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Abstract

The Neogene structural and sedimentary evolution of the Outer Cilicia Basin is
investigated using marine multi-channel seismic data collected during a 1992 survey. The
Cilicia Basin is a relatively shallow Neogene basin, which is located on the Aegean-
Anatolian microplate in the fore-arc region of the Cyprean Arc. The basin’s evolution is
recorded in four main stratigraphic units each separated by laterally extensive erosional
unconformities. These units from youngest to oldest are: Unit I- Pliocene-Quaternary
aged siliclastics, Unit 2 - Messinian aged evaporites, Unit 34 - mid- to late-Miocene aged
marls and chalks, and Unit 3B - Oligocene to mid-Miocene aged marls and turbidite
deposits. The deformation of these sequences, throughout the basin’s history, gives rise to
both compressional and extensional structures, largely affected by the ductile salt layer

The structural evolution of the Outer Cilicia Basin can be separated into two main
phases. The first is a compressional phase which began in Miocene time in association
with convergence along the Cyprean Arc. During this phase, a south-verging thrust belt
developed directly south of the Outer Cilicia Basin. Since the mid-late Miocene, the
basin has evolved on the back limb of the thrust system. A second evolutionary phase
began in Pliocene time, coinciding with the initiation of westward escape and rotation of
the Aegean-Anatolian microplate. The Pliocene-Quaternary succession is primarily
affected by two main types of structures: 1) Transtensional faults, which provide

accommodation for strain induced in the basin by the westward escape of the microplate,
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and 2) Salt tectonic structures, which develop in association with the basin-ward flow of

salt, driven by gravitational forces and sedimentary loading.
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Chapter 1

1.1 Introduction and Qutline of the Problem

The Cilicia Basin lies directly between Cyprus and Turkey in the Eastern
Mediterranean Sea (see Figure 1.1). It has formed since the mid to late Miocene in a fore
arc region associated with the subduction of the African plate beneath the Anatolian plate
along the Cyprus arc (Biju-Duval et al., 1978). This plate boundary is in the process of
changing from subduction to collision as continental fragments, such as Eratosthenes
seamount, arrive at the subduction zone (Ben-Avraham et al., 1988,1995). The situation
is further complicated by a 45-degree clockwise rotation in the convergence vector since
the early Miocene (Le Pichon and Angelier, 1979; Rotstein, 1984). Studying this area
should give insight into the changing evolution of fore arc basins during both the
transition from subduction to collision and the rotation of the convergence vector. In the
Cilicia basin, this transition will be examined through changes in the sedimentation and
deformation patterns in Neogene sediment. The interpretable sedimentary packages that
are affected by this transition are the late Miocene evaporite dominated layer and the
succeeding Pliocene to Quaternary clastics, which were deposited in the basin from the
adjacent continental margins. The deposition and deformation of these two sedimentary
packages gives rise to remarkable internal structure involving both contractional and
extensional tectonics that are largely affected by the ductile salt layer (Evans et al., 1978;
Aksu et al., 1992 a). Determining the relationship between these compressional and

extensional structures and their relation to the sedimentary history of the basin will be

1
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Figure 1.1: Simplified tectonic map of the eastern Mediterranean (edited from Aksu et al, work in progress). Map
compiled from Sengér and Yilmaz (1981), Hancock and Barka (1981) and Dewey et al. (1986). AGS = Aegean
Graben System, AxM = Anaximander mountains, BTZ = Bitlis thrust zone, CA = Cyprus Arc, CB = Cilicia Basin,
DSTF = Dead Sea transform fault, EATF = East Anatolian Transform Fault, EACZ= East Anatolian Convergent Zone
EF = Ecemis Fault, ERS = Eratosthenes seamount, FR= Florence rise, HA = Hellenic Arc, MK = Misis-Kyrenia fault,
MR = Mediterranean Ridge, PT = Pliny Trench, ST = Strabo Trench, NATF = North Anatolian Transform fault.

Large arrows indicate the sense of plate motion relative to a fixed Eurasian plate; half arrows indicate strike-slip.




vital in determining the evolution of this basin. My proposed research will involve using

seismological images to map and interpret this active, structurally complex area.

1.2 Plate Tectonic Setting

The Cilicia is one of four related basins that lie in the Northeast Mediterranean
Sea. The three other basins (Adana, Latakia and Iskenderun basins) will be discussed in
more detail in the next chapter. These basins form broadly in a fore-arc setting, but their
evolution is complicated by a complex plate tectonic framework. The four basins lie
within the Aegean-Anatolian microplate, which is deformed and displaced due to
interactions with four surrounding plates (see Figure 1.1). Two of the main interactions
are with Eurasian plate and with the African plate, which moves in a north-north-east
direction with respect to the Eurasian plate. The boundary between the Eurasian and
Aegean-Anatolian plates involves mainly right lateral strike slip movement along the
North Anatolian transform fault (NATF) (Sengor et al., 1985). The convergent plate
boundary between the African and the Aegean-Anatolian plates is delineated by the
Hellenic Arc in the west and the Cyprean Arc in the east. Along these boundaries a
combination of subduction related convergence, strike slip movements and collision takes
place (Kempler and Garfunkel, 1994; Ben-Avraham et al., 1988, 1995). The other
important plate interaction occurs between the Aegean-Anatolian and the Arabian plate at
the south east margin of the Aegean-Anatolian micro-plate. Along the boundary between

the Arabian and the Aegean-Anatolian plates, both continental collision, along the Bitlis
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suture zone, and strike-slip activity, along the East Anatolian transform fault (EATF),
have occurred concurrently since mid to late Miocene time (Dewey et al., 1986). Internal
deformation also occurs within the Arabian plate, in southern Syria, along the east-west
trending Palmyran belt (see Figure 1.1) (Dewey et al., 1986). Due to the motion along the
NATF and the EATF, the Aegean-Anatolian microplate is thought to be escaping
westwards and rotating counter-clockwise due to the forces applied at its margins by the
surrounding plates (Sengor et al., 1979, 1985; Rotstein, 1984). A combination of these
plate interactions create the deformational forces responsible for the present day structure

of the Aegean-Anatolian plate and the formation of the above mentioned basins.

1.3 Tectonic Evolution of the North-Eastern Mediterranean

The present day plate tectonic setting of the northeast Mediterranean is a result of
a long history that began in the Permian and continues up to present day. The evolution
involved the opening and subsequent closure of at least two major oceans: the Paleo-
Tethys and the Neo-Tethys. The geology of both Turkey and Cyprus record this evolution
and contain the remnants of ocean floors, passive margins, carbonate platforms, and
volcanic and sedimentary rocks related to both subduction and rifting.

During the Permian, the Paleo-Tethys opened between Eurasia and Gondwana, as
a branch of the super ocean Panthalassa, due to Eurasia’s right lateral motion with respect
to Africa. Subduction of this ocean soon followed, beginning sometime between Late

Permian and early Triassic (Sengor and Yilmaz, 1981; Robertson, 1998 a). Concurrent
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with the closing of the Paleo-Tethys, the southern strand of the Neo-Tethys began to
open. The opening began in the Triassic with the rifting and compartmentalization of the
northern Gondwanan passive margin. These rifted fragments, including the Anatolide-
Tauride, form the northern margin of the southern Neo-Tethyan ocean (Sengér and
Yilmaz, 1981) (see Figure 1.2). Active ocean floor spreading in the basin began by late
Triassic time. To the southeast, the rifting was associated with the formation of the
Levant basin as well as the separation of the Eratosthenes seamount from the Levant
margin began during Triassic time ( Robertson and Dixon,1984; Robertson, 1998 a).

During the early Jurassic, rifting leading to the formation of the northern Neo-
Tethyan ocean began to occur. This rifting separated the northerly rifted Gondwanan
fragments from the more southerly ones (including the Anatolide-Tauride fragment).
During the Jurassic, both branches of the Neo-Tethyan ocean expanded while the Paleo-
Tethys closed. By the late Jurassic-Early Cretaceous period, the Pontides were thickening
and affected by volcanism while the rifted fragments were sites of carbonate deposition
(Robertson, 1998 a) (see Figure 1.3).

During early-mid Cretaceous, the African and Eurasian plates began to converge
as a result of the opening of the South Atlantic ocean. This convergence led to the
initiation of north dipping intra-basin subduction in the southern Neo-Tethyan ocean
(Robertson and Dixon, 1984; Robertson, 1998 a). During the late Cretaceous, the eastern

portion of this intra-basin subduction zone collided with the Arabian margin
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Figure 1.2: Schematic Paleotectonic Map of the Eastern Mediterranean during the Jurassic Period
(edited from Sengér et al.,1985).



Figure 1.3: Schematic paleotectonic map of Eastern Mediterranean during the
early Cretaceous period (edited from Robertson and Dixon, 1984).
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causing the sediment associated with the trench to be thrust southwards with ophiolites
thrust on to the northern Arabian margin (Robertson, 1998 a). Along the non-collided
western portion of the intra-basin subduction zone, subduction slowed forcing a north
dipping subduction zone to form at the ﬁorthem margin of the southern Neo-Tethys basin
(Sengor and Yilmaz, 1981) (see Figure 1.4). The remaining trench, from which the
Troodos ophiolite later emerged, began to pivot counter-clockwise due to the continued
convergence. By latest Cretaceous, Troodos had accreted to the Anatolide-Tauride’s
southern margin. Within the northern Neo-Tethys, the convergence also forced the
cessation of spreading and the beginning of northerly directed subduction. This caused
the formation and obduction of ophiolites onto the northern Anatolide-Tauride fragment
(Robertson and Dixon,1984; Sengor and Yilmaz,1981).

The Paleocene to Eocene is marked by continued subduction of the remaining
north Neo-Tethyan and Paleo-Tethyan ocean floor. Collision of the Anatolide-Tauride
block with the Eurasian continent ensued in the mid-late Eocene, with the collision
migrating from east to west (Sengér and Yilmaz, 1981; Robertson, 1998 a). By late
Eocene to Miocene all rifted fragments from Gondwana had collided with the Eurasian
margin leaving both the Paleo-Tethys and the northern branch of the Neo-Tethys closed.
The Oligocene was mainly a time of subsidence for many Eastern Mediterranean features,

such as the Kyrenia range of northern Cyprus (Robertson, 1998 a).



Anatolide-Tauride VA ‘ | ‘
1 | I

Platform —1 l'. 11 ] |
=} Antalya g, alAld | III || lI ' ' |
| |I || | || 'Ia"‘: . &‘4 =T SIPDItu !_ 0 | |
0L et dal . Ianya ~ ||NaPpiE Wk : o
a Pl .| II \ Massifl 'i '| '. | || || Ib,ﬁbmw ,.l :
SnUthérh Bram:h of '| ', _ala, t? XU
NbD'TEthySI | III i [ |TFUDC|D~4‘L H

| | 'Nappe

Figure 1.4. Schematic Paleotectonic map of the Eastern Mediterranean during the late-Cretaceous to
Paleocene Period (edited from Sengbér et al.,1985).



By Miocene time, the southern branch of the Neo-Tethys was the only remaining
ocean floor in the North-East Mediterranean (see Figure 1.5). Continued convergence
between Africa and Eurasia was accommodated by continued north-dipping subduction
within this ocean basin. For the first time, subduction activity occurred along the present
day positions of Hellenic and Cyprean Arcs (Robertson, 1998 a). For the Cyprean Arc,
this involved a southern migration of the subduction zone leaving Cyprus on the
overriding, rather than subducting, plate. Continental collision, between the Arabian and
Aegean-Anatolian plates, then ensued in mid to late Miocene beginning in the east, along
the Bitlis Suture zone, and progressing toward the west (Dewey et al., 1986). Following
the collision, sometime between the mid Miocene and early Pliocene, the North and East
Anatolian faults formed and the westward expulsion and rotation of the Aegean-
Anatolian micro-plate began (Sengor et al., 1979,1981,1985). This caused the subduction
direction to change from north to north-east. Also during this time, basins in the north-
east Mediterranean; such as the Mesaoria, Antalya, Latakia and Cilicia, began to subside
(Robertson, 1998 a). In latest Miocene, the entire Eastern Mediterranean desiccated
depositing a thick evaporite deposit in all deep basins that had formed by this time.

The main event within the north-east Mediterranean during the Pliocene involved
the collision of the Eratosthenes seamount with the Cyprean Arc (Ben Avraham et al.,
1988,1995, Robertson, 1998 b,c). This caused a slow‘down or cessation of subduction

along the arc and the rapid uplift of both southern Cyprus and the Kyrenia range. The
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Pliocene also saw continued subsidence of the basins formed between the late Miocene
and early Pliocene and continued uplift within Turkey and along the Bitlis suture zone
(Robertson, 1998 a). From the Pleistocene period onwards, the current plate boundaries
and plate motions, described in the following sections, have dominated the structure of

the north-east Mediterranean.

1.4 Plate Boundaries in the Eastern Mediterranean

The current plate interactions and boundaries in the Eastern Mediterranean control
the tectonic framework and the structural systems seen in the area. The plate boundaries

mentioned in the introductory section will now be discussed in more detail.

1.4.1 Interaction between the Aegean-Anatolian and African plates

The interaction between the Aegean-Anatolian and the African plates involves
mainly convergence, leading up to the ultimate collision of continental parts of the two
plates. The boundary between the plates can be found on the sea floor of the Eastern
Mediterranean sea along two arcs, the Hellenic and the Cyprean Arc (see Figure 1.1).
The Cyprean Arc will be of greater focus in this section, due to its relationship with the

Cilicia Basin, however the structure of both arcs will be addressed.
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1.4.1.1 The Hellenic Arc

The Hellenic arc forms the western convergent boundary between the African and
Aegean-Anatolian plates. The convergence of Africa and Europe began between 120 and
83 Ma (Rosenbaum et al., 2002). The convergence rate has varied through time, with at
least two periods of rapid convergence (120-67 Ma and 52.4-19.2 Ma) followed by
relatively slow convergence from the early Miocene to present time (Rosenbaum et al.,
2002). The evolution of the Hellenic arc occurred quite late in this period and is thought
to have begun with the initiation of subduction of the African plate beneath the Aegean-
Anatolian in the late Miocene. The relative motion at that time was north-south at the
front of the arc and oblique along the western branch. By Pliocene time, subduction was
locked to the south inducing left lateral motion along the south margin and subduction
along the western arc (Mascle et al., 1986). The Hellenic arc has many of the features
characteristic of subduction zones, such as associated sedimentary and volcanic arcs, as
well as seismic activity both at the surface and at depth. There is also an associated broad
ridge, called the Mediterranean ridge, that extends along the entire arc, from the
southwest coast of Greece to the northwest corner of Cyprus. The ridge is about 1300 km
long, 150 to 300 km wide and contains about 10 to 12 km of sediment that has been
deformed in a compressional setting. Most authors interpret the ridge to be an
accretionary prism scraped from the down-going plate at the subduction trench
(Lallemant et al., 1994; Huguen et al., 2001). Along the present day Hellenic arc system,

the mode of convergence changes from normal subduction and compressive regimes in

13



the west to strike-slip and collisional regimes in the east. The Hellenic arc is separated
into 2 main branches: the western Ionian branch and the eastern Levantine Branch (Peters

et al., 1985)

The Ionian branch is northwest-southeast trending feature located at the base of
the continental slope along the west coast of Peloponnesus. It is made up a series of
discontinuous depressions, with a maximum depth of 5000 m, separated by ridges (Peters
et al., 1985). Earthquake data suggests that both active subduction and right lateral
transverse motion, mainly along the Cephalonia transform fault, occurs along this branch

of the arc (Sachpazi et al., 2000; Papazachos et al., 2000).

The Levantine Branch of the Hellenic Arc extends from just south of the island of
Crete, northeastwards towards the islam_i of Rhodes in the Eastern Mediterranean sea. In
general, this branch consists of a system of subparallel narrow troughs that lose their
distinctive trench morphology, become deeper, and merge to the northeast along the arc.
South and east of Crete, the Hellenic margin is characterized by two trenches, namely the
Pliny Trench to the north and the Strabo trench to the south, separated by a wide and
sedimented plateau (Mascle et al., 1986). The Pliny trench has a depth of up to 4000 m
and is characterized by steep walls that dip up to 13 degrees toward the trench floor
(Peters et al., 1995). It is made up of small, relatively sedimented depressions that
generally form an en echelon arrangement (Mascle et al., 1986). The trench opens to the

east into a wide, sedimented, graben like feature. South of the Pliny trench lies the
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shallower and less infilled Strabo trench. The Strabo trench is up to 3000 m deep and has
steep walls dipping toward the trench floor (Peters et al., 1995). Like the Pliny trench, it
is made up of a series of diversely oriented segments in a general en echelon arrangement.
The thin sediment infill in the trench is highly deformed and indicates recent tectonic
activity (Mascle et al., 1982). To the east, the trench terminates against topographical
highs south of the island of Karpathos. Most workers agree that the Strabo trench is the
active deformation zone, along which subduction activity has occurred (Mascle et al.,
1982; Peters et al., 1995). South of the island of Rhodes, at the eastern end of the
Hellenic trench, the systems described above have merged into a trough called the Rhodes
basin, which is about 4000 m deep and contains more than a kilometre of Pliocene-
Quaternary sediment, but lacks a Messinian salt layer (Mascle et al., 1986, Woodside et
al., 2001, Winsor, 2004). Although some workers have interpreted this basin as the

remnant of a subduction trench (Mascle et al., 1986), its origin is still debated.

Earthquake and structural data suggest that both strike-slip and compressional
tectonics occur along the eastern Hellenic arc. Earthquake mechanisms show dominantly
left lateral strike slip with a thrust component, suggesting a dominantly transpressional
regime (Papazachos, 2000). The en echelon arrangement seen in both trenches is also
suggestion of strike slip activity. Earthquake data show that both shallow and deeper
earthquakes have been recorded along the eastern arc, suggesting that subduction has
occurred in this area. A north-northeast dipping layer of oceanic crust has also been

interpreted, from wide angle seismic data, below the island of Crete further supporting
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that subduction had occurred (Bohnhoff et al., 2001). There is evidence of a gap in
seismicity between 80 and 100 km depth, which suggests that fragmentation of the down
going slab may have occurred. Slab fragmentation, along with evidence that the
Mediterranean ridge is thrusting northward south of the Rhodes basin, suggests that
collisional processes may have begun along the eastern Hellenic arc (Papazachos, 2000;

Mascle et al., 1986).

1.4.1.2 The Cyprean Arc

The Cyprean Arc marks the eastern boundary between the Aegean-Anatolian and
African plates. Like the Hellenic Arc, it is a convergent boundary along which
subduction has occurred since Miocene time. When compared with the Hellenic Arc
however, convergence occurs at a much slower rate (about 7 mm/year; McClusky et al.,
2000) and there is a decreased amount and more dispersed pattern of present seismicity
(Rotstein and Kafka, 1982). The Cyprean Arc also lacks subduction related features, such
as a well defined volcanic arc, that have been documented along the Hellenic Arc
(Woodside et al., 2002). The Mediterranean ridge continues, from the Hellenic Arc, to
follow the southern boundary of the Cyprean Arc on the western margin, but is not
obvious along the central or eastern segments. All of the above evidence suggests that
convergence and subduction along the Cyprean Arc is more complex, and consequently
less well understood, than that along the Hellenic Arc. There is evidence, in the form of

intermediate depth earthquakes, that subduction has occurred during the arc’s evolution
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(Rotstein and Kafka, 1982), but it is likely that subduction has slowed, or perhaps ceased,
in recent times (Ben Avraham et al., 1988, 1995). The mode of convergence changes
from subduction, to stﬁke-slip, to collisional processes along the Cyprean Arc. The arc
can be divided into 3 main segments, each with its own morphology and controlling

processes. They will be described as the western, central and eastern segments.

The western segment of the arc runs from the conjunction between the Cyprean
and Hellenic arcs, just southwest of the island of Rhodes, to south of the. western margin
of Cyprus. This segment of the arc is characterized by a trench, called the Pytheus
Trench, that lies just south of the Anaximander mountains in the northwest and the
Florence Rise farther to the southeast (Anastasakis and Kelling, 1991). In the north west,
the trench is made up of a chain of elongate, flat floored depressions, which are about 5
km wide and 30 km long, in an en echelon arrangement. To the south-east, the trench is
represented by flat sea floor that is only slightly deeper than the surrounding floor
(Anastasakis and Kelling, 1991). Some workers have interpreted this feature as a
strongly deformed basin rather than a trench (Woodside et al., 2002). The Anaximander
mountains are an actively uplifting structure, made up of 3 submarine peaks that rise to
1000 m below sea level. They are interpreted by most workers to be transpressional
structures (Woodside et al., 2002; Anastasakis and Kelling, 1991). The Florence rise is a
200-300 m high, north-west to west trending, broad asymmetric swell that is thought to
be a subduction related feature, and the local equivalent of the Mediterranean ridge. The

swell separates the Pytheus trench from the Antalya basin to the north. The pre-
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Messinian strata within the rise are folded and cut by north dipping thrust faults, however
the recent strata are more affected by strike-slip faulting (Woodside et al., 2002). The
Antalya is a Neogene b-asin filled with thick sediment packages that dip toward the
northeast. The basin is relatively deep with a seabed that lies approximately 2500 m
below the water surface. Most deformation in this basin is associated with salt structures
and not with the deformation that affects the Florence rise just south of the basin
(Woodside et al., 2002; Taviani and Rossi, 1989). Recorded seismic activity indicates a
change in seismicity along the Cyprean Arc in the Antalya bay region. West of Cyprus,
an 80 km thick dipping zone of shallow and intermediate earthquake hypocentres extends
between 50 km and 150 km depths, indicating that active subduction of African plate
beneath the Aegean-Anatolian plate, is occurring this area (Ben-Avraham et al., 1988;
Rotstein and Kafka, 1982). Also, a distinct Benioff zone is observed dipping toward the
northeast at an angle of 10 degrees at shallow depths and 40 degrees down to depths of
130 km, within Antalya bay (Papazachos and Papaioannou, 1999). West of Antalya Bay
there is a decrease in the amount of recent seismicity suggesting a less seismically active
plate boundary in this area. The recent deformation in the structures, such as within the
Florence rise and Anaximander mountains, suggests that lateral shearing is occurring
within a wrench zone along the inferred plate boundary. This suggests although
subduction has been active in the past, strike slip motions currently dominate this area.
The lateral motion is likely the result of a slowdown or cessation of subduction, possibly

due to the collision between the Eratosthenes seamount and the central Cyprean Arc
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and/or stretching or detachment of the subducting plate (Woodside et al., 2002;

Anastasakis and Kelling,1991).

The central segment of the Cyprean Arc is an east-west oriented plate boundary
that runs along the south coast of Cyprus and north of the Eratosthenes seamount. The
Eratosthenes seamount is a very important feature as it is thought to be obstructing
subduction along this portion of the arc. The seamount is an uplifted, faulted block that is
elongated in a northwest-southeast direction and rises 1200-1700 m above the sea floor
(Anastasakis and Kelling, 1991; Ben-Avraham et al., 1988). It is generally accepted to be
made up of a shallow water carbonates overlying a thinned continental crust (Robertson,
1998 b,c). The seamount is thought to have rifted from the North African platform
during Mesozoic time and has developed as a shallow water carbonate platform since the
Cretaceous (Robertson, 1998 b,c). Eratosthenes is separated from Cyprus by a 2 km
deep, asymmetric, sediment filled trench named by some workers as the Cyprus trench

(Vidal et al., 2000; Anastasakis and Kelling, 1991).

The tectonic model for the central portion of the Cyprean Arc suggests that
normal subduction has been interrupted by collision with the Eratosthenes seamount.
Since Pliocene time, the northen margin of the continental fragment has been undergoing
subduction leading to the uplift of Cyprus (Robertson, 1998 a). Evidence supporting this
model include: 1) seismicity with a compressional thrust component recorded at depths

up to 100 km concentrated in the zone between Cyprus and the Eratosthenes seamount
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(Ben-Avraham et al.,1988; Papazachos and Papaioannou, 1999), 2) a strong reflection,
which extends 10 km beneath the upper plate, has been imaged in this area of the arc and
interpreted as the top of the subducting seamount (Vidal et al., 2000). Fault plane
solutions for earthquakes at the south-west coast of Cyprus suggest that a linear, northeast
striking zone with a dextral strike slip and thrust components may also exist in this area
(Papazachos and Papaioannou, 1999) (see Figure 1.6). This would suggest that the
convergent margin may be broken by a transform fault in this area and that Cyprus is

moving southwest with respect to the African plate.

The eastern segment of the Cyprean arc has the least seismicity, and is an arcuate,
northeast-southwest trending segment that extends from south of the south-east coast of
Cyprus up to Iskenderun bay. It is characterized by a series of northward tilted basins and
asymmetric ridges that merge together toward the east. The structures from north to
south are: the Misis-Kyrenia ridge, the Latakia basin, the Amanos-Larnaka ridge, the
Cyprean basin, the Latakia ridge, and the Levant basin (Ben-Avraham et al., 1995) (see
Figure 1.7). Most of these structures will be discussed in more detail in the following
chapter. The active deformation front is thought to lie along the Latakia ridge (Ben-
Avraham et al., 1995; Vidal et al., 2000). This ridge is a sub-horizontal elevation that
rises above the sea floor along the easternmost arc and continues westward as part of a
bathymetric escarpment, which likely extends into the asymmetric trench along the
central part of the arc. The feature, whi.ch formed before Messinian time, is made up of

Paleogene thrust sheets that are covered by a thin veneer of Pliocene-Quaternary
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sediment. The post-Miocene faulting associated with this structure appears to be high
angle and strike-slip related (Ben-Avraham et al., 1995). Further evidence that this ridge
is indeed a plate boundary is the change in basement structure across the ridge, which
suggests that the two sides had different tectonic histories prior to the Tertiary (Vidal et
al., 2000). Earthquake data in this area show no strong intermediate depth earthquakes,
suggesting that subduction is not taking place along this portion of the arc (Papazachos
and Papaioannou, 1999). The shallow seismicity recorded is scattered over a broad zone
and does not give conclusive evidence for the location of the plate boundary (Rotstein
and Kafta, 1982). The structure of the Latakia and the other associated ridges suggest
that they formed as large thrust systems prior to the late Miocene, but strike-slip faulting
dominates their more recent activity (Ben-Avraham et al.,1995). The intervening basins
show varied dimensions, lateral changes in the thickness of sediment infill, and both
compressional and extensional structures (Ben-Avraham et al.,1995). This evidence

suggests that the eastern Cyprean arc is presently mainly a strike-slip margin.

1.4.2. Interaction between the Aegean-Anatolian and Arabian plate

The interaction between the Aegean-Anatolian and Arabian plates involves both
continental collision and strike slip activity. In the far eastern portion of the Aegean-
Anatolian plate, north dipping subduction of the Arabian plate occurred from the late
Cretaceous to Middle Miocene, followed by continental collision along the Bitlis suture

zone in mid to late Miocene time (see Figure 1.1) (Dewey et al., 1986). The
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compressional features associated with this collisional process are concentrated in the
East Anatolian convergent zone (EACZ) (Dewey et al., 1986). North and southwest of
the collision zone, left lateral strike slip activity has dominated along the East Anatolian
transform fault (EATF) since the Pliocene (Dewey et al., 1986). This area is
characterized by earthquakes with focal mechanisms suggesting both reverse and strike-

slip movement (Rotstein and Kafka, 1982).

1.4.2.1 Eastern Anatolian Convergent Zone (EACZ)

The Eastern Anatolian convergent zone is a generally east-west trending area of
north-south crustal shortening and uplift within Eastern Anatolia. The south boundary of
the zone is uplifting and is made up of a complicated, 150 km wide zone of southward
propagating, shallowly dip thrusts which affect the basement rocks (Dewey et al., 1986).
The foreland basin contains a sedimentary sequence that is also affected by south vergent
folds and thrusts (Dewey et al., 1986). North of the main thrust belt lies the East
Anatolian plateau, which is characterized by complicated deformation and contains both
right lateral and left lateral strike slip faults that accommodate the intra-continental
convergent strain produced by the continental collision (Dewey et al., 1986). Within the
Arabian plate, folds and faults occur only near the Anatolia-Arabia boundary. South of

the boundary area, the plate is relatively undeformed (Lyberis et al., 1992).
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1.4.2.2. Eastern Anatolian Transform Fault (EATF)

The East Anatolian Transform fault is a left lateral strike-slip fault that separates
the Anatolian block from the Syrian foreland (see Figure 1.1). It formed prior to Pliocene
time, due to the collision between Arabia and Eurasia. The fault is over 500 km long and
has a width that varies between 10 m and 4 km along the fault trace (Dewey et al., 1986).
The offset along the fault is thought to be about 22 km, with most of the separation
concentrated through the central part of the fault (Dewey et al., 1986; Perincek and
Cemen, 1989). The EATF has numerous features characteristic of strike slip faulting
including seismic activity, offset of lithological contacts across the fault, as well as a well
defined fault valley. Some authors have divided the fault into zones or parts, each with
varying characteristics and morphologies (Saroglu et al., 1992). The zones vary in the
amount of seismic activity along them and in the presence or absence of such features as
bifurcating fault traces, associated pull apart basins and en echelon arrangements
(Saroglu et al., 1992). The Ecemis fault (see Figure 1.1), a left lateral strike-slip fault that
lies in south west Turkey, is thought to be related to, and extend from, the larger East
Anatolian Transform Fault (Ozer et al., 1974). There is some disagreement about how
far the EATF extends to the south west and about its relationship with the Dead Sea Fault
(described below). Some workers believe that the strike of the fault zone changes from
northeast to north oriented near the town of Maras and extends southwestwards through
the Hatay graben to join the Dead Sea Fault (Sengér et al., 1985; Saroglu et al., 1992)

(see Figure 1.8). Others believe that the fault trace disappears south of Maras, and that an
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extension of the EATF (the Amanos fault) and the Dead Sea Fault have a complicated
relationship within the Amik basin, which forms the southern part of the Hatay graben
(Perincek and Cemen, 1990). Other workers believe that the left lateral strike slip motion
along the EATF does not extend even as far as the Maras region and that the fault zone is
dominated by compression, with only minor strike-slip components, in that region
(Lyberis et al., 1990). Regardless the interpretation of the extent of the fault zone, most
authors agree that the EATF’s sinistral motion provides the southern accommodation of

the westward escape of the Aegean-Anatolian microplate.

1.4.3. Interaction between the African and the Arabian plates

The interaction between the African and Arabian plates involves rifting and strike
slip motion along the Dead Sea fault zone. The Dead Sea fault is 1000 km long and
extends from the Red Sea in the south, through the Dead Sea and the Gulf of Agaba, up to
the EATF in the north (Lyberis, 1988) (see Figure 1.1). The fault activated in the late
Miocene and accommodates the more rapid northern movement of the Arabian plate with
respect to the more slowly northward moving African plate (Lyberis, 1988). Most of the
fault zone is undergoing active rifting, with the exception of the most northern portion
which undergoes only left lateral strike slip motion (Prodehl et al., 1997). This northern
portion extends from the Red Sea as a single fault zone but then splinters into several
branches at the Syria-Turkey boundary (Perincek and Ceman, 1990) (see Figure 1.8).

These branches form the boundaries of north-south oriented, fault bounded basins seen in
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this area. One of the more important of these basins, is the Amik basin (thought to be a
part of the larger Hatay graben) which formed due to interactions between the EATF
andthe Dead Sea fault and may contain the join between the two faults (Perincek and
Cemen, 1990; Saroglu et al., 1992). Earthquake fault plane solutions indicate that along
the fault trace left lateral strike slip with a strike of N 80-10° E occurs (Nur and Ben-
Avraham, 1978). To the west and to the east of the main fault trace, faulting has been
recorded with normal components and with thrust components, respectively. Based on
stratigraphic and structural evidence, the fault appears to be slipping at a rate between

0.65 and 1.0 cm/yr (Nur and Ben Avraham, 1978).

Some workers (Mascle et al., 2000) suggest the presence of a microplate between
the African and Arabian plates, known the as Sinai microplate (see Figure 1.9). The Sinai
microplate is bounded by the Dead Sea Transform to the east, the central segment of the
Cyprus Arc to the north, the Gulf of Suez rift system to the southwest, and a transtensive
fault system cutting through the Nile Deep Sea fan to the northwest. Mascle et al. (2000)
theorize that the microplate is a part of the African plate, that broke off in response to the
collision between Cyprus and the Eratosthenes seamount. This theory remains
controversial due to a lack of seismic activity along northwest boundary of the microplate
or a structural indication of connectivity between the Gulf of Suez rift and the fault

system mapped through the Nile deep sea fan (Mascle et al., 2000).
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1.4.4. Interaction between the Aegean-Anatolian and the Eurasian plates

The plate boundary between the Aegean-Anatolian and Eurasian plates lies along
the North Anatolian transform fault (see Figure 1.1). This fault formed in early late-
Miocene in response to the collision between the Arabian and Eurasian plates (Sengor,
1979). The NATF extends 1200-1500 km, from its junction with the EATF in south
eastern Anatolia to its western termination in the North Aegean trough (Sengor, 1979) .
Although the NATF does terminate within the North Aegean trough, the dextral motion
that occurs along the fault continues as far as the western margin of the Hellenic Arc. The
NATF is more seismically active and has a larger associated offset than the EATF. The
NATF has had at least 6 large earthquakes in the last 100 years, resulting in ruptures over
900 km of'its length (Hubert-Ferrari et al., 1999; Kiratzi, 1993). The interpreted offset on
the fault varies between 40 and 100 km, but decreases from east to west due to the
displacement being transferred to numerous splays in the western section (Rotstein,
1984). Two main splays separate just east of the sea of Marmara and are differentiated as
the northern and southern North Anatolian Fault strands. This splay separation has led to
the formation of narrow graben complexes or transtensional basins in the western portion
of the fault zone (Sengor et al., 1985). In the eastern part of the fault zone, fault

associated pull-apart or compressional ramp basins are more common.

The earthquake mechanisms indicate that the NATF has right lateral strike-slip

motion that is parallel to the fault trace (Sengor and Canitez, 1982). The fault zone has a
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distinctive rift morphology, however, indicating that it also has an extensional
component. The rift morphology is delineated in a broad zone of sub-parallel and

anastomosing faults along the fault valley (Dewey et al., 1986; Sengor et al., 1985).

1.5 Relative Plate Motions in the Eastern Mediterranean

Relative plate motions and plate tectonic models of the Eastern Mediterranean
have been estimated by many authors from the analysis of oceanic spreading centres,
movement on transform fault systems, earthquake slip vectors and GPS measurements.
The plate motions are relative to the Eurasian plate, which is considered stationary for the
purpose of determining the motion of other plates. The relative plate motions that will be
considered in this section are: the Arabian, the African, and the Aegean-Anatolian plates.
The Arabian plate is moving toward the north-northwest at a rate of 20-25 mm/year,
while the African plate moves north-northeastward at a slower rate of 10 mm/yr (DeMets
et al., 1990, Reilinger et al., 1997). The differential motion between them is taken up in
the Dead Sea fault, which separates the two plates. The northward motion of both these
plates leads to the formation of a convergent boundary with the Aegean-Anatolian micro-
plate along their northern margins. The higher velocity of the Arabian plate leads to
collision at its boundary, while a combination of subduction, collision and strike slip
activity occurs along the African/Aegean-Anatolian boundary. The collision occurring

along the northern Arabian plate generates the forces that induce the westward expulsion
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of the Aegean-Anatolian plate along the North and East Anatolian faults. Due to other
plate interactions however, the Aegean-Anatolian plate cannot continue to be expelled
directly westward. GPS measurements suggest that the motion of the Aegean-Anatolian
plate changes from west directed in eastern Anatolia to southwest directed in the western
portion of the plate. In the extreme west and southwest of the plate, the GPS
measurement indicate a dominantly south-directed motion (Reilinger et al., 1997). The
change in the direction of motion across the plate indicates that the Aegean-Anatolian
plate is rotating counter-clockwise around a Euler pole which has been defined to lie on
the Sinai peninsula (Reilinger et al., 1997, Papazachos, 1999). One challenge to that
theory is presented in the Rotstein(1984) paper, which suggests that the presence of
internal deformation within the Anatolian block prevents a single pole of rotation from
being identified. Regardless of the pole’s location, it is obvious that the plate is rotating
based on the curvature of the NATF and on the rate and direction of motion recorded for
the Aegean-Anatolian plate. The rotation is induced by the Eurasian plate’s resistance to
the westward expulsion forcing the plate towards the ‘free face’ of the Hellenic Arc,
where the subducting African plate is rolling back (Reilinger et al., 1997; Royden, 1993).
This westward expulsion causes the direction of subduction for the African plate to

change from north to northeastward, relative to the Aegean-Anatolian plate.

The forced westward expulsion and rotation of the Aegean-Anatolian plate leads
to the change in deformation across the plate, as well as the change in the velocity and

direction of the plate’s motion. It is generally accepted that the Anatolian plate rotates as
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a rigid block with an average velocity of at least 22 mm/year, while the Aegean block
deforms internally and has a average velocity of 30 mm/year (velocities are 25 mm/year
near the coast of Turkey and 30-35 mm/year at the southwestern part of the Hellenic arc)
(Papazachos, 1999). The deformation within the Aegean block is mainly in the form of
east-west trending grabens created by north-south extension. There is some disagreement
over whether the Aegean-Anatolian plate acts as one rotating plate or as two plates
separated by a distinctive plate boundary. Reilinger et al. (1997) suggest that the two
regions act as one rotating entity and that the increase of internal deformation towards
the south-west can be explained by the close proximity of the southwest portion of the
plate to the pole of rotation. Papazachos (1999) (as well as Jackson and Mckenzie, 1988)
however, suggested that the rate of plate motion in the Aegean region is much higher than
can be explained by the single rotating plate theory. They, therefore, suggest that although
a distinct boundary has yet to been defined, the two plates must be separate entities. The
boundary is thought to lie over a diffuse zone of east-west trending extensional grabens

that lie near the south and west coast of Turkey. They also suggest that the Aegean

plate’s rate of deformation is explained by a combination of the forces translated from the

rotating Anatolian plate and from an additional north-south extensional field.

1.6 Purpose and Scope

As mentioned in the introductory section, the purpose of this thesis is to use

reflection seismic data to provide an interpretation of the structurally complex Cilicia



Basin. The interpretation should provide insight into the evolution of the basin and of the
entire Eastern Mediterranean since Miocene time. The research to be completed for this
thesis is part of a research project between the Memorial University of Newfoundland and
the Institute of Marine Sciences and Technology at Dokuz Eylil University in [zmir,
Turkey. The focus for this project will be data from the Outer Cilicia Basin. The Inner
Cilicia and other nearby basins have been investigated more extensively by previous
workers within the research group. The seismic data that will be used to complete this
analysis was collected mainly during a marine multi-channel seismic reflection survey in
1992. Some of the data collected during this survey, mainly from the inner basin, have
been processed and interpreted by previous workers. The remaining unprocessed data are
to be taken from shot records to fully interpretable seismic profiles as part of this thesis

progress.
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Chapter 2

2.1 Regional setting

The Cilicia Basin is one of four genetically related Neogene-Quaternary basins
that make up the sea-floor of the north-east Mediterranean Sea (see Figure 2.1). The
bathymetry of the seafloor is controlled by major tectonic features and by sediment input
from rivers that flow into the area from onland Turkey (Aksu et al., 1992 a,b). These
major tectonic features create bathymetric highs on the seafloor and separate the basins
into individual depocentres (see Figure 2.2). Within each of the basins the water depth
gradually increases from the continental shelf to the central area, where water depths
reach a maximum of 1300 m. West of the Cilicia Basin, the water depth drops to well

over 2500 m into the Antalya Basin (Aksu et al., 2005).

The underlying crust of the north-east Mediterranean sea is a normal continental
type extending from the Asian continent. The continental crust thins rapidly passing from
southern Turkey, where it is ~36 km, to south of Cyprus, where it is ~14 km (Riad et al.,
1981). South of Cyprus the composition of the crust changes to a more intermediate type
and is therefore thought to be a part of the African plate. The crust thickens southwards

away from Cyprus towards the Sinai Peninsula (Riad et al., 1981).
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Figure 2.1: Bathymetry map of Cilicia and Latakia basins (edited from Aksu et al., 2005). Compiled using the echo
sounder data collected during RV Piri Reis cruises 1991 and 1992 and the International Bathymetric Chart of the
Mediterranean (Intergovernmental Oceanographic Commission, 1981).
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Figure 2.2: Map showing the basins of the north-east Mediterranean and the locations of the main physiographic and
structural features in the study area (edited from Aksu et al., 2005).



2.2 The basins of the northeastern Mediterranean Sea

The Neogene-Quaternary basins that lie in the forearc of the Cyprus Arc are, from
east to west, the Iskenderun Basin, the Lakakia Basin, and the Adana Basin with its
offshore extension, the Cilicia Basin (see Figure 2.1). The Misis-Kyrenia fault, a
Miocene compressional feature, separates the Iskenderun and Latakia Basins in the east
from the Adana and Cilicia Basins in the west (see Figure 2.2). The Iskenderun and
Latakia Basins form a fairly continuous structure, separated by a north-west trending
extensional fault zone. The Cilicia and Adana Basins also form a continuous structure,
with the onland Adana area being the infilled portion of the basin (Aksu et al., 1992 a).
Each of the basins is north-east trending, rectangular to rhombohedral shaped depressions
that have been subsiding since mid to late Miocene time. The Miocene to Quaternary
stratigraphy is similar for each of the basins and consists of more than 1000 m of early
Miocene siliclastics, marls and marly limestones, between 500 m and 1000 m of
Messinian evaporites and 300-2000 m of Pliocene-Quaternary deltaic deposits, all
overlying a pre-Miocene orogenic belt (Aksu et al., 1992 a; Mulder et al., 1975). There
are at least two common erosional unconformities seen in all four basins: the first at the
base of the early Miocene succession, the second at the base of the Pliocene-Quaternary
succession. Four rivers (Seyhan, Ceyhan, Tarsus and Goksu) provide most of the
siliciclastic input into the basins (Aksu et al., 1992 b). Three of the four rivers, namely
the Seyhan, Ceyhan and Tarsus Rivers, form a major deltaic complex that occupies the
Adana Basin. This leaves a much wider continental shelf in the Adana basin than in the
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other three basins (see Figure 2.1). Most of the published data pertaining to these basins
has concentrated on the structural and sedimentary evolution of the Pliocene and

Quaternary succession.

2.2.1 The Iskenderun Basin

The Iskenderun Basin is bounded by the Misis mountains to the north-west, by a
basement high flanking the Amanos fault zone to the south-east, and by an extensional
fault zone that separates it from the Latakia Basin to the south-west. The basin has been
divided into inner and outer zones based upon changes in structural and stratigraphic
architectures (Aksu et al., 1992 a). The inner basin is characterized by an extensional
fault zone which controls the sediment deposition in this part of the basin. There are at
least two families of steep normal faults that affect the Quaternary succession: 1) a set of
north-east trending faults that lie parallel to the Misis lineament, 2) a north trending, east
dipping listric fault fan, which splayed from the southeastern boundary fault. Sediment
distribution in the Iskenderun Basin is controlled by the architecture of the basin, the
subsidence rate, and the distance to the sediment source (Aksu et al., 1992 b). These
controls leave most of the coarse grained sediment trapped on the shelf and only finer

grained shales in the deeper basin.

2.2.2 Latakia Basin

The Latakia Basin is bounded by the Misis-Kyrenia fault zone to the west, the
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Iskenderun Basin to the north-east and the Amanos-Larnaka ridge to the south and east.
The onland Cyprus extension of this basin is called the Mesaoria Basin. The structural
architecture of the Latakia Basin is complicated and involves both compressional and
extensional tectonics (Aksu et al., 1992 a). The internal structure of the basin consists of
a fairly narrow shelf in the eastern part of the basin, a 25 km zone dominated by normal
faulting associated with the shelf to basin transition, and an outer zone controlled by
halokinetic structures (Aksu et al., 1992 a). The extensional fault systems found within
the basin are orthogonal to the basin-bounding faults found along the eastern and north-
west boundary of the basin. The basin bounding structures are northwest-trending and
southwest-dipping normal faults, which are associated with a large rollover structure
containing mainly south-westerly dipping faults that cut the Quaternary succession and
detach within the Messinian layer (Aksu et al., 1992 a). In the north-west portion of the
basin, a thrust front associated with the Misis-Kyrenia fault zone affects the entire

succession (Aksu et al., 1992 a).

The Pliocene-Quaternary sediment fill in the Latakia Basin mainly consists of silt
and muds that were deposited in pro-delta plumes derived from delta plains within the
Adana Basin (Aksu et al,1992 b). Most of the sediment has been trapped on the
subsiding shelf leaving deposition in the outer basin limited to mainly muddy turbitity
currents (Aksu et al., 1992 b). The sediment deposition within the outer basin is
controlled by, and often records, the growth of their associated salt structures (Aksu et
al.,1992 b).
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2.2.3 The Adana and Cilicia Basin

The Adana and Cilicia Basins form the onland and offshore portions of a
continuous structure and will therefore be addressed together. The basins form an arcuate
depocentre bounded to the north by the Taurus mountains and Ecemis fault zone of south
Turkey, to the south-east by the Misis-Kyrenia fault zone, to the south by the Kyrenia
mountains of northern Cyprus and to the west by a submarine basement high, called the
Anamur-Kormakiti complex (Aksu et al., 1992 a) (see Figure 2.2). The Cilicia Basin can
be separated into two domains, namely the Inner and the Outer Cilicia Basin, based on
differences in structural architecture. These two domains are separated by an elongate

salt ridge with an overlying collapse graben (Aksu et al., 1992 a) (see Figure 2.3).

The inner basin extends south-westwards from the Adana Basin, along the
Turkish continental shelf. The main structural feature of the Inner Cilicia Basin is a
north-west trending imbricate extensional fault fan with north and south dipping
synthetic and antithetic listric faults which sole into a Messinian detachment surface (see
Figure 2.4) (Aksu et al., 1992 a). The imbricate fan trends perpendicular to the Misis-
Kyrema fault zone and has a cross sectional width of ~ 50 km. The listric faults within
the imbricate fan show a large amount of rotation and significant sediment growth
throughout the Pliocene-Quaternary succession (Aksu et al., 1992 a). The structure is
quite different within the onland Adana Basin, as described by Williams et al. (1995).

One trend exists in the northern Adana Basin with a north-northwest-south-
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Figure 2.3: Map showing the main structural and physiographic features of the Cilicia Basin (edited from Aksu
et al., 2005).
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Figure 2.4: Map showing faults of the Inner Cilicia basin and the major
surrounding fault systems (edited from Aksu et al., 2005).
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southeast trending and west-southwest dipping extensional fault fan. The second trend is
called the Imamoglou fault zone and is interpreted as a north-south trending positive
flower structure that affects the upper Miocene and younger deposits (Williams et al.,

1995).

Due to a southerly dip within the Adana Basin, the sequences that outcrop in the
north are at depth to the south in the Inner Cilicia Basin. The stratigraphy of the Adana
Basin, as described by Williams et al. (1995), consists of lower Miocene reefal deposits
overlain by turbidite sediments all overlain by progradational deltaic deposits.
Exploration drilling results have also proved the presence of the Messinian salt layer
directly overlying the Miocene reefal deposits within the basin (Gorur, 1995). Due to the
slower subsidence rate and close proximity to sediment supply, Pliocene-Quaternary
sedimentation has ‘filled’ the Adana Basin in comparison to the Inner Cilicia Basin. The
sediment supply comes from deltas including those of the Seyhan, Ceyhan and Taurus
rivers (Aksu et al., 1992 b). Although the Goksu river delta is a significant sediment
source for the Outer Cilicia Basin, it deposits too far to the south-west to largely affect

Adana’s or the Inner Cilicia Basin’s sediment fill (see Figure 2.1).

Modern sedimentation within the Inner Cilicia Basin predominantly occurs within
30 km of the shoreline and consists of silt and mud from pro-delta plumes, with limited
sand sheet deposition occurring during major transgressions (Aksu et al., 1992 b).

Sedimentation is concentrated near the shoreline because subsidence rates across the delta
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plain are sufficient to create accommodation space, leaving only limited sediment

available to pass into the deep basin. The depositional architecture of the older sequences
suggest that similar deposition processes operated throughout the Quaternary. The Cilicia
Basin’s average subsidence rate was calculated to be 0.33 cm/ 1000 yr, with a higher

subsidence rate calculated for the inner basin (Aksu et al., 1992 b).

The Outer Cilicia Basin lies between the continental shelf of Turkey to the north
and the continental shelf of Cyprus to the south (see Figure 2.1). The outer basin is
deeper than the inner part of the basin at about 1000 m and contains a thinner Pliocene-
Quaternary sediment package (Aksu et al., 1992 a). The top of Messinian evaporites is
also about 1000 m shallower than in the inner basin (Aksu et al., 1992 a). As mentioned
above, the structures found in the basin are mainly controlled by salt diapirism. East-west
trending diapirs with transparent cores were noted by Smith (1977) and were interpreted
to be salt cored based on the velocity of the rising sediment. Evans et al. (1978) used
seismic data to classify the same system of diapirs into one of several east-west trending
morphologic zones within the Outer Cilicia Basin. The zones, from north to south,
include the Turkish continental shelf, which is underlain by well stratified sediment cut
by a zone of faults at its outer edge. Farther south, along the continental slope there is a
zone of well stratified sediments that develop by progradation of the shoreline and shows
complicated slumping features. Also in this zone, a keystone graben forms at right angles
to the shelf just west of the Goksu delta. The next zone occupies the central basin, at the
base of the slope, and is characterized by well stratified sediment folded into low
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amplitude east-west trending anticlines and synclines. Farther south, into the next zone
described, the anticlines increase in amplitude and many are salt-cored. These anticlines
were interpreted to be asymmetric, with limbs being steeper, and possible thrusting, to the
south. The zone of anticlines then ends fairly abruptly leaving flat lying sediment for the
next zone. Farther south, the flat-lying sediment is cut by north dipping, low angle faults
and finally growth faults at the foot of the slope. In this zone, there are surface
depressions over highs in the M-reflector. They interpreted these to be either solution
related collapse structures or as toes of rotational slumps. The next, and most southerly

zone, s the narrow slope and shelf of Cyprus.

The most distinctive feature of the Outer Cilicia Basin is the salt cored anticline
zone described above by both Smith (1977) and Evans et al. (1978). These anticlines are
oriented approximately 45 degrees to both the basin bounding faults and the extensional
imbricate fan seen in the inner basin. This suggests that the formation of these salt
structures is not related to the deformational forces that form other structures in the basin
(Aksu et al., 1992 a). The salt structures are thought to be related to diapirism triggered

by the underlying pre-Messinian basement structure (Evans et al., 1978, Aksu et al.,

2005).

Evidence suggests that the basin was infilled asymmetrically from a sediment
source in the north-north-east, with little contribution from Cyprus or western Turkey

(Evans et al., 1978). As mentioned above, the sediment source is from the delta plains of
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the Seyhan, Ceyhan and Taurus rivers, as well as the Goksu river delta, which deposits
just south-west of the Adana basin. The sediment found in the basin is mainly silt and
mud deposited when the paleoshorelines were furthest south in the Cilicia Basin (Aksu et
al.,, 1992 b). During these times, limited sandy turbidites may also have been deposited
through turbidity current channels in the west part of the basin. Evidence for the sand
deposits include thin reflective units with a ponded depositional style between the salt
anticlines (Aksu et al., 1992). Turbidite basins, formed along these current channels, are
one of the two main types of depocentre found in the Outer Cilicia Basin. The other type
is controlled by halokinesis and appear as rim synclines on the flanks of rising salt
