20

25

Paleomagnetic constraints on the timing and distribution of Cenozoic

rotations in Central and Eastern Anatolia
Derya GUrerl, Douwe J.J. van Hinsbergenl, Murat C)zkaptanz, lverna Cretonl, Mathijs R. Koymansl,
Antonio Cascellas, Cornelis G. Langereis1

1Department of Earth Sciences, University of Utrecht, Utrecht 3584 CD, The Netherlands
2Department of Geophysical Engineering, Karadeniz Technical University, Trabzon 61080, Turkey
3|stituto Nazionale di Geofisica e Vulcanologia (INGV), Pisa 56126, Italy

Correspondence to: D. Glrer (derya.guerer@gmail.com)

Abstract. To quantitatively reconstruct the kinematic evolution of Central and Eastern Anatolia within the framework of
Neotethyan subduction accommodating Africa-Eurasia convergence, we paleomagnetically assess timing and amount of
vertical axis rotations across the Ulukisla and Sivas regions. We show paleomagnetic results from ~30 localities identifying a
coherent rotation of a block - comprising the southern Kirsehir Block, the Ulukigla Basin, the Central and Eastern Taurides,
and the southern part of the Sivas Basin. This block experienced a ~30° counter-clockwise vertical axis rotation since
Oligocene time. Sediments in the northern Sivas region show clockwise rotations. We use the rotation patterns together
with known fault zones to argue that the counter-clockwise rotating domain of south-central Anatolia was bounded by the
Savcili Thrust Zone and Deliler-Tecer Fault Zone in the north and by the African-Arabian trench in the south, the western
boundary of which is poorly constrained and requires future study. Our new paleomagnetic constraints provide a key

ingredient for future kinematic restorations of the Anatolian tectonic collage.

1 Introduction

The Anatolian orogen in the eastern Mediterranean region comprises a complex collage of ocean- and continent-derived
crustal units that amalgamated during Africa-Eurasia convergence and associated subduction since the Mesozoic, and that
today forms a nascent orogenic plateau (e.g. Schildgen et al., 2012). One of the most striking features in Anatolian geology
are two major strike-slip faults along which Anatolia is moving westwards relative to Eurasia, associated with major
seismicity. This complex orogen with its major seismic hazards has been extensively studied to develop dynamic concepts
to explain late Neogene escape tectonics (e.g. Glirsoy et al., 2011) and plateau rise, and in deeper geological time, for e.g.
subduction initiation and evolution (e.g. Gurer et al., 2016).

An essential ingredient for analysis of the geodynamic underpinnings of orogenic evolution is a detailed kinematic
restoration of deformation that culminated in today's orogen. Quantitative kinematic data for such reconstructions come

from global plate reconstructions to constrain convergence through time, structural geology to estimate timing, style, and



Interactive comment on “Paleomagnetic constraints on the timing and distribution of
Cenozoic rotations in Central and Eastern Anatolia” by Derya Giirer et al.

Anonymous Referee #1
Received and published: 1 August 2017

The manuscript "Paleomagnetic constraints on the timing and distribution of Cenozoic
rotations in Central and Eastern Anatolia" by Gul'Lrer et al. reports a large number of
new paleomagnetic data from two sedimentary basins from Turkey with the aim to
reconstruct the tectonic evolution of this complex sector of the circum Mediterranean
area. The manuscript is interesting mainly because it contains a new and large
paleomagnetic dataset which could help to understand the rotational history of the
different blocks which form this part of Anatolia. However, in the present form the
manuscript is not easy to read and the data presentation is not clean at all, leaving a
deep uncertainty in the possible use of these paleomagnetic data for tectonic
interpretation. For all these reasons I recommend to deeply revise the manuscript
before to resubmit it for another review procedure.

In particular the following points have to be fixed in the analyses of paleomagnetic data
before to discuss their tectonic interpretation.

1) The first point concerns the way the authors calculate the ChRM
component. This is a fundamental point for determining paleomagnetic rotations.

a) In most of the orthogonal diagrams reported in Fig. 5 the ChRM component is forced
to pass through the origin. This has been made even when the isolated component
doesn’t show a progressive decay toward it. In Fig. 5 this is the case of Alihoca (Fig. 5e,f),
AkkA'ssl * gla (Fig. 5bb), Divrigi (Fig. 5dd), Gul'Lrul’Ln (Fig. See), ArdA’scl “glA’s (Fig.
5i), Bekcl” gili (Fig. 51), Sincan (Fig. 5ii), Eminlik (Fig. 50), Halkapinar (Fig. 5r), Zara (Fig.
51, mm), Hasangazi (Fig. 5t), Postalli (Fig. 5u), Topraktepe (Fig. 5x). In some other cases
(e.g. Fig. 5d) the ChRM has been selected in a more correct way and doesn’t pass to the
origin. It is very hard to understand why the Authors have chosen to force or not to the
origin the PCA for the different samples. In case a criteria exists it has to be described in
the text, otherwise I recommend to not force the PCA to the origin and to recalculate it
for all the samples where it has been made. This point is fundamental and has to be fixed
in case of resubmission.

We agree with the reviewer that in many cases the interpretation in Figure 5 is hard to
follow, and seems not always consistent. First, we have completely redone Figure 5 and
made it clearer to see what has been done or how diagrams have been interpreted.

We do not agree with the reviewer that one always should have a single ‘optimum’
approach: this does not exist since the PCA method is flawed by its very nature to mirror
the vectors with respect to the origin in case of anchoring: this produces a MAD value
that cannot be compared to not anchoring. This has recently been made very clear by
Heslop and Roberts (2016) in JGR (reference is now in the paper) who have
fundamentally improved the decision on anchoring. So, the decision ‘to anchor or not to
anchor’ is not based on a firm statistical footing in the approach of Kirschvink (1980).
We have now explained our approach in the text as follows:



In interpreting the demagnetization diagrams, we did not rely on criteria for the maximum
angular deviation (MAD, Kirschvink, 1980), because this cannot be justitfied from a statistical
standpoint and depends on anchoring or not anchoring to the origin (Heslop and Roberts,
2016). In almost all cases, anchoring produces an artificially low uncertainty estimation (MAD)
compared to an unanchored fit; this is inherent in the method used in the PCA analysis. In our
interpretations, common sense and consistency of results dictated whether or not to anchor.
Although the criteria to anchor or not to anchor have very recently been placed on a firm
statistical footing by Bayesian model selection (Heslop and Roberts, 2016), this has not been
implemented (yet) in our software.

We have completely rewritten and revised the section on demagnetization results, and
made it more consistent.

b) Among the different criteria used for paleomagnetic data analyses the Authors have
to consider also the MAD values obtained for each ChRM and use a selection criteria
accordingly (MAD<10?7). In some cases (e.g. Fig.5b, 5bb among many others) the
orthogonal diagram suggest that the MAD for the selected ChRM is very high. Please
check all the data accordingly and discard those with high MAD

As outlined above, we do not use the MAD as a criterion because it is a flawed
parameter, depending on anchoring or not. We use common sense and our expertise in
recognizing good or reasonable results while highly scattered diagrams (with high MAD
value) are not used. For example, in the figure below: the data points in the TH demag
cluster above 210C and not anchoring would give a more or less random component
while anchoring gives a consistent direction that agrees with the AF demag. Similarly,
not anchoring in the AF example would give a reasonable fit, but we have reason to
distrust the higher AF fields: they are not as reliable as the lower fields because of a
possible GRM or spurious behaviour due to the possible presence of iron sulphides.
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Hence the decision to anchor or not is made on an ad hoc basis and depends on the
characteristics of the magnetic carrier, the lithology (organic material, coarse or fine-
grained sediments), the nature and behaviour of the demagnetization, etc. Spurious
behaviour at higher temperatures due to pyrite, for example, removes useful
information at those temperatures, but the information at lower temperatures still gives
a good estimate of the ChRM. In summary, we use our knowledge and expertise in
addition to consistency of behaviour and results to take a decision on the interpretation.



¢) in most of the cases there is no correspondence among the AF or TH demagnetization
reported to have been used for calculating ChRM in the text and in Figures. In the
ArdA’scl “glA’s locality in the text it is reported " In most cases, linear decay towards the
origin occurred at temperatures up to 320C" whereas in Fig. 5i the last thermal step is
420 C. This discrepancy is very very frequent in the text and has to be fixed.

Indeed, the temperature in the figure should have been 320 instead of 420. We have
now carefully rechecked all our data and the figures, and we have corrected all such
mistakes. If we felt that we had better examples to illustrate demagnetization behaviour,
we adapted the examples. Where necessary, we recalculated sites and locality means.
This did not change the final rotations by more than one or two degrees.

2) Calculation of the mean direction for each locality. I disagree with the
statistical procedure used to calculate the locality mean direction. My opinion (not
negotiable) is that the locality mean has to be calculated using the mean direction for
each site and not using all together the single directions obtained from the different
sites. The latter method increases the "quality” of the statistical parameter Alfa 95 but
overweights the role of sites with a large number of samples. In theory using the method
proposed by the authors I could have a single site with 100 samples showing a CCW
rotation which has the same weight of nine sites distributed in the basin, each one with
10 samples and with very good statistical parameters, showing CW rotation. If a site has
good, reliable, acceptable, statistical parameters (low alpha 95 and high k) it must have
the same statistical weight of one site with a larger number of samples.

Here, we do not agree with the reviewer for the following reasons:

First of all, if we have sites in a locality (tectonic block or basin) that give different (ccw
and cw) rotations, we first test whether combining them leads to a VGP distribution
with A95>A95max. If that is not the case, as may happen for two sites with small n,
there is no statistical basis to infer that e.g. a (small) declination difference has a tectonic
origin, but may instead result from insufficient averaging of PSV. If the combined dataset
generates an A95>A95max, there is sufficient reason to study what may be the cause of
such discrepancy, e.g. a rotation difference. The approach of the reviewer instead
assumes that every site averages PSV 'out', without statistical basis, or taking data
distributions and precision into account.

Secondly, the notion of low alpha95 and high k being ‘acceptable’ is erroneous and does
not agree with statistical (Fisherian) theory on normal distributions, as for instance
discussed in text books, e.g. of Bob Butler or Lisa Tauxe. For large N the alpha95
decreases indeed, as it should: for high dispersion distributions (low k) you need more
samples to arrive at a smaller cone of confidence (alpha95). The dispersion k of any
given distribution becomes more or less stable (invariant) at sufficient N, and
paleomagnetic tradition requires N>7. This is based on a firm statistical footing, see the
seminal papers of Fisher, Cox, Creer, etc.

Contrary to the Van der Voo (1990) criteria, we have realized that ‘acceptable’ statistics
are fundamentally N dependent (Deenen et al, 2011; see their figure 3). More
importantly, we use K, A95 of the VGP distribution which is (largely) circular and close
to a normal distribution on a sphere, contrary to a directional distribution which is
elongated depending on latitude. Hence, k and alpha95 do fundamentally not correctly
describe such directional distributions (other than directions from lavas, or quickly
remagnetized distributions). See the work of Constable & Parker, Johnson and co-
workers, and Tauxe and Kent (the TK03.GAD model).



We have explained this explicitly now in the text:

In determining the means per locality, we averaged all individual directions of the sites of that
locality. We therefore break with paleomagnetic tradition to average the site means per locality,
although these are given in Table 1. Site means are unit vectors irrespective of the number of
samples per site, and therefore site mean cones of confidence (A95) and dispersion (K) are not
propagated. By taking all site directions together, sites with more samples have, naturally, more
weight. Since we use the Deenen al. (2011) criteria, this approach is warranted because the
range of acceptable A95 is N-dependent, contrary to the traditional criteria (e.g. Van der Voo,
1990; see the discussion and figure 3 in Deenen et al. 2011). A95 should fall within the A95min-
A95,ax envelope which becomes stricter (‘narrower’) with increasing N. The estimate of
dispersion (K) of the distribution, however, is largely independent of N (for N sufficiently large,
say N>10) and for increasing N becomes an increasingly better estimate for the true dispersion
(x) of the distribution.

This approach has the advantage that valuable statistical and visible information on the
precision and reliability of the total, combined distribution is not lost. The added value
of our approach is that we have an unbiased estimate to which extent PSV has been
sufficiently sampled (and averaged out, for our purpose of tectonic rotations).

Typically, we use a sampling strategy that guarantees a ‘sufficient number’ of samples
averaged over a ‘sufficiently long’ interval of time. Hence, an average based on a larger
number of samples is in principle a better representation of PSV. The added value of our
approach is that it tests whether the (VGP) scatter obtained from a site, locality, or
region, may be straightforwardly explained by PSV, or whether it is smaller than that
(which may indicate remagnetization for instance) or larger (which would require
additional sources of scatter, e.g. rotations, very large measuring errors, lightning, etc.).

Finally, we point out that either approach gives an identical result within error. And
since all statistical parameters of every site are provided in the table, every reader is
free to recalculate the rotations according to his/her own criteria. This would not
modify our conclusions on the tectonics. We prefer to stick to our approach as outlined
above, however.

3) Mean direction in geographic or tectonic coordinates? The criteria used to
distinguish sites with a post folding remagnetization is not clear at all. In the ArdA’scl
“glA’s locality, such an example, the rotation is calculated using the results in geographic
coordinates because "A95 (2.5) is lower than the A95min (3.4)" and because "the tilt-
corrected inclination of 30 is considerably lower than that for Eurasia in the Late
Cretaceous- Paleogene (50), whereas the geographic inclination of 45 is not". Since the
first observation is true both for tectonic and geographic coordinates ("The two sites
share the same bedding and a fold-test is thus not possible") it seems that the Authors
prefer to use the geographic coordinates directions because of the low inclination value
in tectonic coordinates. This criteria is not acceptable because it is well known that
inclination in sediments can be shallow than the expected one due to inclination
flattening. The erratic criteria in choosing geographic or tectonic coordinates directions
has to be avoided and I strongly suggest to only refer to "classic" field test (Fold and
reversal tests) to discriminate between post folding or primary ChRM.

First, to clarify, we have now clearly indicated in Figs 2 and 3 which directions are from
a primary, and which are from a secondary magnetization.



Furthermore: where possible, we have conducted fold tests - many of them actually, as
shown in Figure 7 - as well as reversal tests where possible (not shown). In cases where
the fold test is positive, we conclude that the magnetization is likely primary (pre-
tilting). In cases where the fold test is negative, we conclude that the magnetization is
likely remagnetized and secondary (post-tilting). We still consider the remagnetized
direction to hold information, although that information is more difficult to interpret in
absence of constraints on the exact time of that remagnetization. For instance, the
remagnetized direction of the Paleocene Berendi locality shows a small counter-
clockwise rotation of 17 degrees. We consider this information valuable, because it
shows that the Berendi locality has been part of a counterclockwise rotating domain,
although the total amount of rotation that that domain underwent since the Paleocene
may have been larger than 17 degrees if remagnetization occurred sometime during the
rotation phase. We refrain from simply rejecting sites with a negative fold test since it
discards useful information.

Finally, the reviewer seems to have misunderstood the point of the A95min test. If A95
is smaller than A95min, there is less scatter in the site than may be expected from PSV.
That suggests that insufficient time has been sampled to represent PSV - despite our
sampling strategy - and that the magnetization was therefore likely acquired in a much
shorter time span than expected from the thickness (or time interval) of the
sedimentary unit that was sampled. This thus may suggest remagnetization. Of course,
A95 would be smaller before and after tilt correction in such cases, but that is irrelevant.
The observation that A95 is smaller than A95min, plus the observation that the in-situ
inclination is close to the expected inclination together suggest that the locality may well
be remagnetized and we choose a conservative approach and do not make firm
interpretations based on this locality. To clarify, we now write the following:

The two sites share the same bedding and a fold-test is thus not possible. The direction in tectonic
coordinates would suggest a vertical axis rotation of 45.2 + 2.8° cw. We note, however, that A95
(2.7) is lower than the A95min (3.5), indicating under-sampling of PSV. This may suggest that the
magnetization was acquired in a time period that was too short to fully represent PSV, generally
thought to average on a ten to hundred-thousand-year timescale (e.g., Deenen et al, 2011, and
references therein). Because both sites were collected from several meters of fine-grained
sediments, which likely covers a sufficiently long time interval, such undersampling may indicate
remagnetization. We further note that the tilt-corrected inclination of ~30° is considerably lower
than the inclination expected for Eurasia in the Late Cretaceous-Paleogene (ranging 50-55°, with
an error of +3°). Admittedly, the lower inclination may result from compaction-induced inclination
shallowing (by more than 20°), but the observation that the A95 is too low to represent PSV points
to remagnetization (and hence no inclination error), we consider that the inclination of 47.7 + 2.6°
in geographic coordinates is close to the expected inclination for the plate against which the
Anatolian collage accreted in the Cretaceous to Paleogene, which would be consistent with a post-
tilt remagnetization. In any case, the locality would indicate a major clockwise rotation of ~46°
since the Late Cretaceous-Paleogene if not remagnetized, or ~83° following post-tilt
remagnetization (Fig. 6c, Table 1).

To avoid confusion, we have now indicated the post-tilt/remagnetized directions with a
different colour in Figures 2 and 3 and in fig. 6.

4) Reference direction. Rotations are always calculated respect to the north and not
to the Eurasia Reference poles, even if in some cases the Authors refer to the Eurasia
poles for the inclination "30 is considerably lower than that for Eurasia in the Late
Cretaceous-Paleogene C3 (50)". This is very confusing for the reader. It is true that



Eurasia does not rotate too much during the Tertiary, but I think the Author have to use
Eurasia reference pole unless they have a clear reason for not, that must be reported in
the text. I think that all these points have to be fixed before using the paleomagnetic
dataset for tectonic interpretation. For this reason [ have not reviewed and commented
the tectonic interpretation and discussion reported in the manuscript.

Our results consistently report the observed declinations (corrected for the IGRF
deviation at the locality at the time of sampling), and hence give a rotation with respect
to true (geographical) North. The reviewer has a valid point that we should mention that
over the time interval covered by the localities that we discuss (Late Cretaceous-
Miocene) there is no significant rotation of Eurasia according to the APWP. The fact that
we find significant and differential block rotations shows that these rotations must have
been accommodated along faults. Our paper also identifies the faults and fault zones that
are the best candidates to accommodate those rotations.

We now clarify in the beginning of the discussion:

Because Eurasia has not significantly rotated around a vertical axis in this time interval
(Torsvik et al, 2012), rotation differences found in our localities must have resulted from
regional tectonics, also when results from e.g. Upper Cretaceous rocks are compared with
those from Eocene rocks.

So, we prefer to use the data as observed/measured. In a few cases we want to test
whether a locality may have suffered from remagnetization, and we compare the
observed inclination to the one expected at this location or to the GAD inclination. That
appears a straightforward way of analysing to us. We have now clarified this (see the
modified text above)

Introduction and geological settings are very difficult (sometime impossible) to read.
They are plenty of geographic and fault names which are not reported in the figures.
Please check that all the names in the text will be present in the figures.

We have carefully revised the introduction and geological setting and omitted
information that is not strictly necessary to understand our analysis and aims. See also
the rebuttal to the second reviewer, who had more specific comments on these sections.
We have added all geographic names mentioned in the text to the maps of Figures 1-3.

Add a figure with the stratigraphic columns of the two basins which allow to show that
they have the same stratigraphic evolution.

Here we refer the reviewer to the existing literature concerned with the stratigraphy of
the two basins. For the purpose of this paper we consider only the age of the
sedimentary fill and do not see the added value of showing stratigraphic columns.
Additionally, particularly the Sivas basin has strong along-strike variations in its
stratigraphy, owing to local sub-basins. If we were to follow the reviewer’s suggestion,
we would have to show multiple stratigraphic columns per basin, which is beyond the
scope of this paper, in which we focus on rotation differences through time, irrespective
of stratigraphic evolution.



Interactive comment on “Paleomagnetic constraints on the timing and distribution of
Cenozoic rotations in Central and Eastern Anatolia” by Derya Giirer et al.

Anonymous Referee #2
Received and published: 15 August 2017

The manuscript buy Giirer et al provides a large new paleomagnetic data set from
Cretaceous to Miocene sediments from the UlukA’s sla and Sivas basins in the central
Anatolia. The data set convincingly demonstrate about 30 Oligocene-Miocene
counterclockwise rotations in the UlukA’s sla basin and the surrounding area. The
results are ambiguous from the Sivas Basin. [ am not a specialist on paleomagnetism;
therefore, my comments will be on the tectonic aspect of the manuscript. However, the
paleomagnetic data are precisely given and discussed, and assuming that it is correctly
interpreted, the manuscript provides a useful and important contribution to the
complex geology of central Anatolia.

My main criticism is to the sections “Introduction” and “Geological Setting” (pages 1 to
5), which are poorly written, exceedingly complex, very difficult to follow, somewhat
unrelated to the rest of the manuscript, and contain some errors. For example on page 2
it is stated that the “the Pontides comprise a Paleozoic crystalline basement...”.

However, there are well developed and thick Paleozoic sedimentary sequences in the
Pontides, which can traced for hundreds of kilometers. The error stems in regarding the
Pontides as a single tectonic unit. There is also confusion about which two subduction
zones is referred to on page 1. More importantly, as the paleomagnetic rotations are
Oligocene and Miocene in age, it would be much better to describe and discuss only the
Tertiary history of Central Anatolia, rather than dwell on the complexities of subduction
zones and Tethyan oceans. This would also increase the impact of the manuscript. I
would recommend complete rewrite of this part of the manuscript.

We thank the reviewer for this comment. We have completely rewritten the
introduction and the geological setting that described the basement evolution of Central
Anatolia. We have shortened both sections considerably, and focus on the aim of the
paper: to identify the coherently rotating domains of Anatolia, and to constrain the
timing and amount of rotation, as well as the bounding fault zones. The geological
setting was stripped from plate tectonic inferences on Anatolia's subduction history, and
merely focuses on providing relative background information required to understand
our sampling strategy, and the basic geological architecture of the study area. Details of
the Pontide structure and history were omitted as they are irrelevant for our study.

Other comments
1. All structures and localities mentioned in the text should be shown in one of the
Figures. I could not locate SarA’sz, Giiriin, Malatya, and OvacA’sk faults mentioned on

page 5.

We have carefully revised the figures and have added all geographic names mentioned
in the text to the maps of Figures 1-3.

2. In the text (page 11) the KA’szA'slkapA’s locality is described as having 13 ccw
rotation, which does not tie up with what is shown in Fig. 6.



We interpret the Upper Paleocene Kizilkapi sediments to carry a secondary, post-tilt
magnetization, which shows a ~45°cw rotation. The 13 degrees referred to by the
reviewer concerns the declination in tectonic coordinates, but the magnetization is not
interpreted as primary. We have rewritten the Kizilkapi locality description and clarified
this point.

We have clarified further by adding to the discussion section, where Kizilkapi is
discussed:

This indicates a post-tilt yet still pre-rotation magnetization, but given the inferred
secondary nature of the magnetization, we refrain from using this locality in computing
the rotation of the Ulukisla Basin.

3. On page 22, it is written that “the Late Cretaceous and the Eocene, when the Tauride
rocks were still connected to the downgoing African Plate.” In this interval, a Tethyan
ocean with a subduction zone (Eastern Mediterranean) was between the African Plate
and the Taurides, hence the Taurides were not part of the African Plate.

We respectfully disagree with the reviewer. During the Late Cretaceous, subduction
indeed occurred between Africa and the Tauride block which led to emplacement of
ophiolites onto the Arabian, north African, and south Tauride margin, but this
subduction zone is explained and kinematically constrained by ophiolite data (Maffione
et al,, 2017) by westward roll-back from an originally east-dipping subduction zone that
formed east of the Tauride block. This is a similar situation as today's Banda arc. Until
the phase of thrusting in Eocene time, the Tauride lithosphere was still connected to
Africa, much like the Bird's Head north of the Banda arc is still connected to Australia.
We therefore think it is fair to test whether the pre-Eocene rotations of the Taurides
may be explained by African rotations.

4. Several of the references in the References list are incomplete, e.g., Granot 2016,
Dankers et al., 1978, Barrier and Vrielynck, 2008 Blumenthal 1956....

We have carefully revised the reference list and corrected the inconsistencies pointed
out by the reviewer.

5. It would be very helpful to provide stratigraphic columns for the UlukA’s sla and Sivas
basins

As we responded to reviewer#1, the stratigraphic columns are not necessary to
understand the paleomagnetic and structural analysis of this paper. The stratigraphy
merely provides an age for the sampled localities and the age and nature of the sampled
rocks are provided in the locality descriptions.
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amount of fault displacements in the orogen, and paleomagnetic constraints on amount, distribution, and timing of vertical
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axis block rotations. Together, such constraints allow estimating how convergence was partitioned over the orogen, and

help to identify the location, timing, and amount of e.g. subduction during orogenesis.

The Anatolian collage may in its simplest form be subdivided in two major belts (Fig. 1): the Pontide fold-and-thrust belt in

the north, which has formed the southern Eurasian margin since at least the mid Mesozoic (Dokuz et al., 2017; Nikishin et
al., 2015; Sengdr and Yilmaz, 1981; Ustadmer and Robertson, 2010, 1997), and the Anatolide-Tauride belt in the south. This

latter belt is thought to have derived from a microcontinental realm that was separated from Eurasia and Africa by ocean

basins, and consists of metamorphosed and non-metamorphosed tectonic units overlain by Cretaceous ophiolites. In
Central Anatolia, the wider Anatolide-Tauride belt consists of (from north to south) the Kirsehir Block, the Afyon Zone, and

the Tauride fold-and-thrust belt (Fig. 1, Barrier and Vrielynck, 2008; Boztug et al., 2009; Menant et al., 2016; Moix et al.,

2008; Parlak et al., 2012; Robertson, 2002; Robertson et al., 2009; van Hinsbergen et al., 2016). Ages of accretion,
metamorphism and exhumation are younging from north to south, and range from Late Cretaceous to Eocene (Gonclioglu,

1997; Glrer et al., 2016; Okay and Tuysuiz, 1999; van Hinsbergen et al., 2016). The Pontide and Anatolide-Tauride belts are

separated by the lzmir-Ankara-Erzincan suture zone (IAESZ) that demarcates the former location of the now subducted
Neotethys Ocean and that is thought to result from latest Cretaceous to Paleogene collision of the Anatolide-Tauride and

Pontide belts (Fig. 1; Sengér and Yilmaz, 1981).

Previous paleomagnetic research has revealed that these major continent-derived units were in Cenozoic time broken up

into large structural blocks that underwent significant vertical axis rotations relative to one another, bounded by fault

zones. The Pontides of Central Anatolia were deformed in Paleogene time into a northward convex orocline (Meijers et al.,

2010; Kaymakci et al., 2003; Cinku et al., 2011; Lucifora et al., 2016). Deformation was accommodated along thrusts
associated with the IAESZ in the south, and thrusts inverting the southern Black Sea margin in the north (Kaymakci et al.,
2009; Espurt et al., 2014) (Fig. 1). To the south, the Kirsehir Block broke into three rotating blocks: the northeastern Akdag-

Yozgat BJock (AYB), the central Kirsehir-Kirikkale BJock (KKB), and the southern Avanos-Agacdren BJock (AAB) as shown by

( Deleted: b

paleomagnetic data from Upper Cretaceous granitoids (Lefebvre et al., 2013). These rotating blocks were bordered by
transpressional fault zones active between the Late Eocene and Early Miocene (e.g. Gulyuz et al., 2013; Advokaat et al.,

2014; Isik et al., 2014). In southern and eastern Anatolia, large rotations have been identified in the Taurides and overlying

sedimentary basins, (Cinku et al., 2016; Kissel et al., 2003, 1993, Meijers et al., 2016, 2011; Piper et al., 2002a, Fig. 1), but

African/Arabian and Eurasian plates led in the
eastern Mediterranean region to the formation of
the complex, and highly non-cylindrical Anatolian
orogen. This non-cylindricity is expressed as the
lateral appearance or disappearance of major,
continent-derived deformed blocks in the orogen,
whereby the prominent blocks in western and
Central Anatolia (the Tavsanl and Kirgehir zones,
Fig. 1) disappear in eastern Anatolia. The tectonic
amalgamation of these continental blocks is
thought to have occurred at two or more
subduction zones since Cretaceous time. At a
southern subduction system, oceanic lithosphere of
a former overriding plate was obducted over
continental lithosphere of a Gondwana-derived,
Anatolide-Tauride continental fragment in the late
Cretaceous leading to deformation and
metamorphism (Barrier and Vrielynck, 2008; Boztug
et al.,, 2009; Menant et al., 2016; Moix et al., 2008;
Parlak et al., 2012; Robertson, 2002; Robertson et
al., 2009; van Hinsbergen et al., 2016). Another
subduction zone existed along the northern
subduction system below Eurasian lithosphere,
where the obduction-related orogen collided since
latest Cretaceous to Paleogene time upon closure of
the Neotethys Ocean (Kaymakci et al., 2009). These
collisions were shown to have been associated with
major regional vertical axis block rotations
throughout the Anatolian orogen (Cinku et al.,
2016, 2011, Kissel et al., 2003, 1993; Lefebvre et al.,
2013; Meijers et al., 2010; Piper et al., 2010).
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with existing data to identify the dimension of rotating domains in Central and Eastern Anatolia, and identify structures

that may have accommodated these rotations.

2 Geological setting
2.1 Basement units

The Pontides mountain belt in northern Turkey contains Gondwana-derived fragments which had collided with Eurasia by |
mid-Mesozoic time (e.g. Okay and Nikishin, 2015, e.g., $engdr and Yilmaz, 1981; Ustabmer and Robertson, 1997; Ustabmer

and Robertson, 2010; Dokuz et al., 2017). Since at least Early Jurassic time, the Pontides became bounded to the south by a

northward dipping subduction zone (Okay et al., 2014; Topuz et al., 2014) that consumed Mesozoic Neotethyan oceanic

crust,

The Kirsehir,Block pecame underthrusted and metamorphosed jn Late Cretaceous time, around 85-90 Ma due to pphiolite

emplacement (Boztug et al., 2009; Whitney and Hamilton, 2004). Subsequently, around 70-65 Ma the Afyon Zone was,
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The Taurides to the south are bent into an orocline, with clockwise rotations in the western Central Taurides (Kissel et al.,
1993; Meijers et al., 2011; Cinku et al., 2016; Piper et al., 2002) and counter-clockwise rotations reported from the Eastern
Taurides (Cinku et al., 2016; Kissel et al., 2003). The Eastern Taurides are cut by NNE-SSW trending strike slip faults. The

most western of these is the Ecemis Fault Zone (EFZ; Figs 1, 2) that separates the Kirsehir Block and Central Taurides to the

west, and the Eastern Taurides to the east (e.g. Jaffey and Robertson, 2001). It also left-laterally disrupts the connection
between the Ulukisla and Sivas basins from Eocene-Oligocene time onward (Gurer et al., 2016). To the south, Lower
Miocene sediments in the Adana Basin (A in Fig. 1) seal the strike-slip component of the Ecemis Fault Zone, which after
Early Miocene time only experienced E-W directed normal faulting with only a minor strike-slip component (Alan et al.,

2011; Higgins et al., 2015; Jaffey and Robertson, 2001; Sarikaya et al., 2015).

2.2 Sedimentary basins flanking the northern Taurides

Several sedimentary basins developed on top of the sutures and recorded the geological evolution of the Anatolian orogen
from the Late Cretaceous to present. Broad similarities in their stratigraphy suggest that the Upper Cretaceous-Paleogene
stratigraphic record of the Ulukisla and Sivas basins once formed a contiguous basin. Both overlie the Cretaceous ophiolites
and contain stratigraphies that overlap in time with thrusting, metamorphism, exhumation, and accretion of the underlying
Tauride units (Akyuz et al., 2013; Clark and Robertson, 2005, 2002; Gurer et al., 2016; Poisson et al., 1996).The Ulukigla and

Sivas basins became separated due to displacement along the Ecemis Fault Zone in the Late Eocene-Oligocene (Figs. 1-3).

The Ulukigla Basin (Fig. 2) contains a discontinuous stratigraphic record of laterally variable series of shallow and deeper
marine clastic and carbonate sediments interlayered with volcanic rocks, overlain by continental coarse clastic rocks. The
deposits range from latest Cretaceous to Miocene in age and unconformably overlie ophiolitic basement. Eocene and
younger rocks of the basin also unconformably overlie metamorphic rocks of the Kirsehir Block and the Afyon Zone. In Late
Cretaceous time, the basin developed above the Alihoca ophiolites, during the burial of the Afyon Zone below these
ophiolites. From this context, the basin is interpreted as a forearc basin. During extensional exhumation of the Afyon Zone
along the top-to-the-north Ivriz Detachment (Fig. 1), the basin underwent N-S extension in the detachment’s hanging wall
and underwent widespread marine clastic deposition (Girer et al., 2018, 2016). At the northern basin margin and close to
the contact with the Kirsehir Block, a series of large-offset listric normal faults are compatible with E-W extension (in
present-day coordinates). These offset sediments and the base of Paleocene volcanics indicate that E-W extension
occurred simultaneously with N-S extension in the south, which prevailed until at least 56 Ma (Gurer et al., 2016).

Following extension and exhumation, the Late Eocene-Oligocene history of the basin involved N-S shortening in especially
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the southern part of the basin, resulting in the formation of a north-verging fold with a widely exposed subvertical to
overturned northern limb that marks the southern exposures of the Ulukisla Basin, and subordinate top-to-the-south
thrusting in the synclinal hinge zone. Westward, these folds become more open and structures become gradually NE-SW
oriented, while several anticlines and synclines deform the basal stratigraphy of the basin. The Oligocene redbeds in the
Aktoprak syncline (Meijers et al., 2016) in the southwestern part of the Ulukisla Basin are interpreted as having been
deposited during folding (Gurer et al., 2016). To the east, the folded Ulukigla Basin sediments curve towards NE-SW strikes

interpreted to reflect drag folding against the major left-lateral EFZ (Girer et al., 2016).

The Sivas region (Figs 1, 3) hosts a depocenter which is bound by the Pontides to the north, the Kirgehir Block/EFZ in the
west, and the Taurides in the south. Its eastern boundary is diffuse. To the south, on the northern flanks of the Tauride
fold-and-thrust belt, ophiolites are unconformably overlain by uppermost Cretaceous to Eocene, dominantly marine
carbonate and clastic sediments and Paleocene volcanic and volcaniclastic rocks. These sediments were affected by north-
verging Paleocene-Eocene thrusting (Cater et al., 1991; Poisson et al., 1996; Yilmaz and Yilmaz, 2006), possibly related to so
far structurally poorly reconstructed thrusting in the Tauride fold-and-thrust belt underneath. In the Late Eocene-
Oligocene, sedimentation became terrestrial to lacustrine. This overall sequence shows first-order similarities with the
Ulukisla Basin.

The younger stratigraphy, however, is significantly different, and is located to the north of a large fault zone that runs
through the center of the Sivas Basin (Figs 1, 3). This fault zone consists of a series of thrusts and towards the west
connects to the EFZ through a series of NE-SW striking sinistral strike-slip faults (Higgins et al., 2015; Fig. 3). To the east, the
fault is defined by, a N60°-70°E-trend, with a left-lateral strike slip-component (Yilmaz & Yilmaz, 2006; Akyuz et al., 2013)

that thrusts ophiolites and Cretaceous and younger sediments over folded Oligocene redbeds to the south, all along the
Sivas Basin. This structure is hereafter referred to as Deliler-Tecer Fault Zone (DTFZ, Figs 1, 3).

In the hanging wall of the DTFZ, the northern Sivas Basin is an elongated depocenter that comprises Oligocene to Pliocene
continental and marine strata including widespread Miocene evaporites overlain by continental redbeds. Salt mobility led
to strong local deformation and the formation of mini-basins (Callot et al., 2014; Kergaravat et al., 2016; Pichat et al., 2016;
Poisson et al., 2016; Ribes et al., 2015). In the west, Upper Miocene to recent volcanic rocks are found close to the EFZ and
its connection to the Sivas fold-and-thrust belt (Cater et al., 1991; Poisson et al., 1996; Yilmaz and Yilmaz, 2006). The

subhorizontal Pliocene covers parts of the Sivas Basin on both sides of the DTFZ.
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3 Methods
3.1 Sampling

An extensive sample set was obtained from 21 localities, comprising of a total of 121 sites in rocks of common age from
structurally coherent regions, totalling 2118 oriented paleomagnetic cores across the Upper Cretaceous to Miocene
stratigraphy of the Ulukisla and Sivas basins and sediments overlying the Tauride fold-and-thrust belt (Figs 2, 3; Table 1,
GPS locations of all sites are supplied in the supplementary information). All samples were collected from sedimentary
rocks. Age constraints for the sampled units come from geological maps and accompanying explanatory notes (MTA, 2002).
Ages were complemented — where available — by published biostratigraphic literature (Blumenthal, 1956; Oktay, 1973;
Oktay, 1982; Demirtasli et al., 1984; Atabey et al., 1990; Clark and Robertson, 2005; Girer et al., 2016); . In a few cases, we
obtained new nannofossil biostratigraphy (details supplied in the supplementary information). Paleomagnetic samples
were collected from marine sediments (limestones, marls, and turbiditic sandstones) of Late Cretaceous to Middle Eocene
as well as Miocene age, and continental clastic rocks of Oligocene and Miocene age. The samples were collected by drilling
standard cores (25 mm @) with a gasoline-powered, water-cooled drill. Cores were oriented using a magnetic compass, and
drilling orientation as well as bedding plane were corrected for the local declination of 5°E. We always sampled over a
sufficiently long interval (10-30 m) per site, enough to sample paleosecular variation (PSV). In the laboratory, the cores

were cut into specimens of 22 mm length using a double-blade circular saw.

3.2 Rock magnetism

Jhermomagnetic analyses to determine the nature of magnetic carriers were performed on representative samples for
each of the 121 sites, using a horizontal translation-type Curie Balance with cycling applied magnetic field, usually 150-300
mT (Mullender et al., 1993). Depending on the magnetic intensity of the sample, 30-100 mg of finely-crushed rock material
per site was measured in a quartz vial. As a rule, eight heating-cooling cycles were applied to detect magneto-mineralogical
alterations during heating. We used the following temperature scheme (in °C): 20-150, 50-250, 150-350, 250-400, 300-450,
350-525, 420-580 and 500-700.

3.3 Demagnetization

Samples were subjected to progressive stepwise demagnetization using either thermal (TH) or alternating field (AF) steps,
from room temperature up to a maximum of 680°C, and a maximum field of 100mT respectively. To more efficiently
separate secondary and primary components by AF demagnetization, specimens were heated to 150°C to remove possible
viscous or present-day field overprints caused by weathering, and to reduce the coercivities of the secondary overprint in

the natural remanent magnetization (NRM) (Van Velzen and Zijderveld, 1995). Temperatures ranging 20-680°C with
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increments of 20-50°C were applied to thermally demagnetize the samples in a shielded ASC TD48-SC oven. The NRM after
each step was measured on a horizontal 2G DC SQUID cryogenic magnetometer (noise level 3 ><10’12Am2). Demagnetization
steps ranging 5-100 mT with field steps of 3-10 mT were applied for AF demagnetization, performed on an in-house

developed, robot assisted and fully automated 2G DC SQUID cryogenic magnetometer (Mullender et al., 2016).

3.4 Directional interpretation and statistical treatment

Paleomagnetic interpretations and statistical analyses were carried out using the platform independent portal

Paleomagnetism.org (Koymans et al., 2016). All data, jnterpretations and statistics of this study are provided in file formats

that can be imported into the portal. Stepwise demagnetization of the NRM is displayed in orthogonal vector diagrams
(Zijderveld, 1967). Characteristic remanent magnetization (ChRM) directions were interpreted using principal components
analysis (PCA) following an eigenvector approach (Kirschvink, 1980). Great circle analysis following McFadden and

McElhinny (1988) was performed if components were not entirely resolved upon demagnetization, or became viscous or

spurious at higher temperatures or coercivities. Mean directions were determined using Fisher (1953) statistics applied on
virtual geomagnetic poles (VGPs) and errors in declination (AD,) and inclination (Al,) were calculated following Butler
(1992). We applied the reliability criteria of Deenen et al. (2011, 2014) by determining Ags of the VGP distribution, and
calculate the n-dependent values of Agsmin and Agsmax: Values plotting within this envelope can be explained by paleosecular
variation (PSV) whilst values outside the envelope may indicate sources of enhanced scatter (Ags>Agsmax), Or under-

representation of PSV (Ags<Agsmin) €.2. due to remagnetization, To test the origin of the ChRM, field tests (reversaltest,

fold-test) were performed where possible (Tauxe and Watson, 1994; Tauxe, 2010, Fig. 7). A fixed 45° cut-off was applied to

the VGP distributions on site and locality level (Johnson et al., 2008; Deenen et al., 2011). Using these tests, we establish

whether the locality carries a primary or secondary magnetization. In the discussion section, we assess the reliability and
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consistency of our paleomagnetic results and evaluate the tectonic implications,,

3.5 Compilation of previous paleomagnetic results

We have compiled published paleomagnetic data from the Taurides, Kirsehir Block, and Pontides previously used to infer
rotation patterns in Central Anatolia. This paleomagnetic database is provided in the Supplementary Information and in a

JPaleomagnetism.org, compatible format. Literature references are provided in the description of the supplementary

information. All sites are given in tectonic coordinates (i.e., corrected for bedding tilt) where possible. All paleomagnetic
directions were converted to normal polarity. The database was built following selection criteria listed in Li et al. (2017).
Because the paleomagnetic community does not normally publish their original data, but only the statistical parameters

(Dec, Inc, N, k) of the data set, we have created parametrically sampled data sets for each site to facilitate averaging
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directions rather than means (see Deenen et al., 2011). Since the average directions in our compilation are based on

Jparametric sampling, fhey may differ somewhat from the published pnes. Locality averages for the segments of the

Pontide orocline, the Kirsehir Block, and the Eastern Taurides based on these literature data are provided in Table 1.

4 Results
4.1 Rock magnetism

Most samples showed decreasing magnetization up to temperatures of 550-580°C, indicative for (Ti-poor) magnetite.
Often, oxidation of pyrite upon thermal demagnetization forms magnetite around 400°C (Passier et al., 2001) leading to
spurious demagnetization behaviour at higher temperatures. Occasionally, the presence of hematite is seen by the removal
of the magnetization at temperatures as high as 680°C. These results are consistent with Curie Balance measurements, of
which nine representative results are shown in Fig. 4. The following patterns were observed in thermomagnetic curves,
which aided our demagnetization strategy, whereby hematite-bearing samples were preferably TH-demagnetized and
pyrite bearing samples were AF-demagnetized. Near continuous, non-reversible alteration with increasing temperature
was recorded by some light-red colored limestones and continental red siltstones or beige sandstones, showing an
inflection around 350°C interpreted as inversion of maghemite into hematite (Dankers and others, 1978) and finally to
magnetite at ~580°C (Fig. 4b,h). The presence of hematite in some red siltstones is evident from a residual magnetic signal
up to 680°C (Fig. 4e, e). The cooling curves for these samples is below the heating curves, indicating oxidation of
maghemite/magnetite, likely to hematite which has a lower spontaneous magnetization. The presence of pyrite is evident
in @ number of marls and limestones, where the increase in the magnetization at 390-420°C indicates that pyrite
transforms to magnetite producing an intensity maximum at 480-500°C. Above 500°C, the newly formed magnetite is
subsequently demagnetized or oxidized at 580°C (Fig. 4a, d, g). The cooling curves below 400°C are higher than the heating
curves because of this newly formed magnetite which causes the spurious demagnetization behaviour at temperatures
above 400°C. Pyrite is not always present in the marls, as is evident from marly samples that show a continuous decay until
~580°C, indicating (T-poor) magnetite only (Fig. 4c,f,i). Sometimes the amount of magnetite is very small and the Curie
curve shows a mostly paramagnetic shape (Fig. 4c,i). Nevertheless, some magnetite must have been present since the

cooling curve is lower than the heating curve because of demagnetization/oxidation of the magnetite.

4.2 Demagnetization

Samples with magnetite-hosted magnetizations showed decreasing magnetization up to 550-580°C, or fields of 60-100mT.
Hematite-bearing samples required higher temperatures up to 680°C. Generally, low temperature/low coercivity

overprints were minor and easily removed at low temperatures (100-150°C) or low alternating fields (10-15 mT); where
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this was not the case, we used great circles and if possible determined great circle solutions (McFadden and McElhinny,

1988). Many samples and sites yielded no reliable paleomagnetic results and were discarded from further analysis. Below )

we discuss per locality the reason for discarding them. Typical causes are too low intensities, alteration upon heating and

subsequent erratic magnetization behaviour, or a component that, in geographic coordinates, cannot be distinguished
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from a recent field overprint, in casu a geocentric axial dipole (GAD) direction for the locality. In interpreting the
demagnetization diagrams, we did not rely on criteria for the maximum angular deviation (MAD, Kirschvink, 1980), because

this cannot be justified from a statistical standpoint and depends on anchoring or not anchoring to the origin (Heslop and

Roberts, 2016). In almost all cases, anchoring produces an artificially low uncertainty estimation (MAD) compared to an
unanchored fit; this is inherent in the method used in the PCA analysis. In our interpretations, common sense and

consistency of results dictated whether or not to anchor. Although the criteria to anchor or not to anchor have very

recently been placed on a firm statistical footing by Bayesian model selection (Heslop and Roberts, 2016), this has not been
implemented (yet) in the paleomagnetism.org online tool.

In determining the means per locality, we averaged all individual directions of the sites of that locality. We therefore break

with paleomagnetic tradition to average the site means per locality, although these are given in Table 1. Site means are
unit vectors irrespective of the number of samples per site, and therefore site mean cones of confidence (A95) and

dispersion (K) are not propagated. By taking all site directions together, sites with more samples have, naturally, more

weight. Since we use the Deenen et al., 2014, 2011 criteria, this approach is warranted because the range of acceptable
A95 is N-dependent, contrary to the traditional criteria (e.g. Van der Voo, 1990; see the discussion and Fig. 3 in Deenen et
al., 2011. A95 should fall within the A95,,,-A95.x envelope, which becomes stricter (‘narrower’) with increasing N. The
estimate of dispersion (K) of the distribution, however, is largely independent of N (for N sufficiently large, say N>10) and

for increasing N becomes an increasingly better estimate for the true dispersion (k) of the distribution.

4.3 Paleomagnetic results

Below, we describe the paleomagnetic directions obtained from each of our 21 localities. Results are summarized in Table
1 and locality averages are illustrated in Figs. 2 and 3. All demagnetization diagrams per site are provided in the online

supplementary information as site.dir files that can be imported into Paleomagnetism.org, representative examples for

most localities are shown (Fig. 5). Statistical analysis was first performed on a per site basis (Table 1), whereby outliers

were omitted (but are listed in Table 1 and in the provided Paleomagnetism.org, /ocality.pmag files). Subsequently,

individual directions from the 21 localities were grouped and averaged (Figs. 2, 3, 6; Table 1). Locality averages were
calculated using individual sample directions, such that large sites (large number of samples) have a larger statistical weight

than smaller ones, following procedures in (Deenen et al., 2014, 2011). Locality results are shown as equal area projections
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of ChRM directions and their means before and after tectonic correction (Fig, 6, Table 1). All locality results are provided in

the online supplementary information,and can be visualized and used in Paleomagnetism.org.

4.3.1 Ulukigla Basin

Within the Ulukigla Basin, we collected ~1200 samples from 49 sites, creating 13 localities consisting of Upper Cretaceous

to Upper Miocene rocks (Figs. 2; Table 1). Here, we describe these localities from stratigraphically old to young.

Around Alihoca, in the south of the basin (Fig. 2), we collected four sites in Upper Cretaceous red hemipelagic limestones
(AL1, AR2) and from blue limestones (AL3, 4) (Alihoca-1 locality). In addition, we collected one site (AL2) from Upper

Paleocene silty marls (Alihoca-2 locality). An overprint in the red limestones was removed at temperatures of ~200°C,

demagnetization at higher temperatures up to ~450-500°C showed a decay trending towards the origin (Fig. 5a,b), at [

[Deleted: ure

(Deleted: appendix

(Deleted: 4
(Deleted: ,6
(Deleted: linear
[Deleted: e f
(Deleted: higher
[Deleted:
(Deleted: follows
(Deleted: s and a reliable

S

Deleted: (setpoint) decaying linearly to the origin
was not obtained

(Deleted: gh
(Deleted: this

temperatures above 500°C demagnetization behaviour becomes erratic. AF-demagnetization Jeads to great circle |
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towards the origin and was used for,ChRM direction jnterpretation (Fig. 5d). We interpret that the ChRM is mainly carried

by [pigmentary) hematite. The blue limestones yielded directions in geographic coordinates (AL4) coinciding with the

Jecent field component, or erratic demagnetization behaviour due to very low intensities (AL3); both sites were discarded.

Sites AL1 (reversed) and AR2 (normal) do not give a positive reversal-test, and an optimal clustering of their directions at
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The Ardigli locality was sampled in two sites (AR1, AR3) along a road section along the canyon to Ardigh village in the
southeast of the Ulukisla Basin (Fig. 2). The lithology is a dark grey sandy-silty limestone of Campanian-Maastrichtian age. A
Jecent component was resolved at temperatures up to ~200°C and fields of ~50 mT. In most cases, linear decay towards
the origin occurred at temperatures up to ~420°C (Fig. 5e) suggesting an iron sulphide as carrier of the magnetization. AF-

demagnetization does fully demagnetize the NRM, but at fields of 60-100 mT the direction is indistinguishable from

thermal demagnetization (Fig. 5f). The thermal and AF behaviour is consistent with the presence of fine-grained pyrrhotite
which has very high coercivities (Dekkers, 1988). A total of 12 (out of 34) samples gave noisy demagnetization data from

which no ChRM was jnterpreted. The two sites share the same bedding and a fold-test is thus not possible. The direction in
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tectonic coordinates would suggest a vertical axis rotation of 45.2+2.8°cw. We note, however, that A95 (2.7) is lower than

the A95..i, (3.5), indicating under-sampling of PSV. This may suggest that the magnetization was acquired in a time period

that was too short to fully represent PSV, generally thought to average on a ten to hundred thousand year timescale (e.g.,

Deenen et al., 2011, and references therein). Because both sites were collected from several tens of meters of fine-grained

sediments, which likely covers a sufficiently long time interval, such undersampling may indicate remagnetization. We
further note that the tilt-corrected inclination of ~30° is considerably lower than the inclination expected for Eurasia in the

Late Cretaceous-Paleogene (ranging 50-55°, with an error of +3°). Admittedly, the lower inclination may result from

compaction-induced inclination shallowing (by more than 20°), but the observation that the A95 is too low to represent
PSV points to remagnetization (and hence no inclination error), we consider the inclination of ~45° in geographic

coordinates is close to the expected inclination for the plate against which the Anatolian collage accreted in the Cretaceous

to Paleogene, which would be consistent with a post-tilt remagnetization. In any case, the locality would indicate a major
clockwise rotation, ~45° since the Late Cretaceous-Paleogene if not remagnetized, or ~80° following post-tilt

remagnetization (Fig. 6¢, Table 1).

v

The Bekgili locality consists of six sites collected from uppermost Cretaceous to Upper Paleocene marls and interbedded
turbiditic sandstones (Camardi Formation) in the northern part of the Ulukigla Basin (Fig. 2), between the villages of Bekgili

and Uskdil. A recent component is generally removed at 15 mT or ~200-250°C. Subsequently, the component frending

towards to the origin between 20 and 50 mT or 250 and 560°C is interpreted as the ChRM (Fig, 5g,h) likely carried by '

magnetite. The A95 of the mean lies within the A95,,.max envelope. In addition, the locality yields a positive fold-test (Fig. \

7hb). The Bekgili locality therefore provides a well-defined rotation of 35.4+2.9°ccw (Figs 2, 6d, Table 1).

The Kizilkapi locality is based on five sites sampled in Upper Paleocene marls and siltstones in the north of the basin

between Kizilkapi and Postalli villages (Fig. 2). A yecent component is generally removed at 20 mT or ~220-240°C. A

component frending towards the origin between 20 and 50 mT or 275 and 450°C is interpreted as the ChRM, likely carried

by magnetite. At higher temperatures, the magnetization becomes erratic because of the oxidation of pyrite. Site PC3
provided only erratic demagnetization behaviour and was discarded. Site PC1 yielded an inconsistent direction in both
geographic and tectonic coordinates (D/I = ~52/-47° and 357/-65°, respectively), and was discarded from further analysis.

The remaining sites CP1, PC2, and PC4 yield jnclinations that are significantly steeper than predicted for the Eurasian

reference (~64+4° vs. ~50°), whilst the in geographic coordinates the inclination if 46.5+5.7°. We therefore interpret the
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The Kolsuz locality consists of two sites collected from Paleocene marine marls interbedded with volcanic rocks in the west

of the basin (Fig. 2). A recent component is generally removed at 20 mT and ~180°C and decay towards the origin or great

circle trends occur between 20 and 50 mT and 200 and ~450°C, suggesting magnetite as carrier. The two sites both yield
reversed polarity directions with shallow inclinations of ~30°, both before and after tilt correction, which may be explained
by compaction-induced inclination shallowing. A fold-test is positive (Fig. 7c). The two sites combined yield an A95 value

within the A95,.max €nvelope. The locality suggests a rotation of 24.2+7.8° ccw (Figs 2, 6f, Table 1).

The Halkapinar locality consists of nine sites collected from Paleocene to middle Eocene siltstones and marls in the
southwest of the basin (Fig. 2). Site HP5 provided erratic demagnetization behaviour, while site HP4 yielded unrealistical,
inclinations both in geographic and in tectonic coordinates, Site KG1 provided a direction that in geographic coordinates
coincides with the recent component, and in tectonic coordinates yielded a very low inclination of ~15°; we interpret the
site as a recent overprint and discard it. Site YL1 provides a tightly clustered set of reversed directions decaying towards
the origin at low temperatures of up to 200°C, with an A95 (4.3°) lower than A95.,,(6.3°). The inclination in geographic
coordinates (-53+6°) coincides with the expected inclination for the sample locality, whereas in tectonic coordinates it is

too low (-25%8°). We discard sites HP4, HP5, KG1, and YL1 (Table 1). Of the remaining five sites, KG2 and HP2 have normal

polarity, and HP1, HP3 and HP6 have reversed polarity. A recent component direction was eliminated at temperatures of
~100-150°C and fields of 10-15 mT. The ChRM components were interpreted between 300 and 500-600°C and 15-80 mT
(Fig. 5i,j). The primary carrier of the magnetic signal is magnetite. The fold-test shows optimal clustering at ~61-95%
unfolding (Fig. 7d). The Halkapinar sites come from a sedimentary sequence that shows evidence for syn-folding
sedimentation: the lower part of this sequence is tilted steeper to the north than the upper part (Glrer et al., 2016),
consistent with the fold-test, and we hence interpret the magnetization as primary. The A95 value is within the A95in-max

envelope (Deenen et al., 2011), The locality thus provides a well-defined rotation, of 25.2 4.9 *ccw (Figs 2, 6g, Table 1).
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reversed, antipodal directions, with steep inclinations close to the recent field (~56°) and declinations indistinguishable

from north and south, respectively. In tectonic coordinates, however, jnclinations are unrealistically shallow (8-15°). We
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four sites of the Eminlik locality hence did not provide a rotation estimate (Table 1).
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The Hasangazi locality was collected from six sites sampled in grey sandy limestones and silty marls of Eocene age between
Teknecukur and Hasangazi villages (Fig. 2). A minor viscous component was eliminated at temperatures up to 180°C. In
geographic coordinates, three sites from this locality (HG1, GM2, and TC1) are indistinguishable from the recent field,
(Table 1), while site GM1 yielded erratic demagnetization behaviour. These four sites were discarded. For the remaining

sites the components from 280-350°C, or 20-60mT (TC2, , and 320°C-450°C or 20-60mT (HG2) were interpreted as the

ChRM, or used to construct great circles (Fig. 5k,l). Sites HG2 and TC2 defining the Hasangazi locality (n=33) yielded a
positive fold-test (Fig. 7e). The A95 value lies just below the A95.,, value (Table 1), which likely results from the use of

great circles that seek optimal clustering. We obtain a yotation of 4.9°+2.8°cw (Figs 2, 6h, Table 1).

The Topraktepe locality was collected at a single site in Middle Eocene silty, dark limestones and marls in the central part of

the basin (Fig. 2). A component up to ~180°C and 20 mT carries 2 recent component. Decay towards the origin until ~360°C

is interpreted as a magnetization carried by iron sulfides, and erratic behaviour, above, 390-420°C is interpreted as the

breakdown of pyrite into magnetite (Fig. 4d). The ChRM was interpreted from the linearly decaying component between

~200-350°C and ~25-40mT (Fig. 5m,n). The mean yields an A95 value within the A95n.max €nvelope. The inclination in

geographic coordinates is lower (~27°) than in tectonic coordinates (~45°). We interpret the direction as primary, and the

locality suggests a rotation of 44.5+4.1° ccw (Figs 2, 6i, Table 1).

The Aktoprak locality contains four sites sampled in Chattian (Upper Oligocene) continental brown and red silt and
sandstones exposed in the Aktoprak syncline in the southwest of the basin. Curie balance measurements (Fig. 4b) identify
magnetite as the main magnetic carrier. Site AT1 yielded erratic demagnetization behaviour and site AT4 yielded an
average direction indistinguishable from a2 recent component in geographic coordinates (Table 1). Site AT2 did not yield

components linearly decaying towards the origin, while great circles do not show a common intersection, Hence, these

three sites were discarded. Site AT3,provided a component frending towards the origin, or defining great circle trajectories,

between 200 and 570°C and 20-60 mT (Fig. 50,p), This site suggests a rotation of 24.5+10.1°. Meijers et al. (2016) reported
paleomagnetic data from the same stratigraphy based on a much larger dataset of n>120 directions that is similar to our
result from AT3. Combining these results, whereby we parametrically sampled the Meijers et al. (2016) dataset, yields a
dataset with an A95 value within the A95,,i,.max €nvelope, with a mean direction suggesting a rotation of 33.7+3.8°ccw (Figs

2, 6j, Table 1).

The Postalli locality is based on two sites (CP2 and CP3) sampled in red continental sandstones and siltstones, and a light-
coloured tuffaceous sandstone, respectively. Both sites are of (Upper?) Miocene age and are located in the northern part

of the basin, north of Postalli village and dam (Fig. 2). In both sites a recent overprint is removed at emperatures of ~180°C.
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The main magnetic carrier of samples in site CP2 seems to be magnetite since the component decaying to the origin and
interpreted as ChRM lies between 180°C and 500-580°C (Fig. 5¢). However, AF-demagnetization shows a small or virtually
no decrease of the NRM, which suggest a high-coercive magnetic mineral. Therefore, the most likely carrier that explains

both thermal and AF behaviour is pigmentary hematite. Although AF-demagnetization did not lead to full demagnetization,

(Deleted:

is

(Deleted:

Hematite

—

Deleted: is ruled out because of the thermal

demagnetization characteristics. It could be

goethite but also this is not readily evident from

thermal treatment, so possibly some pyrrha . [15] )

)
)
)

suggest a vertical axis rotation of 6.5+3.3°ccw (Fig. 1; Table 1).

Lcomponents clustering - or slightly decaying towards the origin — between 25 and 60 mT were interpreted as the ChRM (Deleted: but
(Fig. 5r), and are consistent with, the thermal demagnetizations. Site CP2 contains reversed directions. |n geographic (Deleted: 5u
coordinates, the inclination is steep (68.6+9.0°), and becomes shallower (43.3+12.0°) jn tectonic coordinates. Site CP3 hosts (Deleted: those form thf thermal‘treatment
a component that was interpreted as ChRM between ~210-430°C and ~25-60 mT, likely carried by magnetite. This site %g::::::; i::r:::::z::::::n
contains both normal and reversed polarities, but we have jnsufficient samples for a meaningful reversal-test. The fold-test (Deleted: polarity
is indeterminate (maximal clustering between ~50 and 150% unfolding). A95 falls within the A95.,, m.x envelope. The (DENEtEd: with
Jocality suggests a vertical axis rotation of 17.7 + 5. 4°ccw (Figs 2, 6k, Table 1). gze:e:e:  while also t —
eleted: two sites combine
Deleted: 8
The Burg¢ locality contains one site sampled in Upper(?) Miocene lacustrine sandstones and silts in the northeast of the gpehted: Fig.
basin, south of Camardi (Fig. 2). This site only provided erratic demagnetization behaviour, from which no consistent ChRM (Deleted: site
component was interpreted. Hence, this Jocality was discarded from further analysis (Table 1). Eze:e:e:: (Fig. 2)
eleted: PDF
Deleted:
The Hacibekirli locality contains one site sampled in Upper Miocene terrestrial sandstones and silts in the southwestern EDeleted:,
part of the basin (Fig. 2), A recent overprint is removed at temperatures of ~150°C. Components decaying towards the (Deleted: - This may
origin between 10 and 30 mT, and 150-350°C were interpreted as the ChRM. The site yields a reversed magnetization with (DEIEtEd: indicate
a tight clustering of interpreted ChRM directions (A95 = 3.0 < A95,,=3.8), jndicating remagnetization. This is supported by %g::::::; Ina direction of
the direction in geographic coordinates (~182/-53°) with an inclination close to the jnclination of the recent field, whereas (Deleted: yields
in tectonic coordinates a direction of 165/-34° yields a much lower inclination, which would suggest major inclination (Deleted: expected
shallowing (Table 1). In absence of positive field tests, we refrain from interpreting this direction as primary even though (Deleted: -
the rotation jn tectonic coordinates (15° ccw) would be similar to that from Postalli (18° ccw) (Figs 2, Fig. 6l, Table 1). gz::::::; :':;:;::Zlon
(Deleted: suggested
Finally, we calculated an average paleomagnetic direction for the Upper Miocene to Pliocene volcanic rocks of Cappadocia (Deleted: is
overlying the AAB Block by combining lava sites previously published by Cinku et al. (2016); Piper et al. (2002, 2013);,‘ (Deleted: other Miocene localities
Platzman et al. (1998). These yield a mean (n=77) with an A95 (2.8) within the A95,.max envelope (2.1, 5.3), These data Ez::::::(
(Deleted: JDA
(Deleted: ,
(Deleted: Piper et al., 2013;
(Deleted: )
(Deleted: suggesting that PSV is sufficient! .. [16] )

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)




20

30

4.3.2 Tauride fold-and-thrust belt and overlying basins

115 samples from three localities (Berendi, Aladag, Gurilin) consisting of 11 sites were sampled in the Eocene to Miocene
stratigraphy of the sediments overlying the Taurides fold-and-thrust belt (Figs. 2, 3; Table 1). In addition, one locality (Sariz)
with 4 sites and 63 samples was sampled from folded and thrusted Late Cretaceous-Eocene limestones within the eastern
Tauride fold-and-thrust belt. The maps (Fig. 2,3) show the average declination of each locality with its associated AD,,

whereby all directions were calculated into normal polarity.

The Berendi locality is based on six sites sampled from shallow marine nodular limestones overlying the Tauride fold-and-

thrust belt, to, southwest of the Ulukisla Basin (Fig. 2). We obtained calcareous nannofossils from this locality (see

supplementary information), showing a Thanetian (Late Paleocene) to Ypresian (Early Eocene) age. Site BR5 gives a

direction indistinguishable from a recent component. while site BR6 yielded erratic demagnetization behaviour; both sites
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were discarded. From sites BR1-4, a low temperature but consistent component with reversed polarity was removed

between 100 and 250-400°C, or between 15 and50-80 mT, and was interpreted as the ChRM (Fig. 5s,t), or defined by great

circles. A fold-test on sites BR1-4 is clearly negative (Fig. 7f), implying a post-folding magnetization. The remagnetized
direction in geographic coordinates has a declination of 343.1+6.2°, suggesting a post-folding rotation of 16.9°+ 6.2° ccw

(Figs 2, 6m, Table 1).

The Aladag locality is based on four sites sampled in folded Oligocene continental red sandstones and silts of the Karsant|,
Basin overlying the Taurides (Unliigeng et al., 2015) near Aladag village east of the EFZ (Fig. 2). The Lower Miocene of the

Adana Basin (Figs 1, 2) unconformably overlying the Karsanti Basin is not folded. Sites AD1 and AD3 did not result in

paleomagnetically meaningful results and were discarded. The magnetisation of sites AD4 and ADS is primarily carried by

Jron sulfides, most likely pyrrhotite, because the ChRM is generally interpreted between 10-70mT, and between low

temperatures of 150-300°C (Fig. 5u,v). Sites AD4 and ADS yield a negative fold-test (Fig. 7g) showing that they carry a post-
tilt magnetization, acquired sometime after the Oligocene. This is further suggested by the shallow inclinations upon
tectonic correction (~30° compared to ~50° in geographic coordinates). The combination of these two sites yields a
declination in geographic coordinates of 343.4+7.3°, suggesting a ccw rotation of 16.6+7.3 (Figs 2, 6n, Table 1), with an ill-

defined but post-folding age.

The Sariz locality consists of four sites, one in Upper Cretaceous and three in Eocene limestones sampled in the eastern

Tauride fold-and-thrust belt to the north of Pinarbasi (Fig. 3). In all sites, a yecent component js removed at temperatures

up to 180°C, or up to ~25mT, followed by erratic demagnetization behaviour. The Sariz locality yielded therefore no reliable

directions and was discarded (Table 1).
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The Giriin locality was sampled at one site in Miocene mudstones overlying the Eastern Taurides (Fig. 3). A yecent

component was removed at temperatures of 180°C. A component trending towards the origin was isolated between ~200

and 350-450°C and was interpreted as the ChRM, whereas AF-demagnetization did not yield paleomagnetically meaningful
interpretations. In tectonic coordinates, all interpreted samples show a reverse polarity, which results in an average
declination of 163.9+10.9° after tectonic correction, constraining a rotation of 16.1°+10.9° ccw (Figs 3, 60, Table 1). No field
tests can be applied to this site (S510) and we cannot firmly conclude that this site carries a primary magnetization. In

geographic coordinates, however, the declination is 146.9£12° (Table 1), suggesting a,ccw rotation of ~33°.

4.3.3 Sivas Basin

Within the Sivas Basin, we collected ~900 samples from in total 51 sites defining 12 localities consisting of Paleocene to
Upper Miocene rocks of the Sivas Basin (Fig. 3; Table 1). Additionally, several published magnetostratigraphic sites from
the western part of the basin were re-interpreted (Krijgsman et al., 1996; Langereis et al., 1990). One locality of three sites

was sampled on the Kirsehir Block, northwest of the basin.

The Ulas locality comprises nine sites from Paleocene-Eocene marls around Ulas in the central west part of the region, ~30

km south of Sivas city (Fig. 3). Most sites of this locality provided gither a low-temperature yecent component or no results, |
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The Giirlevik locality was sampled at five sites from Eocene marls north of Gurlevik mountain, between Sincan and Zara in
the central southern part of the basin (Fig. 3). Sites S536, SS43 and SS45 gave no results and were discarded. The
magnetisation of the remaining sites S53 and 5544 is primarily carried by magnetite, with the ChRM interpreted generally
between 150-370°C and 20-65 mT. The two sites SS33 and SS44 give a positive fold-test (Fig. 7j) and have an A95 value

within the A95,ih.max €nvelope. The declination shows a rotation of 19.8+9.5°cw in tectonic coordinates (Figs 3, 6r, Table 1).

The Glilliik locality was sampled at five sites from Upper Eocene to Oligocene red sandstones and siltstones in the central
part and north of the study area, and on the northern flank of Tecer mountain (Fig. 3). The magnetisation of these sites is
primarily carried by magnetite, with the ChRM interpreted between generally between 100-300°C and 10-60 mT. The five,
sites provided generally high magnetic intensities with either components linearly decaying towards the origin, or, in most
cases, well-defined great circles. Those great circles define well-clustered intersections from which sample directions were
estimated. Each of the five sites yielded a well-defined average paleomagnetic direction, but these five directions are
strongly scattered. This may either reflect strong local rotations — which is unlikely given the absence of mini-basins or
major faults within this locality. More likely, some of these sites may have been remagnetized by lightning, which would be
consistent with their high intensities. Sites SS32 and SS52 give anomalously low inclinations <15° and site SS53 gives
declination suggesting a rotation of almost 100° derived from great-circle analyses only. Sites SS51 and SS54, on the other
hand, give a positive fold-test (Fig. 7k). These two sites suggest a rotation of 37.6 + 10.7° ccw in tectonic coordinates (Figs

3, 65, Table 1).

The Akdagmadeni locality consists of three sites sampled in Eocene marls and red continental deposits overlying the
easternmost part of the Kirsehir Block, northwest of the Sivas Basin (Fig. 3). A recent component overprint is generally
removed at fields of 15 mT and temperatures of 150°C. The primary carrier of the magnetization is magnetite. The sites are
characterized by low intensities and unstable demagnetization behavior. Site SS16 only gave recent directions and was
discarded. Site SS14 provides mostly erratic directions, but a few samples with reversed polarity yielded an interpretable
result, where the ChRM was interpreted between 20-45 mT, and 240-370°C. The interpreted directions and great circles
suggest an unrealistically low inclination upon tectonic correction (-27°), compared to in geographic coordinates (~54°). We
hence interpret this site to represent a post-tilt magnetization which yields a rotation of ~20° ccw in geographic
coordinates. Similarly, site SS15 provided some reversed directions, but mostly great circles that yielded no consistent
intersection and the site was discarded from further analysis. A fold-test of sites SS14 and SS15 was not possible. We note
that the inclination of the sites in geographic coordinates is close to the one expected based on the European APWP,
whereas in tectonic coordinates, the inclination is very shallow (22-35°), which may indicate, a post-tilt magnetization.

When combined, the A95 of the mean lies within the A95., 1., envelope. In tectonic coordinates, the Jocality yields a
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declination suggesting ~10°ccw rotation, in geographic coordinates, the declination would suggest a post-tilt 15°ccw

rotation (Figs 3, 6t, Table 1).

The Sincan locality is based on one site collected in the corridor of red Oligocene siltstones and sandstones between north
of Kangal and Divrigi towns (Fig. 3). The primary carrier in this site (S534) is magnetite. A recent component was eliminated

at temperatures of ~180°C and fields of 10-15 mT (Fig. 5z, aa). The ChRM was interpreted between temperatures of 200-

580°C and fields of 20-560 mT. The directions obtained from well-defined components frending towards the origin yields a /

declination of ~304.2 + 9.0° and an inclination of 47.8 + 9.3° in geographic coordinates, and in tectonic coordinates a

declination of 277.5 + 6.6° and a shallow inclination of 25.7 + 11.0°, This shallow inclination may indicate that this locality /

acquired its magnetization after folding. We conservatively estimate a post-folding rotation of 55,8 + 9.0°ccw (Figs 3, 6u,

Table 1).

The Yenikéy locality consists of six sites sampled in Oligocene continental redbeds (fluvial and lacustrine siltstones and

sandstones) in the southwestern part of the greater Sivas Basin, approximately 20 km south of Sarkisla (Fig. 3). In addition,
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normal and reversed directions. These yielded a positive reversal-test,and a positive fold-test (Fig. 7). The locality provides

a rotation of 42.4 + 3.2°ccw in tectonic coordinates (Figs 3, 6v, Table 1).

The Inkonak locality consists of an Upper Oligocene series of fluvial and lacustrine sediments sampled by Krijgsman et al.
(1996) for magnetostratigraphic purposes. It was sampled ~50 km south of Sivas city (Fig. 3). The section is 313 m thick and
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The Gemerek locality was sampled in the western part of the basin (Fig. 3) and analyzed by Krijgsman et al, (1996) for

magnetostratigraphic purposes and was collected from a continuous stratigraphic section of 200 m consisting of Middle

Miocene (~15 Ma) fluvial/lacustrine sediments, We have re-analyzed their data. The samples show a yecent component, /

which was removed at 100-240°C. The ChRM component was interpreted at temperatures up to 700°C. The Gemerek
locality contains both normal and reversed intervals generally yielding well-defined components frending towards the

origin. The normal and reversed directions yield a positive reversal-test and a positive fold-test (Fig. 7m). The A95 of the

mean lies within the AS5,.,,.m.x €nvelope. We therefore consider the magnetization as primary and interpret a rotation of

49.9 £ 3.8°ccw for this locality (Figs 3, 6x, Table 1).

The Biinyan locality consists of one site collected from white lacustrine marls of Miocene age in the west of the basin (Fig.

3). The samples of this site (5524) only showed a yecent pverprint, and the locality was discarded from further analysis

(Table 1).

The Sivas locality was sampled along road cuts on both sides of the main road to Sivas city, between Kovali and Gillice
(Fig. 3). All four sites of the locality were sampled from Miocene continental redbeds made of sandstones and silts. Site
S$S12 yields five reversed directions based on high-temperature components frending towards the origin. In addition, the

site yields 20 near-parallel great circles, causing the great circle solutions plus the 5 setpoints to create a very highly

clustered average that we feel is not substantiated by the quality of the demagnetization diagrams. Hence, we only use the /

five directly obtained ChRM directions for our average. SS13 yielded well-defined great circles, yielding a well-defined

intersection that we interpret as the ChRM. Site SS22 showed a yecent pverprint removed at temperatures of ~180°C and /

fields of 5 mT. A normal component interpreted as ChRM was found between 300-600°C, and 8-40 mT (Fig. 5bb, cc). The
resulting direction yielded in geographic coordinates an inclination (59.1 + 3.7°) close to the one expected for the locality,

but a very shallow one (26.5 + 5.5°) in tectonic coordinates, suggesting a post-tilt remagnetization, Site S523 yielded two

directly interpreted ChRM directions and a set of great circles with well-defined solutions providing the site average. The

four sites yield an indeterminate fold-test, but the test is strongly influenced by the five directions of site S512 which have
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are all coinciding with the expected one, but are significantly shallower in tectonic coordinates (27-44°). We thus suspect a
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The Zara locality consist of three sites sampled along road sections around Bulucan ~20 km south of Zara town (Fig. 3). Site
SS37 was collected from shallow marine marls and sandstones,and yielded a low-temperature, low-coercivity component

coinciding with 2 recent overprint and was discarded, Sites S535 and SS42 were sampled in Miocene siltstones and

sandstones. Site SS35 yielded only recent overprints that passed the origin, but no single reliable setpoint (ChRM) could be

determined. Similarly , site S542 yielded only great circles with no clear intersection and was discarded (Table 1).

The Kemah locality consists of four Miocene sites sampled in sandstones and siltstones north of Kemah in the far east of

the study region. Magnetite was identified as the primary magnetic carrier. A recent component was removed at 100-

150°C and fields of 20 mT. Sites SS38 and 5540 yielded strong recent overprints which determined great cirlce trajectories,

with no clear intersection; both were discarded. Sites SS39 and S541 yielded strong yecent overprints, but these did not

converge towards the origin and defined only great circles but no ChRM directions (Fig.5ee, ff), whereby the ‘

demagnetization diagram suggested that the polarity of the non-recent component was reversed. The great circles

determined from each of these sites showed a clear intersection (Fig. 5 gg,hh), which we used to determine the ChRM

directions of each site following the approach of McFadden and McElhinny (1988). The thus determined directions yielded

a clearly negative fold-fest (Fig. 70). The Kemah locality thus shows a post-folding yotation of 6.7 + 5.4° cw (Figs 3, 6z, Table )

1),

hhe Kalkar locality konsists of the Kalekéy and Karaozii sections (Fig. 3), which were sampled for magnetostratigraphic

purposes by Langereis et al. (1990) in Upper Miocene (latest Vallesian; Simengen et al., 1990) continental sediments. The
continental sediments consist mainly of silts and brown clays with occasionally thick sand layers. We reinterpreted the
demagnetization diagrams for tectonic purposes. A large overprint is only removed at relatively high temperatures (above
300°C) and a final component trending towards the origin is only removed at the highest temperatures (610-650°C),
pointing to maghemite and/or hematite as the main carrier of the ChRM. The Kalkar section yielded normal and reversed

polarity directions that yield a positive reversal-test in geographic coordinates but a negative one in tectonic coordinates.

Jn tectonic coordinates the mean declination (~33646°) yields a 24 + 6°ccw rotation, but an inclination that is much

shallower (~34°) than in geographic coordinates (60°). We therefore interpret the locality as remagnetized after folding,

with ayotation of 10.1£10.3° cw [ Figs 3, 6aa, Table 1).
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The sampling of the Ulukisla Basin aimed to evaluate whether there is a significant rotation difference between the basin
and the southern part of Kirsehir Block. Our results show that there are variations in the declinations derived from localities
across the Upper Cretaceous to Upper Miocene stratigraphy of the Ulukisla Basin (Fig. 2, Table 1). Because Eurasia has not
significantly rotated around a vertical axis in this time interval (Torsvik et al., 2012), rotation differences found in our
localities must have resulted from regional tectonics, also when results from e.g. Upper Cretaceous rocks are compared
with those from e.g. Eocene rocks. In the following we will discuss the meaning of each successful locality and evaluate the
regional rotation of the basin, and discuss differences in the context of the major structures within the basin.

The majority of localities, covering Paleocene to Oligocene sediments, contain primary magnetizations that display
evidence for counter-clockwise rotations on the order of ~20-40°. These include from E to W the Bekgili, Topraktepe,
Kolsuz, Aktoprak and Halkapinar localities. Together these localities provide an Oligocene or younger, counter-clockwise
rotation of the basin of 32.3+2.2° (n=326, K=16.4) when all individual directions are averaged, or 32.2+9.0° (n=5, K=84.5)
when locality results are averaged.

In the southeastern parts of the basin, localities show rotations that strongly deviate from this average. The Upper
Cretaceous and Paleocene sediments of the Alihoca locality in the southeast of the basin, overlying ophiolite yielded a very
large counter-clockwise rotation of ~90°. Gurer et al., (2016) showed that the southern sediments of the basin revealed
phases of rapid uplift and subsequent subsidence in the Late Cretaceous. The uplift-subsidence-uplift-subsidence cycle was
interpreted as the response to the underthrusting of the continental Kirsehir Block causing forearc uplift, then the
potentially oceanic intra-Tauride basin causing forearc subsidence, and finally the Afyon Zone margin of the Taurides
causing renewed uplift (Gurer et al., 2016; 2017). Paleocene subsidence was then accommodated along a major normal
fault that bounds the basin to the south and that exhumed the Afyon Zone (Glirer et al., 2018), exposed immediately south
of the Alihoca localities. Finally, the Alihoca locality is located close to the strike-slip EFZ. The strong local rotations in the
Alihoca ophiolite are likely caused by these strong tectonic motions and structures, and are not representative for the
Ulukisla Basin. The Ardigli locality was sampled in Upper Cretaceous sediments in the immediate hanging wall of a thrust
where also a series of smaller strike-slip faults are found (Grer et al., 2016) (Fig. 2). This locality yielded a post-folding
clockwise rotation of ~80°. The very low dispersion (k=147, A95<A95,,,) suggests under-sampling of PSV and may be
caused be later intrusion of mafic dykes into the Cretaceous stratigraphy of the locality. We consider also the Ardigh
rotation result as not regionally representative. Given the strong deformation, remagnetization (Ardigh) and indeterminate
fold-test (Alihoca), we interpret these localities to record strong local rotations. The Upper Paleocene Kizilkapi sediments
yielded counter-clockwise rotations of ~45° before and clockwise rotation of ~13° after tilt correction. As discussed above,
inclinations are too steep after tectonic correction while the post-folding counter-clockwise rotation agrees well with the
regional pattern. This indicates a post-tilt yet still pre-rotation magnetization, but given the inferred secondary nature of

the magnetization, we refrain from using this locality in computing the rotation of the Ulukigla Basin. Finally, the Hasangazi
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locality of Eocene age defines a minor clockwise rotation. The sampled sites lie in a tightly folded plunging syncline in the
footwall of the central top south-verging thrust (Fig. 2; Girer et al., 2016). Hence, we interpret this rotation, even though
well-defined, as a local rotation associated with the strong local deformation.

Finally, the available paleomagnetic information from Miocene stratigraphy show a smaller rotation than the Paleocene to
Oligocene localities. Our compilation of previously published paleomagnetic results from the Upper Miocene to Pliocene
rocks from the Cappadocia volcanic region, sampled across a large area of the southern Kirsehir Block (Cinku et al., 2016;
Piper et al., 2013, 2002b; Platzman et al., 1998) yielded a minor counter-clockwise rotation of 6+3°, suggesting significant
rotations predated the Late Miocene. The poorly dated but presumed Miocene Postalli locality in the northern part of the
basin suggests a counter-clockwise rotation of 17.7+5.4°, suggesting that part of the rotation may have extended into the
Miocene, although the small areal coverage of the site cannot exclude a local rotation origin.

Lefebvre et al. (2013) obtained paleomagnetic data from 4 sites in Cretaceous granitoids in the southern Kirgehir Block
(their Agacoren-Avanos Block, or AAB) and concluded a 28-35° counter-clockwise rotation. We have recalculated the
average direction of these four sites by averaging all individual directions, which yields a counter-clockwise rotation of
28.7+2.8° (n=248, K=14.8) (Table 1). Comparing this number to our average from Ulukisgla yields a negligible rotation
difference of 3.6+3.6°, suggesting that the Ulukisla Basin and southern Kirsehir Block (the AAB of Lefebvre et al. (2013))
form one coherently rotating domain, whereby our data from the Ulukisla Basin suggest an age of rotation sometime in or
after the Oligocene, younger than the Paleocene-Eocene age postulated by Lefebvre et al. (2013). This age is consistent
with the age of the Savcili Thrust Zone (STZ; Lefebvre et al., 2013; Advokaat et al., 2014; Isik et al., 2014), which bounds the
southern Kirsehir-Ulukisla rotating domain to the north. This thrust zone may continue into the Kursunludag Thrust Zone in

the east (Dirik and Génclioglu, 1996).

5.2 Relationship of rotation in the Central and Eastern Taurides with the Ulukigla Basin and the southern Kirsehir Block

No paleomagnetic data are available from the carbonates of the Taurides in the Bolkardag mountains immediately to the
south of the Ulukigla Basin (and to the east of the Berendi locality) that could test whether the Central Taurides are part of
the same rotating domain. Our results from the Eocene sediments of the Berendi locality overlying the Central Taurides
shows that 17+6° ccw rotation occurred following a post-folding remagnetization. We cannot constrain the timing of the
folding or the remagnetization, which may thus well have occurred anytime since the (post-)Oligocene ~30°ccw rotation of
the Ulukigla Basin and the AAB. The Berendi results, however, do suggest that the Bolkardag mountains were not part of
the clockwise rotating domain documented in the west-central Taurides to the northwest of the Mut basin (Cinku et al.,
2016; Kissel et al., 1993; Meijers et al., 2011). The Bolkardag mountains are separated by a fault from the Ulukigla Basin
that was previously interpreted as a major back-thrust (Blumenthal, 1956; Demirtasli et al., 1984). Girer et al. (2016;

2017), however, showed that this fault is a folded and overturned normal fault that was sealed by Eocene sediments.
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Although this normal fault may have accommodated a rotation difference between the Ulukisla Basin and the Bolkar
mountains during its Paleocene to Early Eocene activity, it is unlikely that it accommodated major differential rotation
differences since the middle Eocene. The formation of the Bolkardag fold in Oligocene time was associated with no more
than a few kilometres of shortening, which is unlikely to have resulted in a major differential rotation. We therefore
conclude that the Bolkar mountains formed a coherent part of the counter-clockwise rotating domain together with the
Ulukisla Basin and the southern Kirsehir Block.

Paleomagnetic data of Cinku et al. (2016) show that immediately east of the EFZ, the amount of rotation measured in
Upper Cretaceous carbonates increases slightly towards the fault. Combining all their (parametrically sampled) sites yields
a declination of 318.5+3.0°, suggesting a net counter-clockwise vertical axis rotation of 41.5+3° (n=154, K=16.1) (Fig. 1,
arrow with reference 11). Farther towards the east, where the strike of the eastern Taurides changes from NE-SW to ENE-
WSW, the paleomagnetic data from the Tauride units are sparse, but four sites of Kissel et al. (2003) and Cinku et al. (2016)
(Fig. 1, arrows with references 4 and 11, Eastern Taurides locality in Fig. 3) from Eocene limestones yield a declination of
329.843.8° (n=80, K=22.3), suggesting a 30.2+3.8° ccw rotation. Our Eocene Akkisla locality immediately north of the
eastern Taurides (Fig. 3) showed a 27.6+3.7° ccw rotation, within error identical to that of the Eastern Taurides carbonates.
Together, these thus provide a rotation that is indistinguishable from the rotation obtained from the Ulukisla Basin and the
southern Kirgehir Block.

The ~10° rotation difference between the Cretaceous sites close to the EFZ (Fig. 1 arrow with reference 3; Cinku et al.,
2016) and the Eocene sites towards the east may be explained in two ways. Either, they may represent a small rotation
associated with drag folding along the left-lateral EFZ. Alternatively, they may indicate a ~10° rotation occurring between
the Late Cretaceous and the Eocene, when the Tauride rocks were still connected to the downgoing African Plate. Between
~80 and ~50 Ma, Africa did experience a 10° ccw rotation. In absence of a detailed structural model for the eastern
Taurides showing from which nappes the paleomagnetic data were obtained, and when those nappes were incorporated in
the Tauride fold-and-thrust belt, we cannot determine which of these two solutions is the more likely. We interpret that
the Taurides have undergone a coherent 30°ccw rotation since Oligocene time, and that the shearing along the EFZ did not
lead to strong regional extra rotations.

Oligocene sediments overlying the Eastern Tauride fold-and-thrust belt in our Aladag locality reveal a post-folding
magnetization revealing a 17+7°ccw rotation. Since the timing of its remagnetization cannot be constrained and may well
have occurred during the rotation phase, this sheds no light on the timing of the eastern Tauride rotation. Our Miocene site
Gurln shows a counter-clockwise rotation of 16+11° (Fig. 3, Table 1), and the Kepezdag and Yamadag localities of Gursoy
et al.,, (2011) obtained from middle Miocene (13-15 Ma) lavas show 26+20° and 2816° ccw, respectively (Fig. 1, arrows with
reference 6). Taken together, those data may suggest that the eastern Tauride rotations occurred in Middle Miocene or

younger time, but we note that these Miocene lavas were sampled in the close vicinity of Middle Miocene and younger
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left-lateral strike-slip faults (Westaway & Arger, 2001; Kaymakci et al., 2010), and may thus not be representative for the
timing of regional rotation. Three sites (Fig. 1; arrows with references 8, 11) from middle and upper Miocene sediments in
the Adana Basin (Cinku et al., 2016; Lucifora et al., 2012) yield a declination of 354.3+3.8° (n=134, K=14.4), suggesting a
minor rotation of 5.7+3.8°, suggesting a pre-middle Miocene rotation. We tentatively suggest that the regional rotation of
the eastern Taurides occurred sometime between the Eocene and middle Miocene, and was further locally modified by
Miocene left-lateral strike-slip faults.

Overall, the sense and magnitude of the Central and Eastern Tauride rotations, those obtained from the stratigraphy of the
Ulukisla Basin and those previously reported from the southern part of the Kirsehir Block (Lefebvre et al., 2013), suggest
that the region rotated as a more or less coherent block, which has undergone a counter-clockwise rotation of ~30°,

(largely) sometime in Oligocene or Early Miocene time.

5.3 Rotations in the Sivas Basin, and the boundary of the south-east Anatolian counter-clockwise rotating domain

Our results from the Sivas Basin show that extensive sampling was required to obtain rotation patterns, as only ~30% of
samples and sites yielded meaningful paleomagnetic results. This is largely caused by (true or suspected) post-folding
remagnetization, particularly to the north of the Deliler-Tecer Fault Zone (DTFZ). Nevertheless, our results lead us to the
following first-order interpretation of rotations in the Sivas Basin.

We subdivide the Sivas region into three domains (Fig. 8). These are 1) the area exposing Eocene and Oligocene sediments
to the south of, and in the footwall of the top-to-the-south DTFZ, 2) the area exposing Paleogene sediments immediately
north, and in the hangingwall of this thrust zone, and 3) the Miocene and younger sediments occupying the northernmost
part of the basin. The rotations in the Oligocene corridor of the southern domain are constrained by — from E to W - the
Sincan, Inkonak and Yenikdy localities (Fig. 3), which reveal a combined counter-clockwise rotation of 48.1+2.9° (n=191,
K=15.8). Also, the Middle Miocene Gemerek locality (Krijgsman et al., 1996) yielded such high rotations (49.9+3.8°, Table
1). Interestingly, these rotations are ~15-20° more ccw than those recorded in the Eastern Tauride fold-and-thrust belt.
This difference may be interpreted in different ways. On the one hand, it may suggest that the Taurides underwent a
clockwise rotation between the Eocene and Oligocene of 15-20°, followed by a 50° rotation after deposition of the middle
Miocene Gemerek section. This, however, is inconsistent with the directions obtained from Oligocene sediments in the
Ulukisla Basin or Miocene sediments overlying the Taurides (Fig. 2). We thus assume that the area to the south of the DTFZ
was part of the Eastern Tauride rotating domain and tentatively ascribing the excess ~15° rotation to the local deformation
in the footwall of the DTFZ, e.g. introduced by a sinistral component of the fault zone as postulated by Yilmaz and Yilmaz,
(2006).

A distinct break in rotation sense occurs across the DTFZ (Figs, 3,,8), north of which rotations are variable but generally

clockwise, rotating as much as ~30° in the central and northern part of the basin (Gurlevik, Ulas, Sivas, Kemah localities).
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Explaining the variable clockwise rotations is not straightforward, but well-documented intense deformation, in part
associated with intense local salt tectonics (Kergaravat et al., 2016; Pichat et al., 2016; Poisson et al., 2016; Ribes et al.,
2015) may provide an explanation. We note, however, that one Oligocene locality (Gullik) to the north of the DTFZ reveals
the counter-clockwise rotations characteristic for the area to its south. Farther to the north, in the eastern Kirsehir Block,
or the eastern Pontides north of the North Anatolian Fault Zone, no major counter-clockwise rotations were reported. The
northeastern Kirsehir Block (the AYB BJock of Lefebvre et al. (2013) experienced 18.4+6.0° clockwise rotation measured in
Upper Cretaceous granitoids. The eastern Pontides experienced only minor rotations since Late Cretaceous-Eocene time,
and a compilation of existing data (Baydemir, 1990; Channell et al., 1996; Kissel et al., 2003; Meijers et al., 2010; Orbay and
Bayburdi, 1979; van der Voo, 1968).

We therefore suggest that the boundary of the coherently counter-clockwise rotating domain of the Eastern Taurides most
likely coincides with the Deliler-Tecer Fault Zone (DTFZ) (Fig. 8). Previously, Lefebvre et al. (2013) suggested that the
counter-clockwise rotation of the southern Kirsehir Block was bounded in the north along the top-to-the-south Savcil
Thrust Zone (STZ), below which deformed and folded sediments are found similar in age and facies as those below the
DTFZ. Given this similarity, and the coherence in rotation direction, amount, and timing, we infer that the counter-
clockwise rotating domain of central and southern Anatolia, comprising the southern Kirsehir Block, the Ulukisla Basin, the
Bolkar mountains, the eastern Taurides, and the southern part of the Sivas Basin, was bounded to the north by a thrust
fault zone comprising the STZ in the west, and the DTFZ in the east.

Finally, the eastern Taurides appear to have rotated coherently with the southern Kirsehir Block and the Ulukisla Basin, but
we note that they were displaced relative to the latter along the EFZ (Fig. 8). This fault is controlled by the eastern margin
of the Kirsehir Block, and its left-lateral displacement requires that the Sivas Basin underwent 60-70 km more N-S Eocene-
Early Miocene convergence than Central Anatolia. This excess convergence is likely responsible for the much stronger
deformation, and probably the more disperse rotation patterns, associated with the structural growth of the Sivas fold-

and-thrust belt.

6 Conclusion

In this paper, we provide a large set of new paleomagnetic data from central southern and central eastern Anatolia to aid
kinematic restoration of the Anatolian Orogen. We aimed to identify the timing, amount, and regional coherence of

rotating blocks in central and southern Anatolia. Our main findings can be summarized as follows:

1. The Ulukisla Basin underwent a regional counter-clockwise rotation of ~32.5+2.2° in Oligocene and Miocene

times, comparable with the amount and sense of rotation (28-35°) previously reported for the southern part of
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the Kirsehir Block. This rotation phase is contemporaneous with the activity of the STZ as a contractional structure
and onset of the major left-lateral EFZ, and possibly with similar structures within the eastern Taurides (e.g.
Malatya Fault, MFZ in Figs 1, 8). Deviations from this regionally consistent pattern are found in the southern and
south-eastern part of the basin, where local rotations strongly deviating from this average, owing to vicinity to
major tectonic structures, such as the EFZ.

We find ~17 counter-clockwise rotation in Eocene, but remagnetized, sedimentary rocks overlying the Central
Tauride fold-and-thrust belt in the Bolkar mountains. This suggests that the Bolkar mountains were part of the
counter-clockwise rotating domain as opposed to clockwise rotations found in the western Central Taurides. The
total amount of counter-clockwise rotation since the Eocene cannot be determined due to remagnetization, but
absence of a major Oligocene or younger fault between the Ulukisla Basin and the Bolkar mountains lead us to
include these in the counter-clockwise rotating south Anatolian domain.

Counter-clockwise rotations were previously reported from the Eastern Taurides. These show a comparable ~30°
ccw rotation since the Eocene. Larger ccw rotations are reported close to the EFZ, which dissects the Taurides in
its central and eastern parts, and plays a major role in the growth of the Sivas fold-and-thrust belt. Our new
paleomagnetic data from the Sivas fold-and-thrust belt, reveals that on average ~48° counter-clockwise rotations
can be traced into the footwall of the DTFZ. In the hanging wall of this thrust, paleomagnetic data quality is
generally low, but successful sites show consistently minor (7-20°) clockwise rotations.

We conclude that the southern Kirsehir Block, Ulukisla Basin, Bolkar mountains, eastern Taurides, and the
southern part of the Sivas Basin were part of one coherently counter-clockwise rotating domain that experienced
~30° rotation in Oligocene or earliest Miocene time. Structural constraints suggest that this domain was bounded
in the north by the STZ and DTFZ and in the south by the African-Arabian trench. To the west, the boundary is

diffuse and requires future study.
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Figure 1: Tectonic units, associated suture zones, main fault zones within the Anatolian microplate. Available vertical axis rotations are
shown as arrows, corresponding references are: (1: Kissel et al., 1993; 2: Platzman et al., 1998; 3: Piper et al., 2002; 4: Kissel et al., 2003;
5:Meijers et al., 2010a; 6: Gursoy et al., 2011; 7: Meijers et al., 2011; 8: Lucifora et al., 2012; 9: Lefebvre et al., 2013; 10: Piper et al.,
2013; 11: Cinku et al.,, 2016 12: Baydemir, 1990; 13: Channell et al., 1996; 14: Orbay and Bayburdi, 1979; 15: van der Voo, 1968).

Locations of the sedimentary basins mentioned: Ulukisla (U), Sivas (S), Haymana (H), Tuzgdlu (T), Cankiri (), Adana (A). Major faults: (Deleted: u
Ecemis Fault Zone (EFZ), Deliler-Tecer Fault Zone (DTFZ), Savcili Thrust Zone (STZ), Tuzgéli Fault (TFZ), North Anatolian Fault Zone (Deleted' Jone
(NAFZ), East Anatolian Fault Zone (EAFZ), Malatya Fault Zone (MFZ), Ivriz Detachment (ID). The Kirsehir Block consists from north to .
south of the Akadag:Yozgat Block (AYB), the Kirsehir—Kirikkale Block (KKB), and the Agacéren-Avanos Block (AAB). Note that the U and S (Deleted: Kirsehir Block
basins are offset along the EFZ. Map insets of the geology of the study regions between the Kirsehir Block and the Taurides, and the (Deleted: acoren
Kirsehir Block, the Eastern Pontides and Taurides are shown in Figs. 2 and 3. (Deleted' block
(Deleted: block
Figure 2: Geological map of the Ulukisla Basin (modified after Girer et al., 2016) with major tectonic structures, Individual sampling sites (Deleted: Agacoren
are shown as black dots, localities and associated vertical axis rotations are denoted as arrows with their 95% error envelope (DD,). (Deleted: block
(Deleted: ,
(Deleted: s

Figure 3: Geological map of the Sivas Basin with major tectonic structures (modified from MTA, 2002). Symbols are as in caption to Fig 2.

Figure 4: Magnetic carriers identified by their characteristic thermomagnetic curves generated with the stepwise heating protocol
(Mullender et al., 1993) for representative samples. Heating is represented by red line. The final cooling segment is indicated by the blue
line. A noisy appearance is indicative of a weak magnetic signal. See for text for explanation of the thermomagnetic behaviour.

Figure 5: Zijderveld diagrams (Zijderveld, 1967) of representative samples demagnetized using thermal (red lines, TH) and alternating
field (blue lines, AF) demagnetization shown in in situ (noTC) or tectonic (TC) coordinates. The solid and open dots represent projections
on the horizontal and vertical planes, respectively. Great circle plots of g, h, and jj, use the technique of McFadden and McElhinny (1988).
Demagnetization step values are in °C or in mT. See text for further explanation.

Figure 6: Locality results from sedimentary basins (Ulukisla and Sivas basins, and basins overlying the Tauride fold-and-thrust belt). Equal
area projections of ChRM directions and their means with associated error ellipses (DD,, DI,) according to (Deenen et al., 2011), either
before (orange; NoTC) or after tectonic correction (blue; TC). Rejected directions (after 45° cut-off) are displayed in grey, positive
(negative) inclinations are shown as solid (open) circles. All directions have been converted to normal polarity (see also Table 1).

Figure 7: Representative fold-tests after Tauxe et al. (2010) for localities from the Ulukisla and Sivas basins.

Figure 8: Coherently rotating domains within the Anatolian orogen and tectonic structures accommodating differential rotations. NAFZ -
North Anatolian Fault Zone, IAESZ — Izmir-Ankara-Erzincan Suture Zone, STZ — Savcili Thrust Zone, DTFZ — Deliler-Tecer Fault Zone, TF —
Tuzgoblu Fault, EFZ — Ecemis Fault zone, Malatya Fault Zone (MFZ). Basins: U — Ulukisla, T - Tuzgéli, H - Haymana, A - Adana. Orange
hatching indicates the amount of vertical axis rotation of each domain, whereby the hatching is rotated from N-S according to the
paleomagnetic results summarized in Table 1.

Table 1: Paleomagnetic results presented in this study and localities compiled from literature review.
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Lat/Long (°) — latitude/longitude of sites/localities, N, - number of samples analyzed, N; - number of samples interpreted, N,s number of
samples after application of a fixed cut-off (45°), D — declination, / - inclination; DD, - declination error, DI, - inclination error, K, A95 —

isher, (1953) precision parameter and cone of confidence pf Othe mean virtual geomagnetic pole (VGP), A95,,;, and A95,,,, represent the
Y- VO

confidence envelope of Deenen et al., (2011). If A95 falls within this envelope the distribution likely represents paleosecular variation.
Rot = amount of rotation relative to North, DRot= uncertainty in amount of rotation; cw = clockwise; ccw = counter-clockwise. Rotations
in black (white) are interpreted from a primary (secondary) magnetization. Sites indicated with ‘recent’ carry a magnetization that has

been recently acquired, and are discarded. All site results given jn both geographic and tectonic coordinates,locality results are given in

either geographic or tectonic coordinates depending on pur interpretation as explained in the text.

Supplementary Information 1: Paleomagnetic data files compatible with Paleomagnetism.org (Koymans et al., 2016) used
in this paper. Paleomagnetic demagnetization files are provided in a folder with .dir files, and contain demagnetization
diagrams and our interpretations, viewable in the interpretation portal of paleomagnetism.org. The folder with .pmag files
contains the statistical parameters of sites and localities discussed in this paper and are provided as separate files for the
Ulukisla , Sivas, and Tauride basins. In addition, we provide a file with parametrically sampled literature data, compiled
from Baydemir, 1990, Channell et al., 1996, Cinku et al., 2016, Glrsoy et al., 2011, Glrsoy et al. 2003, Hisarli et al., 2016,
Kissel et al., 2003, Lefebvre et al., 2013, Lucifora, et al., 2012, Meijers et al., 2010 and references therein, Orbay and
Bayburdi, 1979, Piper et al., 2002, Piper et al., 2012, Piper et al., 2013, Platzman et al., 1998, Saribudak, 1989, Tatar et al.,
2000, Van der Voo, 1968.

Supplementary Information 2: Detailed biostratigraphic constraints obtained from calcareous nannofossils are provided

for the Berendi locality in the Central Taurides.
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