
ABSTRACT 

STRUCTURAL ARCHITECTURE AND TECTONIC EVOLUTION OF THE                

ULUKISLA SEDIMENTARY BASIN IN SOUTH-CENTRAL TURKEY 

by Can Engin 

 

The E-W-trending Ulukisla basin (UB) in Turkey occurs between the Central Anatolian 

Crystalline Complex to the north and the Tauride carbonate platform to the south. It contains <5 

km-thick, uppermost Cretaceous to Miocene-Pleistocene strata and Eocene magmatic rocks. The 

Cretaceous–Eocene sedimentary rocks comprise an upward shallowing sequence of clastics. The 

Eocene sequence includes marine turbidites and is transitional upwards into Oligocene rocks. 

The upward transition from Lower Oligocene shallow marine, deltaic deposits to Upper 

Oligocene-Miocene evaporate–terrestrial deposits indicates a record of a successor basin. The 

Upper Cretaceous–Lower Paleocene rocks and the Middle Eocene–Middle Miocene units are 

deformed by north- and south-vergent, upright–overturned folds and thrust, strike-slip faults. The 

E-W normal faults in the Middle Paleocene–Middle Eocene units represent extensional 

deformation coeval with slab breakoff–induced mafic magmatism. The Ulukisla depocenter 

initially developed as a successor basin in the latest Mesozoic-early Cenozoic and then evolved 

into a terrestrial basin in the late Tertiary.  
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1. INTRODUCTION 

This study is aimed at documenting the internal structure, geochronology and tectonic 

evolution of a latest Cretaceous – Miocene basin in south-central Turkey that displays a 

complex history of collision, extension, and strike-slip tectonics superimposed on one of the 

major Neotethyan suture zones. The Ulukisla Basin occurs north of the Tauride Block and is 

laterally offset from its northeast counterpart, the Sivas Basin, by the Ecemis Fault Zone 

(EFZ in Fig. 1). The sedimentary, volcanic and structural record of the Ulukisla Basin 

provides an excellent opportunity to investigate the mode and nature of regional crustal and 

mantle processes, following the ophiolite emplacement during the initial stages of the closure 

of the Inner Tauride Ocean in the late Cretaceous (Dilek et al., 1999). Its evolution from 

marine conditions of deposition / magmatism to continental fluvial and lacustrine deposition 

makes the Ulukisla Basin a unique and important successor basin in the region. 

The Anatolia plate is situated in a broad convergence zone between Eurasia to the north and 

Africa and Arabia to the south (Fig. 1). Collision of the Arabia plate to the east since 13 Ma 

(Dewey et al., 1986) has produced significant shortening across eastern Anatolia, and both 

the Caucasus and the Zagros. It has also been a major driver for the west-southwestward 

escape of Anatolia from the Bitlis-Zagros suture zone (Mantovani et al, 2001; Reilinger et al., 

2006; Allen et al., 2009). This tectonic escape has been facilitated by the North and East 

Anatolian transform faults (Fig. 1) and has also caused widespread internal deformation 

within the Anatolian microplate through mainly strike-slip tectonics (Dhont et al., 2006; Piper 

et al., 2006; Biryol et al., 2011). The Ulukisla Basin has been affected by this escape-related 

strike-slip faulting and associated deformation since the late Miocene (Dilek and Whitney, 

2000; Sarifakioglu et al., 2013). 

The western Anatolian region and the Aegean Sea are currently situated in the upper plate of 

the Hellenic Subduction (Fig. 1) and are undergoing backarc extension (Jolivet and Brun, 

2010). However, the extensional tectonics in this region predates both the initiation of 

Hellenic subduction and the collision-induced escape tectonics. Extension may have started 

as early as the middle Eocene, following a continental collision event in the Tethyan system 

and a subsequent slab breakoff event (Dilek and Sandvol, 2009). This process is also a 

critical component in the extensional tectonic history of the Ulukisla Basin at about the same 

time. 
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This thesis work involved structural field mapping, documentation of bedding and fault 

orientations systematic collection of rock samples for petrographic and structural analyses, 

satellite image analyses, and U-Pb zircon dating of both magmatic rocks and basin deposits.  

In this paper I discuss the stratigraphy and structure of the Ulukisla Basin, document the 

geometry and nature of different structural elements within the basin strata and analyze the 

kinematics of deformation associated with different fault systems. I then present the results of 

our zircon geochronology and discuss their implications for potential sources. The new ages 

obtained in this study help us better constrain the timing of deposition and magmatism within 

and around the Ulukisla Basin. In the last part of the paper I introduce a tectonic model for 

the evolution of the Ulukisla Basin based on the results of this study and the existing 

literature.   
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2. REGIONAL GEOLOGY 

The Ulukisla Basin is bounded in the south by the Bolkar Mountains, which are part of the 

Tauride Platform (a continental block) and to the east by the sinistral Ecemis fault zone (Fig. 

2). The Nigde metamorphic massif bounds the basin to the north. Ulukisla Basin strata are 

overlain by the Upper Miocene-Pliocene fluvial rocks and the Quaternary alluvial fan 

deposits of the Eregli Basin in the west (Fig. 2). The Tauride Platform includes lower 

Paleozoic to Upper Cretaceous limestone, dolomite, marble, calcschist and metapelitic rocks 

(Demirtaslı et al., 1984; Alan et al., 2007). These rocks are extensively deformed by folding 

and faulting, and are intruded by the NE–SW-running Horoz Granite along its northern edge 

(Fig. 2; Dilek and Whitney 2000; Kadioglu and Dilek, 2010).  

Along the southern margin of the Ulukisla Basin, the Alihoca ophiolite rests tectonically 

above the platform carbonates. In this region, the ophiolite is nearly 2-km-thick and consists 

of upper mantle harzburgites with minor dunite lenses, ultramafic cumulate rocks, layered to 

isotropic gabbros, and doleritic dikes (Dilek et al., 1999; Sarifakioglu et al., 2013). Sheeted 

dikes and volcanic rocks are missing in the Alihoca ophiolite, but blocks of these rocks can 

be seen in the underlying ophiolitic mélange. Felsic dikes and granitic apophyses also 

crosscut the gabbros and serpentinized peridotites of the ophiolite. 

The Alihoca ophiolite represents a lithospheric fragment of the Inner Tauride Ocean, which 

has been interpreted to have evolved between the Tauride Platform to the south and the 

Central Anatolian Crystalline Complex (CACC) to the north. The ophiolite and the Tauride 

Platform are sharply truncated by the left-lateral Ecemis Fault Zone to the east (Figs. 2 and 

3). Although the ophiolitic exposures along the suture zone are covered by the Ulukisla Basin 

strata, the regional aeromagnetic data indicate the existence of a regionally continuous 

positive anomaly beneath both the Ulukisla (north) and Eregli (west-northwest) Basins (Fig. 

3). (Sarifakioglu et al., 2013).  These anomalies are interpreted as indicating the existence of 

thick slabs of mafic-ultramafic, ophiolitic rocks at depth (Dilek and Whitney, 2000; 

Sarifakioglu et al., 2013). 

 

To the North of the Ulukisla Basin, the Nigde metamorphic massif to the north (Fig. 2) 

consists of schists, marble, gneiss, amphibolite and quartzite, and represents a core complex 

(Whitney and Dilek, 1997; 1998). The protoliths of the Nigde massif were initially deformed 

and metamorphosed during late Cretaceous-Paleocene contraction (Whitney and Dilek, 

2000). Its crustal exhumation path from ~15 to 18 km at depth to about 10 km is recorded by 
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the high-grade metamorphic rocks in the massif (Whitney and Dilek, 1998). Mylonitic fabrics 

in these rocks indicate NE-SW-oriented extension that is kinematically consistent with the 

slip direction along the S-dipping, low-angle detachment fault along its southern edge (Fig. 2; 

Whitney and Dilek 1998; Dilek and Whitney 2000). The deformed marble, quartzite and 

minor schist of the Nigde massif in the footwall of this detachment fault are juxtaposed 

against the undeformed, Middle-Upper Eocene clastic rocks of the Ulukisla Basin in the 

hanging wall. The calcalkaline Uckapili granite crosscuts all metamorphic and structural 

fabrics in the Nigde massif (Whitney and Dilek, 1997; 1998). 

 

The NE-SW-trending Ecemis Fault Zone is about 150-km-long and 2- to 8-km-wide (Figs. 2, 

4), and is seismically active. It is part of a larger, Tertiary strike-slip fault system crosscutting 

all geological units and structures in Central Anatolia (Kocyigit and Beyhan, 1998). The 

Ecemis Fault displaces the Tauride Platform and the Inner Tauride suture zone left-laterally 

for nearly 80 km, and truncates the metamorphic rocks of the Nigde Massif and the Ulukisla 

Basin strata in the east (Figs. 2 and 4). Its structural trend and architecture is well defined in 

the aeromagnetic anomaly map (Fig. 3). The fault system is mostly a transtentional with 

several major left step-overs and releasing bends that form local pull-apart basins (Kocyigit 

and Beyhan, 1998; Dilek et al., 1999b). The Ecemis Fault also to played a major role during 

the unroofing of the Nigde core complex by accommodating top-to-the south shearing and 

exhumation along the south-dipping Nigde detachment fault (Dilek and Whitney, 2000).  
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3. STRATIGRAPHY AND SEDIMENTOLOGY OF THE ULUKISLA BASIN 

The stratigraphy of the Ulukisla Basin has been well documented in the literature, although 

the formation names and boundaries vary somewhat depending on the nature of the related 

studies (Oktay, 1982; Demirtasli et al., 1984; Cevikbas and Oztunali, 1991; Clark and 

Roberston, 2005). The ages of the stratigraphic units are based entirely on the microfossils 

recovered from the sedimentary rocks in the basinal strata, and are reported in Demirtasli et 

al. (1984). There are no radiometric or isotopic age data available from the basinal units, 

including the volcanic and plutonic rocks. The zircon ages reported in this study represent the 

first comprehensive dating results from the Ulukisla Basin units and several other intrusive 

rocks in the region. The doleritic dike intrusions in the Alihoca ophiolite structurally beneath 

the ophiolite were dated previously at 90 Ma (Dilek et al., 1999a). 

In this study I have followed the stratigraphic nomenclature of Demirtasli et al. (1984), and 

have augmented their formation definitions and descriptions with my own field observations 

and petrographic data. In the following section all the major formations and stratigraphic 

units are described briefly, from the oldest to the youngest, providing their areal coverage, 

lithological makeup, thickness, microfossil contents and known ages. A generalized 

stratigraphic column for the basin is shown in figure - 5. 

3.1. Ciftehan Formation 

The Ciftehan Formation is the oldest sedimentary unit in the Ulukisla Basin (Fig. 5). It is best 

exposed near the town of Ciftehan and Alihoca village in the east and near Maden Village 

farther west and north of the Bolkar Mountains (Fig. 4). The Ciftehan Formation includes a 

basal conglomerate containing ophiolitic material, overlain by sandstone and red pelagic 

limestone (Fig. 6A). Its maximum thickness is ~300 meters. It is laterally transitional into the 

Dedeli Formation in the west (Demirtasli et al., 1984; this study). Stratigraphically upward 

and along strike to the west in the basin, the Ciftehan Formation is unconformably overlain 

by the Aktastepe Formation (Fig. 6B). Based on the occurrence of Globotruncana and 

Heterohelix microfossils, Demirtasli et al. (1984) assigned a late Campanian – Maastrichtian 

age to the Ciftehan Formation. 

3.2. Dedeli Formation 

Dedeli Formation is coeval with the Ciftehan Formation and is composed of red 

conglomerate with ophiolitic material at the bottom and gray sandstone and marl at the top. It 
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is locally transitional into the Kalkankaya Member of the overlying Aktastepe Formation. 

The uppermost marl rocks have not yielded any fossils, but the limestone-marl units from the 

middle part of the Dedeli Formation contain Globotruncana, Globigerina and Heterohelix 

microfossils, indicating its Maastrichtian age (Demirtasli et al., 1984). 

3.3. Aktastepe Formation 

The type locality of Aktastepe formation is about 5 km west of Alihoca Village. The lower 

part of the formation contains the Kalkankaya Member, which is composed of a basal 

conglomerate, and overlying sandstone and limestone (Fig. 5). Sandstone layers are massive / 

thick-bedded to laminated, and show locally well-developed cross-bedding. Upper limestones 

contain abundant bivalve shells, rip-up clasts and micrite. The total thickness of this member 

is about 300 meters. The limestone units in the lower and middle sections of Kalkankaya 

contain Orbitoides, Loftusia and Ompalocyclus microfossils, indicating a late Maastrichtian 

age, whereas the limestones from the upper section include Miscellanea and Mississippian 

microfossils characteristic of the lower Paleocene (Demirtasli et al., 1984). Therefore, the 

Kalkankaya Member has been interpreted as the late Maastrichtian – early Paleocene in age 

(Fig. 5). 

The upper part of the Aktastepe Formation consists of the Guneydagi Member. This unit 

contains limestone conglomerate, medium- to thick-bedded limestone, and calcarenite (Fig. 

7). Near Yassikaya in the southwestern part of the Ulukisla Basin, it is overlain by the 

Halkapinar Formation (Fig. 4). The uppermost limestone units have yielded Miscellanean, 

Bolkarina and Fabularia microfossils, that indicate a middle Paleocene age of deposition 

(Demirtasli et al., 1984).  

3.4. Halkapinar Formation 

The type locality of the Halkapinar Formation is near Halkapinar Town in the southwestern 

part of the Ulukisla Basin and near Karagol west of Alihoca Village (Figs. 4 and 8). The 

formation contains conglomeratic sandstones at the base that are overlain by a sandstone-

silstone-shale sequence including blocks of recrystallized limestone, blueschist facies mafic 

rocks, and quartzites (Figs. 9 and 10). The provenance of these blocks is interpreted to be 

rocks of the Tauride Plaform to the south (Fig. 4; Dilek and Whitney, 1997).  

Halkapinar Formation sandstones are calcarenites (Fig. 11). Graded beds, cross-beds and 

flute casts are common features in these sandstones. Broken Nummulites fossils are locally 
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abundant in them (Fig. 12). The overlying sandstone-shale sequence of the Halkapinar 

Formation is interlayered with tuffaceous and volcanogenic sandstones, and basaltic, 

andesitic and rhyodacitic lava flows in the upper part of the formation (Figs. 8 and 13). The 

sandstone layers in the upper part of the formation include abundant feldspar, hematite and 

biotite grains (Figs. 13 and 14).  

Vertically upsection, and laterally to the east to the basin, the Halkapinar Formation is 

gradational with the Ulukisla Formation (Figs. 4 and 5). Where the Ulukisla Formation is 

absent, the Halkapinar Formation is unconformably overlain by the Hasangazi Formation 

(Fig. 8A). The total thickness of the Halkapinar Formation is ~1500 meters. Turbiditic 

sandstones from its middle part of the unit contain the microfossils Alveolina, Nummulites, 

Assilina and Discocyclina which indicates a late Paleocene to middle Eocene ages of 

deposition. 

3.5. Ulukisla Formation 

The Ulukisla Formation crops out north of the Halkapinar Formation and is the most 

extensive unit in the basin (Fig. 4). It overlies the Halkapinar Formation conformably and is 

overlain by the Hasangazi Formation to the west and the north (Figs. 4 and 5). Near the base 

of the unit it is composed of a turbiditic sandstone-shale sequence (Fig. 15A) that locally 

contains blocks and clasts of Upper Cretaceous limestone. This clastic sequence is 

gradational upward into volcanogenic sandstone, volcanic conglomerate and agglomeratics 

(Fig. 15B). Red micritic limestone blocks (dm – scale) occur in a volcanic conglomerate in 

the lower part of the formation (Fig. 15C). Some micritic limestone blocks also include clasts 

of basaltic lava, indicating that deposition of this limestone was synchronous with basaltic 

volcanism in the depocenter. 

Volcanic rocks in the middle part of the formation are made largely of pillow lavas (Fig. 

15D) with basaltic and trachybasaltic compositions (Sarifakioglu et al., 2013). Locally, the 

pillow lava unit is up to 200-m-thick (i.e. Caykavak Gap, Nigde-Ulukisla Road), with 

numerous mineralized, high- to low-angle normal faults (Fig. 16). Pillow lava, pillow breccia 

and hyaloclastites are intercalated, and alternate with massive lava flows. Farther north in the 

Ulukisla Formation andesitic to dacitic lavas, local dacitic dome structures and agglomerates 

become more widespread. The massive lava flows in the central part of the formation are 

intruded by extensive networks of red-colored monzo-syenitic dikes and sills, and small 
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stocks (Fig. 17). Two NE-SW-oriented and sheared monzo-syenitic plutons occur near the 

town of Gedelli in the south-central part of the formation (Fig. 4).  

The total thickness of the Ulukisla Formation is estimated to be between 1500 and 2000 

meters (Oktay, 1982; Cevikbas and Oztunali, 1991; Clark and Robertson, 2005). Microfossils 

of Nummulites, Vernevillina, Assilina, and Operculina recovered from the sandstone and 

limestone units indicate a Lutetian (early-middle Eocene) age of the Ulukisla Formation 

(Demirtasli et al., 1984).  

3.6. Hasangazi Formation 

The Hasangazi Formation crops out mainly in the western part of the basin, and 

unconformably covers the Ulukisla and Halkapinar Formations (Figs. 4 and 18). It is also 

unconformably overlain by the Oligo-Miocene Aktoprak Formation in the south and late-

Neogene aged fluvial-lacustrine deposits adjacent to the Eregli Basin in the west.  

The oldest unit in the Hasangazi Formation is a basal conglomerate with abundant volcanic 

clasts in a carbonaceous matrix that is overlain by coarse-grained limestone (calcarenite) with 

coral and algal fragments and abundant fossil remainings. Demirtasli et al. (1984) and Clark 

and Robertson (2005) interpreted this limestone unit as a coral build-up accumulated  above a 

volcanic high in the basin. The microfossils recovered from these limestone rocks include 

Nummulites, Gypsina and Discocycline representing a late Lutetian age (Demirtasli et al., 

1984). 

Stratigraphically upward in the formation, sandstone–shale intercalations (Boztepe Member 

of Demirtasli et al., 1984) become prominent (Fig. 19). Sandstone layers are commonly 

massive and thickly bedded, and show graded-bedding, cross-lamination, and flute-casts. 

Volcanic material (i.e. feldspar-plagioclase, hornblende and hematite grains) are common in 

the sandstone layers (Fig. 20). Shale layers include abundant volcanic mud. The total 

thickness of this sequence is estimated to be around 300-400 meters. Demirtasli et al. (1984) 

reported Globorotalia, Gypsina and Discocyclina microfossils from the sandstone units in 

this formation, indicating a late Lutetian age of deposition.   

In the southwestern part of the basin, the sandstone / shale sequence is transitional upward 

into ~200 m of thinly bedded siltstone, mudstone and selenitic gypsum (Fig. 18). This 

gypsum-clastic unit is known as the Kabaktepe Evaporites (Demirtasli et al., 1984). The 
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upper gypsum layers are unconformably overlain by fluvial and lacustrine rocks of the 

Aktoprak Formation (Figs. 4 and 18). 

The estimated total thickness of the Hasangazi Formation is less than 600 meters. The 

microfossils obtained from its various members constrain its depositional age as the late 

Lutetian (~42-40 Ma).  

3.7. Aktoprak Formation 

The non-marine Aktoprak Formation is composed of fluvial and lacustrine rocks, that outcrop 

in a broad syncline in the western end of the Ulukisla Basin. The unit is unconformably 

overlain by the Miocene–Pliocene rocks to the north and the Quaternary alluvial fan deposits 

of the Eregli Basin to the west (Fig. 4). Its type locality is near Aktoprak (Kilan) Village, 

about 12 km to the S–SW of Ulukisla Town. 

The base of the Aktoprak Formation consists of red-green, conglomerate and coarse-grained 

sandstone with siltstone intercalations. Sandstone locally shows well-developed graded-

bedding and cross-bedding (Fig. 21A). Clasts in the conglomerate and sandstone are well 

rounded and mostly made of recrystallized limestone (derived from the Tauride Platform), 

micritic limestone, basaltic and andesitic volcanic rocks, and quartz. Stratigraphically 

upward, the conglomerate–sandstone unit becomes rich in a carbonaceous matrix and is 

overlain by blue-gray marl and limestone (Fig. 21B) that contains abundant gastropod fossils. 

Gypsum and biotite grains are common in this marl – limestone unit (Fig. 22). Blumenthal 

(1956) estimated the age of these gastropods and hence the age of the lacustrine marl-

limestone unit as Chattian–Aquitanian (latest Oligocene–Lower Miocene). The total 

thickness of the Aktoprak Formation is about 1000 meters.  
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4. STRUCTURAL GEOLOGY OF THE ULUKISLA BASIN  

In this section, the internal structure of the Ulukisla Basin and the spatial and temporal 

relationships of a different fault systems that affected the basinal strata are discussed. 

Sedimentary and magmatic rocks of the basin were deformed by contractional, extensional 

and strike – slip tectonics during its evolution. Macroscopic and mesoscopic structures 

associated with these deformational events are documented with field photos, and their 

attitudes have been measured systematically in the field. The azimuths of bedding planes in 

different formations and the various fault planes observed and recorded in the field are 

plotted in stereonet projections (Figs. 26 and 27) and are given in table – 2 and 3.  

Ulukisla Basin is a NE-SW-oriented depocenter with a rhombic geometry (Fig. 2), and it is 

bounded on its three sides by major fault systems. To the south, it is juxtaposed against the 

Paleozoic- Mesozoic recrystallized carbonate rocks of the Tauride Platform along an ENE-

trending left-lateral oblique-slip fault system (Bolkar Frontal Fault) with a significant down-

to-the north normal component (Figs. 4 and 23). This Bolkar Frontal Fault system has 

multiple splays within the northern edge of the Tauride Platform, affecting its rocks, as well 

as the Alihoca ophiolite underlying the basinal strata (Fig. 24). 

To the north, the Ulukisla Basin strata rest tectonically on the metamorphic rocks of the 

Nigde Massif along an E-W-striking, S-dipping detachment fault (Nigde Detachment of 

Whitney and Dilek, 1997). Clastic and volcanic rocks of the Ulukisla and Hasangazi 

Formations are situated in the hanging wall of the Nigde detachment fault, which is bounded 

on the east by the NE-trending Ecemis Fault Zone (Figs. 2 and 25). The tectonic exhumation 

of the Nigde core complex and the formation of the Ulukisla Basin might have been thus 

partly coeval (Dilek and Whitney, 2000; Gautier et al., 2002).  

To the east, the Ulukisla Basin strata are abruptly truncated by the left-lateral Ecemis Fault 

Zone and its strands (Figs. 2 and 4). Along this segment bordering the Ulukisla Basin the 

Ecemis Fault system is mainly transtensional in character with its left-stepover physiographic 

features, and locally includes pull-apart depocenters filled with Oligo-Miocene sedimentary 

and volcanic rocks (Fig. 25).  

To the west, the Ulukisla Basin strata are unconformably overlain by the Upper Miocene-

Pliocene fluvial and alluvial fan deposits, which may have formed as part of the initial Eregli 

Basin (Fig. 2).  
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Internally the Ulukisla Basin strata have been deformed by a series of ENE-WSW-trending 

broad folds that display both north-and-south vergence (Fig. 24). The rock units in the older 

Ciftehan and Aktastepe Formations are generally dipping to the NE at moderate to steep 

angles (55
o
-75

o
), whereas those in the Halkapinar Formation have a prodominatly E-W strike 

with gentle to steep dip angles both to north and south (Fig. 26). Turbitiditic rocks in the 

Middle to Upper Eocene Hasangazi Formation exhibit two well-defined maxima in Figure 

26, defining steeply to moderately NW- and SE-dipping layers. The terrestrial rocks of the 

Oligo-Miocene Aktoprak Formation nearly mimic the same pattern as with the Hasangazi 

units, indicating that these two formations were affected by the same deformational event in a 

similar fashion. The more northwesternly orientation of the layers in the older Ciftehan (U. 

Cretaceous), Aktastepe (Lower Paleocene) and Halkapinar (Middle Paleocene-Middle 

Eocene) Formations are distinctly different from the northeasterly orientation of the layers in 

younger formations. 

The rock units in the Ulukisla Formation and the underlying ophiolitic basement (Alihoca 

ophiolite) are deformed extensively by different fault systems (Fig. 24). The Ciftehan and 

Aktastepe Formations in the southern part of the Ulukisla Basin display two sets of fault 

systems with distinctly different orientations. One set of faults, represented by reverse and 

left-lateral strike-slip faults, run generally WNW-ESE and dip steeply to the south (Fig. 27). 

A second set of reverse, thrust and oblique-slip faults run NNW-SSE with steep to moderate 

dips both to the east and the west. No crosscutting relationships of these two fault systems 

were observed in the field. Therefore, it is not possible to constrain their relative timing of 

formation. However, these two fault sets were clearly a result of contractional deformation 

with a strong oblique-slip component and might have formed synchronously. 

The Halkapinar (Middle Paleocene-Middle Eocene) and Ulukisla (Lower-Middle Eocene) 

Formations are strongly affected by pure extensional normal faults and transtensional fault 

systems (Fig. 27). The NW-SE-trending normal faults have low-to-high angle dips to the NE 

or SW, and generally occur in the submarine volcanic units of these two formations. The 

faults display hydrothermal mineralization effects (Fig. 16) as evidenced by widespread 

epidote+chlorite+quartz+hematite and calcite precipitation (greenschist facies metamorphic 

minerals), indicating the possibility of a syn-magmatic origin. Turbiditic rocks intercalated 

with the submarine pillow and massive lava flows and volcaniclastic rocks are also deformed 

by these NW-SE-oriented extensional normal faults.  
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The transtensional normal faults in the Halkapinar and Ulukisla Formations generally have a 

NE-SW general orientation with steep to moderate dips both to the E and the W (Fig. 27). 

They are, therefore, nearly perpendicular to the general strike of the NW-SE extensional 

normal faults. Displacement direction, slip sense, slickenside lineations, and other kinematic 

indicators along these faults indicate their oblique-slip nature with a strong extensional 

component. The relative timing of the development of these NE-SW transtensional faults 

with respect to the formation of the NW-SE normal fault systems is not constrained because 

of the lack of the clear crosscutting relationships in the field. However, they appear to be 

kinematically compatible in accommodating NE-SW-oriented extensional deformation 

during synchronous deposition and volcanism in the Ulukisla Basin throughout the Middle 

Paleocene and Middle Eocene.  

Both the Halkapinar and Ulukisla Formations are also affected by contractional reverse and 

thrust faults (Fig. 15C), although not as extensively as by the normal faults. Since mainly N-

vergent thrust and reverse faults crosscut the extensional normal faults, they are interpreted as 

post-extensional and late Eocene or younger in age.  

The Middle Eocene and younger Hasangazi and Aktoprak Formations mainly display WNW-

ESE- and ENE-WSW-running and vertically to steeply S-dipping reverse faults with major 

strike-slip components (Fig. 24). These N-vergent faults are commonly associated with tight, 

N-vergent folds and locally with southward-overturned backfolds (Fig. 21). The existence of 

subhorizontal to gently plunging slickenside lineations on some of the fault planes (Fig. 28) 

and the spatially associated contractional structures, such as folds and parasitic folds with 

moderately to vertically plunging fold axes, suggest that these oblique-slip faults are 

transpressional faults that developed in the Oligo-Miocene and later. The WNW-ESE-

oriented oblique-slip faults in the older Ciftehan and Aktastepe Formations are geometrically 

and kinematically compatible with the transpressional faults observed in the younger 

formations. Thus, it is inferred that all these faults may have formed as a result of a 

transpressional stress regime during the Oligo-Miocene or later.  
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5. ZIRCON GEOCHRONOLOGY 

5.1. Methods 

Eleven (11) rock samples were collected from different locations in the Ulukisla basin to 

carry out zircon U-Pb geochronology. Three samples were picked from possible source rocks 

in the region, including the Horoz Granite and felsic intrusions within the Tauride Block to 

the south (Fig. 28A), and the Uckapili Granite in the Nigde metamorphic massif to the north 

(Fig. 29). In addition, eight sandstone samples from different formations in the Ulukisla basin 

were collected for detrital zircon analysis. During the sampling in the field, we tried to pick 

the rock samples with the most characteristic features of the stratigraphic formation they 

represent, relatively unaltered and fresh, and away from major faults and shear zones. The 

purpose of this geochronological work is to constrain the potential provenance of the basin 

deposits and determine the maximum deposition ages of basin formations. The overall goal of 

this component of the study was to better understand the tectonically controlled palaeo-

topography and the tectonic evolution of the region from the late Cretaceous through the 

Miocene. Sand-size clastic rocks constitute the best material for zircon analysis, and the felsic 

igneous rocks provided abundant zircon grains. The amount of rock sampled from each site 

was 3 to ~5 kg.  

Zircon separation and analyses were done in the Geochronology Laboratory at the University 

of Kansas. Zircon crystals were separated by standard separation techniques, including 

crushing, grinding, water tabling, sieving, heavy liquids, magnetic separation and 

handpicking as a last step. Magmatic zircon grains were handpicked and mounted on double-

sided tape. Three magmatic samples were analyzed without polishing and SEM imaging. 

Even though one of them gave clear and accurate results, two of them gave unclear results. 

Subsequently, these magmatic zircons were polished and imaged by using the Scattering 

Electron Microscope. Unbroken and euhedral grains were picked for magmatic samples 

because their cores and rims need to be well imaged in order to decide a domain for laser 

ablation.Zircons from eight detrital samples, all with different shapes and colors, were 

picked, polished, and imaged before analyzing.  

For magmatic samples, approximately 50-60 zircon grains for each sample are considered 

sufficient (Fu et al., 2009). Conversely, 120-150 zircon grains for each detrital sample are 

required to document potentially different age populations, the sample might contain. LEO 

1550 field emission scanning electron microscope with CL (cathodoluminescence) imaging 
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to document the texture and internal structure of the zircon grains. Zircon grains were set in 

epoxy then grinded and polished to approximately half their original thickness for the LA-

ICP-MS analysis.  

LA-ICP-MS Uranium-Lead zircon measurements were analyzed on a The Element2 high 

resolution magnetic sector field ICP-MS coupled with a 193 nm UV laser ablation system 

with a 30 nm laser-spot diameter. The ablated material is transferred into the spectrometer by 

argon carrier gas (for solution) or an Ar/He mixture for laser ablation. The GJ1 zircon was 

used as a major reference standard (e.g., Jackson et al. 2004) to avoid instrumental mass-bias. 

Plesovice zircon standards (Slama et al. 2008) were used as a secondary standard within each 

analytical session at the KU LA-ICP-MS laboratory as a quality control target.  

5.2. Detrital Samples 

06-ULU-12 (Darbogazi Town Entrance - N37
o
28’.995”/E034

o
34’.185”): Fig. 30 

This sandstone sample was collected near the entrance of Darbogaz Town in the 

southwestern part of the Ulukisla Basin. I picked 120 zircon grains for this sample. One 

zircon grain gave a discordant age of ca. 900 Ma. Another grain yielded an age of ca. 60 Ma, 

and the rest 118 grain analyses gave a concordant 
206

Pb/
238

U age of ca. 50 Ma.  

07-ULU-12 (After exiting Darbogazi – N37
o
28’.382”/E034

o
34’.227”):  Fig. 31 

This sample was taken from the south-central part of the basin. I analyzed 130 grains; 114 of 

those are less than 10% discordant. The youngest grain gave a 
206

Pb/
238

U age of 53.4±2.4 Ma. 

The probability density diagram indicates major age groups at ca. 90-100 Ma, 190-220 Ma, 

245 Ma, a very major and broad group at 280-360 Ma, one grain at 380 Ma, small groups at 

430-450 Ma, 470-490 Ma, then another broad group between 520-730 Ma with a maximum 

at 600 Ma, another group 790 Ma and a broader group at 860-1000 Ma. We prefer 7/6 Pb age 

for the groups, which are bigger than 1 Ga. There are groups at ca. 1030 Ma with a maximum 

at 1000 Ma, a few grains at ca. 1100 Ma and ca. 1220, 1600 and 1900 Ma. There are eight 

grains older than 2 Ga which are at 2.0, 2.1, 2.2, 2.4 (n=2), 2.6 and 2.85 Ga. The oldest grain 

has a concordant 
207

Pb/
206

Pb age of 3140 Ga. 

19-ULU-12 (Ciftehan-Pozanti Road - N37
o
30’.402”/E034

o
47’.158”):  Fig. 32 

The sample was collected between the Towns of Ciftehan and Pozanti on Highway E-5. This 

location corresponds to the southern edge of the Ulukisla Basin. I selected 123 zircon grains 
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for this sample, and 112 of them were less than 10%discordant. The youngest grain gave a 

206
Pb/

238
U age of 48.5±2.4 Ma. There is a small group of ca. 55-60 Ma spots, one at 72 Ma, 

one at 80 Ma, and all other grains are older than 200 Ma. In the probability density plot, there 

are further distinct modes at ca. 300 Ma, 400 Ma, a broad peak at ca. 550-750 Ma, another 

group at 900-1100 Ma and then a few older grains. There are only 11 grains older than 1.1, 

1.6, 1.7, 1.95 (n=2), 2.0 (n=2), 2.1, 2.4 and 2.9 (n=2) Ga.  

28-ULU-12 (Elmali Road - N37
o
32’.689”/E034

o
46’.323”):   Fig. 33 

This sample is collected from the eastern part of the basin, located within the left-lateral 

Ecemis Fault Zone. Totally 106 grains were analyzed. The zircons from this sample did not 

yield any older zircons than ca. 58 Ma. The youngest analysis gave a 
206

Pb/
238

U age of 

52.7±1.6 Ma. This marks the maximum age of deposition. The robust median for the 

weighted average 
206

Pb/
238

U age of 100 spots that are less than 10%discordant is 55.9 

Ma+0.3-02 Ma.  

37-ULU-12 (Elmali Road - N37
o
35’.636”/E034

o
44’.557”):   Fig. 34 

This sample was taken on the Elmali Road located in the eastern part of the basin. I expected 

to get different age populations from this sample, but 99% of the results show the identical 

age group that is 53.9±0.18 Ma. Eighty-eight zircon grains provided this identical age with 

206
Pb/

238
U. The interpretation of this result may be that: (1) there was a very local, single 

magmatic source for the provenance; (2) This sample can be a volcanosedimentary rock with 

direct volcanic input.       

39-ULU-12 (Between Hasangazi and Ciftehan - N37
o
31’.576”/E034

o
42’.382”):  Fig. 35 

This was taken on Highway E-5 between the Towns of Hasangazi and Ciftehan. The results 

look similar to the results from Sample 37-UlU-12. Almost 95% of the zircons, which is 109 

grains, provided identical age group of 49.75±0.14 with 
206

Pb/
238

U. As with Sample 37-ULU-

12, this sample may also have a very local single magmatic source, or it can be a 

volcanosedimentary unit with direct volcanic input. 

47-ULU-12 (Nigde-Ulukisla Road - N37
o
42’.646”/E034

o
33’.291”):   Fig. 36 

The location of this sample is in the northeastern part of the basin. I analyzed 90 grains, and 

83 of the analyses were near concordant (discordance<10%).  Seventy-four zircon grains 

have 
206

Pb/
238

U ages between ca. 48 and 58 Ma. The youngest concordant population has a 
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weighted average 
206

Pb/
238

U age of 48.3±0.3 Ma, and this result reflects the maximum age of 

deposition. There are nine zircons older than 60 Ma. A group of three analyses gave a 

Concordia age of 74.0±0.9 Ma. All older zircons do not form groups, but different ages are 

represented by a single grain at 
206

Pb/
238

U dates of ca. 91 Ma, 280 Ma, 280 Ma, 310 Ma, 450 

Ma and 680 Ma. There is one zircon, which provided an age older than 1 Ga, with a 

207
Pb/

206
Pb age of 1040 Ma. 

51-ULU-12 (Aktoprak Village - N37
o
28’.843”/E034

o
27’.190”):   Fig. 37 

This sample was collected in Aktoprak (Kilan) Village in the center of the Ulukisla Basin. A 

large amount of zircons (104 grains) gave the average age of 51±0.7/0.6; another zircon 

group (12 grains) with 
206

Pb/
238

U gave an age of 72.1+3.5/-2.1.  In the probability density, 

there are different ages at 93.8, 103.9, 132.3, 249.5, 282, 342, 384, 576, 590 and the oldest 

one 928 Ma. 

5.3. Magmatic Rock Samples 

15-ULU-12 (Horoz Village  – Horoz Granite - N37
o
29’.191”/E034

o
48’.474”):   Fig. 38 

Horoz granite occurs along the southern border of the basin, and is one of the potential source 

rocks for basin sediments. We collected a sample from this granite on the Horoz Village road. 

The Horoz granite crosscuts the Permian to Cretaceous rocks of the Tauride Platform and the 

tectonically overlying Alihoca ophiolite. The youngest population age weighted with 

206
Pb/

238
U is of 52±0.5 (95% conf.).  

18-ULU-12 (Horoz Village Road – Felsic dike - N37
o
28’.639”/E034

o
47’.184”):   Fig. 39 

This sample was taken from a dike intrusion in the Horoz granite near the southern margin of 

the basin. There are networks of felsic (aplitic to rhyolitic) dike intrusions within the Horoz 

granite, and they are compositionally and geochemically similar to the granitic host rock 

(Kadioglu and Dilek, 2009). I calculated a lower intercept age of 48.5±0.9 Ma with an 

MSWD=2.6. There are a lot of data which is highly discordant to an upper intercept with the 

isotopic composition of common Pb. This is caused by the numerous inclusions of relatively 

unradiogenic but Pb-rich apatite in the analyzed zircons that could not be avoided during 

laser ablation. The lower intercept of this Discordia between the youngest zircon and the 

common Pb component appears to give the most reliable date. 
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46-ULU-12 (Nigde Massif – Uckapili Granite - N37
o
54’.412”/E034

o
54’.391”):   Fig. 40 

The Nigde metamorphic massif is located to the north of the Ulukisla Basin, and is part of the 

Central Anatolian Crystalline Complex (Whitney and Dilek, 1998). It consists of metapelites, 

amphibolites and migmatites, intruded by granitic dikes and plutons. The Nigde massif is 

hence a potential source rock for the basin depositions. I calculated a Concordia age of 

72.5±1.1 Ma (95% confidence), with an MSDW (concordance and equivalence) = 2.1. This is 

the youngest near concordant population, so it can be interpreted as the age of magmatic 

crystallization for this sample. There is another concordant population at 79±1.0, Ma which 

may be part of the earlier magmatic history. 
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6. TECTONIC EVOLUTION OF THE ULUKISLA BASIN 

The stratigraphy and sedimentology of the Ulukisla Basin show an upward shallowing 

sequence of Upper Cretaceous through Lower Eocene clastic units. Extensive submarine 

magmatism that produced mostly alkaline, high-K volcanic and intrusive rocks intercalated 

with turbiditic sandstones mark the early to middle Eocene history of the basin. This was a 

spatially and temporally focused magmatic activity, which is also part of the tectonic 

evolution of the coeval Sivas Basin to the northeast in central Turkey (Fig. 1). The Middle to 

Upper Eocene record of the Ulukisla Basin is represented by marine turbidites, which are 

transitional upwards into mudstone-gypsum intercalations and nearly 200-m-thick selenitic 

gypsum deposits. These evaporites characterize hypersaline depositional conditions and 

indicate basin shallowing by the late Eocene. The Oligo-Miocene fluvial and lacustrine rocks 

unconformably overlying the evaporate deposits indicate the onset and operation of terrestrial 

depositional processes in the latest stage of the Ulukisla Basin evolution. The ophiolitic 

basement of the basinal strata and the occurrence of widespread ophiolitic material in the 

Upper Cretaceous-Paleocene sedimentary units in the lowest stratigraphic levels suggest that 

Ulukisla Basin evolved as the Inner Tauride Ocean was closing, following the emplacement 

of its oceanic lithosphere southward onto northern continental margin of the Tauride Block. 

This evolutionary history indicates a complete stratigraphic and tectonic record of a successor 

basin. 

Based on the stratigraphic and structural record of the basinal strata as documented in this 

study and in previous work by other researchers, and on the regional geological constraints, a 

tectonic model is developed to explain the evolution of the Ulukisla Basin (Fig. 41). The 92 

Ma Alihoca Ophiolite was emplaced onto the Tauride margin by the Campanian, marking the 

Inner Tauride suture zone in southern Turkey (Dilek at al., 1999; Sarifakioglu et al., 2013). 

The metamorphic sole of the Kiziltepe ophiolite in the Bolkar Mountains (Tauride Block) and 

the Tauride Carbonates display the textural and mineralogical evidence of a blueschist facies 

metamorphic overprint (Dilek and Whitney, 1997), indicating that the partially subducted 

continental margin beneath the ophiolitic slab underwent high-P metamorphism (Fig. 41). 

Clastic to pelagic sediments of the Ciftehan and Dedeli Formations were deposited in the 

remnant Inner Tauride basin, with abundant ophiolitic material shed off to the depocenter. 

The widespread occurrence of blocks and clasts of blueschist rocks and recrystallized 

limestones of the Tauride Block in the Middle Paleocene–Lower Eocene Halkapinar 
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Formation indicates that the partially subducted continental margin and the high-P 

metamorphosed sole of the Kiziltepe ophiolite were exposed at the surface, providing detritus 

to the basin in the north. This requires the exhumation and uplift of the Tauride Block in the 

lower plate that coincided with the onset of mafic volcanism in the Ulukisla Basin (Fig. 41). 

Kadioglu and Dilek (2009) and Sarifakioglu et al. (2013) suggested that this volcanism with 

high-K, alkaline to shoshonitic products was a result of a slab breakoff event, following the 

ophiolite emplacement and the partial subduction of the Tauride continental margin. The 

asthenospheric window created by this inferred slab breakoff provided the necessary heat and 

the melt flux to cause partial melting of the subduction-metasomatized mantle beneath the 

basin, producing the alkaline volcanic and plutonic rocks during the late Paleocene through 

Middle Eocene (Fig. 41). The similar and coeval volcanic and plutonic products within the 

adjacent Sivas Basin to the northeast (Dirik et al., 1999) indicate that slab breakoff and 

subsequent magmatism were regional in scale within the Neothyan realm (Altunkaynak and 

Dilek, 2013). 

It is well documented in the literature that slab breakoff-induced magmatism is associated 

with tectonic extension and sedimentary basin formation along and across suture zones 

(Davies and von Blackenburg, 1995; Atherton and Ghani, 2002; Koprubasi and Aldanmaz, 

2004; Haschke et al., 2002; Maheoa et al., 2002; Chun et al., 2005; Dilek and Altunkaynak, 

2007; Keskin et al., 2008; Xu et al., 2008). The NW-SE-striking, numerous normal faults 

both in the turbiditic rock sequences and the submarine lava flows in the Ulukisla Basin are 

consistent with this tectonic model and indicate a NE-SW-oriented extensional stress regime 

within the basin during the Middle Paleocene-Middle Eocene (Fig. 26). This inferred 

extension direction is parallel to the general trend of the left-lateral Ecemis Fault Zone to the 

east of the Ulukisla Basin and is also compatible with the kinematics of extension along the 

Nigde detachment and within the Nigde core complex to the north (Fig. 2) (Whitney and 

Dilek, 1997; 1998; Faya et al., 2001). 

Detrital zircons obtained from the Halkapinar, Ulukisla, and Hasangazi Formations have 

revealed U-Pb isotopic ages of the early- Middle Eocene (54-48 Ma), the Mississippian (349-

341 Ma), the Proterozoic (~ 600 Ma, ~ 900 Ma) and the Archean (~ 2000 Ma). The Oligo-

Miocene Aktoprak Formation has yielded detrital zircons with U-Pb ages of 73 Ma. This last 

detrital zircon age (Campanian) is the same as the magmatic zircon age I have obtained from 

the Uckapili granite in the Nigde massif to the north. Therefore, it is inferred that the 

exhumed Nigde core complex was providing detrital material to the Ulukisla Basin during the 
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Oligo- Miocene. The Eocene detrital zircon ages are coeval with the magmatic zircon ages of 

the Horoz granite and the felsic dike intrusions in it. It is hence possible that the Horoz 

granite may have been exposed by the middle-late Eocene as a provenance for the early 

Eocene detrital zircons in the basin. The most likely source of the Mississippian and 

Precambrian detrital zircons is the Pontide belt in northern Turkey and in the Caucasus in the 

Republic of Georgia where the remnants of a Paleozoic Hercynian orogenic belt and 

Precambrian terranes are exposed (Zakariadze et al., 2007). Major S-SW running river 

systems draining the Caucasus and Eastern Pontide Mountains may have carried the 

Paleozoic and Precambrian zircons through the Sivas Basin in the east and then to the 

Ulukisla Basin in the southwest during the late Cenozoic. Further detrital zircon analyses on 

the Ulukisla and Sivas Basin strata will help us better constrain this hypothesis. 

The middle-late Eocene history of the Ulukisla Basin involved strike-slip faulting with 

mostly transpressional deformation (Fig. 41). This tectonic regime caused contraction, 

shortening, uplift and emergence of the basinal units, and played a major role in ending the 

marine conditions. Basin shoaling produced local lagoons and ponds, in which evaporite 

deposition took place in the latest Eocene. The Ulukisla Basin became a terrestrial depocenter 

by the early Oligocene, with extensive fluvial and lacustrine deposition throughout the Oligo-

Miocene (Fig. 41). With the onset of the North Anatolian transform faulting and the Arabia 

collision-driven escape tectonics, central Anatolia started to experience widespread strike-slip 

deformation in the late Miocene (~7 Ma) and onwards. Most of the left-lateral strike-slip 

faults in the Miocene and younger rocks in the Ulukisla Basin and its vicinity are the results 

of this tectonic escape regime, including the seismically active NE-SW-striking Ecemis Fault 

Zone. 
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7. CONCLUSIONS  

The late Cretaceous-Miocene Ulukisla Basin in south-central Turkey represents a successor 

basin developed along a major Neotethyan suture zone. Its tectonic evolution encompasses 

early marine and late terrestrial conditions of deposition. Its stratigraphic record shows that 

the Tauride continental block and the late Cretaceous Alihoca ophiolite were the major 

source of clastic material for its depocenter throughout the latest Cretaceous and early 

Eocene. Slab breakoff-induced magmatism and extension controlled its evolution during the 

early to middle Eocene. The extensional tectonics and thermal subsidence may have 

produced the deep marine conditions of sedimentation, coeval with submarine volcanism at 

this time. Transpressional strike-slip faulting, as a manifestation of an oblique collision of the 

Tauride Block with the Central Anatolian Crystalline Complex in the middle Eocene, caused 

widespread contractional deformation across the basin and terminated its marine nature by 

the early Oligocene. The Oligo-Miocene terrestrial rocks of the Ulukisla Basin were 

deformed by left-lateral strike-slip faults, which were developed as part of the Anatolian 

escape tectonics the late Miocene and onwards. 
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9. FIGURE CAPTIONS 

Figure 1: Tectonic map of the eastern Mediterranean region and Anatolia, showing the major 

plates, plate boundaries and fault systems. The Ulukisla and the coeval Sivas sedimentary 

basins are marked. Modified from Barrier et al. (2001). Key to lettering: DSF – Dead Sea 

Fault, BFZ – Burdur fault zone, NAFZ – North Anatolian Fault zone, NEAFZ – Northeast 

Anatolian Fault zone, KOTJ – Karliova triple junction, TF – Tabriz Fault, MTJ – Maras triple 

junction, EFZ – Ecemis fault zone, TGF – Tuzgolu Fault, KF – Kefali Fault. 

Figure 2: Geological map of the Central Tauride belt in southern Turkey, showing the major 

tectonic units, fault zones, ophiolites, and the Ulukisla Basin. 

Figure 3: Total intensity aeromagnetic map of the Central Tauride belt and southern Turkey 

(from MTA,  20 ?). High positive anomalies represent the mafic – ultramafic rocks of the 

Inner Tauride Ocean remnants (i.e. Alihoca, Aladag, Mersin ophiolites). 

Figure 4: Geologic map of the Ulukisla Basin and the Inner – Tauride suture zone in south – 

central Turkey. Data are from: Demirtasli et al., 1984; Cevikbas, 1991; MTA Paftasi 

(1/100.000); and this study. 

Figure 5: Stratigraphic columnar section of the Ulukisla Basin and its crystalline basement. 

Depositional environments of different stratigraphic units and various deformational events 

that affected these units are also shown. Data are from: Demirtasli et al. , 1984; Sarifakioglu 

et al., 2013; Dilek et al., 1999; Clark and Robertson, 2002; Cevikbas, 1991, Oktay, 1982. 

Figure 6A: Northward overturned basal conglomerate and pelagic limestone of the Ciftehan 

Formation, resting unconformably over the Cretaceous Alihoca ophiolite. The Tauride 

Platform is juxtaposed agains the Alihoca ophiolite along the Bolkar Frontal Fault System. 

Figure 6B: West of the Alihoca Village, the sandstone rocks of the late Maastrichtian – 

lower Paleocene Aktastepe Formation unconformably resting on the Dedeli Formation and 

the Alihoca ophiolite. 

Figure 7A: Medium to thin – bedded and laminated sandstone – limestone intercalation in 

the Kalkankaya Member of the Aktastepe Formation. A parasitic S – shape fold and a mini 

fault are also seen in this outcrop. 

Figure 7B: Fossiliferous neritic limestone (Guneydagi Member) of the Aktastepe Formation. 
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Figure 8A: Areal view of the Halkapinar Formation, with the younger Hasangazi (Middle – 

Upper Eocene) and Ulukisla (early – middle Eocene) Formations in the background. The 

Hasangazi Formation sits in a westward plunging syncline on top of the Ulukisla and 

Halkapinar Formations. 

Figure 8B: Steeply dipping to southward overturned sandstone and tuffaceous rock 

intercalations in the Halkapinar Formation west of Gumus Village. Sandstone layers make 

“razor – back ridges” in a softer mudstone country rock in the field. 

Figure 9A: Close – up view of the Halkapinar Formation with rounded, undeformed clasts 

and blocks of Tauride limestone, serpentinite and chert in a muddy – silty matrix. 

Figure 9B: Blocks of blueschist and recrystallized limestone rocks, derived from the Tauride 

Platform to the south, in a sheared mudstone matrix. 

Figure 10: Photomicrographs of rock blocks within the Halkapinar Formation on the Karagol 

Road, west of the Alihoca Village.  

A: Meta – dolerite with a blueschist facies overprint. Glocophane, quartz and hornblende 

make up the rock. The provenance of this block in the Halkapinar Formation is the Kiziltepe 

ophiolite, resting tectonically on the Tauride platform carbonates. Polarized light. Sample 

location: N 37
o
.25’.637”, E034

o
.34’.487”, 2318 meters.  

B: Quartzite rock with recrystallized, strain – free large quartz grains with triple junctions 

and fine – grained quartz that underwent grain – size reduction during deformation. The 

provenance of this block is Triassic or older meta – politic rocks in the Tauride Platform to 

the south. Polarized light.  

Figure 11: Photomicrographs of sandstone rocks in the Ciftehan Formation.  

A: Globotruncana and Globigerina – bearing, fine – grained sandstone – siltstone with a 

mudstone matrix. Polarized light.  

B: Hematite, K – feldspar, quartz and chlorite clasts in a carbonaceous matrix. Normal light. 

Figure 12A: Nummulites – bearing calcareous sandstone in the Halkapinar Formation.  

Figure 12B: Coarse – grained sandstone in the Halkapinar Formation with abundant 

Nummulites fossils and quartz grains. 
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Figure 13: Photomicrographs of various volcanic rocks intercalated with the sandstone – 

siltstone and volcanic tuff rocks in the Halkapinar Formation.  

A: Basaltic lava flow capped by a chert layer; the volcanic rocks is highly fractured and 

brecciated in the outcrop. Plagioclase and Clinopyroxene (cpx) are still recognizable. 

Polarized light.  

B: Rhyodacite lava with zoned plagioclase and biotite. Polarized light.  

C: Rhyolite lava with plagioclase phenocrysts and aligned plagioclase microlites. Polarized 

light.  

D: Fine – grained rhyodacite lava with K – feldspar and biotite grains. Polarized light. 

Figure 14: Photomicrographs of the calcareous sandstone – siltstone rocks in the Halkapinar 

Formation.  

A: Carbonate and clay matrix with clasts of feldspar and broken Nummulites. This sample 

was taken immediately below the Kabaktepe evaporites in the uppermost part of the 

Halkapinar Formation. Polarized light.  

B: Carbonate matrix with clasts of altered albite, quartz and broken Nummulites fossils. 

Normal light. 

Figure 15: Outcrop photos of the various components of the early – middle Eocene Ulukisla 

Formation.  

A: Turbiditic sandstone layers in a sandstone – shale sequence along the Ciftehan – Pozanti 

Road in the southernmost part of the Ulukisla Formation.  

B: Siltstone –mudstone, sandstone, volcanic conglomerate and tuffaceous rock intercalations 

with steeply N – dipping layers north of the Gedelli Town in the central part of the Ulukisla 

Formation.  

C: Volcanic sandstone and agglomerate outcrop with micritic limestone clasts and blocks in 

the south – central part of the Ulukisla Formation. Limestone block and the matrix are 

deformed by a low – angle, N – vergent thrust fault.  
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D: Nearly 15 – 20 m – thick pillow – lava sequence resting conformably on the volcanic tuff 

+ siltstone –mudstone units shown in B. Pillow lavas top to the North with steeply inclined 

inter pillow lava surfaces. 

Figure 16: Nearly 200 – m – thick submarine lava flows with mineralized extensional faults 

within the Ulukisla Basin, exposed at the Caykavak Gap on the Nigde – Ulukisla Road.  

A: Pillow breccias with W – NW – dipping bedding surfaces and S – and N – dipping faults 

with chlorite + epidote + hematite + calcite mineralization. 

B: Trachybasalt, trachyandesite and alkaline basalt pillow lavas separated from hyaloclastite 

and pillow breccia rocks by S – dipping extensional normal faults. 

Figure 17: Monzo – syenitic dike – sill intrusions in basalt to basaltic – andesite lava flows 

near the Gedelli Town in the central part of the Ulukisla Basin. 

Figure 18A: Gently W – SW – dipping lacustrine and fluvial rocks of the Oligo –Miocene 

Aktoprak Formation unconformably sits on the Kabaktepe evaporites of the underlying 

Hasangazi Formation. The older Ulukisla Formation is seen in the background, in the 

southern limb of a broad E – W – oriented anticline. 

Figure 18B: Close – up photo of the stratigraphic contact between the Kabaktepe evaporites 

(Hasangazi Formation) and the overlying lacustrine and fluvial rocks of the Aktoprak 

Formation. 

Figure 19: Sandstone – shale intercalation in the Middle – Upper Eocene Hasangazi 

Formation, between the Ulukisla and Hasangazi Towns. 

A: Steeply – dipping to vertical, left – lateral strike – slip fault with a normal component. 

B: A NNW – SSE oriented, left –lateral transtensional fault system in the same sandstone – 

shale sequence in the Hasangazi Formation. Sandstone layers are dipping steeply to the north. 

Figure 20: Photomicrographs of lithic sandstones in the Hasangazi Formation. 

A: Fine – grained carbonaceous sandstone with clasts of hematite and plagioclase. Polarized 

light. 

B: Graywacke – volcanic ash with highly altered plagioclase, hornblende, hematite and 

quartz grains. Very fine – grained rock. Polarized light. 
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Figure 21A: Fluvial (below) and lacustrine (above) red – green sandstone and marl – 

limestone rocks of the Oligo – Miocene Aktoprak Formation in the southwestern part of the 

Ulukisla Basin.  

Figure 21B: A clayey lacustrine limestone outcrop with a north – vergent thrust fault and a 

southward overturned parallel backfold. 

Figure  22: Photomicrographs of siltstone – sandstone rocks in the Aktoprak formation. 

A: Clasts of gypsum – anhydrite and calcite in a mudstone matrix. Polarized light. 

B: Clasts of gypsum – anhydrite, calcite and biotite in a mudstone – marl matrix. Polarized 

light. 

Figure 23: Areal view of the Halkapinar Formation along its southern contact against the 

Alihoca ophiolite and the Tauride Platform. The Bolkar Frontal Fault System is a network of 

steeply N – dipping en – echelon faults along which the platform carbonates have been 

uplifted. The blueschist – bearing Kiziltepe ophiolite resting tectonically on the Tauride 

Platform Carbonates is also shown. 

Figure 24: Structural cross – sections through the Ulukisla Basin and the northern edge of 

the Tauride Platform in the Bolkar Mountains. 

Figure 25: The NE – SW – oriented left – lateral Ecemis Fault Zone truncating the eastern 

end of the Ulukisla Basin. The photo in A is taken just north of the on in B. The Tauride 

Platform carbonates are uplifted along the transtensional Ecemis Fault Zone. The most 

recently active fault strand follows the current river channel in the west – central part of the 

fault zone. 

Figure 26: Stereoplots showing the bedding azimuths and contour diagrams of the Ulukisla 

Basin sedimentary units. 

Figure 27: Stereoplots are showing different fault types in the basin, fault – plane strike and 

dip azimuth. 

Figure 28A: Porphyritic Horoz Granite (~ 52 Ma) intruded by a gently – dipping applite – 

dacite dike near the Horoz Village. 
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Figure 28B: A nearly vertical strike – slip fault plane in the Horoz Granite with 

subhorizontal slickenside lineations. 

Figure 29A: The Uckapili Granite intrusive into the marble, calcschist, and quartz – biotite – 

muscovite schist rocks of the Nigde metamorphic massif north of the Ulukisla Basin. 

Figure 29B: A granitic dike intrusion in a highly foliated quartz – micaschist rock of the 

Nigde metamorphic massif. 

Figure 30A-B-C: Zircon U-Pb geochronology dating of sample 06-ULU-12. 

Figure 31A-B: Zircon U-Pb geochronology dating of sample 07-ULU-12. 

Figure 32: Zircon U-Pb geochronology dating of sample 19-ULU-12. 

Figure 33A-B: Zircon U-Pb geochronology dating of sample 28-ULU-12. 

Figure 34A-B: Zircon U-Pb geochronology dating of sample 37-ULU-12. 

Figure 35A-B: Zircon U-Pb geochronology dating of sample 39-ULU-12. 

Figure 36A-B-C: Zircon U-Pb geochronology dating of sample 47-ULU-12. 

Figure 37A-B-C: Zircon U-Pb geochronology dating of sample 51-ULU-12. 

Figure 38: Zircon U-Pb geochronology dating of sample 15-ULU-12. 

Figure 39: Zircon U-Pb geochronology dating of sample 18-ULU-12. 

Figure 40: Zircon U-Pb geochronology dating of sample 46-ULU-12. 

Figure 41: Tectonic model of the Ulukisla Basin. It shows the evolution of the Ulukisla basin 

from Maastrichtian to Oligo-Miocene.  
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Table 1: Locations, formations and rock types of the collected samples from the Ulukisla 

Basin and its surroundings 

Sample 

Number 
Town/Village Lon/Lat/Elevation (m) Rock Type Formation 

01ULU12 
Entrance to the Alihoca 

Village 
N37°30'.381''/E034°44'.048''/1058 Sandstone 

Ciftehan 

Formation 

02ULU12 Alihoca Village N37°29'.754''/E034°43'.059''/1079 Plagioglanite vein/dike Alihoca Ophiolite 

03ULU12 Alihoca Village N37°29'.754''/E034°43'.059''/1079 
Hornblende/poiklitic 

gabbro 
Alihoca Ophiolite 

04ULU12 
Darbogazi Village 

Road 
N37°28'.098''/E034°35'.171''/1686 Sandstone 

Halkapinar 

Formation 

05ULU12 
Darbogazi Town 

Entrance 
N37°28'.995''/E034°34'.185''/1385 Sandstone 

Halkapinar 

Formation 

06ULU12 
Darbogazi Town 

Entrance 
N37°28'.995''/E034°34'.185''/1385 

Coarse-grained, highly-

lithic Sandstone 

Halkapinar 

Formation 

07ULU12 
After Exiting 

Darbogazi 
N37°28'.382''/E034°34'.227''/1387 Lithic Sandstone 

Halkapinar 

Formation 

08ULU12 Darbogazi-Maden Road N37°27'.693''/E034°35'.883''/1855 Basaltic Rock 
Halkapinar 

Formation 

09ULU12 Darbogazi-Maden Road N37°27'.501''/E034°36'.748''/1996 

A-Obsidian clast/lenses in 

the tuffaceous material/ B- 

Tuffaceous conglomerate 

with euhedral biotite 

Halkapinar 

Formation 

10ULU12 

Darbogazi-Maden 

Karagol road 

intersection 

N37°27'.398''/E034°36'.873''/2020 Sandstone (Fossileferous) 
Halkapinar 

Formation 

11ULU12 Karagol Road N37°27'.172''/E034°36'.762''/2072 Sandstone 
Halkapinar 

Formation 

12ULU12 Karagol Road N37°26'.651''/E034°35'.708''/2197 Blueschist Rock 
Halkapinar 

Formation 

13ULU12 Karagol Road N37°26'.111''/E034°35'.002''/2247 Quartzite 
Halkapinar 

Formation 

14ULU12 Karagol Road N37°25'.637''/E034°34'.487''/2318 Meta-Dolerite 
Halkapinar 

Formation 

15ULU12 Horoz Village Road N37°29'.191''/E034°48'.474''/994 Granodiorite Horoz Granite 

16ULU12 Horoz Village Road N37°28'.829''/E034°48'.072/1042 Dacite Dike Horoz Granite 

17ULU12 Horoz Vilage Road N37°28'.639''/E034°47'.184''/1186 
Aplitic/rhyolitic dikes 

intruding Horoz Gran. 
Horoz Granite 

18ULU12 Horoz Village Road N37°28'.639''/E034°47'.184''/1136 
Aplitic/rhyolitic dikes 

intruding Horoz Gran. 
Horoz Granite 

19ULU12 
Ciftehan-Pozanti Road 

(E-S) 
N37°30'.402''/E034°47'.158''/933 Sandstone 

Ciftehan 

Formation 



86 
 

20ULU12 
North of Alihoca 

Village 
N37°30'.655''/E034°44'.563''/996 Rhyolite 

Halkapinar 

Formation 

21ULU12 
North of Alihoca 

Village 
N37°30'.655''/E034°44'.563''/996 Andesite 

Halkapinar 

Formation 

22ULU12 
North of Alihoca 

Village 
N37°30'.619''/E034°44'.621''/1015 Sandstone 

Halkapinar 

Formation 

23ULU12 
North of Alihoca 

Village 
N37°30'.619''/E034°44'.621''/1015 Tuffaceous Rock 

Halkapinar 

Formation 

24ULU12 
North of Alihoca 

Village 
N37°30'.619''/E034°44'.621''/1015 Rhyolite/Rhyodacite 

Halkapinar 

Formation 

25ULU12 
North of Alihoca 

Village 
N37°30'.619''/E034°44'.621''/1015 Rhyodacite-Dacite 

Halkapinar 

Formation 

26ULU12 Ciftehan-Gedelli Road N37°31'.809''/E034°45'.663''/1388 
Dirty Sandstone with 

abundant volc. Material 

Hasangazi 

Formation 

27ULU12 After Elmali Road Sign N37°32'.327''/E034°46'.021''/1379 Trachybasalt 
Ulukisla 

Formation 

28ULU12 Elmali Rd N37°32'.689'/E034°46'.323''/1243 Sandstone over Limestone 
Ulukisla 

Formation 

29ULU12 Elmali Rd N37°32'.689'/E034°46'.323''/1243 Dirty Sandstone 
Ulukisla 

Formation 

30ULU12 
Over the Tunnels 

Around Elmali Village 
N37°33'.514''/N034°45'.840''/1116 Fine-grained andesite 

Ulukisla 

Formation 

31ULU12 
Over the Tunnels 

Around Elmali Village 
N37°33'.514''/N034°45'.840''/1116 

Porphyritic andesite for 

zircon dating 

Ulukisla 

Formation 

32ULU12 
After the tunnels, 

towards Gedelli Village 
N37°34'.618''/E034°45'.194''/1107 Andesite Dike 

Ulukisla 

Formation 

33ULU12 
After the tunnels, 

towards Gedelli Village 
N37°34'.618''/E034°45'.194''/1107 Thick and dike 

Ulukisla 

Formation 

34ULU12 
After the tunnels, 

towards Gedelli Village 
N37°34'.618''/E034°45'.194''/1107 Monzonitic dike 

Ulukisla 

Formation 

35ULU12 
Around previous 

location 
N37°34'.768''/E034°45'.248''/1128 Biotite diorite 

Ulukisla 

Formation 

36ULU12 
Around previous 

location 
N37°34'.768''/E034°45'.248''/1128 Aplitic-rhyolitic dike 

Ulukisla 

Formation 

37ULU12  N37°35'.636''/E034°44'.557''/1147 Sandstone 
Ulukisla 

Formation 

38ULU12  N37°35'.636''/E034°44'.557''/1147 Pillow lava basalt 
Ulukisla 

Formation 

39ULU12 
Between Hasangazi-

Ciftehan E-5 
N37°31'.376''/E034°42'.382''/1118 Sandstone 

Hasangazi 

Formation 

40ULU12 Ecemis Fault Zone N37°29'.705''/E034°54'.863''/1203 Channel Sandstone 
Camardi 

Formation 

41ULU12 

After Kamisli and 

before Aydinlar 

mahallesi 

N37°38'.872''/E034°59'.382''/1219 Fine-grained sandstone 
Camardi 

Formation 
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42ULU12 Camardi town exit N37°50'.209''/E034°58'.996''/1523 
Sandstone layer in the 

Camardi Fm. 

Camardi 

Formation 

43ULU12 Camardi town exit N37°50'.209''/E034°58'.996''/1523 
Mica-rich medium-grained 

sandstone 

Camardi 

Formation 

44ULU12 In the Nigde massif N37°52'.301''/N034°56'.004''/1727 Muscovite-granite dike Nigde massif 

45ULU12 In the Nigde massif N37°52'.301''/N034°56'.004''/1727 Biotite-muscovite schist Nigde massif 

46ULU12 Uckapili village N37°54'.412''/N034°54'.391''/1876 Uckapili granite Nigde massif 

47ULU12 Nigde-Ulukisla Road N37°42'.646''/N034°33'.291''/1184 Graywacke 
Hasangazi 

Formation 

48ULU12 Nigde-Ulukisla Road N37°42'.646''/N034°33'.291''/1184 Volcanic airfall deposit 
Hasangazi 

Formation 

49ULU12 On the Yeniyildiz Road N37°29'.472''/N034°19'.393''/1348 Dirty sandstone 
Aktoprak 

Formation 

50ULU12 
Between Yeniyildiz and 

Aktoprak Villages 
N37°28'.915''/E034°24'.778''/1604 

Sandstone Calcareous 

Sandstone 

Aktoprak 

Formation 

51ULU12 
Aktoprak (Kilan) 

Village 
N37°28'.843''/N034°27'.190''/1649 Fossiliferous Sandstone 

Aktoprak 

Formation 

52ULU12 
Caykavak GAP on the 

Nigde Ulukisla Road 
N37°35''.391''/N034°32'.329''/1606 

Pillow basalt from the 

northern end 

Ulukisla 

Formation 

53ULU12 
Caykavak GAP on the 

Nigde Ulukisla Road 
N37°35''.391''/N034°32'.329''/1606 

Pillow basalt from a fault 

block in the center of the 

entire roadcut 

Ulukisla 

Formation 

54ULU12 
Caykavak GAP on the 

Nigde Ulukisla Road 
N37°35''.391''/N034°32'.329''/1606 

Plag-phyric,more felsic 

pillows 

Ulukisla 

Formation 

55ULU12 
Caykavak GAP on the 

Nigde Ulukisla Road 
N37°35''.391''/N034°32'.329''/1606 

Pillow lava from the 

southern end 

Ulukisla 

Formation 

56ULU12 
Entrance of the 

Darbogaz town 
N37°30'.844''/N034°34'.655''/1273 Kabaktepe Evaporites 

Hasangazi 

Formation 
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Table 2: Strike and dip measurements of bedding planes in different formations in the 

Ulukisla Basin 

Aktastepe 

Formation 

Halkapinar 

Formation 

Hasangazi 

Formation 

Aktoprak 

Formation 

71/60 SE 87/58 NW 60/65 NW 50/35 SE 

78/65 SE 94/24  SW 230/85 SE 40/40 SE 

73/60 SE 89/44 SE 210/52 SE 250/10 NW 

75/60 SE 121/55 SW 60/75 SE 85/80 SE 

80/87 NW 112/24 SW 60/80 SE 100/30 NE 

82/62 NW 123/27 SW 110/85 NE 135/25 NE 

133/36 SW 96/35 SW 110/40 NE 85/30 NW 

130/42 SW 94/44 SW 261/49 NW 100/20 SW 

151/50 SW 99/32 SW 85/65 SE 105/20 SE 

152/42 SW 77/41 SE 90/85 S 86/70 NW 

42/42 SE 41/34 SE 40/70 NW 85/70 NW 

60/36 SE 62/43 SE 285/15 SW 95/70 NE 

71/69 SE 39/38 SE 5/25 NW 89/70  NW 

93/46 SW 71/33 SE 245/50 SE 86/60  NW 

78/52 SE 141/42 NE 160/40 NW 88/60 SE 

71/45 NW 82/61 NW 210/73 NW 81/21  NW 

102/56 SW 102/27 NE 250/24 NW 98/20 NE 

110/58 SW 126/46 NE 240/55 NW 78/40 SE 

33/77 NW 163/19 NE 233/62 NW 70/60 SE 

65/42 NW 132/44 SW 340/75 SW 75/40 SE 

63/47 NW 97/38 SW 30/65 SE 81/35 SE 

48/52 NW 112/12 NE 72/65 SE 50/35  NW 

68/42 NW 68/25 NW 65/66 NW 110/20 SW 

55/50 NW 165/23 SW 280/46 NE 89/25 SE 

28/52 NW 135/28 SW 235/76 SE 131/26 SW 
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19/50 NW 161/30 SW 222/85 NW 35/32  NW 

111/36 SW 163/32 NE 235/75 NW 45/32  NW 

2/62 SE 124/45 SW 135/30 NE 50/50  NW 

3/67 SE 70/35 SE 25/30 NW 60/46  NW 

178/56 NE 93/38 SW 310/22 SW 68/50  NW 

179/63 NE 90/42 S 78/25 NW 85/45  NW 

177/64 NE 143/32 NE 79/41 NW 79/30  NW 

5/70 SE 151/39 NE 78/43 NW 86/35  NW 

8/64 SE 138/24 NE 82/42 NW 87/45  NW 

12/48 SE 159/19 NE 86/41 NW 78/50  NW 

163/43 NE 162/20 NE 81/47 NW 89/80  NW 

171/34 NE 138/40 NE 80/39 NW 86/80  NW 

165/32 NE 37/33 SE 78/48 NW 89/70  NW 

172/25 NE 40/30 SE 87/46 NW 81/65  NW 

42/32 SE 44/43 SE 60/39 NW 92/70 E 

32/33 SE 68/28 SE 50/36 SE 82/67  NW 

8/32 SE 65/30 SE 48/38 SE 83/65  NW 

64/20 SE 39/18 SE 56/48 NW 91/60 NE 

51/30 SE 133/10 NE 55/49 NW 96/55 NE 

86/28 SE 29/18 SE 170/15 SW 88/53  NW 

82/43 SE 61/31 SE 81/44 NW 94/70  NW 

88/32 SE 13/23 SE 79/52 NW 85/60  NW 

183/28 NW 94/12 NE 38/53 NW 88/65  NW 

142/40 NE 98/15 NE 70/46 NW 88/70  NW 

146/46 NE 170/25 NE 60/38 NW 90/50 N 

138/42 NE  61/76 NW 88/70 SE 

156/36 NE 76/50 NW 80/70 SE 

139/41 NE 50/46 SE 87/50  NW 
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160/40 NE  53/46 SE 86/50  NW 

175/44 NE 72/38 NW 86/58 SE 

168/48 NE 68/36 NW 102/50 NE 

159/22 NE 71/38 NW 78/60 SE 

153/40 NE 73/29 NW 45/50 SE 

170/28 NE 74/30 NW 44/60 SE 

171/25 NE 62/40 NW 42/60 SE 

149/25 NE 35/44 SE 40/60 SE 

169/27 NE 36/38 SE 52/20 SE 

161/24 NE 70/61 SE 78/20 SE 

22/41 SE 72/45 SE 65/40 SE 

22/61 SE 76/60 SE 125/22NE 

18/24 SE 69/55 SE 128/20 NE 

38/51 SE 65/49 SE 78/45  NW 

46/44 SE 72/55 SE 79/43  NW 

14/41 SE 49/60 SE 82/41  NW 

14/55 SE 53/63SE 46/35  NW 

51/35 NW 39/70 SE 42/54  NW 

161/38 NE 88/30 SE 30/41 SE 

171/35 NE 67/74 SE 135/20  NW 

172/45 NE 71/78 SE 93/25 SW 

152/42 NE 83/74 NW 110/20 SW 

168/42 NE 84/59 NW 46/37  NW 

179/45 NE 88/42 SE 50/42  NW 

176/48 NE 131/32 SW 33/32  NW 

148/21 NE 96/33 SW 48/32  NW 

153/39 NE 122/135 W 50/47   NW 

139/41 NE 152/25 SW 78/60  NW 



91 
 

3/25 SE  73/33 SE 79/60  NW 

52/38 SE 74/28 NW 78/45  NW 

39/34 SE 50/62 NW 80/50  NW 

3/33SE 55/71 NW 78/46  NW 

174 /42 NE 63/83 SE 94/50 NE 

176/24 NE 113/35 SE  

175/33 NE 152/36 SW 

 82/43 SE 

89/35 SE 

88/58 NW 

73/59 NW 

81/59 NW 

87/39 NW 

79/34 SE 

39/23 SE 

89/37 SE 

88/36 SE 

84/38 SE 

79/42 NW 

77/41 NW 

78/39 NW 

68/40 NW 

73/74 SE 

75/71 SE 

78/38 NW 

82/52 NW 

83/54 NW 

88/54 NW 
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  90/55 NW  

90/59 NW 

83/58 NW 

86/55 NW 

71/54 NW 

79/56 SE 

73/79 NW 

67/74 NW 

78/65 NW 

81/63  SE 

80/68 NW 

82/65 SE 

113/55 SW 

93/60 NE 

79/59 SE 

90/64 S 

78/78 SE 

80/83 SE 

86/55 SE 

51/49 SE 

123/33 SW 

132/63 NE 

51/45 SE 

77/75 SE 

91/56 SW 

92/63 SW 

79/83 SW 

69/62 SE 
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  92/74 NE  

94/78 NE 
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Table 3: Strike and dip measurements of the faults mapped and observed in the field 

Early contractional 

deformation 
Extensional deformation 

Transpressional 

deformation 

155/55 W 285/60 N 75/65 S 

145/65 W 40/41 E 80/65 S 

120/80 S 330/60 E 77/60S 

160/70 W 325/75 E 67/70 S 

105/70 S 290/85 N 88/65 S 

100/70 S 250/35 N 85/59 S 

110/67 S 160/85 W 95/60 S 

115/85 S 135/75 S 115/70 S 

340/75 E 135/45 S 120/65 S 

310/65 N 260/50 N 82/64 S 

335/82 E 340/30 E 120/60 S 

305/70 N 225/30 W 115/65 S 

320/80 E 300/85 N 100/65 S 

325/77 E 210/25 W 98/65 S 

350/75 E 155/63 W 86/67S 

340/67 E 10/75 E 350 /20 E 

110/80 S 250/32 N 175/88 W 

335/82 E 335/69 E 165/45 W 

105/75 S 105/65 S 130/70 S 

320/60 E 130/82 S 130/55 S 

104/50 S 155/52 W 90/53 S 

355/85 E 225/60 W 100/51 S 

90/65 S 315/85 N 115/40 S 

165/35 W 130/74 S 95/58 S 

90/70 S 275/65 N 75/59 S 

0/72 E 130/80 S 260/30 N 

0/75 E 335/45 E 71/65 S 
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225/78 W 

 

152/64 W 

150/70 W 

330/71 E 

295/40 N 

290/45 N 

55/67 S 

305/86 N 

120/60 S 

135/85 S 

285/55 N 

313/33 N 

140/65 W 

15/65 E 

100/33 S 

150/65 W 

140/63 W 

138/80 W 

90/38 S 

125/74 S 

130/71 S 

142/63 W 

120/82 S 

128/67 S 

117/67 S 

139/82 W 

110/70 S 

154/76 W 

140 /55W 

134/62 S 
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151/58 W 

 

105/54 S 

135/65 S 

112/50 S 

130/67 S 

137/70 W 

135/65 S 

142/73 W 

140/72 W 

125/54 S 

125/74 S 

164/58 W 

132/44 S 

115/62 S 

150/48 W 

127/66 S 

160/58 W 

290/66 N 

295/65 N 

335/60 E 

300/60 N 

290/75 N 

275/75 N 

310/80 N 

280/80 N 

320/84 E 

320/85 E 

320/72 E 

315/80 N 

334/66 E 
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195/75 W 

 

318/59 E 

317/61 E 

332/68 E 

340/60 E 

326/73 E 

319/58 E 

338/65 E 

315 /58 N 

322/63 E 

315/67 N 

322/62 E 

318/58 E 

320/66 E 

 


