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Abstract: The Aksu Basin, within the Isparta Angle, is located to the north of the intersection of the Aegean and Cyprus
arcs and has been evolving since the Middle Miocene. Correlation of: (1) kinematic analysis of fault planes that cut the
basin fill, (2) the reactivation/inversion of fault planes and (3) sedimentological data indicate that the Aksu Basin has
evolved by four alternating compressional and extensional tectonic phases since its formation. The first phase was NW-SE
oriented compression caused by the emplacement of the Lycian Nappe units which ended in Langhian. This compres-
sional phase that induced the formation and the initial deformation of the basin was followed by a NW-SE extensional
phase. This tectonic phase prevailed between the Langhian and Messinian and was terminated by a NE-SW compres-
sional regime known as the Aksu Phase. The neotectonic period is characterized by NE-SW extension and began in the
Late Pliocene. Correlation with the existing tectonic literature shows that the order of deformational phases proposed in
this study might also be valid for the entire Isparta Angle area.
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Introduction

The Isparta Angle is one of the most important morphotectonic
structures exposed in southwestern Central Anatolia. This in-
verse v-shaped structure was first described by Blumenthal
(1951) as “Courbure d’Isparta” (Isparta bend). It is located to
the north of Antalya Bay in southern Turkey, where the Aegean
and Cyprian arcs intersect in the eastern Mediterranean
(Fig. 1a). The Isparta Angle is kinematically linked to the
West Anatolian extensional province through the NE-striking
Fethiye-Burdur Fault Zone to the west (Barka et al. 1997), and
to the Anatolian Plateau through the NW-striking Aksehir
Fault Zone to the east (Kogyigit & Ozacar 2003). It plays a
balancing role between the uplifting and westward moving
Anatolian Plateau and the southwestward displacing and
counter-clockwise rotating west Anatolian province.

Previous studies point out three major nappe sheets as inte-
gral parts of this triangle, which were formed as linear ele-
ments in the Isparta Angle. The first one is the Antalya Nappe
units which originate from the southern part of Neotethys to
the east. They were emplaced onto the Tauride carbonate plat-
form during the late Early Paleocene (Uysal et al. 1980). The
second one is the Beysehir Hoyran Hadim Nappe units, lo-
cated to the east and derived from the northern branch of
Neotethys. They were thrusted onto the central Tauride plat-
form during two sequential stages (Campanian and Late Lu-
tetian) (Piper et al. 2002). The Lycian Nappe units to the west
have the same origin as the Beysehir Hoyran Hadim Nappe
units and represent a two-stage emplacement onto the western
Tauride platform (Late Oligocene-Late Langhian) (Piper et al.
2002). Paleomagnetic studies introduce a 40° clockwise rota-
tion for the eastern part of the Isparta Angle (Kissel et al.
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1993) while a 30° counterclockwise rotation is calculated for
the western part (Kissel & Poisson 1987; Morris & Robertson
1993). Paleomagnetic studies do not indicate any rotation
from Pliocene to recent for the central part of the Isparta Angle
(Kissel & Poisson 1986).

The Antalya Basin, located within the Isparta Angle, has
been developing unconformably over the Antalya, Beysehir
Hoyran Hadim and Lycian nappe sheets since the Late Ceno-
zoic. On the present day map, this basin consists of three sub-
basins, namely the Aksu, Kopriigay and Manavgat. The N-S
striking Kirkkavak Fault and W-to SW-verging Aksu Thrust
are the two major structures dividing these three basins (Du-
mont & Kerey 1975; Poisson 1977; Akay et al. 1985; Monod
et al. 2006; Ciner et al. 2008; Poisson et al. 2011) (Fig. 1b).

Three tectonic phases have been cited in the literature in
the Miocene to Recent evolutionary history of the Isparta
Angle. The first one is NW-SE shortening created by the em-
placement of the Lycian Nappe units that terminated in the
Langhian (Hayward 1984; Flecker et al. 1998, 2005; Robert-
son et al. 2003). The second tectonic phase is the NE-SW
shortening which is known as the Aksu Thrust (Poisson 1977;
Frizon de Lamotte et al. 1995; Poisson et al. 2003a, 2011).
The time interval of this shortening, which affected the study
area and surrounding areas, is dated from post-Tortonian to
Late Pliocene (Poisson 1977; Akay et al. 1985; Flecker et al.
1998; Poisson et al. 2003a,b, 2011). The last tectonic phase
is E-W to NE-SW extension which is responsible for the
opening of the Kovada Graben, located to the north of the
Isparta Angle, from Late Pliocene to Recent (Price & Scott
1994; Temiz et al. 1997; Glover & Robertson 1998a,b;
Hancger & Karaman 2001; Poisson et al. 2011). In the central
part of the Isparta Angle, the extension direction differs
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Fig. 1. a — Major neotectonic features of Turkey and adjacent areas (compiled from Kogyigit & Ozacar 2003; Zitter et al. 2003; Ciftci
2007; Ozsayim 2007) (white arrows indicate the motion of the plates); b — Location and boundaries of the Aksu, Kopriigay and Manavgat
basins in the Isparta Angle; ¢ — Geological map of the Aksu Basin (modified from Akay & Uysal 1984; Senel 1997; Glover & Robertson
1998a; Karabiyikoglu et al. 2004; Monod et al. 2006; Poisson et al. 2011; Uner et al. 2011).
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locally (Taymaz & Price 1992; Price & Scott 1994;
Eyidogan & Barka 1996; Temiz et al. 1997; Hancer & Kara-
man 2001; Kogyigit & Ozacar 2003).

We focus on the Aksu Basin because this basin is located at
the center of the Isparta Angle and is adjacent to these three
nappe sheets. It also contains Middle Miocene to Recent de-
posits controlled by marginal faults that permit study of the
temporal and spatial evolution of the Isparta Angle. Here, we
present new field data from the Aksu Basin that correspond to
a new tectonic phase that was not defined previously. We fi-
nally suggest a new order for these tectonic phases in the light
of our field measurements which are proposed not only for the
Aksu Basin but also for the entire Isparta Angle area.

Stratigraphy

With a 2000 km? area, the N-S trending Aksu Basin is lo-
cated in the central part of the Isparta Angle and it is bounded
by the Bey Daglan Platform Carbonates to the west and by
the Aksu Thrust to the east (Fig. 1c). The basin fill initiates
with the Langhian-Tortonian Karpuz¢ay Formation (Akay et
al. 1985; Karabiyikoglu et al. 2004), which is composed of

shallow marine conglomerates intercalating with sand-
stone-mudstone alternations. It unconformably overlies the
basement units consisting of the Bey Daglar Platform Car-
bonates, Alanya Metamorphics, Antalya and Lycian Nappe
units. The Langhian-Messinian Aksu Formation interfingers
with the Karpuzgay Formation (Karabiyikoglu et al. 2004)
and is composed of five different fan deltas that are fed from
the north (Kapikaya Fan Delta), west (Karadag, Kargi and
Bucak Fan Deltas) and east (Kozan Fan Delta) of the basin.
Thick bedded, consolidated conglomerates of the Aksu For-
mation, together with patch reefs (Karabiyikoglu et al. 2005a)
and intercalated sandstones-marls gradually pass into the
Messinian Gebiz Limestone (Poisson et al. 2011) and the
Messinian-Pliocene Eskikdy Formation (Senel 1997). The
Eskikoy Formation is represented by alluvial fan and fluvial
deposits and composed of poorly consolidated conglomer-
ates, sandstones and marls (Fig. 2).

The transition from shallow marine to terrestrial environ-
ments in the basin took place during the Messinian salinity
crisis. Because of rising sea levels following the salinity cri-
sis, marine conditions recovered in the southern part of the
Aksu Basin whereas northern parts remained terrestrial. The
Eskikdy Formation was unconformably overlain by the shal-
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Fig. 2. Stratigraphic columnar section of the study area (modified from Poisson et al. 2003a, 2011; Karabiyitkoglu et al. 2004).
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low marine (marl-sandstone) Yenimahalle Formation during
that period (Poisson et al. 2003a). These units grade into the
lacustrine/fluvial Pliocene Alakilise Formation characterized
by thick bedded conglomerates, lacustrine limestones and
siltstones (Glover 1995; Poisson et al. 2003a). The upper-
most part of the basin fill is composed of the Quaternary
Antalya tufa and alluvium (Fig. 2).

Method of study

In order to determine the structural evolution of the Aksu
Basin, we clarified the basement rocks/basinal deposits
boundary relationships and revised the 1:100,000 scale geo-
logical map of the Mineral Research and Exploration Insti-
tute of Turkey (MTA). A total of 59 paleocurrent data were
collected and combined with the previous studies. Imbrica-
tions of pebbles, flute casts, cross-bedding and current ripple
marks are used for paleocurrent direction determinations.

We collected two types of structural data in the field:
(1) strike and dip measurements of the bedding planes to elu-
cidate both the angular relationships between older and
younger units exposed in the study area and the deformation
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adjacent to faults; (2) strike, dip, and slip-lineation measure-
ments from fault planes to decode different deformational
phases that prevailed in the study area. Additionally, drag
folds, horizontal and vertical offsets, juxtaposition of different
aged units, cross-cutting relationships and reactivations/inver-
sions observed on the fault planes are other major criteria for
determining deformational phases. Timing of faulting and de-
formation are distinguished by the age of the stratigraphic
units and cross-cutting relationships. Angelier’s Direct Inver-
sion Method version 5.42 was used to analyse fault-slip data
(Angelier 1991). For the definition of the paleostress field, the
nature of the vertical/sub-vertical stress axis and the value of
ratio ¢ were taken into account (Angelier 1994). Stress fields
may vary from radial extension (o; vertical, 0< ¢<0.25), ex-
tension (o; vertical) with pure extension (0.25< ¢<0.75) and
transtension (0.75< @< 1), to strike-slip stress fields (o, verti-
cal), with pure strike-slip (0.25<@<0.75), transtension
(0.75<¢<1) and transpression (0<¢<0.25), or to compres-
sion (o3 vertical), with transpression (0< ¢<0.25), pure com-
pression (0.25< ¢<0.75), and radial compression (0.75< ¢<1)
(Delvaux et al. 1997). In order to calculate principal stress direc-
tions and to determine different deformational regimes, a total
of 289 slip-data were measured from fault planes at 43 stations.
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Fig. 3. a— Location and position of fan delta deposits in the central part of the Aksu Basin, b — Geological map showing the major struc-
tural elements of the basin (modified from Akay & Uysal 1984; Uner et al. 2011).
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Structural analysis
Faults
Kargi Fault Set

The N-S trending and E-dipping Kargi Fault Set is located
on both sides of the Karacadren-2 Dam Lake situated at the
center of the Aksu Basin. Kargi village is the key location
where the typical characteristics of this set can be deter-
mined. On the western side, fault planes of this set can be ob-
served along 10 km from the Karacadren village to Tagdibi

(Fig. 3). In the southwestern part of Karacadren village it con-
stitutes the boundary between the Karpuzgay Formation and
Karadag Conglomerate of the Aksu Formation. To the south,
the basement units and Kargi Conglomerate are juxtaposed
along this fault set. On the eastern side, Kargi Fault Set com-
prises the tectonic boundary between the Karpuzgay Forma-
tion and Karadag Conglomerate of the Aksu Formation.

To the north of Eskikdy, two superimposed slickenlines
are observed on the Kargi Fault Set. The first slickenlines
show reverse faulting (Table 1, station #5-1) where overly-
ing ones represent normal faulting with a minor dextral
strike-slip component (Table 1, station #5-2).

Table 1: Field information and kinematic analysis results of slip-data measurements.

Stat. # L ocation o1 oA O3 (0] Unit and/or boundary

11 0306 ®9/4126 *° 3489/41° 2029/44° 0949/18° 0.949 | Aksu Fm Conglomerate — basement
12 0306 ®°/4126 *° 2269/20° 0469/70° 13690° 0.394 | Aksu Fm Conglomerate — basement
2 0305 %%/4127 &° 078920° 3479/4° 247°69° 0.654 | Aksu Fm Conglomerate
3 0305 /4127 *° 2189/45° 040°/45° 3099/1° 0.507 | Aksu Fm Conglomerate
4 0305 5%/4127 1489/34° 217913° 3559/53° 0.576 | Karadag Conglomerate of Aksu Fm Conglomerate
5.1 0306 22/4128 5 07293 164933° 3389/57° 0.498 | Aksu Fm Conglomerate — basement
5.2 0306 %?/4128 **° 123973° 01196° 279915° 0.644 | Aksu Fm Conglomerate — basement
6 0305 *%/4129 *7° 13970° 1629/17° 255910° 0.793 | Aksu Fm Conglomerate — basement
7 0306 /4129 0307/88° 1559/1° 245920 0.385 | Karpuzgay Fm turbidites
8 0306 /4130 ** 048913° 2989/55° 1469320 0.645 | Aksu Fm Conglomerate — basement
9 0306 ?%/4132 3 213917° 3039/0° 34973 0.716 | Karpuzgay Fm turbidites

10.1 0306 /4133 >° 2409/65° 0479/ 24° 1399/5° 0.232 | Karpuzcay Fm turbidites

10.2 0306 /4133 >° 1339320 2909/56° 036911° 0489 | Karpuzcay Fm turbidites

11 0308 *7/4137 °= 163%73° 335917° 066%/2° 0.370 | Aksu Fm Conglomerate

121 0309 ®7/4137 %7 019%29° 2420/53° 121921° 0.242 | Karpuzcay Fm turbidites

12.2 0309 *7/4137 123915° 241961° 0269/25° 0501 | Karpuzgay Fm turbidites

13 0309 %1%/4136 > 339967° 1399220 23197° 0.480 | AksuFm Conglomerate

14 0306 *7%/4134 % 050%/54° 31693° 2249/36° 0.814 | Karpuzgay Fm turbidites

15 0306 %4137 ** 720/20° 1679/13° 2889/65° 0.779 | Karpuzcay Fm turbidites

16 0306 /4139 ** 0029/11° 0929/0° 184979° 0.741 | Aksu Fm Conglomerate

17.1 0306 /4139 5° 0879/61° 290° /27° 1959/9° 0.974 | Aksu Fm Conglomerate

17.2 0306 **/4139 3 040°/6° 3019/58° 134931° 0.097 | Aksu Fm Conglomerate

18 0306 /4139 “7° 0539/29° 1819/49° 307927° 0.294 | Karpuzgay Fm turbidites

19 0305 %77/4139 & 227916° 13499° 016972° 0.889 | Aksu Fm Conglomerate

20 0304 /4141 **# 2019/13° 110%/4° 006°%/76° 0590 | Aksu Fm Conglomerate

211 0304 *%/4142 % 2399/75° 140920 0499/14° 0.277 | Karpuzgay Fm turbidites

21.2 0304 /4142 ' 2339/14° 3479/58° 136928° 0.192 | Karpuzcay Fm turbidites

22 0302 /4148 ** 087920° 179/6° 2849/69° 0.830 | Karpuzcay Fm turbidites

23 0301 87/4153 “** 009%/25° 273911° 1629/62° 0.991 | Karpuzcay Fm turbidites

24 0301 %*/4153 %% 063°/24° 158911° 271964° 0.281 | Karpuzgay Fm turbidites

25 0301 #7%/4158 338917° 247940 146973° 0.997 | Karpuzcay Fm turbidites

26 0301 #%/4159 *# 217917° 3159240 095%60° 0.325 | Aksu Fm Conglomerate

27 0304 %%/4142 %% 0099/13° 2349720 1029/13° 0.217 | Karpuzgay Fm turbidites

28 0304 “#/4142 ™¢ 134916° 2569/62° 0389/22° 0.455 | Karpuzcay Fm turbidites

29 0306 #7*/4138 5% 247920 33791° 1079/88° 0.230 | Karpuzgay Fm turbidites

30 0305 *2%/4097 *° 0279/66° 1609170 2559/17° 0.447 | AntalyaTufa

31 0315 %4121 ** 150%13° 025%68° 244917° 0.333 | Karpuzcay Fm turbidites

32 0316 *Y%/4131 146°/39° 251918° 09/45° 0.583 | Karpuzcay Fm turbidites — basement

33.1 0312 /4134 %3 0509/11° 31994° 2119/78° 0.499 | Karpuzgay Fm turbidites

33.2 0312 /4134 %3 2039/75° 0259/15° 2959/1° 0.402 | Karpuzgay Fm turbidites

34 0311 %%/4133 ** 334964° 096%15° 1929/22° 0.394 | Aksu Fm—Karpuzcay Fm boundary

35 0305 /4121 " 111913° 000/57° 209930° 0.739 | Karpuzgay Fm turbidites

36 0307 */4122 ** 066%/15° 1799/56° 327930° 0.496 | Aksu Fm Conglomerate

37 0310 /4120 ©° 1989/35° 308%/26° 066%/44° 0.120 | Karpuzcay Fm turbidites

38 0311 17/4119 %6 1499220 240°/1° 3339/68° 0.848 | Karpuzgay Fm turbidites

39 0310 >44117 **® 0889/55° 2620/35° 3549/3° 0.256 | Karpuzcay Fm turbidites

40 0307 °%/4133 %2 171916° 060°/52° 2720/34° 0.287 | Karadag Conglomerate of Aksu Fm Conglomerate

41 0306 ®%/4159 ¢ 245°/0° 155931° 3359/59° 0.362 | Karpuzgay Fm turbidites

42 0308 6/4163 *2 0579/27° 1569/18° 275957° 0.680 | Aksu Fm Conglomerate

43 0306 **%/4130 ** 29/71° 1269/10° 219915° 0.126 | Aksu Fm Conglomerate — basement
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Karacaoren Fault

The NW-trending Karacadren Fault is approximately 15 km
long and is situated between Karacadren and Mustanlar vil-
lages (Fig. 3). It is characterized by NE-dipping normal fault
planes that are observed in the Bucak Conglomerate of the
Aksu Formation, Quaternary tufa and Karpuzgay Formation to
the north. The similar strike and dip measurements are also
determined between the Karadag Conglomerate of the Aksu
Formation and Karpuz¢ay Formation to the south.

Field observations on this fault which cuts the Bucak Con-
glomerate of the Aksu Formation clearly represent a two-

stage movement history. The former slickenlines indicate re-
verse faulting with a minor dextral component (Table 1, sta-
tion #17-2) where the superimposing ones show normal
faulting (Table 1, station #17-1).

Aksu Thrust

The Aksu Thrust, first defined by Poisson (1977), consti-
tutes the eastern boundary of the Aksu Basin (Akbulut 1977;
Poisson et al. 1984, 2003a, 2011; Akay et al. 1985). This
NNW-trending fault is approximately 100 km long and lies
between the Asagigokdere village to the north and town of

n:3

Fig. 4. Stereographic plots of fault slip plane data of each station on Schmidt lower hemisphere, 0;, 0,, 03 are maximum, intermediate and

least stress axes, respectively.
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Gebiz to the south (Fig. 1c). The carbonates of the Antalya

Nappe unit and ophiolites are thrusted onto the Kapikaya and

Kozan conglomerates of the Aksu Formation to the north
and south. Additionally, in the central part of the basin,
Antalya Nappe units are thrust onto sandstones of the Kar-

puzgay Formation.

Position of bedding planes and folds

Most of the bedding plane measurements were obtained
from fan delta deposits of the Aksu Formation well exposed
in the study area. Since the bedding planes are gentler than

30 in inclination, it is difficult to determine whether the de-
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Fig. 4. Continued.
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posits are in their original position or inclined by tectonism.
Bedding planes with greater inclination than this should be
related to tectonism rather than initial setting. Because of
this ambiguity, bedding plane measurements from the Aksu
Formation were not taken into account for the determination
and interpretation of the folding. To the southwest of Kozan
town, bedding measurements from the Karpuzcay Formation
clearly indicate several NW-trending anticlines and syn-
clines showing a NE-SW compressional tectonic regime
(Fig. 3).

Fault-slip analysis
Compressional stress regimes

The first data set characterizes a NW-SE compressional
stress regime. At stations #4, 22, 23, 25 and 32, o3 is vertical
and according to the ¢ value the type of deformation differs
between pure and radial compression, while at stations #10-2,
12-2, 28, 31, 35 and 40, 0, is vertical and the ¢ value repre-
sents pure strike-slip regime. Station # 14 also has vertical o,
and shows transtension with the ¢ value (Fig. 4, Table 1). In
the field, macro-scale features linked to this stress regime are
primarily characterized by NE-trending thrust faults with mi-
nor sinistral components. NNE-trending sinistral strike-slip
faults are observed on reactivated fault planes or linkage
fault planes of two reverse faults.

The second data set indicates a NE-SW compressional
stress regime. At stations #1-2, 2, 5-1, 8, 9, 15, 16, 18, 19,
20, 24, 26, 33-1, 38, 41 and 42, o3 is vertical and the stress
regime is determined as pure and radial compression. Sta-
tions #3 and 36 have vertical ¢, and the ¢ value indicates
pure strike-slip, while stations #12-1, 17-2, 21-2, 27, 29
present transpression (Fig. 4, Table 1). In the field, NNW- to
NW-trending thrust faults with minor dextral components
are the dominant elements of this stress regime. E-W trend-
ing sinistral faults constitute a second group, pertaining to
this deformation phase.

Tensional stress regimes

The third data set represents the NW-SE extensional stress
regime. At stations #5-2, 10-1, 33-2, 37 and 39, o is verti-
cal and according to the ¢ values the deformation type is de-
termined as pure and radial extension where station #1-1
shows transtension (Fig. 4, Table 1). Macro-scale features
are dominantly demonstrated by NNE-trending (NNW-dip-
ping) normal faults with dextral components. NNW- to
NW-trending (both NE- and SW-dipping) dextral strike-slip
faults with normal components constitute the second major
group that represent this tensional stress regime.

The last data set indicates the NE-SW extensional stress
regime. At stations #7, 11, 13, 21-1, 30, 34 and 43 o is ver-
tical and the ¢ values refer to a pure and radial extensional
stress regime. Stations #6 and 17-1 also have vertical o;
with higher ¢ values and show transtension (Fig. 4, Table 1).
Macro-scale structures are NE-trending (NW- and SE-dip-
ping) normal faults and NNE-trending (ESE-dipping) sinis-
tral faults with a normal component.
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Results of structural analysis
NW-SE compression

The oldest tectonic phase is NW-SE compression as the
faults of this stress regime are only observed in the oldest
rocks of the basin fill turbidites (Karpuzgay Formation and
base of the Karadag Conglomerate (Aksu Formation)).

NW-SE extension

Several pieces of evidence clearly show that the NW-SE
compressional stress regime is followed by a NW-SE exten-
sional phase. The first data is related to the position and situ-
ation of deposits of the Aksu Formation. The Karadag and
Kargi Fan Delta deposits of this formation are located in the
western part of the Aksu Basin with a N-S trend (Fig. 3a-b).
Paleocurrent analyses of these two units clearly show that
the source rock of these units are the Beydaglan Platform
Carbonates located on the western margin. The Tortonian
Karadag Fan Delta deposits are separated from their source
area (Karabiyikoglu et al. 2004; Uner et al. 2011). The space
between the Beydaglan Platform Carbonates and the
Karadag Fan Delta deposits is filled with Kargi Fan Delta de-
posits (Fig. 3b). The age of the Kargi deposits is determined
as Tortonian according to the corals/patch reefs (Tuzcu &
Karabiyikoglu 2001; Karabiyikoglu et al. 2005b). Taking the
gap and positions of these units into account, an extensional
period is inferred for the separation of the Karadag Fan Delta
deposit from the source and deposition of the Kargi Fan
Delta deposits in the Tortonian (Fig. 5a). Additionally, up-
ward decrease of bedding plane inclination of the Karadag
Fan Delta deposits supports this extensional period. A 40 dip
angle is measured from the lower part of this unit, but it
gradually decreases to 16 at the top (Fig. 5b). This decrease
of dip angle and rhythmic sedimentation are the clues to
extension.

Another clue is the syn-sedimentary normal faults ob-
served in the Kargi Fan Delta deposits (Fig. 5c). The upward
displacement decrease on the fault planes and undeformed
bedding covering the faults represents the syn-sedimentary
tectonism. Analyses of these faults clearly indicate NW-SE
extension.

NE-SW compression

This tectonic regime, named the “Aksu Phase” by Poisson
(1977) in previous studies, formed and reactivated both the
marginal and inner faults of the Aksu Basin. With this activity,
the Antalya Nappe units were thrusted onto the Karpuzgay
Formation at the eastern margin of the basin (Fig. 6a), while
thrust faults between the Aksu and Karpuzcay Formations
are observed in the basin fill (Fig. 6b). The most important
data for the transition from NW-SE extension to NE-SW
compression are the two superimposed slickenline sets, de-
termined on the fault plane in the sandstones of the Kar-
puzgay Formation, to the south of Kargi village. The
slickenlines with a 50 (from SE) rake cut by the ones with an
86 (from SE) rake, show that the NE-SW compression is
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Fig. 5. a — Simplified cross-section showing the sedimentation process of the Kargi Conglomerate into a new depression, formed by the
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¢ — Syn-sedimentary faulting on the Tortonian Kargi Conglomerate.

younger than the NW-SE extension (Fig. 6¢). In addition,
NW-trending folds observed in the Karpuz¢ay Formation in-
dicate a NE-SW oriented compressional tectonic regime,
which can be correlated with the Aksu Phase that prevailed
between the Late Messinian and Late Pliocene.

NE-SW extension

Because the Quaternary Antalya tufa is the youngest rock
group exposed in the study area, faults that cut these units
are ascribed to the youngest tectonic phase (Fig. 7a). The
transition from NE-SW compression to NE-SW extension
is also observed in two locations near Karacadren village.
At the first location two faults are observed in Bucak Con-
glomerate of Aksu Formation. The reverse fault with sinistral
strike-slip component that is formed by NE-SW compression
is cut by the sinistral strike-slip fault with normal compo-
nent formed due to NE-SW extension (Fig. 7b). At the lat-
ter location, two superimposed slickenline sets are observed
in Bucak Conglomerate of Aksu Formation (Fig. 7c). The
older slickenline set shows NE-SW compression while the
younger represents NE-SW extension. These examples in-
dicate that the basin experienced NE-SW extension after
NE-SW compression.

Discussion and conclusions

The Aksu Basin is an important archive for all temporal
and spatial changes produced by the African-Eurasian con-
traction, which have affected both the basin’s geometry and
depositional systems since its formation. Structural and sedi-
mentological data, collected from the basin fill and margins,
indicate a complex tectonic evolution that deformed the
Aksu Basin from the Langhian to Recent. According to these
data four different deformation phases are defined.

The first phase is a NW-SE compressional stress regime.
There are two different views for the origin of this regime.
The first group suggests that this regime occurred because of
the southeastern movement of the Lycian Nappe units which
played an important role in the formation and initial defor-
mation of the Aksu Basin (Flecker 1995; Flecker et al. 1998,
2005; Glover & Robertson 1998a,b; Karabiyikoglu et al.
2005a). According to these authors, the Aksu Basin was
formed as a foreland basin due to the emplacement and litho-
spheric load of the Lycian Nappe units. The second group
claims that the N-S trending Aksu Basin occurred as a half-
graben related to the pre-Neogene paleogeographical setting
of the basin (Poisson et al. 2011). Our study concludes that
the first deformation of the basin fill is connected with a
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Fig. 6. a — Thrust of the Antalya Nappe units onto the basin fill, b — Thrust fault located to the NW of the village of Karacaéren (Kar-
puzcay Formation units thrusted onto Aksu Formation units), ¢ — Close-up view of superimposed slickenline sets showing the order of the

NW-SE extension and the NE-SW compression.

compressional tectonic regime which is compatible with the
first group of authors. NE-SW oriented reverse faults observed
only in the oldest basin fill (Karpuz¢ay Formation) support
this suggestion. This phase prevailed until the emplacement of
the Lycian Nappe units at the end of the Langhian (Gutnic et
al. 1979; Hayward 1984; Poisson et al. 2003a,b).

NW-SE extension (Serravalian to Messinian) is the second
phase. There are few studies mentioning that there might be
an extensional phase in the Aksu Basin during this time in-
terval. Glover & Robertson (1998b) proposed that a transten-
sional tectonic regime might have prevailed in the Tortonian,
but that the dominant extensional regime developed after the
late Pliocene. Poisson et al. (2003a) indicated the formation
of the Eskikdy graben, located in the central part of the Aksu
Basin during the Messinian. Poisson et al. (2011) proposed
three normal fault systems within the basin. These are the
Kapikaya (middle Langhian), Kargi and Antalya (Quaternary)
Faults. The only fault system that corresponds to this period
is the Kargi Fault which was not clearly defined and was as-
sociated with the compressional Aksu Phase by the authors.

This regime is defined in this paper for the first time with
its prevailing time interval, sedimentological and kinematic
data. These are the separation of the Karadag Fan Delta from
the Bey Daglan Platform Carbonates, the angular decrease of
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bedding planes, rthythmic sedimentation in the Karadag Fan
Delta conglomerates, the deposition of the Tortonian Kargi
Conglomerate between the Karadag conglomerates and their
source (Bey Daglari Platform Carbonates) and syn-sedimen-
tary normal faulting in the Kargi Conglomerate clearly indi-
cating a post-Langhian extension. Because the Eskikdy
graben was formed in the Messinian (Poisson et al. 2003a),
the prevailing period of extension probably continued until
the end of the Messinian. The possible reason for this exten-
sion is the regional subduction and slab retreat of the rem-
nant Neotethys (Flecker et al. 2005; Kelling et al. 2005;
Kogyigit & Deveci 2007).

After the extensional regime, a NE-SW compressional
stress regime (Aksu Phase) was initiated in the basin. NNW- to
NW-trending thrust faults and reactivations of existing fault
planes are the major indicators for this changeover. Several in-
terpretations exist for the time interval of the Aksu Phase.
Former studies suggest that the Aksu Phase influenced the ba-
sin in the Late Miocene (Poisson 1977; Flecker et al. 1998;
Glover & Robertson 1998a,b). Recent studies propose this
time interval to be between the latest Tortonian to early
Messinian (Poisson et al. 2011) and late Pliocene (Poisson et
al. 2003a, 2011). This contraction period is associated with the
western tectonic escape of the Anatolian Plate due to the con-
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Fig. 7. a — Normal faults observed in the Quaternary Antalya tufas, b— Photo showing the order and the cutting relationship between the
faults that arose from NE-SW compression and NE-SW extension, ¢ — Close-up view of superimposed slickenline sets showing the order
of the NE-SW compression and the NW-SE extension.

tinental collision between the Arabian Plate and the Eurasian
Plate (McKenzie 1972, 1978; Sengér & Yilmaz 1981; Sengor
et al. 1985; Glover & Robertson 1998a; Poisson et al. 2011).
Stress in the neotectonic period is NE-SW tension charac-
terized by NW-SE oriented normal faults observed within
the youngest rocks (Antalya Tufa) of the Aksu Basin. The di-
rection of extension in the Isparta Angle and surrounding re-
gions differ locally (Temiz et al. 1997; Kogyigit & Ozacar
2003; Robertson et al. 2003; Verhaert et al. 2006; Kogyigit
& Deveci 2007; Ozsaym & Dirik 2007, 2011). Several re-
searchers agree on the idea that roll-back of the slab, which
was initiated in the Late Pliocene, is the reason for this ex-
tension in the Isparta Angle and the Aksu Basin (Glover &
Robertson 1998a; Kocyigit et al. 1999; Kelling et al. 2005;
Ozsayn et al. 2013). Furthermore, GPS data also indicate
that a NE-SW extension is still prevailing within the Isparta
Angle (Reilinger et al. 1997; McClusky et al. 2000).
Although orientations of extension and compression differ
locally, the order of deformational phases presented in this pa-

per is relevant not only for the Aksu Basin but also for the
entire Isparta Angle area.
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