive fold test is obtained after McFadden [1990], with a maximum
unfolding at 105% (Figure 7f3).

Close to the Ecemis and Sariz faults (Figure 2) single reliable site from Oligocene mudstones (TT35, TT36, and
TT133) and two sites from Miocene sandstones (TT123 and TT124) showed declinations in NW direction
(Table 1). These sites, however, were not enough for calculating a mean direction.

5.4.7. The Mersin Region

The ChRM direction obtained from Late Jurassic-Lower Cretaceous sedimentary rocks of three normal and
two reversed polarity sites is D=326.9°and | =31.2° (k=34.4, ags = 15.9°) after tilt correction (Figure 7g1). A
significant improvement of the statistical parameters is obtained after tilt correction; however, the fold test
of McFadden [1990] shows that the maximum precision parameter is obtained at 120% unfolding
(Figure 7g5). Late Cretaceous sites are grouped into volcanic and sedimentary rocks to better see the affect
of shallowing in sedimentary rocks. We obtained a mean direction of D=303.9° and /=36.9° (k=33.0,
ags=6.3°), from five normal polarity sites of Late Cretaceous sedimentary rocks after tilt correction
(Figure 7g2). The mean direction of five normal polarity sites obtained from lavas is D=320.7 and
1=32.7° (k=27.8, ags=14.8°) after tilt correction (Figure 7g3). The mean direction obtained from both
the sedimentary and volcanic rocks exhibits a prefolding with maximum untilting at 83% and 103%,
respectively (Figure 7g5). The McElhinny [1964] fold test which was conclusive only for lavas shows that
the precision parameter (k) increases (ks/kq = 6.2; critical values at 99% limit: 2.97 and 99% limit: 4.85) after
tilt correction. In the same area Middle Miocene sedimentary rocks show a mean direction of D=2.1° and
1=52.5° (k=94.8, ags = 7.9°) after tilt correction with a maximum unfolding achieved at 67% after McFadden
[1990] (Figure 7g5).

5.4.8. The Konya-Karaman Region

The ChRM direction obtained from limestones almost showing normal polarity at 12 reliable sites is D=40.0°
and /=31.8° (k=13.1, ags = 11.9°) after tilt correction (Figure 7h1). The fold test of McElhinny [1964] showed a
k ratio of ky/kg = 3.6 (critical values at 95% limit: 3.44 and 99% limit: 6.03) which is significant at 95% level. The
McFadden [1990] fold test demonstrates a prefolding where the precision parameter reached a maximum at
93% of unfolding (Figure 7h2).

5.5. Paleosecular Variation and Timing of Magnetization Acquisition

For meaningful tectonic interpretation of the paleomagnetic results it is necessary to demonstrate (a) the
adequate sampling of paleosecular variation (PSV) and (b) the age of magnetization.

The criteria for paleosecular variation of the geomagnetic field developed by Deenen et al. [2011] depend
on the investigation of the statistical values of paleomagnetic data sets given by the Ags cone of confi-
dence envelopes of the VGP populations and on the number of samples (N). If the Ags value calculated
for a mean VGP is between the lower (Agsmin) and upper (Agsmax) limits predicted from the geomagnetic
field models, then we can conclude that the scatter observed in the VGP population is consistent with
and averages of PSV. If Ags values are below or above the limits, then PSV should be considered unreliable
[Deenen et al., 2011].

In this approach, the paleomagnetic directions are transformed into VGPs to calculate the Fisher mean VGP
for each site. The Vandamme [1994] cutoff criteria as well as the fixed 45° angular cutoff are used to check the
reliability of Ags values at the site level with the Agsmin and Agsmax Of the Deenen et al. [2011] criteria. All reli-
able sites yield Ags values that lie within the reliability envelope (Table 1). Therefore, we consider that PSV is
adequately averaged in our data set.

In addition, both the lavas and the sedimentary rocks have been sampled at independent and widely spaced
sites and are distributed within the geological formations over time intervals long enough to average out the
geomagnetic secular variation.
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Table 2. Late Jurassic to Middle Miocene Mean Site Directions Obtained From This Study and Previous Paleomagnetic Results in the SE/E, SW/W, and Inside Areas
of the Nigde-Kirsehir Massif®

Site 4, ¢ Aobs: Pobs R+ AR Paleolatitude
Group/Site (N°, E°) D/l 095 (N°, E°) 095 Africa (4 °N)
Late Jurassic-Lower Cretaceous (~150 Ma)
TTJ-G1 37.25/35.00 319.2/31.9 15.9 49.1/287.4 134 —322+11.0 4 =16.2°N*52P
TT)-G2 37.76/35.50 314.1/235 8.2 42.1/286.1 6.4 —37.2+6.1 A =145N85P
Mean G1 and G2 37.5/35.00 316.9/28.3 8.6 45.9/286.3 8.6 —35.1+8.2 J=155N35P
Late Cretaceous (~80 Ma)
TTC-G1 39.25/32.30 318.8/39.5 129 49.2/288.9 12.0 —352%11.0 A=224N52C
TTC-G2 39.55/33.32 26.2/41.7 17.7 63.1/150.4 16.9 32.1+14.7 ) =248°N52P
TTC-G3 39.05/35.79 165.5/-40.7 16.5 70.0/258.0 15.6 —89+136 )= 215N52P
TTC-G4 37.53/37.97 317.4/33.5 15.1 48.2/292.7 13.0 —37.1£149 A =17.7°N25P
TTC-G5 37.08/34.58 306.4/34.5 21.9 40.0/298.7 19.0 —48.0+15.7 A =17.7°NH4EP
TTC-G6 37.00/34.45 314.7/33.0 159 45.6/290.5 134 —40.1+114 A =17.9°N52P
Mean G4-G6 37.00/35.00 314.3/33.5 8.0 45.8/292.3 6.8 -41.1£7.6 4 =175°N"1%P
TTC-G7 37.50/32.50 40.3/29.7 115 48.5/142.7 9.9 459+93 A =185N118P
Paleocene (~60 Ma)
TTP-G1 39.50/32.12 348.5/39.5 11.2 71.5/231.8 104 —102+7.9 = 22.4°N2%P
TTP-G2 38.40/33.70 320.0/31.2 13.0 48.6/281.1 10.9 —39.54+9.9 4 =16.8°N51P
TTP-G3 37.45/34.55 177.5/-38.8 139 74.3/223.1 128 —21+104 4 =21.1°N38P
TTP-G4 37.50/34.45 308.2/40.7 159 50.5/298.5 15.0 —51.5+13.1 A =19.4°N12P
Middle Eocene (~40 Ma)
TTE-G1 38.62/33.79 278.6/45.9 226 25.1/320.1 23.1 —855+19.3 -
TTE-G2 39.48/33.22 343.6/35.4 147 65.6/253.2 129 —206+10.5 4 =18.9°N*55P
TTE-G3 38.47/36.55 7.9/46.1 11.2 77.1/1833 11.5 3.9+10.0 A= 28.2°N*2LP
TTE-G4 39.31/36.08 341.4/49.0 11.2 71.7/285.4 10.9 —243+98 )= 27.8°NH43P
EG5 39.00/34.00 158.6/-29.7 8.7 60.3/259.0 8.0 —255+73 4 =19.4°N12P
EG6 37.00/32.00 219.6/-30.1 13.2 49.3/142.0 109 402+87 ) =16.9°N*22P
Middle Miocene (~10 Ma)
TTM-G1 39.10/32.40 343.6/53.5 20.8 75.9/290.4 24.2 —20.5+21.5 -
TTM-G2 37.46/34.38 191.4/-52.6 12.9 794/153.0 14.8 76+134 A =33.2°NT1%4C
TTM-G3 37.37/35.27 355.3/53.2 108 84.7/263.1 125 -87+112 A =33.7°N*130¢
MG4 37.00/31.00 353.3/53.6 5.1 83.8/275.3 5.9 —83%55 A=341°N32C
MG5 38.00/36.00 346.9/52.6 34 77.3/282.7 3.9 —-16.8+3.9 A =33.8N3EC
MG6 39.00/34.00 174.4/-50.5 4.1 81.0/246.2 4.1 —9.0+37 A =31.2°N*25¢

N = number of sites used for mean site calculation. Declination Dy(s) and inclination Iy(s) describe the mean directions in geographic (before tilt correction) and

stratigraphic (after tilt correction) coordinates, respectively. ags is the 95% confidence circle, and k is the precision parameter [Fisher, 1953].
Paleolatitudes determined after inclination only-data [Enkin and Watson, 1996].

SFisher analysis (1953).

Reference poles of Africa are used after Besse and Courtillot [2002] for Late Jurassic-Lower Cretaceous (150 Ma: 1 =67.0, ¢ = 26.6; ags = 6.85); Late Cretaceous
(80 Ma: 1 =84.7, ¢ =275.8; ags =6.0); Paleocene (60 Ma: 1 =84.7, ¢ =217.6; g5 = 2.8); Middle Eocene (40 Ma: 1 =84.3, ¢ = 172.4; ags = 3.3); and Middle Miocene
(10 Ma: 1. =86.0, ¢ = 160.8; cig5 = 2.0).

See Appendix A:

EG5: KS10,11,14-17,38,42 [Cinku et al., 2015], TK117 [Kissel et al., 2003], E128-131, E72-73, E75 [Glirsoy et al., 1997].

EG6: TK176-180,TK196,TK197 [Kissel et al., 1993].

MG4: K1,K2 [Platzman et al., 1998]. TK192-194 [Kissel et al., 1993]. Harami,Karaman-Karacadag-Hasandag 3-5,7,8,10,12-16,18,19-24,26,28-38,41-45 [Glirsoy et al., 1998].

MG5: 3-8,11,12,14-8,21-25,29,32-43,46-48,51,53,55-59,61-62,64-67,69,72,7375-79,83-84,86,88-92 [Glirsoy et al, 2011]. M12,M13, M19,M20, M76,M78M101,
M103-105,M227,M228 [Gtirsoy et al., 1997]. S8-11 [Platzman et al., 1998].

MG6: N6 [Platzman et al., 1998]. 1-3,5-11, 12-15, 17, 20, 22-28, 31-33 [Piper et al., 2002]. BO01-04, SU01-02, TUO1 [Lucifora et al., 2013]. UR, KUC [Kaymakgi et al., 2003].

Inclination-only calculation: (N:number of samples).

MeanTTJ-G1,G2: Geographic:Inc:34.2 £ 7.8, k= 25.7 Stratigraphic: Inc:27.7+5.7, k=48.7.

MeanTTC-G1(N:6) after Fisher [1953], see Table 1.

MeanTTC-G2:(N:5) Geographic:nc:37.8+10.1, k= 24.8 Stratigraphic: Inc:40.6 £ 8.5, k=35.0.

MeanTTC-G3: (N.6) Geographic:lnc:31.9+33.8-16.9, k = 8.4 Stratigraphic: Inc:38.2 £ 6.3, k=52.2.

MeanTTC-G4-6: (N:17) Geographic:Inc:37.8 + 10.1, k = 24.8 Stratigraphic: Inc:40.6+8.5, k= 35.0.

MeanTTC-G7: (N:14) Geographic:nc:34.7 + 16.9-11.4, k = 4.9 Stratigraphic: Inc:28.8 + 7.5, k= 16.0.

MeanTTP-G1: (N:5) Geographic:Inc:46.0 + 14.6-10.9, k= 9.6 Stratigraphic: Inc:39.0 + 6.3, k=63.6.

MeanTTP-G2: (N:3) Geographic:inc:46.1 + 34.6-16.9, k= 11.1 Stratigraphic: Inc:31.1£7.7, k=70.7.

MeanTTP-G3: (N:6) Geographic:Inc:38.9 +41.9-23.5, k = 3.2 Stratigraphic: Inc:37.6 £5.3, k=75.9.

MeanTTP-G4: (N:4) Geographic:inc:46.1 + 34.6-16.9, k= 11.1 Stratigraphic: Inc:31.1£7.7, k=70.7.
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Table 2. Notes (continued)

MeanTTE-G2: (N:7) Geographic:Inc:37.6 + 10.8, k= 15.3, Stratigraphic: Inc:34.4+ 7.8, k=29.4.
MeanTTE-G3: (N:3) Geographic:Inc:54.5 + 10.2-8.8, k = 18.3, Stratigraphic: Inc:47.0 + 10.3, k=39.8.
MeanTTE-G4: (N:6) Geographic:Inc:51.9+14.4-10.1, k= 8.4, Stratigraphic: Inc:46.5 £ 5.0, k= 84.0.
MeanTTE-G5: (N:8) Geographic:Inc:51.1 +12.7-9.7, k= 20.5, Stratigraphic: Inc:28.5 £ 5.3, k=55.6.
MeanTTE-G6: (N:) Geographic:inc:34.1 + 7.6-12.8, k= 6.2, Stratigraphic: Inc:25.4 + 10.6, k=15.9.
MeanTTM-G2 (N:4), TTM-G3(N:5), MG4(N:40), MG5(N:81), MG6(N:38) after Fisher [1953], see Table 1.
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Figure 7. Paleomagnetic mean site directions before and after tilt correction together with the fold test of McFadden [1990] from this study in different time intervals
(a1-a4) Haymana; (b1-b3) Kirikkale; (c1-c3) Tuz Golu; (d1-d4) Ulukisla-Nigde; (e1-e3) Camardi-Pozant; (f1-f4) Tuzlagoli-Hacibektas-Sarkisla; (91-g5) Mersin; (h1-h2)
Konya-Karaman (Solid (open) symbols on lower (upper) hemisphere of equal area stereographic projection). (a5) Conglomerate test showing mean direction in

the stereonet with statistical parameters and the AF treatment in Zijderveld diagram [Zijderveld, 1967] together with a field photo in Haymana.
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Figure 7. (continued)

During this study, the age of magnetization has been constrained by the application of several statistical fold
tests depending on the clustering of the paleomagnetic directions (see text above and Watson and Enkin
[1993]) (see Table 2). It has been shown that almost all groups indicate a prefolding age.

It has been reported that besides the incremental fold tests additional rock magnetic interpretations are
necessary especially if the remagnetization has occurred before folding. The measurement of hysteresis loops
makes the identification of remagnetized and nonremagnetized trends. However, for weakly magnetic samples,
this approach is invalid. Therefore, an end-member approach which depends on analyses of the IRM acquisition
curves is considered [e.g., Weltje, 1997; Heslop and Dillon, 2007; Gong et al., 2009a, 2009b]. Several case studies
that demonstrate this approach can be successful for recognizing remagnetization in both sedimentary and
volcanic rocks [Gong et al., 2009a, 2009b; Van Hinsbergen et al., 2010; Meijers et al., 2011]. It has been previously
reported of a remagnetization in the central Taurides [Morris and Robertson, 1993], while Meijers et al. [2011]
confirm a widespread remagnetization from the end-member modeling approach. For this reason we use the
end-member modeling for Upper Cretaceous limestone in the central Taurides as well as the SE Taurides.

The basic approach of the end-member modeling depends on determination of the model from the data with
an inverse mathematical method. The number of invariants are termed as the end-members calculated by itera-
tive minimization of the data variability. The end-member calculation was made in MATLAB (after D. Heslop).

At first, specimens were preheated until 150°C and AF demagnetized at 300 mT to minimize the influence of
magnetic interaction. The IRM was acquired in 28 to 31 steps up to 700 and 800 mT. The IRM component
analysis was done according to Kruiver et al. [2001].

We use IRM acquisition curves from 48 limestones in the SE and central Taurides for the end-member model.
Three end-members are used that describe the lithological groupings. One end-member represents the high-
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Figure 8. End-member models for the IRM acquisition curves from the limestone groups that were preheated at 150°C. (a)
Calculated end-members for the limestones in central Taurides in the three end-member model. (c) End-members for the lime-
stones in SE Taurides in the three end-member model. (b, d) Ternary plot with the EM partitioning for each sample. Limestones in
the SE Taurides are between EM1 and EM3, while limestones in the central Taurides are characterized between EM3 and EM2.

coercivity contribution, whereas the low-coercivity part can be described by either one end-member. The
shape of the three end-members (EM1, EM2, and EM3) is shown in Figures 8a and 8c. We interpret EM3 as
caused by hematite showing a large amount of the high-coercivity component. EM1 is interpreted as due
to magnetite. The saturation Isothermal Remanent Magnetization of EM1 is ~500 mT for limestones in central
Taurides, while EM2 and EM3 are not saturated at fields of 700 mT. The saturation of EM1 in high fields is not
common for magnetite. In the ternary plot the majority of the samples can be seen as mixtures of EM3 and
EM2 (Figure 8d). On the other hand, limestone samples from the SE Taurides show that the EM1 reaches
saturation at ~200 mT, while EM2 and EM3 define a lower slope than the limestones in SW Taurides. When
considering the samples in the ternary diagram, the limestones in SE Taurides have a high percentage of
end-member 1, which is clearly distinguishable (Figure 8b). Because of the difference in the saturation field
and the EM1 behavior for limestones we interpret the first as to be remagnetized despite the fact that the
limestones in the SE Taurides are nonremagnetized.

Hence, we concluded that the magnetization acquisition corresponds to a period between the consumption
of the branches of the Neotethys Ocean and the collision between the Anatolian blocks and Eurasia from the
Late Jurassic-Lower Cretaceous to Middle Miocene. Despite evidence of a prefolding in the Nigde-Kirsehir
Massif and SE Taurides, the limestone in central Taurides shows a remagnetization.

6. Discussion

6.1. Tectonic Rotations Combined With Previous Paleomagnetic Results

The individual rotations experienced by the deformation of the Nigde-Kirsehir Massif and the central-SE
Taurides are considered in the light of the new paleomagnetic data set reported here. These results are
combined with previous paleomagnetic studies given in Table 2. Criteria for data selection are considered
that depend on (a) ags < 15°, (b) consistent inclination values, (c) accordance with averaged site means,
and (d) mean sites including a minimum number of five samples. In a further step we compare the group
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Figure 9. Paleomagnetic rotations (R) together with their error envelopes are combined together from this study and
previous studies (see Table 2 and Appendix A) according to Late Jurassic-Lower to Middle Miocene ages in different
subareas (For abbreviations, see Figures 1 and 8).

mean directions with the expected direction at Miocene to Late Jurassic-Lower Cretaceous for the African
plate at a reference point in the study area to determine relative motion between the studied area and the
African plate after Besse and Courtillot [2002]. The integrated mean poles for Africa at different time spans
are given in Table 2.

When considering the Upper Jurassic-Lower Cretaceous results in SE Taurides a counterclockwise rotation of
R=35.1+£8.2°is obtained (Table 2 and Figure 9). Note that besides of the good quality results in sites TT50 and
TT127 they were not considered in the overall mean direction because they show dispersion with the rest of
the sites. In the central Taurides, however, only one single site with clockwise rotation of 38° was obtained (Table 1).

We calculate a counterclockwise rotation of R=41.1°+7.6° in SE Taurides from Upper Cretaceous sedimentary
rocks (Table 2; Mean G4-G6). On the other hand, a clockwise rotation of R=45.9°+ 9.3° is obtained in the central
Taurides (TTC-G7; Table 2 and Figure 9) for the same age. However, when considering the end-member
approach for the studied limestones in the central Taurides, a remagnetization is assumed. When considering
the tectonic rotations in the Middle Eocene in this area, a similar clockwise rotation of R=40.2°+8.7° (EG6) is
obtained after Kissel et al. [2003]. We therefore conclude that the clockwise rotation obtained from Upper
Cretaceous limestones in central Taurides started during the Middle Eocene.

In the Nigde-Kirsehir Massif, no rocks older than Late Cretaceous have been collected. This is simply because all
of the older rocks underwent Barrovian metamorphism during the Late Cretaceous [Whitney and Dilek, 1998].
The Upper Cretaceous ophiolites known as the Cicekdagd ophiolites, which are emplaced onto the NW and
NE areas of the Nigde-Kirsehir Massif, show clockwise rotation of 26.2° in the Kirikkale Basin and counterclock-
wise rotation of 14.5° in the Tuzlagdlu area (TTC-G2, TTC-G3; Table 1 and Figure 9). The counterclockwise rota-
tion in Tuzlagoli is consistent with the sense of rotation obtained from the SE Taurides, however, the clockwise
rotations in Kirikkale Basin are incompatible with this rotation pattern. This connection may be associated with
local deformation that occurred during the ophiolite emplacement.
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When considering the amount of rotation between the Late Cretaceous and Middle Eocene in the northwes-
tern boundary of the Nigde-Kirsehir Massif (TTC-G2, TTE-G3), clockwise rotation of R=32.1°+14.7° and
R=8.9°+3.6° is calculated, respectively (Figure 9). The divergence in rotation between this time interval
shows that a significant amount of rotation occurred during the collision between the Nigde-Kirsehir
Massif and the Pontides in Latest Cretaceous times. This is also observed farther east of the Nigde-Kirsehir
Massif (TTC-G1, TTP-G1) with counterclockwise rotations of R=35.2°+11.0° and R=10.2°+7.9° in Late
Cretaceous and Paleocene, respectively (Figure 9).

Along the Tuz Golu fault zone starting from Tuz Go6lU in northwest extending to Ulukisla to the southeast,
counterclockwise rotation of R=39.5°+9.9° (TTP-G2) and R=51.5°+13.1° (TTP-G4) is obtained in the
Paleocene. The amount of rotation decreases significantly to R=2.1°+ 10.4° (TTP-G3) in the eastern part of
this fault zone. It should be noted that in Tuz Goéll counterclockwise rotation of R=85.5°+ 19.3° is obtained
in the Middle Eocene (Figure 9). This rotation apparently occurred with respect to the fault in the approximate
position of the Tuz Golu fault while the initial form of the fault zone is thought to be a major normal fault with
small strikeslip component. Lefebvre et al. [2013] suggest that the different sense of rotations in the Nigde-
Kirsehir Massif is provided by regional faulting as a result of the compression of the Pontides and the
Nigde-Kirsehir Massif. In the same manner, Lucifora et al. [2013] also suggest that strike-slip fault activity
was effective on block rotations in the Cankiri Basin during the Miocene.

When considering the Middle Eocene rotations in the Nigde-Kirsehir Massif which are far away from the fault
zones, counterclockwise rotation of R=20.6°+10.5° (TTE-G2) and R=25.5°+7.3° (EG5) (Figure 9) is inter-
preted with a coherent block rotation, besides the rotation pattern associated with local fault deformation.

In the north of the SE Taurides counterclockwise rotation of R=24.3°+ 9.8° is obtained from this study (TTE-G4;
Table 2 and Figure 9). In Middle Miocene no significant rotations are obtained in the Nigde-Kirsehir Massif
(TTM-G4 and MG6) and the central Taurides (TTM-G3 and MG4), while a counterclockwise rotation of
R=16.8°£3.9° is obtained in the SE Taurides (MG5) (Figure 9).

6.2. Paleomagnetic Direction Versus Folding Direction

The possibility of oroclinal bending is attested by plotting the paleomagnetic declinations as a function of
strike deviation obtained from structural maps (Figure 2, MTA 1/100000 geological maps). The theoretical
regression line displays a slope of 45°, which is expected for an originally oroclinal bend. The linear regression
analysis between the strikes and the declinations of the tilt corrected sites yields a correlation coefficient of
R*=0.77. Declinations from Upper Cretaceous rocks SE of the strike axis show a counterclockwise pattern,
while the declinations from those to the SW show a clockwise sense of rotation (Figure 10).

6.3. Paleolatitude

Inclination flattening analysis of the primary remanent magnetization vector in sedimentary rocks shows
generally lower values than expected. This bias is known as the shallow bias of inclination angle in sedimen-
tary rocks. [Jackson et al., 1991, Tan et al., 2003, Bilardello and Kodama, 2009a, 2009b and Kodama, 2009]. We
applied the method proposed by Tan and Kodama [2003] using anisotropy of anhysteretic remanent magne-
tization data for the correction of the inclination shallowing. An inclination increase of 10° is then obtained
when considering the flattening factor (f) ranging from 0.7 and 0.6 for limestones and sandstones, respec-
tively. By using these values for Late Jurassic-Lower Cretaceous and Late Cretaceous, a higher paleolatitude
is obtained compared with the paleolatitudes obtained from volcanic rocks in the Pontides given in previous
studies [Saribudak, 1989; Channell et al, 1996; Cinku et al, 2010]. In addition, when comparing Upper
Cretaceous and Paleocene volcanic and sedimentary rocks in sites TTC-G5, TTC-G6 and TTP-G3, TTP-G4,
respectively, it could be seen that no significant inclination variations are obtained. We therefore conclude
that we are justified in not considering the inclination shallowing factor.

To obtain a reliable paleolatitude for each mean group, we use the Fisher [1953] statistical analysis; however,
in the mean most groups the large dispersion in rotations makes it essential to predominantly use the
inclination-only test of Enkin and Watson [1996]. In Table 2, paleolatitudes for individual groups are given
according to Fisher analysis and inclination-only data.

It is shown that the Upper Jurassic-Lower Cretaceous mean paleolatitude from central Taurides is separated
from the African margin with a paleolatitude of = 15.5°N*33. (Table 2, Mean G1, G2; Figure 11). A more
northern paleolatitude of 29.5°N is obtained after Channell et al. [1996] and Cinku [2011] for the Pontides, which
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Figure 10. Site mean declinations versus strike of beds in Late Cretaceous strata.

implies a ~14° (1540 km) gap between the Pontides and the central Taurides. In the same area, a paleolatitude
of = 18.5°N"] %lis calculated from 17 Late Cretaceous sites (Table 2, TTC-G7). This group, however, is considered
to be remagnetized probably during Middle Eocene. The difference between these two ages suggests no
important crustal shortening. The Late Cretaceous paleolatitude obtained in the SE Taurides does not differ

from the central Taurides, indicating a paleolatitude of = 17.5°Nﬂ:g: (Figure 11 and Table 2, Mean G4-G6).

A systematic decrease in Late Cretaceous paleolatitudes is obtained from the north to the south of the
Nigde-Kirsehir Massif on the order of = 24.8°N™5-2. (Table 2, TTC-G2) to = 17.9°N"3 2. (Table 2, TTC-G6) when
considering the separate sites from this study (Figure 11).

The paleolatitude obtained from the ophiolite arc-type rocks in Kirikkale (TTC-G2) indicates a closer posi-
tion to the Eurasian margin with a paleolatitude of 24.8°N than the ophiolitic rocks in the Tuzlagélu with
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Figure 11. Age versus reference palaeolatitude curve with error envelopes derived from the Apparent Polar Wander Path (APWP)
paths of Eurasia and Gondwana for a locality near Kirsehir (44°N, 32°E) after Torsvik et al. [2012]. Previous paleomagnetic data are
taken from Evans et al. [1982], Channell et al. [1996], Cinku [2011], Meijers et al. [2010, 2011], and Morris [2003] with error bars.
Paleomagnetic results from this study are given for each site group and mean group (A: Nigde-Kirsehir Massif, B: SE/E area of the
Nigde-Kirsehir Massif, C: SW/W area of the Nigde-Kirsehir Massif, red circles correspond to mean groups on different areas).
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a paleolatitude of 21.5°N (TTC-G3) and those from the Mersin-Camardi (TTC-4-TTC-G6) showing a paleolatitude
of approximately 17.7°N (Table 2 and Figure 11). The difference in paleolatitude among these ophiolites clearly
indicates ophiolite emplacement in two distinct areas. It is reported that the ophiolites in the northern Nigde-
Kirsehir Massif are the result of the slab rollback of the izmir-Ankara-Erzincan oceanic slab in a later phase after
the ophiolite emplacement along the borders between the Nigde-Kirsehir Massif and the Pontides [Nairn, 2010].
The paleolatitudinal difference between the ophiolites in the north of the Pontides and Nigde- Kirsehir Massif
could, therefore, support this model. In addition, the ophiolites emplaced in Mersin and Camardi display similar
paleolatitudes, supporting evidence of a similar subduction zone, namely, the Intra-Tauride Ocean.

The Late Cretaceous paleolatitudes from the Central and SE Taurides clearly show this zone far away from the
African margin (Figure 11). Previous paleomagnetic studies present paleolatitudes for the different blocks in
Anatolia. A paleolatitude from the Mersin ophiolites is obtained as 1=6.6°N from the study of Omer et al.
[2013], which places the ophiolites in a far too southern paleolatitude. From the studies of several researchers,
the western Pontides were in a paleolatitude of 28.2°N to 23.5°N [Channell et al., 1996; Cinku et al., 2015] and
the Eastern Pontides at 1=26.6°N [Channell et al., 1996; Hisarli, 2011].

In the Paleocene, we obtain a paleolatitude of ~ 21°N for the south of the Nigde-Kirsehir Massif (Table 2, TTP-
G3, TTPG4; Figure 11), indicating its northward movement from the Taurides. Farther north, however, the
results from Tuz Golu are interpreted with local fault motion therefore showing low paleolatitude, while in
group TTP-G1 the paleolatitude of = 22.4°N*29. in accordance with the position of Pontides.

In the Middle Eocene, a mean paleolatitude of = 18.9°N™33., = 19.4°N "%, and = 28.2°N*57. (Figure 11 and
Table 2; TTE-G2, EG5, and TTE-G3) is calculated both from this study and previous studies [Kissel et al., 2003;
Gtirsoy et al., 1997; Cinku et al., 2013] for the Nigde-Kirsehir Massif. The results for the SE Taurides and central
Taurides are calculated as = 27.8°N™43. and = 16.9°N82,, respectively (Table 2, TTE-G4, EG6; Figure 11).

In the Middle Miocene, a paleolatitude of 1 = 31 .2°Nf§:3: is obtained for the Nigde-Kirsehir Massif (Table 2,
MG6; Figure 11) and 2 =33.8°N"35. and 1 =34.1°N"3Z for the SE and central Taurides, respectively
(Table 2, MG5 and MG#4; Figure 10). Although these values are close to the African margin, they are consistent
with results obtained from the Pontides [Channell et al., 1996; Cinku, 2004; Hisarl, 2011].

6.4. Kinematic Model

All of the mean paleomagnetic group directions in several subareas and in different ages are restored to their
original position by subtracting the younger rotations from the older ones. In the SE Taurides, a small clockwise
rotation of 6° is obtained for the Late Jurassic-Late Cretaceous period by subtracting the Late Jurassic-Lower
Cretaceous rotation from the Late Cretaceous counterclockwise rotation (TTJ-G1 and G2/TTC-G4-6). Likewise,
counterclockwise rotation of 17° (TTC-G4-G5/TTE-G4) and 7° (TTE-G4/MG5) is obtained during the Late
Cretaceous-Middle Eocene and Middle Eocene-Middle Miocene, respectively. In a period between Middle
Miocene to present, however, counterclockwise rotation of 17° is calculated for the SE Taurides (Table 2, MG5).

In the Nigde-Kirsehir Massif, evidence of fault bounded block rotations is found in Paleocene rocks. Then
counterclockwise rotation of 14° (TTE-G2 and EG5/MG6) is obtained during the Middle Eocene-Middle
Miocene (Table 2). From the Late Miocene to the present, no significant rotation is observed within the
Nigde-Kirsehir Massif. It may be stated that the Massif has behaved as a coherent body since that period.

In the central Taurides, the Late Cretaceous results obtained during this study and the data of the Middle
Eocene rocks from farther west of the study area obtained by Kissel et al. [2003] both show clockwise rotation
of 40°-45° (Table 2, TTC-G7 and EG6). This suggests that no significant rotation occurred between the Late
Cretaceous and the Middle Eocene period. They both indicate collectively that the time of clockwise rotation
in the central Taurides occurred during the Middle Eocene and becomes smaller till the Middle Miocene,
when considering that the area is remagnetized in Late Cretaceous. The small amount of rotation in the
Middle Miocene (Table 2, MG4) suggests that this area was rather stable.

Late Cretaceous paleomagnetic results from this study clearly indicate two different types of rotation in the
Taurides. The counterclockwise rotations in the SE Taurides change direction NW of Mersin. Along Karaman-
Konya, the Late Cretaceous rotations are found to be in a clockwise sense (Figure 9). This contrasting sense of
rotation in the Late Cretaceous may be taken as evidence of oroclinal bending. The bending point appears to
be located to the north of Mersin.
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Figure 12. (a—d) Tectonic evolution of the Nigde-Kirsehir Massif and adjacent blocks during the Late Jurassic to the present (NKM, Nigde-Kirsehir Massif; 1A, Isparta

angle; and C, Cyprus).

The branches of the northern Neotethys Ocean existed between the Pontides, Taurides, and the Nigde-Kirsehir
Massif during the Late Jurassic-Lower Cretaceous (Figure 12a). The data we obtained lead us to propose a
model for the closure of the Intra-Tauride Ocean and the collision between the Taurides and the Nigde-
Kirsehir Massif in the SE/E which occurred during the Late Cretaceous-Eocene period with counterclockwise
rotation of 17° (Figure 12b). Part of the collision related deformation may have been accommodated along
the Ecemis fault zone. The Nigde-Kirsehir Massif also rotated as a block; however, internal deformation during
the Middle Eocene is also predicted from our data.

In the central Taurides, a clockwise rotation of 48.5° is obtained from the Middle Eocene to Middle Miocene
(EG6/MG4). This implies that the convergence between the Taurides and the Nigde-Kirsehir Massif continued in a
later period even if it is reported in a earlier time. The following deformation phases may have played role in this
process: (a) the development of the Isparta angle, (b) the final closure phase of the southern Neotethys Ocean
which resulted the present Bitlis-Zagros Mountain, and (c) the collision between the African and Eurasian plates
(Figure 12¢). In the north, the compressional deformation between the Nigde-Kirsehir Massif and the Pontides
started in the Late Cretaceous [Sengdr and Yilmaz, 1981] and the subsequent collision occurred during the Early
Eocene, as elaborated by Yilmaz et al. [1997b] During the Late Cretaceous to Middle Eocene, the paleomagnetic
results clearly indicate that the ophiolitic rocks wrapped around the Nigde-Kirsehir Massif conforming to its outer
frame [Cinku et al., 2015]. In the same area, results from Middle Eocene rocks indicate that compression between
the Pontides and the Nigde-Kirsehir Massif continued strongly during this period, as elaborated by geological data
by Yilmaz et al. [1997b] and supported further by paleomagnetic data by Cinku et al. [2011].

From the Middle Miocene to the present, no significant rotations are observed in the central Taurides and the
Nigde-Kirsehir Massif, while counterclockwise rotations of 17° are obtained in the SE Taurides, indicating that
the Neotectonic deformation possibly occurred under the influence of the westward extrusion of the Anatolian
plate (Figure 12d). Various local effects inside the Nigde-Kirsehir Massif and its surrounding areas, which are well
established in this study, appear to be due to fault bounded block rotations, i.e., the large counterclockwise rota-
tions in the Tuz Goli area at this stage may be attributed to the dextral motion of the Tuz Golii fault.

6.5. Paleogeographic Evolution

The paleogeographic position of the Pontides in the Late Jurassic-Lower Cretaceous is known from the pre-
vious paleomagnetic study of Cinku [2011], which revealed a paleolatitude of 29.5°N. The paleomagnetic
results obtained during this study placed the Tauride carbonate platform firmly to 15.5°N (Figure 13a). The
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Figure 13. (a—e) Proposed paleogeographic evolution of the Nigde-Kirsehir Massif, Pontides, and Taurides from Late Jurassic to present.

amount of latitudinal difference between the Pontides and the Taurides corresponds approximately to a
distance of about 1400 km, which is wide enough to separate the Nigde- Kirsehir Massif from the Taurides
Ocean. In the Late Cretaceous, continuing closure of the ocean between the Nigde-Kirsehir Massif, the
Pontides, and the Taurides places the Pontides to 26°N [Saribudak, 1989; Channell et al., 1996; Cinku, 2004;
Hisarl, 2011; Meijers et al., 2010], the Nigde-Kirsehir Massif at 22°N, and the Taurides at a paleolatitude of
17.5°N. The difference between these paleolatitudes supports further for survival of a remnant basin that
separates the surrounding continents for the remnant basins in the area. In the later phases, ophiolitic rocks
emplaced onto the continental blocks (Figures 13b and 13c). The paleolatitudes in the Middle Eocene are
obtained as 28°N [Piper et al., 1996; Cinku et al., 2011; Hisarli et al., 2011] for the Pontides and 27°N (TTE-G3)
for the Nigde-Kirsehir Massif defining the closure of these blocks in the north (Figure 13d). However, we must
also consider that in sites TTE-G2 and EG5 a paleolatitude of ~19° is obtained for the Nigde-Kirsehir Massif. A
low paleolatitude is also obtained for the central Taurides (17°N (EG6)), while in the northernmost part of the
SE Taurides a paleolatitude of ~28° is obtained.
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Table A1. Paleomagnetic Results From Previous Studies (For Abbreviations, See Table 1)

Site Formation/Lithology/Region Latitude(’)N, Longitude ()E N Ds Is 095 k Reference
Late Jurassic-Lower Cretaceous
AS1-4 and AD1-3 Ferhatkaya/Limestone 40.3,35.5 46 3243 433 9.5 94.7 Cinku [2011]
LA1-3 Kelkit/Sandstone 40.5, 36.0 19 1682 —473 59 46.1
Late Cretaceous
KS13 Sandstone 394,353 13 1781 —-702 105 165 Cinku et al. [2015]
KS18 Sandstone 395, 33.2 7 2.2 —186 173 7.9
KS20 Sandstone 39.5,33.2 9 3059 -31.6 328 44
KS27 Sandstone 404,334 10 215 325 128 151
KS28 Sandstone 404,334 5 393 61.1 123 203
KS29 Sandstone 404,334 6 2.3 66.1 103 812
KS30 Sandstone 404,334 7 3341 242 134 213
KS31 Sandstone 41.0,334 7 1918 —48.1 54 1246
KS33 Sandstone 410,334 7 3363 321 135 2093
KS35 Volcanic rocks 40.5, 34.0 8 1477 —475 100 318
KS37 Volcanic rocks 40.5, 34.1 7 3533 471 8.9 38.5
KS39 Volcanic rocks 404, 34.2 8 3298 41.2 87 4.2
KS40 Sandstone 404, 34.2 8 336.1 323 100 594
KS41 Sandstone 404, 34.2 7 3077 49.2 108 323
PT22 Lava 40.2,34.3 17 1678 432 42 337
PT23 Chert 40.2,34.3 6 1308 558 43 53.2
PT24 Lava 40.0, 34.3 8 1614 615 7.8 454
PT25 Chert 400,343 6 1065 320 85 63.1
PT26 Sandstone 395,345 8 3479 411 78 255
KS50 Lava 395,343 7 11.0 7.5 8.4 27.9
KS51 Chert 39.5,34.3 16 3568 119 73 223
KS24 Lava 403, 33.2 5 3266 401 103 277
KS25 Pelagic limestone 40.3,33.2 7 1342 -366 121 272
KS26 Pelagic limestone 403, 33.2 1M1 1172 -367 6.1 57.1
KKB Granite 39.35, 33.89 26 3507 579 23 148 Lefebvre et al. [2013]
AAB Granite 38.69, 34.10 29 3316 519 2.6 12.7
14 Sivas/Lava 39.8,36.9 8 1553 —-56.0 14.1 164 Glirsoy et al. [1997]
Paleocene
15 Kaman/Lava 39.2,339 10 1480 -610 87 31.8 Sanver and Ponat [1981]
TK Kaman/Lava 39.2,339 3 313 48 16.0 620 Kissel et al. [2003]
Middle Eocene
TK176 Akseki/Limestone 37°30, 31°80 9 2230 -—-150 95 28.0 Kissel et al. [1993]
TK177 Akseki/Limestone 37°30, 31°80 9 2310 -280 119 300
TK178 Akseki/Limestone 37°30, 31°80 8 2120 -210 13.6 300
TK179 Akseki/Limestone 37°30, 31°80 7 2330 -170 77 10.0
TK180 Akseki/Limestone 37°30, 31°80 10 2130 -300 96 150
KS10 Lava 39°50, 34°50 10 1513 —-344 77 351 Cinku et al. [2013]
KS11 Sandstone 39°48, 34°46 22 1492 -323 37 72.6
KS14 Sandstone 39°50, 35°30 12 1532 —-312 86 324
KS15-KS17, and KS42 Sandstone 39°50, 33°20 48 3400 250 69 9.9 Cinku et al. [2013]
KS38 Sandstone 40°40, 34°30 7 1704 —-348 122 252
TK117 Volcanic 39°09, 34°06 1780 —53.0 3.0 189.0 Kissel et al. [2003]
E128 Volcanic sediment 39°83, 36°45 4 150 390 111 700 Glirsoy et al. [1997]
E129 Andesitic tuff 39°83, 36°45 5 2773 69.0 6.2 1543
E130 Andesitic tuff 39°83, 36°45 5 350.1 531 78  96.1
E131 Basaltic tuff 39°83, 36°45 6 1605 —53.1 44 2342
E72 Basaltic andesite 39°78, 36°74 7 1390 -679 6.5 86.9
E73 Basaltic andesite 39°72, 36°72 3 352 684 233 29.1
E75 Volcanic sediment 39°73, 36°72 4 1369 -568 118 61.7
G1 Volcanic rocks 412,335 8 3560 390 11.0 262 Piper et al. [1996] (32, 34, 35);
Cinku et al. [2011] (KY1, KY2,
KY3, IG1, and 1G2)

G2 Volcanic rocks 40.5, 33.6 12 410 29.7 7.5 29.2 Cinku et al. [2011] (OS1, OS3, 0S4,

0G1, 0G2, DO1, and DO2);

Isseven and Tiiysiiz [2006]

(OSM4-0SM7, OSM12-0SM14);

G3 Volcanic rocks 4041, 34.59 6 208 545 132 268 Isseven and Tiiysiiz [2006]

(OSM8 and COM1-COM5)

CINKU ET AL.

PALEOMAGNETISM OF THE NKM

802



@ AG U Tectonics

10.1002/2015TC003956

Table A1. (continued)

Site Formation/Lithology/Region Latitude(’)N, Longitude ()E N Dy Is 095 k Reference
G4 Volcanic rocks 40.17, 3442 4 38.1 443 143 423 Isseven and Tiiysiiz [2006] (SU1-SU4)
G5 Volcanic rocks 40.52, 34.55 18 3444 461 9.6 14.8 isseven and Tiiysiiz [2006]
(KAM1-KAM3, OSM1,
OSM10, OSM11, GHK1, GHK2,
GHK3, GHK5, and GHK6);
Cinku et al. [2011] (OS5,
0S7, HO1, GH1, GH2, SY1, and SY2)
G6 Volcanic rocks 40.54, 3537 8 170 397 200 86 Isseven and Tiiysiiz [2006]
(MER1, MER4, MER5, MER7, MERY;
Piper et al. [1996] (24);
Cinku et al. [2011] (HV1 and HV2)
G7 Volcanic rocks 40.21,35.39 13 13 —50.5 127 116 Isseven and Tiiysiiz [2006]
(ORT1 and ORT4); Piper et al. [1996]
(11-14 and 18-22)
G8 Volcanic rocks 40.22,36.54 10 1465 —483 7.0 488 Piper et al. [1996] (50-56; 61);
Platzman et al. [1994]
(TV1 and TV2)
G9 Volcanic rocks 404, 37.0 15 1505 —419 96 16.7  Platzman et al. [1994] (TV6, TVS, TV13,
TV14, and TV16);
Piper et al. [1996] (33-42)
G10 Volcanic rocks 404, 36.6 9 99 486 152 125 Piper et al. [1996] (1-10, except 8)
G12 Volcanic rocks 40.5, 36.6 4 1715 —-674 95 1685 Platzman et al. [1994]
(TV9, TV10, TV14, and TV15)
18 Kirsehir/Lava 345, 39.5 6 1529 —47.7 189 135 Sanver and Ponat [1981]
21 Akdagmadeni/Lava 35.8,39.7 3 1139 —-435 52 563.1 Tatar et al. [1996]
TKY Yozgat/volcanics and 395,344 7 1670 -—-13 223 80 Kissel et al. [2003]
sediments
24 Cankiri Basin/evaporites 34.1,40.2 6 1686 —30.7 174 158 Kaymakgi et al. [2003]
CATB Central Anatolia/volcanic rocks 36.5,39.8 5 1697 —-476 199 157 Glirsoy et al. [1997]
TKS Sariz/Limestone 36.5, 38.5 3 1403 —-380 10.0 153 Kissel et al. [2003]
TKI Isparta/Limestone 31.6,37.2 7 2240 -—-237 119 267 Kissel et al. [1993]
Oligocene-Miocene-Pliocene-Quaternary
K1 Volcanic 37°41, 32°02 8 1740 —-300 80 484 Platzman et al. [1998]
K2 Volcanic 37°39, 31°58 4 3580 570 63 2120
TK192 Deposits 37°20, 31°03 11 5.0 50.0 4.6 97.0 Kissel et al. [1993]
TK193 Deposits 37°20, 31°02 8 3500 56.0 34 268.0
TK194 Deposits 37°20, 31°01 6 1.0 540 2.8 369.0
3 Andesite 37°36, 33°19 7 1882 —533 32 3479 Glirsoy et al. [1998]
4 Andesite 37°37,33°18 6 6.6 430 129 280
5 Andesite 37°40, 33°13 6 1747 —481 87 603
7 Andesite 37°38, 33°15 7 1728 —49.1 44 186.7
8 Andesite 37°39, 33°16 6 1748 —-398 41 2617
10 Basalt 37°43,33°19 7 1663 —679 51 1402
12 Basalt 37°44, 33°09 7 3481 330 40 2257
13 Basalt 37°43,33°10 7 29.2 63.2 28 4589
14 Andesite 37°43,33°12 3 1914 —-650 211 352
15 Basalt 37°46, 33°17 7 1438 —388 33 3295
16 Basalt 37°46, 33°20 6 1476 —-404 53 1615
18 Basalt 37°49, 33°26 6 2903 827 73 849 Glirsoy et al. [1998]
19 Basalt 37°61, 33°58 6 3370 307 104 424
21 Basalt 37°70, 33°57 7 3379 404 7.8 50.3
22 Basalt 37°71, 33°58 5 3186 535 57 1829
23 Basalt 37°66, 33°60 5 3580 552 34 483.0
24 Basalt 37°64, 33°65 7 3349 284 47 1635
26 Andesite 37°76, 33°72 6 1621 —599 39 2985
28 Basalt 37°77,33°75 7 1810 —-739 65 87.1
29(1) Basalt 37°79, 33°76 7 1943 —470 95 41.2
29(2) Basalt 37°79, 33°76 7 83 444 39 2445 Glirsoy et al. [1998]
30 Basalt 37°80, 33°77 7 7.3 670 118 282
31 Basalt 37°85, 33°84 7 1887 —494 68 80.4
32 Basalt 37°82,33°83 3 1673 —417 167 556
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Table A1. (continued)

Site Formation/Lithology/Region Latitude(’)N, Longitude ()E N Dy Is 095 k Reference
33 Basalt 37°80, 33°78 6 3520 759 6.0 1257
34 Basalt 37°82, 33°87 7 1729 -—-588 44 1819
35 Basalt 37°83, 33°88 5 1941 -604 49 2494
36 Basalt 37°81, 33°90 6 1553 —653 7.8 742
37 Basalt 37°80, 33°91 6 1625 —421 6.0 1265
38 Basalt 37°77,33°92 7 3563 55.2 57 1113
41 Basalt 38°01, 34°07 8 3418 50.1 3.6 2442
42 Basalt 38°03, 34°08 5 1685 —543 99 60.1
43 Basalt 38°03, 34°11 7 2222 -—747 116 280
44 Basalt 38°05, 34°13 7 1744 —-415 63 939
45 Basalt 38°04, 34°12 8 3238 639 64 770
3 Basalt 38°21, 37°36 6 1348 —-68.7 34 4974 Glirsoy et al. [2011]
4 Basalt 38°21,37°36 7 1350 -70.1 3.8 3035
5 Basalt 38°20, 37°36 7 1654 —338 51 14238
6 Basalt 38°21, 37°36 7 11.4 50.6 49 1557
7 Basalt 38°19, 37°37 7 1797 —-654 10.7 333
8 Basalt 38°19, 37°37 6 1608 —416 85 62.6
11 Basalt 38°18, 37°37 6 3478 649 7.6 78.8
12 Basalt 38°16, 37°35 7 42 58.2 8.1 56.1
14 Basalt 38°20, 37°47 8 1704 —-442 3.1 3173
15 Basalt 38°45, 38°16 7 3372 343 47 1472
16 Basalt 38°46, 38°16 7 3285 483 7.8 1593
17 Basalt 38°47,38°16 5 3537 460 70 1334
18 Basalt 38°47, 38°15 5 1.7 42.6 5.1 198.2
21 Andesite 38°54, 38°15 6 1631 —539 48 1970
22 Basalt 38°54, 38°15 7 1588 —504 48 1563
23 Basalt 38°54, 38°16 8 1298 -—-320 56 99.4
24 Basalt 38°49, 38°14 6 3594 456 10.1 455
25 Basalt 38°52, 38°04 9 1808 515 78 444
29 Basalt 38°56, 38°01 7 3225 53.1 43 1949
32 Rhyolite 39°00, 38°03 7 3443 660 45 2005
33 Andesite 39°00, 38°03 6 3371 675 62 1174
34 Andesite 39°00, 38°03 8 3226 554 9.1 37.7
35 Andesite 39°00, 38°03 8 3115 444 62 778
36 Andesite 39°00, 38°03 7 3107 658 7.8 60.0
37 Basalt 39°01, 38°02 7 1574 —46.7 44 1924 Glirsoy et al. [2011]
38 Andesite 39°02, 38°00 6 3320 50.1 41 2646
39 Andesite 39°02, 38°00 7 1461 -—-282 114 289
40 Andesite 39°02, 37°59 6 1536 —422 39 3026
41 Andesite 39°01, 37°59 7 3501 55.1 5.1 139.1
42 Dacite 39°00, 37°59 7 3456 624 52 1376
43 Dacite 39°00, 37°58 4 0.2 49.7 75 1525
46 Basalt 38°59, 37°56 5 3576 430 57 1837
47 Andesite 39°02, 37°46 9 3406 395 76 469
48 Basalt 39°02, 37°47 7 3447 598 29 4409
51 Andesite 39°02, 37°47 9 3475 51.1 44 1352
53 Basalt 39°02, 37°47 7 3309 450 41 2208
55 Andesite 39°01, 37°49 8 2125 -66.7 88 40.3
56 Basalt 39°02, 37°49 8 1793 -276 66 709
57 Basalt 39°00, 37°53 6 1512 —-740 93 530
58 Basalt 39°01, 37°54 7 1470 -250 83 53.8
59 Basalt 39°01, 37°54 6 1714 -614 46 2140
61 Basalt 39°02, 37°55 8 1663 —478 78 51.4
62 Basalt 39°02, 37°55 6 19.2 38.9 8.9 57.7
64 Basalt 39°04, 37°56 7 3270 489 65 86.1
65 Basalt 39°07, 37°55 3 186.1 —-405 58 4516
66 Basalt 39°08, 37°51 6 309.5 59.2 9.3 52.9
67 Andesite 39°08, 37°50 6 3457 373 62 119.1
69 Basalt 39°06, 37°45 5 3550 67.1 51 2243
72 Basalt 39°05, 37°47 6 1698 —436 159 188
73 Basalt 39°05, 37°48 7 1273 —-455 57 1115
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Table A1. (continued)

Site Formation/Lithology/Region Latitude(’)N, Longitude ()E N Dy Is 095 k Reference

75 Basalt 39°06, 37°48 6 3366 613 52 692

76 Basalt 39°06, 37°49 7 3316 556 6.3 933

77 Basalt 39°05, 37°51 7 1571 —-432 55 1204

78 Andesite 39°07, 37°50 7 3486 406 69 784

79 Andesite 39°07, 37°50 6 1447 —-286 6.1 119.7

83 Basalt 39°07, 38°17 5 3340 555 6.2 1512

84 Basalt 39°06, 38°17 6 1797 —-629 79 723

86 Basalt 39°15, 38°05 7 1692 —-587 96 402

88 Basalt 39°16, 37°58 7 1300 -—-673 53 1320

89 Basalt 39°16, 37°58 7 1695 —-81.8 3.7 2720

920 Basalt 39°16, 37°58 7 1736 —613 42 2121

91 Basalt 39°16, 37°55 7 1617 -586 74 68.0

92 Basalt 39°16, 37°55 4 1556 —-673 84 1218

M12 Basalt 39°46, 36°47 6 1537 —488 80 712 Glirsoy et al. [1997]
M13 Basalt 39°46, 36°47 8 1450 -569 7.0 63.6

M19 Basalt 39°37, 36°30 7 3397 280 77 625

M20 Basalt 39°37, 36°30 6 3276 55.0 7.5 79.9

M76 Basalt 39°18, 36°59 6 3072 482 9.6 50.0

M78 Basalt 39°18, 36°59 7 1907 -—-128 187 114

M101 Basalt 39°32, 36°22 6 1262 -—-503 47 2054

M103 Basalt 39°32, 36°22 7 1670 —475 35 2975

M104 Basalt 39°32, 36°22 6 260 538 39 2983 Glirsoy et al. [1997]
M105 Andesite 39°74, 37°07 6 259 52.7 185 255

M227 Basalt 39°69, 36°91 8 1420 -—-342 63 1128

M228 Basalt 39°69, 36°91 5 1683 —651 3.8 3982

S8 Volcanic 39°01, 37°42 5 3480 340 63 1460 Platzman et al. [1998]
S9(a) Volcanic 39°16, 37°58 7 1510 -560 32 3670

S9(b) Volcanic 39°16, 37°58 5 1430 —-650 143 290

S10 Volcanic 39°25, 36°12 6 131.0 —68.0 43 2440

S11 Volcanic 39°26, 36°18 7 1500 -310 65 86.0

UR Evaporitic rocks 40°29, 34°40 7 1785 -—-598 6.0 1024 Kaymakgi et al. [2003]
KUC Clastic rocks 40°28, 34°00 6 3565 439 88 588

BO1 Red clastics 31°70, 39°50 7 3292 398 8.6 50.3 Lucifora et al. [2013]
B02 Red clastics 31°70, 39°50 21 3449 514 48 444

B0O3 Red clastics 34°30, 40°30 13 199 60.9 10.1 179

B04 Red clastics 34°30, 40°30 20 6.9 45.7 5.9 31.7

SUo1 Mudrocks 40°60, 33°50 8 2017 —486 46 1104 Lucifora et al. [2013]
SuU02 Mudrocks 40°60, 33°50 9 1912 —-47.7 67 60.6

TUO1 Mudrocks 40°35, 34°10 23 256 52.8 7.0 19.9

N6 Volcanic 38°38, 34°57 5 1590 —-400 58 176.0 Platzman et al. [1998]
1 ignimbrite 38°62, 35°06 7 1703 —521 28 4805 Piper et al. [2002]
2 ignimbrite 38°63, 35°10 6 1678 —46.7 29 5196

3 ignimbrite 38°65, 35°20 6 1749 —486 12 2931

5 ignimbrite 38°60, 35°15 7 52 463 2.7 4873

6 ignimbrite 38°63, 36°10 7 3515 50.3 2.9 44.2

7 ignimbrite 38°84, 35°74 6 3527 493 2.0 1114

8 ignimbrite 38°76, 35°63 10 3598 474 35 1962

9 ignimbrite 38°72,35°26 9 5.5 419 53 96.4

10 ignimbrite 38°66, 36°12 9 3547 520 25 429.1

11 ignimbrite 37°99, 34°00 9 1638 —-733 92 323

12 ignimbrite 38°56, 35°02 5 1751 —-424 20 1420

13(1) ignimbrite 38°28, 34°33 7 1654 —418 49 1512

13(2) ignimbrite 38°28, 34°33 7 1770 -—-386 35 3034

14 ignimbrite 38°39, 34°24 8 1755 —-434 6.5 743

15 ignimbrite 38°48, 34°96 7 1613 —411 87 493

17 ignimbrite 38°34, 34°40 7 1674 —-445 75 65.1

20 ignimbrite 37°99, 34°00 6 1865 -—-595 9.0 56.9

22 ignimbrite 38°36, 34°20 7 1658 —455 3.1 3884

23 ignimbrite 38°52, 34°82 6 1600 —46.0 7.1 89.3

24 ignimbrite 38°51, 34°32 4 1557 —436 7.7 1432

25 ignimbrite 38°50, 34°29 7 1596 —52.0 39 2439
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Table A1. (continued)

Site Formation/Lithology/Region  Latitude(°)N, Longitude ()E N Dy Is ags5 k Reference

26 ignimbrite 38°45, 34°89 6 1621 -—562 26 6782

27 ignimbrite 38°70, 34°97 5 124 56.9 9.3 68.8

28 ignimbrite 38°61, 35°85 7 144 62.0 7.7 61.6

31 ignimbrite 38°63, 34°84 6 3504 428 8.1 69.4

33 ignimbrite 38°63, 34°84 6 3504 428 7.7 76.5

KH-SH Lava 403,314 29 3422 422 3.9 129 Cinku et al. [2010]
BEY Lava 40.1,31.5 92 2142 -—-549 40 14.1 Cinku et al. [2010]
OR Lava 404, 33.0 71 343 502 45 152 Cinku et al. [2010]
33 Sarkisla/Lava 37.0,39.5 18 1479 —-550 109 110 Glirsoy et al. [1997]
35 Glrlin/Lava 37.2,38.8 7 1570 —541 140 195 Glirsoy et al. [1997]
37 Gemerek/Sedimentary rocks 36.0,39.2 35 1119 -608 9.6 74 Krijgsman et al. [1996]
38 Gemerek/Sedimentary rocks 36.0,39.2 41 3079 322 6.7 11.9 Krijgsman et al. [1996]
39 inkonak/Sediments 36.0,39.2 30 1298 -373 77 127 Krijgsman et al. [1996]
41 Yenikoy/Sediment 37.0,394 49 1263 -—-333 88 6.4 Krijgsman et al. [1996]
42 Yenikdy/Sediment 36.4,39.1 32 3296 477 72 135 Krijgsman et al. [1996]
43 Haramikdy/Sedimentary rocks 36.4,39.1 37 1901 —-409 53 209 Krijgsman et al. [1996]
67 Karapinar/Lava 31.8,38.5 5 1569 —422 144 292 Glirsoy et al. [1998]
62 Karacadag/Lava 33.6,37.5 13 1775 -576 7.0 36.0 Glirsoy et al. [1998]
58 Hasandag/lava 33.7,37.7 7 1701 =576 109 316 Glirsoy et al. [1998]
29 Galatya/Lava 34.2,38.0 15 1968 -—56.5 69 31.7 Glirsoy et al. [1999]
30 Cankiri/Sedimentary rocks 31.8,40.6 3 1858 —423 330 150 Kaymakgi et al. [2003]
32 Sivas/Lava 343,403 5 1483 —-418 188 175 Glirsoy et al. [1997]
34 Kormac/Lava 36.2,39.4 10 1560 —-476 190 74 Glirsoy et al. [1997]
45 Kesekdy/Lava 36.9, 39.2 20 1899 —474 538 32.8 Krijgsman et al. [1996]
51 Sille/ignimbrit 32.0,40.7 4 1495 -518 113 67.1 Tatar et al. [2002]
52 Erenler/Sediment 324,378 12 1813 —464 86 264 Tatar et al. [2002]
55 Erenlerdag/Sed. 32.1,376 5 1790 -508 134 336 Tatar et al. [2002]
59 Kapadokya/Lava 320,375 10 1740 -51.1 66 55.1 Piper et al. [2002]
60 Ermenek/Lava 34.8,38.6 3 1790 -53.0 84 2164 Kissel et al. [1993]
61 Antakya/Lava 33.0, 36.7 13 1680 —439 69 371 Kissel et al. [2003]
68 Nevsehir/Lava 36.2, 36.1 11 1827 —-523 102 21 Tatar et al. [2000]
69 Erciyes/Lava 347,388 24 1784 -—-530 56 289 Tatar et al. [2000]
74 Osmaniye/Lava 35.8,38.9 8 1913 —-446 126 203 Glirsoy et al. [2003]
75 Karasu/Lava 36.0,37.0 51 1888 —547 40 258 Tatar et al. [2004]
76 Karasu/Lava 36.3,36.8 7 1895 —499 47 1659 Tatar et al. [2004]
56 Ankara/Lava 36.5,37.0 12 1683 —51.7 121 13.8 Piper et al. [2010]
57 Polatli/Lava 325,398 3 1989 -583 94 1731 Piper et al. [2010]

7. Conclusions

Paleomagnetic directions in almost all sites, including Upper Jurassic to Miocene volcanic, sedimentary and ophio-
litic rocks from the Nigde-Kirsehir Massif and the Taurides, and corroborated by previous results are considered to
be of primary origin. This has been confirmed by fold tests associated with progressive unfolding [McElhinny, 1968;
McFadden, 1990; Watson and Enkin, 1993]. Exception to the primary magnetization is observed in central Taurides
from Upper Cretaceous limestones, where the end-member analysis confirmed a remagnetization.

Paleolatitudinal differences among the Pontides, the Taurides, and the Nigde-Kirsehir Massif decrease
systematically from the Lower Jurassic to the Miocene. It supports collectively the geological data that the
Kirsehir Massif was separated from the Tauride during the Late Triassic as a result of the opening of the southern
branch of the NeoTethyan Ocean which rifted and drifted away from the African Plate. It remained as an inde-
pendent entity till the Middle Eocene. However, the first interaction of this independent piece of continent
began during the Late Cretaceous as a result of the demise of the surrounding branches of the Neotethyan
Oceans which led the convergence between the Kirsehir Massif with the surrounding continents. This contin-
ued till the total obliteration of the oceanic and the remaining sea environments until the Miocene period.

The different senses of rotations in the central, SE Taurides, and the Nigde-Kirsehir Massif during the Late
Cretaceous-Middle Eocene are interpreted as two-phase oroclinal bending after the emplacement of the ophio-
litic slices, first in the SE Taurides and later in the central Taurides. In the Nigde-Kirsehir Massif, counterclockwise
rotation progressively continued from Middle Eocene to the Middle Miocene, which is in concordance with the
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coherent block rotation of its SE and SW areas. The Neotectonic deformation during the last 5 Myr affected the
SE Taurides, while in the central Taurides and in the Nigde-Kirsehir Massif no significant rotation was detected in
the middle Miocene. Furthermore, in places where the locations are close to fault zones, especially near the Tuz
Golu and Sariz faults, large rotations are established that are associated with the young (post-Miocene) tectonic
activities of Anatolia.

Appendix A: Paleomagnetic Results From Previous Studies (For Abbreviations,
See Table A1)

Previous paleomagnetic studies carried out in Central Anatolia, Taurides, and the Pontides are listed in
Appendix A. The first column indicates the site, and the second column shows the formation/lithology/
region. The declination (D) and inclination (I5) values are given in stratigraphic coordinates, after tilt correc-
tion together with their site numbers (N) and statistical parameters. Each seperate study is denoted with the
reference in the last line.
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