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Abstract: The Tuz Goli Basin is the largest sedimentary depression located at the center of the Central Anatolian Plateau, an extensive,
low-relief region with elevations of ca. 1 km located between the Pontide and Tauride mountains. Presently, the basin morphology
and sedimentation processes are mainly controlled by the extensional Tuz G&lii Fault Zone in the east and the transtensional Inénii-
Eskisehir Fault System in the west. The purpose of this study is to contribute to the understanding of the Plio-Quaternary deformation
history and to refine the timing of the latest extensional phase of the Tuz Goéli Basin. Field observations, kinematic analyses,
interpretations of seismic reflection lines, and “’Ar/*Ar dating of a key ignimbrite layer suggest that a regional phase of NNW-SSE to
NE-SW contraction ended by 6.81 + 0.24 Ma and was followed by N-S to NE-SW extension during the Pliocene-Quaternary periods.
Based on sedimentological and chronostratigraphic markers, the average vertical displacement rates over the past 5 or 3 Ma with
respect to the central part of Tuz Golii Lake are 0.03 to 0.05 mm/year for the fault system at the western flank of the basin and 0.08 to
0.13 mm/year at the eastern flank. Paleo-shorelines of the Tuz G6lii Lake, vestiges of higher lake levels related to Quaternary climate
change, are important strain markers and were formed during Last Glacial Maximum conditions as indicated by a radiocarbon age of
21.8 £ 0.4 ka BP obtained from a stromatolitic crust. Geomorphic observations and deformed lacustrine shorelines suggest that the
main strand of the Tuz G6li Fault Zone straddling the foothills of the Sereflikochisar-Aksaray range has not been active during the
Holocene. Instead, deformation appears to have migrated towards the interior of the basin along an offshore fault that runs immediately
west of Sereflikochisar Peninsula. This basinward migration of deformation is probably associated with various processes acting at the
lithospheric scale, such as plateau uplift and/or microplate extrusion.
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1. Introduction

Orogenic plateaus are high-elevation, low-relief
regions typically bounded by steep mountain belts. The
Himalayas, Central Andes, North America Cordillera,
and Central Anatolian Plateau (CAP) host well-known
plateaus characterized by internally drained domains
in their centers, often associated with neotectonic
extensional tectonism (e.g., Whitney & Dilek 1997; Dilek
et al. 1999; Dilek & Whitney 2000; Jaffey & Robertson
2001, 2005). The modern morphotectonic features of
the CAP have resulted from the westward escape of the
Anatolian microplate along the North and East Anatolian
Fault Systems (Sengdr 1979; Sengdr & Yilmaz 1981;
Barka 1992) and probably also from deeper lithospheric-
scale processes associated with tears and break-oft of
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the Tethyan slab (Faccenna et al. 2001, 2006; Gans et al.
2009; Biryol et al. 2011; Cosentino et al. 2012; Schildgen
et al. 2012b) and subsequent changes in upper mantle
convection (Boschi et al. 2010; Faccenna & Becker 2010;
Gen¢ & Ydiriir 2010). Plate boundary interactions along
the North Anatolian Fault during this neotectonic regime
appear to have uplifted the northern plateau margin
associated with the formation of a bivergent orogenic
wedge (Yildirim et al. 2011), while lithospheric slab
and upper mantle processes appear to have uplifted the
southern plateau margin (Cosentino et al. 2012; Schildgen
et al. 2012a, 2012b). These crustal and subcrustal processes
not only affected the topography of the CAP, but also likely
influenced its climate by producing orographic barriers to
moisture-bearing atmospheric circulation (e.g., Schemmel
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et al. 2013), which probably had an important influence on
deposition in interior sedimentary basins.

The Tuz GOl Basin is the largest intracontinental
basin of the CAP. The basin history records spatial and
temporal changes in tectonics and sedimentation since the
Late Cretaceous and thus constitutes an important archive
to assess regional tectonic processes. The basin has been
studied in terms of its paleotectonic setting, sedimentary
processes, and hydrocarbon potential (Rigo de Righi &
Cortesini 1959; Arikan 1975; Unalan et al. 1976; Goriir
& Derman 1978; Uygun et al. 1982; Goriir et al. 1984;
Cemen & Dirik 1992; Génciioglu et al. 1992, 1996; Cemen
et al. 1999; Derman et al. 2003; Dirik & Erol 2003; Geng &
Yiiriir 2010, and references therein). Additionally, several
investigations have dealt with the neotectonic activity of
the fault systems that have controlled the youngest phase
of deformation in the Tuz Goli Basin, which is largely
considered to be extensional (Kogyigit 2003; Dirik et al.
2005; Ozsayin & Dirik 2005, 2007, 2011; Ozsayin 2007;
Kiirger & Gokten 2011; Kiirger et al. 2011).

Despite the large number of studies devoted to
understanding the tectonic and sedimentary evolution of
the Tuz Goli Basin, the timing of the latest extensional
phase has still not been well defined. Therefore, the aim
of this paper is to contribute to the understanding of
the Plio-Quaternary deformation history of the Tuz
Golii Basin and surroundings by presenting new field
observations, geochronologic and kinematic data,
interpretation of seismic profiles, and fault slip rates from
chronostratigraphic markers.

2. Tectonic and geomorphic setting of the Tuz Go6lii Basin

2.1. Regional neotectonic framework

The present-day tectonic setting of Central Anatolia
emerges from the convergence between the African and
Arabian plates and the relatively stable Eurasian plate
(Sengdr & Yilmaz 1981; Sengor et al. 1985), associated
episodes of protracted shortening, and superposed
extensional processes. Four main structural systems
bound the Anatolian microplate. First, the retreating
Aegean arc and the stable Cyprian arc mark the subduction
of the African Plate beneath the Anatolian microplate
(Papazachos & Comninakis 1971; McKenzie 1978;
Sengér & Yilmaz 1981; Meulenkamp et al. 1988; Mart
& Woodside 1994). Second, the sinistral Dead Sea Fault
System accommodates differential motion between the
African Plate and the relatively fast Arabian Plate (Seng6r
& Yilmaz 1981; Giilen et al. 1987; De Mets et al. 1990;
Barka & Reilinger 1997; Reilinger et al. 1997). Finally, the
contraction between the principal lithospheric plates is
balanced by the western escape of the Anatolian microplate
along the North and East Anatolian fault systems ($Sengor
1979; Sengor & Yilmaz 1981; Barka 1992) (Figure 1a).
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There are also some second-order tectonic features
dividing the Anatolian microplate, especially in its central
part. The Indnii-Eskisehir Fault System along with the
Aksehir, Altinekin, and Tuz Golii fault zones are the
most important structures that constitute the transition
between the west Anatolian extensional province and the
east Anatolian contractional province (Arikan 1975; Yetis
1978, 1984; Yetis & Demirkol 1984; Sengor et al. 1985;
Dirik & Gonciioglu 1996; Kogyigit & Beyhan 1998; Cemen
et al. 1999; Kogyigit et al. 2001; Dirik & Erol 2003).

The WNW- to NW-striking Inonii-Eskisehir Fault
System is a mega shear zone composed of 5 fault zones
that extend along strike for 400 km (Figure la). The
Eskisehir Fault Zone constitutes the western to central
part (Altunel & Barka 1998; Ocakoglu & Acikalin 2009).
The system branches into 3 fault zones at the eastern part,
namely the Ilica, Yeniceoba, and Cihanbeyli fault zones
(Kogyigit 1991; Cemen et al. 1999; Dirik & Erol 2003;
Dirik et al. 2005; Kogyigit 2003; Ozsayin & Dirik 2007,
2011) (Figure 1b). The Sultanhani Fault Zone constitutes
the southeastern part of the Inonii-Eskisehir Fault System
(Ozsaymn & Dirik 2005, 2007, 2011).

The NW-striking Tuz Golii Fault Zone is composed
of several NW-trending segments that run along the
eastern margin of Tuz Golit Lake for approximately 135
km (Arikan 1975; Sengor et al. 1985; Dirik & Gonciioglu
1996; Cemen et al. 1999; Dirik & Erol 2003) (Figure 1b).

The NNE-striking Altinekin  Fault Zone is
approximately 100 km long (Dirik & Erol 2003). Ozsayin
& Dirik (2011) defined this zone as a transfer fault that
balances the extension between fault zones within the
Inénii-Eskisehir Fault System.

Several studies have interpreted the kinematics of the
fault zones in the Tuz Goli Basin. Dhont ef al. (1998)
proposed an E-W to NE-SW extension to the SE part
of the basin that was initiated during the Late Miocene
and is associated with relative regional movement of
the Anatolian Plate along a detachment fault. Kogyigit
(2003) suggested dextral strike slip deformation along
the Tuz Go6li Fault Zone. Derman et al. (2003) suggested
a pre-Neotectonic period (post-Eocene-pre-Quaternary
period) of sinistral strike slip along the Tuz Golii Fault
Zone, followed by post-Pliocene normal faulting.

2.2. Stratigraphy

The sedimentary succession in the Tuz Golii Basin starts
with Upper Cretaceous—Paleocene terrestrial clastics and
Eocene marine sediments deposited over a crystalline
basement composed of metamorphic rocks and ophiolitic
mélange units (Unalan et al. 1976; Goriir & Derman 1978;
Dellaloglu & Aksu 1984; Goriir et al. 1984; Duru & Gokgen
1985; Ozcan et al. 1989, 1990a, 1990b; Gonciioglu et al.
1991, 1992, 1996; Kogyigit 1991, 1992; Cemen et al. 1999;
Dirik & Erol 2003) (Figure 2). The Eocene sequence is
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Figure 1. (a) A simplified map showing the major neotectonic structures in Turkey and the surrounding areas and (b) a tectonic map
of the study area and the surrounding regions (AFZ: Aksehir Fault Zone, AEFZ: Altinekin Fault Zone, IFZ: Ilica Fault Zone, YFZ:
Yeniceoba Fault Zone, CFZ: Cihanbeyli Fault Zone, TFZ: Tuz Go6lii Fault Zone, CAFS: Central Anatolian Fault System) (modified from
Gonctioglu et al. 1996).
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Figure 2. Tectono-stratigraphic section of the Tuz Golii Basin.

sealed by thin- to medium-bedded evaporites of Oligocene
age with an angular unconformity (Figure 2). Continental
clastics including red-yellow, medium- to thick-bedded
conglomerate and sandstone alternations make up the
uppermost levels of the Oligocene sequence (Gonciioglu
et al. 1992, 1996; Cemen et al. 1999; Dirik & Erol 2003).
Upper Miocene-Pliocene units that are composed
of grayish, thin- to medium-bedded conglomerate-
sandstone-mudstone alternations cover the older rocks via
an angular unconformity (Figure 2). They are overlain by
a pinkish-white ignimbrite level, which is in turn overlain
by a cross-bedded sandstone-mudstone alternation
(Gonctioglu et al. 1992, 1996) on the western side of
the basin and by red clastics on the eastern side. At the
eastern part of the Tuz Goli Lake, these units are overlain
by a white ignimbrite layer. Yellowish-white fossiliferous
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clayey limestones and green mudstones constitute the
uppermost parts of this sequence in the Tuz Golu Basin.
This succession is unconformably overlain by Quaternary
terrace and alluvial fan deposits and evaporites of Tuz
Golii Lake. In this paper, the pre-Upper Miocene units are
regarded as bedrock units, while the Upper Miocene and
younger units are referred to as cover rocks.

2.3 Geomorphic and stratigraphic setting of Pleistocene
shorelines of the Tuz Go6lii Basin

Tuz Golii Lake fills an internally drained depression
at an elevation of 906 m bounded by the Aksaray-
Sereflikoghisar range to the east. The present water depth
of Tuz Golii Lake is only ~2 m, but a series of near-shore
sedimentary deposits and geomorphic features imply that
there were higher water levels in the past. Erol (1969)
first described such features and inferred that former
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lake highstands occurred during the Late Pliocene and
Pleistocene. This was later supported by "C dating of
organic soil layers interbedded with lake sediments near
the town of Aksaray, which demonstrated a Last Glacial
Maximum (LGM) highstand (Kashima 2002). At present,
and probably throughout the Quaternary, the Tuz Géli
Basin has remained internally drained, as no paleochannels
that may have drained the lake have been observed. Such
a channel would have provided fluvial connectivity with
the Kizilirmak River catchment and ultimately would have
drained to the Black Sea. The Konya Basin, to the south
of Tuz Golu Lake, is also internally drained at present,
but high lake levels during the LGM resulted in fluvial
connectivity with the Tuz Go6li Basin (e.g., Roberts et al.
1999).

The sedimentary sequences showing evidence for
the highest water levels of Tuz Goélii Lake consist of silt
and sandstone with occasional beds of evaporites and
sedimentary structures such as foresets and cross-bedding.
These nearshore deposits are exposed at elevations of
~1000 m in the vicinity of the present lake, and are covered
by a veneer of caliche and gravel deposits that smooth the
landscape, partly obscuring the remnants of shoreline
geomorphic features. Near the town of Kulu, these
nearshore deposits interfinger with rhythmic sequences
of paleosoils and fluvial sediments. These units have been
dated farther north, near Kémiisini, to between 0.4 and 0.7
Ma using electron spin resonance (Kiigiikuysal et al. 2011).
Thus, the basin experienced multiple lake highstands and
the earlier highstands might be of middle Pleistocene age.

3. Methodology

3.1. Kinematic analysis

Two different types of structural data were collected:
(1) strike and dip measurements of bedding planes to
determine the deformation styles; and (2) strike, dip, and
slip-lineation measurements and kinematic indicators
from fault planes to define the different deformation
phases that occurred in the study area. A total of 106
dip-strike measurements of the bedding planes were
recorded. Of these, 70 measurements were obtained from
faults affecting the bedrock units and 36 were from faults
affecting the cover units. For the analysis of the bedding
planes, rose and contour diagrams were prepared using
Dips v.5.1. Grooves, striations from abrasion during slip,
elongated calcite fibers present in dilatational faults, and
Riedel shears were used to infer the sense of movement on
the fault planes. The relative ages of different sets of faults
were established using cross-cutting relationships. Fault-
slip data analyses were processed using Angelier’s direct
inversion method v.5.42 (Angelier 1991). Vertical/sub-
vertical stress axis and the value of the ratio ¢ were used to
define the paleostress field (Angelier 1994). The range of

stress fields include radial tension (o, vertical, 0 < ¢ < 0.25),
pure tension (o, vertical, 0.25 < ¢ < 0.75), and transtension
(0, vertical, 0.75 < ¢ < 1); strike-slip stress fields (o,
vertical) with pure strike-slip (o, vertical, 0.25 < ¢ < 0.75),
transtension (o, vertical, 0.75 < ¢ < 1), and transpression
(o, vertical, 0 < ¢ < 0.25); and radial compression (o,
vertical, 0.75 < ¢ < 1), pure compression (o, vertical,
0.25 < ¢ < 0.75), and transpression (o, vertical, 0 < ¢ <
0.25) (Delvaux et al. 1997). In order to calculate principal
stress directions and to determine different deformational
regimes, a total of 182 slip-data measurements were
obtained from fault planes at 21 stations. A total of 136
slip-data measurements were previously published to
characterize the recent activity of the Cihanbeyli and
Yeniceoba fault zones (Ozsayin & Dirik 2007, 2011).

3.2. “Ar/*Ar dating

Two ignimbrite levels are prominent in the stratigraphy of
the Tuz Golii Basin and accurate dating of those layers could
provide useful constraints on the tectonostratigraphic
history of the basin. We collected 2 samples from each
layer for **Ar/**Ar geochronology.

Fresh euhedral inclusion-free K-feldspar crystals
(sanidine) were handpicked from ashes that were crushed
and processed through the water table, magnetic, and
heavy liquid mineral separation techniques. The grains
were wrapped in commercial grade Al foil, and then
packed in a 99.999% pure Al sample holder, which was
wrapped in a 0.5-mm-thick Cd foil to shield the samples
from the slow neutron flux. Irradiation was performed
at the Geesthacht Neutron Facility of the GKSS research
center of Geesthacht, Germany for 96 h. The samples were
irradiated together with the Fish Canyon Tuft sanidine
standard to obtain the ] value parameter describing the
neutron flux. The sanidine standard was prepared at the
Geological Survey of Japan and its determined age is 27.5
Ma (Uto et al. 1997; Ishizuka et al. 2002). K,SO, and CaF,
crystals were also irradiated to correct for the interference
of Ar isotopes produced by reactions of K or Ca in the
samples. Additionally, 2 biotite K-Ar age standards, Sori93
biotite (92.6 + 0.6 Ma; Sudo et al. 1998) and HD-B1
biotite (24.21 + 0.32 Ma; Hess & Lippolt 1994), were also
irradiated to confirm the accuracy of the J values through
“Ar/*Ar dating of those biotites. After irradiation, we
extracted gas through a single total fusion procedure with
a 50 W CO, New Wave Gantry Dual Wave laser ablation
system (wavelength 10.6 pm). Sample grains were heated
by a continuous CO, laser beam with a diameter similar
to the grain size for approximately 10 s. Next, the released
gas was purified with SAES Zr-Al alloy getters. Finally, the
purified Ar gas was measured on an electron multiplier
within a Micromass 5400 noble gas mass spectrometer
with high sensitivity and ultralow background. The Ar
isotopic ratios of each measurement were obtained after
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correcting for blank mass discrimination of atmospheric
Ar, interference of Ar isotopes derived from Ca and K
during irradiation, and the decay of the radiogenic Ar
isotopes (*Ar and *Ar) produced by the irradiation. The
calculation of ages and errors followed the procedure
described by Uto et al. (1997). The error of the J value was
estimated at 0.4%. All errors in the text are reported at the
95% (20) confidence interval.

3.3. Interpretation of seismic reflection profiles

Seismic reflection data obtained from the Tuz Goli Basin
in 1990 and 1991 by the Turkish Petroleum Corporation
(TPAO) were provided to us by the General Directorate of
Petroleum Affairs. The 2 seismic reflection sections, lines
DG 2016 and KOV 90 617, correspond to lines C and D as
interpreted by Fernandez-Blanco et al. (this volume). We
define 3 seismic-stratigraphic units (pre-Miocene, Late
Miocene and Plio-Quaternary) combining the seismic
units described by Fernandez-Blanco et al. (this volume).
The seismic reflection lines run NE-SW and are located
at the southern margin of the present-day Tuz Go6lii Lake.
These lines partially overlap in the center of the basin, with
line KOV 90 617 shifted 5 km SE with respect to line DG
2016. Together, these sections cover a 100-km-long section
that transects the main structures of the Tuz Golu Basin,
including the Sultanhan1 Fault in the SW and the Tuz Géli
Fault Zone in the NE.

3.4. Shoreline measurements

At various sites surrounding the present-day lake, we
identified geomorphic features characteristic of lacustrine
shorelines formed during past lake highstands. We leveled
topographic profiles across such shoreline features using
a dual-frequency differential GPS (Leica 1200) at 10 sites
surrounding the Tuz Goli Lake, in an attempt to obtain
offset data of the Tuz Golu Fault. In addition, we sampled
stromatolites associated with an erosive shoreline at
Sereflikoghisar Peninsula for radiocarbon dating.

4. Results
4.1 Structural analysis

4.1.1 Attitude of bedding planes and folding
Folds are one of the most distinctive structures for
understanding the deformation of bedrock and cover
units. We evaluated 2 generations of folding in the Tuz
Goli Basin. The first generation is pre-Upper Miocene
in age and occurs at locations such as SW of the town
of Yeniceoba and SE of the town of Sereflikochisar. The
second generation of folding affects Pliocene limestones
and younger clastic deposits. In general, throughout
the region, the bedrock units are intensely folded and
deformed while the Plio-Quaternary units are only gently
folded.

In the western part of the Tuz Goli Basin, bedrock
units have beds that prominently strike between N50W

696

and N60W, while in the eastern part of the basin, the strike
of the bedding varies between N10W and N80W (Figures
3a-3b). On contour diagrams, the concentration of the
poles to bedrock bedding planes on both sides of the basin
shows a NE trend. According to the distribution of the
poles, the average folding axis of the western part of the
basin has a strike of 310°N, while in the eastern part the
average strike is 318°N (Figures 3c-3d). At the outcrop
scale, these folds are related to thrust faults that juxtapose
ophiolitic mélange units, Paleocene terrestrial clastics,
and Eocene units with Oligo-Miocene clastic deposits and
gypsum.

The bedding planes of the Plio-Quaternary units
(except the Late Quaternary alluvial fan and talus
deposits) are subhorizontal. Measurements taken closer
to the faults show a slight tilting (Figures 4a-4b). While
the predominant strike of Pliocene limestones ranges
between N60W and N9OW in the western part of the
basin, the eastern part has a tighter clustering between
N80W and N9OW (Figures 5a-5b). The Plio-Quaternary
units commonly show open folding on both sides of the
basin. The distribution of poles to the bedding planes has
an approximate N-S trend. The average folding axis for
the western part of the basin has a strike of 273°N, while
the eastern part has an average strike of 280°N (Figures
5¢-5d). Open folding observed on the Pliocene limestones
is associated with normal faults located in the central part
of the Cihanbeyli Fault Zone.

4.1.2. Faults

The major fault zones that have influenced the Plio-
Quaternary evolution of the Tuz Golii Basin include the
Yeniceoba, Cihanbeyli, Sultanhani, and Tuz Goli fault
zones.

The 130-km-long Yeniceoba Fault Zone is exposed
between the towns of Giinyiizii and Yeniceoba (Figure 1b).
It is the middle branch of the Inénii-Eskisehir Fault System
fanning out at Sivrihisar. The general strike of the fault
zone varies between N50W and N60W. Its morphological
characteristics includelinear valleys, fault scarps, and linear
alignments of alluvial fans south of Yeniceoba. A fault plane
with 2 superimposed sets of slickenlines indicates a 2-stage
deformational history (Figures 6a—6c¢). While a first set of
slickenlines points to pure dextral strike-slip faulting, the
superimposed set records normal faulting with a dextral
component. This fault zone juxtaposes the bedrock units
(Ophiolitic mélange units, Paleocene terrestrial clastics,
Eocene limestones, and Oligo-Miocene clastics) against
Pliocene limestones in several locations.

The 80-km-long Cihanbeyli Fault Zone, which forms
the southern branch of the fanning Inénii-Eskigehir Fault
System, strikes N55W and is located between the towns
of Siiliikklii and Cihanbeyli (Figure 1b). At the central and
western parts, the fault zone has SE-dipping fault planes,
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N

Eastern part of the TGB
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Folding axis

Folding axis

Figure 3. Rose diagrams showing strike measurements taken from bedding planes of
bedrock units cropping out at (a) the western part of the Tuz Golii Basin (n = 18), and (b)
the eastern part of the basin (n = 56). Also, stereographic contoured plot of the poles to
the bedding planes measured from bedrock units cropping out at (c) the western part of
the basin (n = 18) manifesting an asymmetrical folding with a strike of 310 °N, and (d)
the eastern part of the basin (n = 56) manifesting an asymmetrical folding with a strike of

318°N.

while at the eastern part, the faults have both NE- and SE-
dipping surfaces that delimit the ~400-m-wide and 15-km-
long Cihanbeyli Graben, which is filled with Quaternary
deposits (Figures 4a and 6d). Fault scarps, triangular
facets, alluvial fans, and linear alignment of springs are
prominent morphological features of this fault zone that
attest to its neotectonic character.

The 70-km-long Sultanhami Fault Zone, which
constitutes the SE part of the Inénii-Eskisehir Fault,
is situated between the towns of Cihanbeyli and
Sultanhani (Figure 1b). Although there are no fault plane
measurements from the Sultanhani Fault Zone, normal
to strike-slip faults were identified on seismic profiles
(Kutluay et al. 2010, Fernandez-Blanco et al. this volume).

The 135-km-long Tuz Golii Fault Zone, with its N30-
40W strike and SW- and NE-dipping fault planes, is one

of the most important fault zones in Central Anatolia. It
stretches from the town of Kulu to Hasandag Volcano.
Its fault segments constitute the eastern boundary of
Tuz Golii Lake. The Tuz Golii Fault Zone juxtaposes the
bedrock units against Plio-Quaternary sediments and cuts
Pliocene limestones and recent alluvium (Figures 7a-7c).
Fault scarps, alluvial fans, linear valleys, and linearly
aligned parasitic cones around Hasandag Volcano are
the morphological features of this fault zone. Southeast
of Sereflikoghisar, a fault plane having a N35W strike
with superimposed slickenlines was also observed. The
older set of faults shows dextral strike-slip faulting with
a minor reverse component, whereas the superimposed
slickenlines show normal faulting with a dextral strike-slip
component. This situation is similar to that observed in
the Yeniceoba Fault Zone.
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Figure 4. Photos showing (a) the tilting of Pliocene limestones due to normal faults in
the Cihanbeyli Graben, and (b) a close-up view of the tilting.

4.1.3. Kinematic analysis

To describe the characteristics and timing of the neotectonic
deformational phases that affected the study area, we took
into account all faults that cut both bedrock and cover
units. We separated the data into 2 sets: the first is from
faults that affect only the bedrock units, and the second
is from faults that affect cover units. Field observations of
macro- and mesoscale faults and paleostress analyses show
2 deformation phases that affected the bedrock units, but
only a single phase of deformation that affected the cover
units.

The first data set on faults that affect the bedrock units
shows 2 deformation regimes. The first is a shortening
regime with a compressional axis directed NNW-SSE to
NE-SW. At stations 4 and 16, o, is vertical, and ¢ values
imply pure compression (Figure 8 and Table 1). In the field,
the macroscale deformation observed at these locations is
characterized by thrust and backthrust faults of ophiolitic
meélange and Eocene units onto Oligo-Miocene units and
onto each other. At station 3, a fault plane that separates
the Oligo—Miocene clastics from the Pliocene limestones
has superimposed slickenlines. While the first movement
on the footwall (Oligo-Miocene clastics) is dextral strike-
slip in response to a N-S compressional stress regime (3-
1; o, vertical and ¢ values imply a strike-slip stress field),
the superposed slickenlines record normal faulting with
a dextral strike-slip component (on both hanging and
footwalls) (Figure 8 and Table 1). Another reactivated
fault plane was also observed at station 15 (15-1). In the
first stage of deformation, this plane shows dextral strike-
slip faulting with a minor reverse component, whereas the
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superposed slickenlines indicate pure dip-slip (normal)
motion (Figure 8 and Table 1).

The second data set from kinematic indicators on
faults that affect the cover units is characterized by a single
NNE-SSW to NE-SW tensional stress regime. At stations
1,2,3-2,5,9,10, 12, 14, and 17, o, is vertical and ¢ values
indicate a pure tensional stress regime, whereas stations 6,
7,8,11,13,15-2,18, and 19 show radial tensions according
to the same criteria (Figure 8 and Table 1). Macroscale
deformation pertaining to this stress regime is primarily
characterized by pure normal faults and normal faults
with a minor strike-slip component that cut Pliocene and
Quaternary units (Figure 8 and Table 1).

4.2. “Ar/*Ar dating

We sampled the lower, pinkish-white ignimbrite level
in the Tuz Golu Basin, which caps the basement rocks
with an angular unconformity (Figure 2), in 2 locations:
38°40.290'N, 33°46.487'E (sample BR-1) and 38°40.018'N,
33°46.774'E (sample BR-2). The upper, whitish ignimbrite
level, which underlies the Pliocene limestones (Fig. 2),
was sampled in two locations: 38°47.871'N, 34°07.902'E
(sample 08VAMPO1) and 38°36.165'N, 33°53.234'E
(sample 08VAMPO02) (Figure 8). The results of individual
high-potassium feldspar grain analyses for the 4 analyzed
samples are provided in Table 2.

From the lower ignimbrite layer, 8 high-potassium
feldspar grains from sample BR-1 form a tight cluster of
ages that result in a weighted mean *°Ar/*Ar date of 6.51
+ 0.34 Ma (MSWD = 0.47). Similarly, 8 high-potassium
feldspar grains from sample BR-2 result in a weighted
mean “Ar/*Ar date of 7.14 + 0.36 Ma (MSWD = 0.70).
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Figure 5. Rose diagrams showing strike measurements taken from bedding planes of cover
units cropping out at (a) the western part of the Tuz Goélii Basin (n = 18), and (b) the eastern
part of the basin (n = 14). Also, stereographic contoured plot of the poles to the bedding
planes measured from bedrock units cropping out at (c) the western part of the basin (n =
18) manifesting an asymmetrical folding with a strike of 273°N, and (d) the eastern part of
the basin (n = 14) manifesting an asymmetrical folding with a strike of 280°N.

If the samples were indeed derived from the same unit, as
we suppose, all 16 grains result in a weighted mean date of
6.81 + 0.24 Ma (MSWD = 0.98).

From the younger upper ignimbrite layer that underlies
the Pliocene limestones, 7 out of the 8 high-potassium
feldspar grains analyzed from sample 08VAMPO1 form
a tight cluster, while 1 older grain (possibly from a
reworked source) was excluded from the age calculation.
The 7 clustered grains result in a weighted mean “°Ar/*Ar
date of 5.23 + 0.36 Ma (MSWD = 0.67). Furthermore, 8
high-potassium feldspar grains analyzed from sample
08VAMPO2 form a tight cluster that results in a weighted
mean “Ar/¥Ar date of 4.96 + 0.24 Ma (MSWD = 0.53).
Assuming all 15 grains are from the same ignimbrite, they
result in a weighted mean date of 5.02 + 0.20 Ma (20 error,
MSWD = 0.66).

4.3 Interpretation of seismic reflection profiles
The seismic reflection lines reveal variations in the
thickness of sedimentary units and the geometry of faults

within the Tuz Goli Basin in a NE-SW direction (Figures
8 and 9). The Tuz Go6li Fault and the Sultanhani Fault are
the major faults imaged by the seismic lines. The boundary
between Unit 1 (Plio-Quaternary) and Unit 2 (Upper
Miocene) is poorly constrained due to the low quality of
the seismic lines and the absence of reflections in the upper
0.2-0.4 s. This boundary is instead defined by differences in
seismic velocities and lithology found in well TG6 (details
in Fernandez-Blanco et al. this volume), located at the SE
end of line DG 2016 (Figure 9).

We observe thickening of Unit 1 (Plio-Quaternary)
in association with the Tuz Golia Fault, but not with the
Sultanhani Fault. In contrast, the thickness of Unit 2 (Upper
Miocene), which is better constrained, increases in relation
to both the Sultanhani and the Tuz Goli faults (Figure 9).
One exception occurs NE of the Tuz Golu Fault, where
thickening of the Neogene units is not seen. At a deeper
position, a prominent angular unconformity separates Unit
2 (Upper Miocene) from Unit 3 (pre-Upper Miocene).
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Figure 6. Photos showing (a) the fault plane with superimposed sets of slickenlines on the Yeniceoba Fault Zone, (b) a close-up view of
superposed slickenlines, (c) the Cihanbeyli Graben, and (d) Quaternary alluvium cut by NE-dipping fault plane of the Cihanbeyli Fault

Zone.

In the western line, the Sultanhani Fault consists of 2
extensional SW-dipping faults involving basement (profile
DG 2016 in Figure 9). These faults and the relatively minor
adjacent faults do not offset Unit 1 (Plio-Quaternary).
However, they clearly offset Unit 2 (Upper Miocene), and
are associated with an increased thickness of some 200-
300 m in line DG 2016 (Figure 9). On this line, a similar
type of relationship is seen for associated structures NE of
the Sultanhani Fault.

The Tuz Golii Fault Zone is a complex system of SW-
and NE-dipping faults. The most prominent member is
the Tuz Golii Fault, which is a SW-dipping fault associated
with several other minor structures (line KOV 90 617
in Figure 9). Toward the SW, in the hanging wall of the
Tuz Golii Fault, numerous secondary (predominantly
extensional) faults create a diffuse deformation zone, with
associated subsidence allowing for the deposition of thick
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strata of Upper Miocene units. The increase in thickness of
Unit 2 (Upper Miocene) in relation to the Tuz Goéli Fault
is more than 500 m. Farther to the SW, 2 other faults are
parallel to the Tuz Golii Fault, and these correspond to the
SE continuation of the faults observed at both margins of
the peninsula.

In both lines, Units 1 and 2 can be clearly observed on
both hanging and footwall blocks of the Sultanhani and
Tuz Go6li fault zones. This is an important indication that
these fault zones have not controlled the limits of the Tuz
Goliu Basin and have rather acted as intrabasinal fault
systems.

4.4. Late Pleistocene shorelines of the Tuz Go6lii Lake
4.4.1 Geomorphology and ages of shoreline features
Geomorphic features associated with past lake shorelines
were found at various sites surrounding the modern Tuz
Golii Lake at elevations between 930 and 970 m, except at
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Figure 7. Photos showing (a) the main strand of the Tuz Golii Fault Zone, (b) Pliocene limestones cut by a minor fault
of the Tuz Goli Fault Zone, (c) Quaternary alluvium cut by the Tuz Golii Fault Zone, and (d) the upper ignimbrite level

and Pliocene limestones.

the peninsula site west of Serefliko¢hisar (“Sereflikochisar
Peninsula”), where the paleoshoreline reaches up to 1015
m (Figures 8 and 10). These isolated shorelines are not
considered continuous when compared, for example, with
shorelines found along the adjacent Konya Basin (Naruse
et al. 1997), or those associated with the late Pleistocene-
Holocene lakes of the East African Rift formed in a similar
arid climate (Garcin et al. 2009, 2012; Melnick et al. 2012).
The shoreline features surrounding the Tuz Goéli Basin
consist of wave-cut notches, abrasion platforms, regressive

ridges with beach gravels, and bedrock cliffs. These features
have been carved into resistant sedimentary and volcanic
Tertiary bedrock as well as into Quaternary volcanics of
the Hasandag volcano south of Aksaray.

At the peninsula site, we obtained a radiocarbon age
from a stromatolitic crust of 21.8 + 0.4 calendar kiloyears
before the present (cal. kyr BP) (Figures 8 and 10, Table
3), consistent with a lake highstand during the LGM.
Radiocarbon ages as old as 22.4 cal. kyr BP have been
obtained from lake sediments near Aksaray (Kashima
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Table 1. Field information and kinematic analysis results of slip-data measurements.

Stress
Station no. Easting  Northing # of slip-data ¢ Explanation Stress regime
axis
0,= 030/ 85°
Ophiolitic mélange-
1 454535 4317437 16 0,=294'/1" 0.337  Pliocene limestone
L boundary
0,=204'/5
0,= 156/ 84°
2 452110 4314142 5 0,=272'/3 0261 Pliocene limestones
0,= 002"/ 5
0,=180"/1' b, 4
Oligo-Miocene clastics
3-1 470340 4306800 1 0,=071°/88" 0.522 / Pliocene limestones < »
L boundary
0,=270°/2 >
0,=206'/ 63
Oligo-Miocene clastics
3-2 470340 4306800 1 0,=346"/22" 0.422 /Pliocene limestones
boundary
0,=082/ 16
0,=335/6
Ophiolitic mélange-
4 472729 4304637 6 0,=244"/8  0.740 Eocene limestone
L boundary
0,= 099’/ 80
0,=242/ 68°
5 483816 4282654 8 6.=099'/18 0273 Quaternary talusand
2 alluvial fan
0,= 005/ 12°
0,=021/71°
6 470147 4291124 5 0,=280"/4" 0229  Pliocene limestones
0,=189'/ 19’
0,=031/71°
7 474388 4287855 22 0,=293"/3" 0.167  Pliocene limestones
0,=202'/ 19’
0,=017/75
8 478629 4285420 21 0,=110"/1" 0233  Pliocene limestones
0,=200"/15°
0,=001'/ 69°
9 479757 4284687 12 0,=153"/18" 0.390  Pliocene limestones
0,=246'/ 9’
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Table 1. (continued).
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10

11

12

13

14

15-1

15-2

16

17

18

19

483816

487500

492927

516971

530165

470340

470340

556607

575159

588222

588568

4282654

4280040

4289025

4334716

4332045

4306800

4306800

4292487

4266351

4298448

4309030

28

0,=242"/ 68
0,=099°/ 18’
0,= 005/ 12"
0,= 140°/ 69°
0,=256'/ 10
0,=349°/ 18’

0,=151'/77

0,=272'17

0,=003"/11'

0,=343"/ 68

0,=094'/ 8

0,=187'/ 20°
0,=127'/ 66
0,=335/2I
0,=241'/ 10°
0,=010'/ 18
0,= 261/ 46°
0,= 115"/ 39’

0,=053/73"

0,=147/ 1’

0,=237'/ 16

0,=063'/6

0,=154/17
0,=3167/72
0,=284/62
0,=129°/26'
0,=034'/ 10

0,= 166/ 84’

0,=300"/ 4°

0,= 030"/ 4

0,=196'/ 88’

0,=322'/ 1’

0,=052"/2

0.273

0.206

0.425

0.050

0.398

0.400

0.164

0.498

0.513

0.064

0.080

Quaternary talus and
alluvial fan

Pliocene limestones

Quaternary alluvium

Quaternary alluvium

Quaternary travertine

Oligo-Miocene gypsum

Oligo-Miocene gypsum

Eocene sandstones

Pliocene clastics

Bedrocks-Pliocene
clastics

Pliocene limestones
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Table 2. Analytical results of single grain total-fusion **Ar/*Ar analyses.
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Laser output ©Ar/*¥Ar 7Ar/*Ar 36&?52? K/Ca 4(21;3* OAr /P Ar, A%;ﬁé)l 9
S?SIII;})Il—eSIf: Lab ID: C10021 Neutron irradiation: GeNF
J= 0.002053
4.80% 294 + 0.03 4.58 + 115 5.56 + 046 013 6346 188 =+ 020 693 =+ 0.73
4.80% 363 + 0.01 3.76 + 0.58 7.59 + 021 016 5110 18 + 010 689 =+ 0.35
4.80% 517 + 0.01 2.47 + 0381 1262 + 023 024 3376 175 + 012 646 =+ 045
4.80% 424 £ 0.02 1.64 + 0.55 9.11 + 025 036 4131 176 = 010 649 =+ 0.37
4.80% 395 + 0.03 3.55 + 074 9.49 + 031 017 4021 159 =+ 013 590 =+ 049
4.80% 733 += 0.04 3.18 + 1.04 2012 =+ 031 018 2428 178 + 016 6.60 = 0.59
4.80% 426 =+ 0.04 341 + 0.77 10.11 = 034 017 3976 170 =+ 014 628 =+ 0.52
4.80% 399 += 0.02 4.42 + 140 9.51 + 043 013 4327 173 =+ 022 641 <+ 0.80
Weighted average of all ages: 651 + 0.17
Laser output “Ar/*Ar Ar/*Ar 36é§/g?gr K/Ca 42;3* OAr*/PAr, A%;fé)l 9
S;‘Ef)zl_eslfz Lab ID: C10022 Neutron irradiation: GeNF
J= 0.002080
4.80% 355 + 0.01 3.39 + 0.88 6.70 + 036 017 5601 199 =+ 015 747 <+ 0.57
4.80% 9.87 + 0.10 4.73 + 187 3029 + 063 012 1523 151 + 029 566 =+ 1.07
4.80% 7396 = 0.36 7.35 + 138 24465 £ 279 0.08 3.49 260 = 078 972 £ 292
4.80% 356 + 0.02 4.84 + 0.85 7.54 + 038 012 5426 194 =+ 016 727 + 0.59
4.80% 3.04 = 0.1 4.59 + 042 5.83 + 012 013 6203 18 =+ 006 709 =+ 0.24
4.80% 342 + 0.02 10.59 + 222 8.31 + 065 005 6669 230 =+ 034 863 =+ 127
4.80% 436 + 0.03 5.29 +  1.22 1031 + 027 011 4514 198 =+ 017 740 =+ 0.64
4.80% 585 + 0.03 2.59 + 093 1466 + 019 023 3145 184 =+ 013 691 =+ 048
Weighted average of all ages: 7.14 + 0.18
Laser output “Ar/*Ar Ar/*Ar 36éi/gigr K/Ca 42:;:)* CAr/PAr, Ag(ifi)l )
(S)gil; Xll\/elll)gl Lab ID: C10023 Neutron irradiation: GeNF
J= 0.002098
4.80% 276 = 0.01 3.61 + 048 6.07 + 021 016 5125 142 =+ 0.09 537 + 032
4.80% 334 + 0.02 5.29 + 1.21 8.91 + 025 011 4094 138 = 017 520 == 0.64
4.80% 489 =+ 0.03 3.69 + 1.23 0.16 + 006 016 8654 425 £ 0.16 1601 =+ 0.59
4.80% 321 = 0.02 3.75 + 1.26 8.09 + 035 016 3994 129 =+ 019 486 =+ 0.71
4.80% 401 = 0.02 3.51 + 093 1118 + 039 017 2854 115 =+ 016 434 =+ 0.62
4.80% 282 =+ 0.01 4.79 + 0.78 6.83 + 015 012 4953 140 =+ 0.11 530 =+ 041
4.80% 341 + 0.01 3.54 + 1.07 8.61 + 027 017 3822 131 =+ 016 494 =+ 0.59
4.80% 256 £ 0.02 4.17 + 0.88 5.29 + 022 014 5924 152 =+ 013 576 <+ 048
Weighted average except the age. 16.0 Ma: 523 + 0.18
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Table 2. (continued).

Laser output ©Ar/*®Ar 7Ar/*Ar 36&?82? K/Ca 42‘;:; OAr P Ar Ag(;f{i;)l 9
(S);{I; jfll:[}I)Io)z Lab ID: C10024 Neutron irradiation: GeNF
J= 0.002116
4.80% 315 + 0.01 2.94 + 0.59 7.34 + 024 020 4275 135 £+ 010 515 <+ 0.39
4.80% 432 £ 0.02 3.07 + 0.79 1219 + 042 019 2536 110 += 0.16 419 =+ 0.61
4.80% 410 <+ 0.01 2.38 + 044 1033 + 0.16 025 3280 135 <+ 007 514 <+ 0.28
4.80% 462 <+ 0.01 2.68 + 045 1252+ 0.19 022 27.09 125 <+ 0.08 478 <+ 0.30
4.80% 453 += 0.01 4.01 + 029 1250 + 022 015 2943 134 =+ 008 510 =*= 0.29
4.80% 6.15 + 0.02 1.39 + 053 1724 + 022 042 1993 123 + 009 468 =+ 035
4.80% 382 + 0.01 3.22 + 0.65 9.77 + 011 018 3489 134 =+ 009 509 =+ 033
4.80% 404 =+ 0.01 2.87 + 049 1050 <+ 017 020 3194 129 <+ 0.08 493 £ 0.30
Weighted average of all ages: 496 =+ 0.12

100% laser output corresponds to 50W. K/Ca ratios are estimated with the production rates for K-derived *Ar and Ca-derived 37Ar
summarized in McDougall & Harrison (1999). “Ar* = radiogenic *°Ar.

2002), and *C, U/Th, and luminescence ages that cluster
around the LGM have been acquired from the adjacent
Konya Basin (e.g., Roberts et al. 1999). This lake highstand
is evidence for a wet climate during the LGM in central
Anatolia and is consistent with the cosmogenic nuclide
ages of glacial moraines in the nearby Taurus Mountains
and Erciyes Volcano as well as the results of climate
modeling (e.g., Sarikaya et al. 2008, 2009; Zreda et al.
2011).

4.4.2. Distribution of Pleistocene shorelines

The geomorphic expression of past highstand shorelines
depends on the duration and stability of the lake level as
well as on regional erosive and depositional processes and
their respective rates (e.g., Garcin et al. 2012; Melnick
et al. 2012). The presence of an overflow sill ensuring
fluvial connectivity of the lacustrine basin would result
in protracted water level positions during wet climate
conditions. In contrast, if water levels were not high enough
to reach an overflow elevation and internal drainage
conditions also prevailed during the highstand, the water

level would not remain stable and would be controlled by
transient short-period oscillations. Such variations might
have a high frequency and amplitude, as suggested by
decadal lake-level changes for endorheic lakes on the order
of ~10 m at Lake Turkana in East Africa (Butzer 1971), and
up to ~4 m at Lake Van in Turkey (DSI 1998; Kuzucuoglu
et al. 2010). Thus, under protracted endorheic conditions,
the formation of distinct shoreline erosive features could
be reduced or even inhibited depending on bedrock
erodibility, wave and wind regimes, and the amplitude and
frequency of short-period water-level variations.

Because the Tuz Goli Basin apparently remained
internally drained during the LGM highstand and possibly
also during previous phases of high water levels, erosive
highstand shorelines developed only locally and with
limited geomorphic expression and spatial continuity.
Thus, the geomorphic correlation of shorelines among
sites is tenuous and should be supported by independent
age determinations. In addition, a pronounced phase
of alluvial fan development further affected the region

Table 3. Radiocarbon age of the stromatolite crust from the Tuz Go6lii highstand shoreline, Sereflikoghisar Peninsula (see Figure 10 for

location).

Lab ID Conventional Age

d*C(%o)

Cal years BP 2s error

KIA39874 18,210 = 100 BP

-5.24+0.29

21781.5 362.5

*calibrated with OxCal 4.1 and IntCal09 (Reimer et al. 2009)
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Figure 9. Seismic lines: (a) original seismic image of line DG 2016, (b) seismic interpretation in two way time (TWT) and depth-
converted profile for line DG 2016, (c) original seismic image of line KOV 90 617, (d) seismic interpretation in TWT and depth-
converted profile for line KOV 90 617, and (e) close-up view of the Tuz Golii Fault cutting Plio-Quaternary units.

between 1.9 and 8.3 cal. kyr BP (Kashima 2002), covering
and isolating the relicts of LGM shorelines.

5. Discussion

5.1. Late Miocene change from contraction to extension
Two different stress regimes can be defined along the
fault zones of the Tuz Golii Basin since the Miocene.
These regimes dictated the earlier contractional phase of
deformation of the plateau interior, which was superseded
by extensional processes that caused the present-day
characteristics of the Tuz Golii Basin. The earlier regime,
which affected bedrock units but not cover units, was
characterized by NNW-SSE to NE-SW compression.
This regime induced dextral strike-slip motion along the
Yeniceoba and Tuz Goli fault zones, and was responsible
for regional shortening affecting the bedrock units.
Importantly, the lower ignimbrite layer, the Pliocene
limestones, and the Quaternary alluvium seal these

deformed bedrock units and the contractional deformation
via an angular unconformity. In contrast, these cover units
are almost horizontal and show no signs of contraction.
Based on our age determination for the ignimbrite, we
determined that the contractional deformation phase
must have ended by 6.81 + 0.24 Ma.

The next deformation phase that has affected the
region to the present day has been characterized by NNE-
SSW to NE-SW tension, generating NW-striking normal
faults, which reactivated the Yeniceoba and Tuz Golii fault
zones and formed the Cihanbeyli Fault Zone. The similar
characteristics between the normal faults cutting the
lower ignimbrite level, the limestones, and the Quaternary
alluvium indicate that the current tectonic deformation
regime has been characterized by NE-SW extension.

The change in deformation regime recorded by the
structures and the kinematic indicators is also supported
by the seismic reflection data. The sediment thicknesses
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Figure 10. Examples of topographic profiles and field photos of Pleistocene shorelines of the Tuz G6lii Lake. (a & b) Site south of
the town of Bozan. To determine the elevation of the shoreline angle, which is covered by colluvium, the outcropping parts of the
paleocliff and abrasion platforms have been interpolated linearly. (¢ & d) Site at the Sereflikoghisar Peninsula. The location of the
sampled stromatolitic material and calibrated radiocarbon age is shown. See text for details.

and fault geometries in the seismic lines demonstrate the
onset of a Pliocene phase of extension after the shortening
phase ended in Late Miocene time. By the beginning
of the Pliocene, this new extensional phase had led to
the development of several normal faults that offset
the older structures, and to the formation of secondary
accommodation structures in the western part of the
Tuz Goli Fault Zone. Moreover, the fairly symmetric,
concave-upwards morphology near the Tuz Goéli Fault
Zone, together with the numerous smaller normal faults,
point to significant extensional recent deformation for this
system. However, this extensional phase does not seem to
have affected the Sultanhani Fault Zone.

Studies from other parts of Central Anatolia have also
found a change from contraction to extension during
the Late Miocene. For example, a phase of shortening
affected units older than Miocene in age, while Upper
Miocene sediments were only deformed by normal and
strike-slip faults in the eastern limb of the Isparta Angle
(Schildgen et al. 2012b) and in the Akgehir Graben,
~200 km west of Tuz Goli (Kogyigit et al. 2000). Similar
findings concerning the timing and nature of the change
in kinematics were suggested to have occurred within the
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Isparta Angle, toward the coast in the Manavgat Basin
(Glover & Robertson 1998; Karabiyikoglu et al. 2000), and
at other sites within the interior of Central Anatolia (e.g.,
Dirik et al. 1999; Jaffey & Robertson 2001, 2005; Rojay
& Karaca 2008). Overall, our results from the Tuz Golia
Basin support a growing body of evidence for a regional
changeover from contraction to extension in Central
Anatolia during the latest Miocene.

5.2. Relative vertical displacement of the Tuz Golii Fault
Zone
The Pliocene lacustrine limestones, locally known as the
“Kigladag Limestones”, are widespread in the Tuz Goli
Basin and thus are important marker beds for determining
relative offsets across faults in the region. In the western
part of the basin, these limestones are observed along the
Yeniceoba and Cihanbeyli fault zones. The highest outcrop
of these limestones is found at 1090 m between the 2 fault
zones. In the eastern part of the basin, the same level is
observed at 1340 m near Mt. Ekecek (in the eastern part of
the Tuz Golii Fault Zone). The equivalent level is present
SW of Tuz Go6lii Lake at an elevation of 940 m.

Tunoglu et al. (1995) and Beker (2002) proposed an
age of around 3 Ma for the Pliocene limestones based
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on a freshwater ostracod fauna from the western part of
the basin. A consistent age range for the same limestones
is obtained from 2 ignimbrite levels that bracket the
limestones stratigraphically. The age of the underlying
“Kizilkaya” ignimbrite is somewhat controversial, having
been dated by K/Ar geochronology at 4.4 + 0.1 Ma and 5.4
+ 1.1 Ma by Innocenti et al. (1975), and at 5.5 + 0.2 and
4.9 + 0.2 Ma by Besang et al. (1977). More recently, Aydar
et al. (2012) used “’Ar/*Ar geochronology on plagioclase
separates to derive a plateau age of 5.19 + 0.07 Ma. Our
result of 5.02 £ 0.20 Ma is consistent with the results of
Aydar et al. (2012), and provides a maximum age limit for
the limestones. To provide a lower limit for their age, the
overlying “Valibabatepe” ignimbrite was dated at 3 + 0.1
Ma using K/Ar methods (Le Pennec et al. 1994, 2005),
and Aydar et al. (2012) determined a *’Ar/*Ar plagioclase
plateau age of 2.52 + 0.49 Ma.

Taken together, the data limit the age of the limestones
to approximately between 5 and 3 Ma. The vertical
displacement of limestones between the western and
central part of the Tuz G6li Basin is 150 m, and between
the eastern and central part it is 400 m. Therefore, we can
constrain an average relative vertical displacement rate
with respect to the center of the Tuz Gélii Basin to be 0.03
to 0.05 mm/year for the western flank and 0.08 to 0.13
mm/year for the eastern flank since 5 to 3 Ma.

At Akhisar village, south of Aksaray, Kiirger & Gokten
(2012) estimated a vertical displacement rate of 0.05 mm/
year based on the Kizilkaya Ignimbrite having an offset
of 268 m. Akhisar is located on a step-over zone where
2 segments of the Tuz Golii Fault Zone overlap. The
ignimbrite is exposed at an elevation of 1300 m on the
footwall block and at 1025 m in the step-over zone, and
probably below the surface in the hanging-wall block.
A slip rate of 0.05 mm/year can be thus inferred for the
eastern fault branch in the step-over zone, and if we
consider the total slip to be partitioned equally between
both overlapping faults, then the total slip rate would be
0.1 mm/year, consistent with the rate derived from the
Pliocene limestone.

These relative displacement rates are broadly similar
to local incision rates along the Kizilirmak River, which
flows subparallel to the eastern shoreline of Tuz G6li Lake
about 25 to 50 km to the east. Dogan (2011) calculated
vertical incision rates of approximately 0.08 mm/year
averaged over the last ~2 Ma based on terrace sequences
and basalt ages along the river, with variations in the
incision rate ranging from 0.042 to 0.12 mm/year. Dogan
(2011) interpreted the Kizilirmak incision to result from
Quaternary uplift of the Anatolian plateau. However, the
similarity between the average fault displacement rates
along the eastern margin of the Tuz Goli Basin and the
average river incision rates could imply that movement
along the faults in the Tuz Goli-Cappadocia region are

responsible for the locally observed river incision. The
2 interpretations (regional relative base level fall versus
local fault control) may be linked if the normal faulting
is also related to the regional-scale plateau uplift, as has
been proposed for the high plateaus in Tibet (Armijo et
al. 1986) and the Altiplano (Schoenbohm & Strecker 2009;
Montero Lopez et al. 2010). This interpretation further
suggests that the lithospheric-scale processes responsible
for uplift of the southern plateau margin (Boschi et al.
2010; Faccenna & Becker 2010; Cosentino et al. 2012;
Schildgen et al. 2012a, 2012b), which started in the Late
Miocene (Cosentino et al. 2012; Schildgen et al. 2012a,
2012b), might also be responsible for the evolution of the
Tuz Golit Basin and surrounding regions.

5.3 Holocene deformation along the Tuz Golii Fault Zone
Unfortunately, geomorphic correlation among the
shoreline sites is not straightforward due to the lack of
an overflow level. However, the levels that we surveyed
are the best-expressed shorelines, which must have
formed either during the last lake highstand or perhaps
during subsequent regressive periods. Thus, we tentatively
associate the high position of the dated LGM shoreline at
Sereflikoghisar Peninsula with slip on an active normal
fault running along its western flank causing footwall uplift.
The western slopes of the peninsula site are abnormally
steep, and incision has been very limited, resulting in a
linear face with low sinuosity. An offshore fault running at
the foot of Sereflikochisar Peninsula has been well imaged
by TPAO seismic profiles and has been recognized both
in the peninsula and running along the southern sector of
the present lake (Figure 9e), which supports our onshore
observations.

The main strand of the Tuz Go6lii Fault Zone runs along
the steep mountain front, where it affects Tertiary and
older units. However, the ~2-8-kyr-old alluvial fan systems
in this area are not offset by faults, which strongly suggest
that this strand of the fault system has remained inactive
during the Holocene. The most evident geomorphic
feature that may be associated with recent tectonic activity
along the Tuz Goli Fault Zone is a ~1.5-m-high scarp
located immediately SW of the present lake, first described
by Kashima (2002). This feature is ~7.5 km SW of the
mountain front, beyond the reach of Holocene alluvial
fans, and is aligned with the inferred active fault running
along the western flank of Sereflikochisar Peninsula.

The main and western branching segments of the Tuz
Goli Fault Zone merge south of Aksaray into a single
segment formed by overlapping strands separated by step-
over zones that affect Quaternary lavas and cinder cones
of the Hasandag composite volcano. In this region, Kiirger
& Gokten (2012) found evidence for 2 M~6 earthquakes
revealed in a paleoseismic trench and inferred a recurrence
interval of ~5 kyr. These observations support our findings
of very limited seismic activity along the Tuz Go6lii Fault
Zone during the Holocene.
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Our shoreline data together with geomorphic
observations suggest that the Holocene activity of the Tuz
Goli Fault Zone has been localized on a NW-SE striking
fault running along the western flank of $ereflikochisar
Peninsula and extending SE for at least 60 km. The main
strand of the Tuz Golii Fault Zone running along the
mountain front appears to have been inactive during
the Holocene, as no evidence of displaced alluvial fans
could be found. The active strand is ~7-11 km from the
mountain front, suggesting that deformation has migrated
into the basin.

Such a migration of the deformation towards the
interior of an extensional basin is common in continental
rift systems (e.g., Ebinger & Scholz 2011). For example,
in the northern Kenya Rift, such a migration of faulting
activity is accompanied by an important increase in
the strain rate, which has been interpreted to result
from crustal thinning, asthenospheric upwelling, and
thermal weakening, ultimately leading to localization of
the deformation along the inner part of the rift system
(Melnick et al. 2012). Although the tectonic setting of the
Tuz Golu Basin is quite different from the African Rift,
upwelling of asthenospheric material through lithospheric
slab breaks and tears has been interpreted from seismic
tomography below Tuz Golii (Biryol et al. 2011) and related
to uplift patterns in the region immediately to the south
(Cosentino et al. 2012; Schildgen et al. 2012a, 2012b).
Thus, the migration of deformation towards the interior of
the Tuz Golil basin might also reflect the onset of crustal
thinning associated with lithospheric-scale processes such
as propagation of a slab tear.

6. Conclusions

Considering our field observations, kinematic data,
and seismic reflection-line interpretations, 2 different
deformation regimes can be identified for the Tuz Goli
Basin area. The first regime is characterized by NNW-SSE
to NE-SW shortening that affected pre-Upper Miocene
units during a regional compressional stress regime. This
phase of deformation is manifested by a curvilinear trend
of NW-SE to E-W striking folds from the Tuz Go6lii Basin
to the Ankara region, E-W striking thrust and back-thrust
faults that superimpose pre-Upper Miocene units onto one
another, and NW-striking dextral strike-slip faults that
juxtapose Oligo-Miocene and ophiolitic mélange units.
The NE-SW to NNW-SSE contractional tectonic period
prevailed until the Late Miocene. We constrain the end of
contraction to before 6.81 + 0.24 Ma, based on our new
“Ar/*Ar dating of an ignimbrite within the uppermost
Miocene-Pliocene fluvio-lacustrine sediments that seal
the shortened rock units via an angular unconformity
and do not bear any signs of sustained contraction. The
subsequent N-S to NE-SW extensional tectonic regime
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was initiated during the Pliocene and continues to the
present day.

Our interpretation of the seismic reflection profiles
reveals no basin terminations for the Miocene units,
either for the Tuz Goli Fault Zone or the Sultanhani
Fault Zone. Thus, these systems did not constitute basin-
bounding faults during the Miocene. The Sultanham
Fault Zone constitutes a southwest-dipping fault set that
probably acted as an extension to a strike-slip intrabasinal
fault during the Late Oligocene and Miocene time, later
sealed by Pliocene deposits. The Tuz Golii Fault Zone is a
complex fault system that was initiated as a horst possibly
during the Neogene, underwent a phase of shortening
that continued into Messinian time, and was followed by
renewed and ongoing extension.

As Pliocene limestones crop out in several localities
within the basin, we used these 3-5-million-year-old
marker horizons to calculate relative vertical displacement
rates with respect to the central parts of the basin. Taking
into account the vertical offset of the limestones across
major fault systems in the area, the average relative vertical
displacement rate is 0.03 to 0.05 mm/year for the western
flank of the basin relative to the center, and 0.08 to 0.13
mm/year for the eastern flank relative to the center.

At Sereflikoghisar Peninsula, dated shorelines and
seismic sections indicate that the normal fault controlling
the western margin of the peninsula was active during the
Holocene. The lack of normal faults cutting the alluvial
fans located on the main strand of the Tuz G6li Fault Zone
suggests that deformation migrated into the basin during
the Holocene.

Overall our investigations highlight a major kinematic
changeover from contraction that ended in the Late
Miocene to extension since the Pliocene in the center of
the Central Anatolian Plateau, which may have resulted
from changing geodynamic boundary conditions.
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