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Abstract: The East Anatolian Fault System (EAFS) is a 30-km-wide, 700-km-long and NE-trending sinistral strike-
slip megashear belt between the Anatolian platelet in the northwest and African-Arabian plates in the southeast. It
is located between Karliova County in the NE and Karatas (Adana)-Samandag (Antakya) in the SW. In the Lake
Hazar region, the EAFS consists of five fault zones. These are, from north to south, the Elazi§ fault zone, the
Uluova fault zone, the Sivrice fault zone, the Adiyaman fault zone and the Lice-Cermik fault zone; in previous
studies only the Sivrice fault zone has been reported to be part of the EAFS. The 2-4-km-wide and 180-km-long
Sivrice fault zone contains the master fault of the system. It bifurcates into several sub-fault zones and isolated
faults resulting in a 5-km-wide, 32-km-long, active lensoidal depression bounded by a series of short to long and
curved fault segments with considerable amounts of normal-slip component, particularly on the southern margin.
This strike-slip depression was previously reported and interpreted to be a classical pull-apart basin or rhomb-
graben basin originating from a left step-over located in the northeastern corner of Lake Hazar. In contrast to this
earlier interpretation, our detailed field geological mapping of active faults indicates that there is no any left step-
over at the northeast corner of Lake Hazar. In lieu of this, the master fault of the EAFS bifurcates into two sub-
strands nearby Kartaldere village in the east which then run in a SW direction across Lake Hazar resulting in two
sub-parallel lensoidal depressions separated by an intervening horst. This strike-slip geometry is here termed a
negative flower structure. This interpretation is supported by basin-ward curved boundary faults with considerable
normal-slip component of movement and by the bathymetry of Lake Hazar.

Back-tilted fault blocks, uplifted and dissected Plio—Quaternary terrace conglomerates, fan-delta deposits and
associated syn-sedimentary structures indicate that neotectonic infill of the basin has accumulated under the
influence of a strike-slip tectonic regime. The left-lateral strike-slip amount and the vertical throw amount
accumulated along the Sivrice fault zone are 9 + 1 km and 1317 + 10 m, respectively. These values yield strike-
and vertical-slip rates of 4 mm/yr and 0.5 mm/yr, respectively, along the Sivrice fault zone. However, the slip rates
along the EAFS must be greater because the EAFS around Lake Hazar consists of five fault zones which all share
the slip rate
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Hazar Gélii Havzasi: Dogu Anadolu Fay Sistemi (DAFS) Uzerinde
Bir Negatif Cicek Yapisi, GD Tirkiye

Ozet: Dogu Anadolu Fay Sistemi (DAFS) kuzeybatida Anadolu ve giineydoguda Arap-Afrika levhalari arasinda yer
alan, ortalama 30 km geniglikte, 700 km uzunlukta ve KD-gidisli, sol yanal dogrultu atimli biyik bir makaslama
Kusagidir. DAFS kuzeydoguda Karliova ilgesi ile glineybatida Karatas (Adana)-Samandag (Antakya) arasinda yer
alir. Hazar Golu bolgesinde, DAFS bes fay kusagindan olusur. Bunlar kuzeyden glneye dogru Elazid, Uluova,
Sivrice, Adiyaman ve Lice-Cermik fay kusaklaridir. Halbuki 6nceki calismalarda, DAFS, yalnizca Sivrice fay kusagi
olarak tanitilmistir. 2-4 km genisliginde ve 180 km uzunlugundaki Sivrice fay kusadi DAFS'nin ana fayini icerir ve
birkag alt fay kusagi ile ¢ok sayida tekil faya ayrilir; bdylece 5 km geniglikte, 32 km uzunlukta, Kenarlari 6nemli
miktarda normal atim bileseni olan, Kisa ve uzun bir seri fay segmenti ile sinirlanmig, ginimizde blyumesini
surduren, mercek bicimli bir ¢coklntl olusturur. Dogrultu atimli bu fay ¢okintisu, daha énce, DAFS’nin ana fayinin,
Hazar golinin kuzeydogu Kosesinde sola sigramastyla olusmus, klasik bir ¢ek-ayir havza ya da eskenar doértgen
bicimli bir graben havzasi olarak yorumlanip rapor edilmistir. Bu gérustn aksine, aktif faylarin ayrintili haritalamasi
ve faylarin geometrisi (dagilim bicimi ve birbirleriyle iliskisi) ana fayin, Hazar Goli kuzeydodu kosesinde sola
sicrama yapmadigini acik¢a ortaya koymustur. Bunun yerine, ana fay, daha doguda yer alan Kartaldere koyu
yakinlarinda iki alt kola ayrilmakta ve bu iki alt kol glneybati yoninde Hazar Goli boyunca guneybatiya dogru
devam ederek, birbirinden bir yikselti ile ayrilan, yari paralel ve mercek bicimli iki ¢okintinin olusumuna yol
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acmaktadir. Dogrultu atimli bu yeni geometri burada negatif cicek yapisi olarak yorumlanip adlanmistir. Bu yorum
ayni zamanda, 6nemli miktarda normal atim bileseni olan ve havzaya dogru i¢ bikey kenar faylari ve Hazar

Golu’'nln batimetrisi tarafindan da desteklenmektedir.

Yikseltilmis ve parcalanmis Pliyo—Kuvaterner yash taraca cakiltaglari, geriye faya dogru egdimlenmis fay
bloklari, fay-denetimli yelpaze tortullari ve onlarin sedimantasyonla yasit i¢ yapilari bu fasiyeslerin dogrultu atimli
bir tektonik rejimin denetiminde ¢okeldigini gdstermektedir. Sivrice fay kugsadi boyunca birikmis olan sol yanal
dogrultu atim miktari ve disey atim miktari sirayla 9 = 1 km ve 1317 + 10 m olarak &l¢ilmustir. Bu degerler,
Sivrice fay kusagi Uzerindeki yillik yanal ve dusey kayma hizlarinin sirayla 4 mm/yil ve 0.5 mm/yil oldugunu
gosterir. Ancak, DAFS Uzerindeki kayma hizlari bu degerlerden ¢ok daha bulyuktlr, ¢lnki DAFS, Hazar Golu
bolgesinde, bes fay kusagindan olusmakta ve kayma hizlari yalniz Sivrice fay kugsagi tarafindan degil, tum fay

Kusaklari tarafindan bolistlmektedir.

Anahtar Sézcukler: Dogu Anadolu Fay Sistemi, Hazar Golu havzasi, negatif cicek yapisi, Turkiye

Introduction

Strike-slip basins are structural depressions caused by a
range of movement complexities along strike-slip fault
zones. The general term ‘pull-apart basin’ in this area was
first suggested by Burchfiel & Stewart (1966) based on
the term ‘Rhombochasm’ of Carey (1958). A number of
field works have subsequently been carried out on strike-
slip basins in California (e.g., Hill & Dibble 1953; Crowell
1974a, b; Harding 1976; Sylvester & Smith 1976;
Christie-Blick & Biddle 1985) which have attracted the
attention of structural geologists worldwide. In addition
during the last 30 years, a number of experimental and
field studies have been carried out on the origin and
evolutionary history of strike-slip basins (e.g., Ballance &
Reading 1980; Rodgers 1980; Schubert 1980; Aydin &
Nur 1982, 1985; Mann et al. 1983; Biddle & Christie-
Blick 1985; Harding 1985; Manspeizer 1985; Kogyigit
1988, 1989; Ingersoll & Busby 1995; McClay & Dooley
1995; Nilsen & Sylvester 1995; Rahe et al. 1998).

Two well-known strike-slip fault systems are the
North Anatolian dextral strike-slip fault system and the
East Anatolian sinistral strike-slip fault system. The
intervening Anatolian platelet has been escaping in WSW
direction between these faults towards the easily
subductable oceanic crust of the African Plate since Late
Pliocene (~ 2.6 Ma) (Hempton 1987; Kogyigit et al.
2001). It has also been suggested that the active tectonics
of Turkey is being dominated by the continuing westward
escape of an Anatolian block along these same structures
(Sengoér et al. 1985). A number of strike-slip basins of
dissimilar geometry have developed on these two strike-
slip fault systems including the Sea of Marmara,
Adapazari, Duzce, Bolu, Yenicaga, Cerkes-ligaz, Tosya,
Havza, Niksar, Kazova, Susehri, Golova, Erzincan on the
NAFS, and the Bingdl, Lake Hazar and Gdlbasi basins on
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the EAFS (e.g., Aydin & Nur 1982; Hempton et al. 1983;
Barka & Hancock 1984; Hempton & Dunne 1984;
Sengor et al. 1985; Crampin & Evans 1986; Kogyidit,
1988, 1989, 1990, 1996; Tutkun & Hancock 1990;
Bozkurt & Kogyigit 1996; Westaway & Arger 1996;
Gorur et al. 1997; Okay et al. 1999).

One of the well-developed strike-slip basins located on
the EAFS is the Lake Hazar basin. It was previously
studied and interpreted to be a classical pull-apart basin
caused by left-stepover of the master fault at the eastern
tip of the basin (Hempton & Dunne 1984). In contrast to
this latter interpretation, the Lake Hazar basin seems to
be a negative flower structure rather than a classic pull-
apart basin or rhomb-graben basin or rhombochasm
(Burchfiel & Stewart 1966; Robert & Hatcher 1990)
based on the bathymetry of Lake Hazar, the strike-slip
pattern of margin-boundary faults, and strike-slip
complexities developed in and around the Lake Hazar
basin. A major aim of the present paper is to present new
field data on the origin of the Lake Hazar strike-slip basin
and discuss its origin in the light of new field data and
previous literature. As in the case of both the NAFS and
the EAFS, fault segments comprising these two
megashear belts have not been mapped in detail. This
situation has lead to a series of misinterpretations of fault
geometry, propagation and related basin formation as
well as age and slip rate estimates on the fault segments.
For this reason, the second aim of this paper is to present
new data on total displacement, slip rate and propagation
of fault segments together with their detailed field
geological map.

Tectonic Setting

Turkey is a seismically active and geologically complicated
area within in the Eastern Mediterranean seismic belt
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(Figure 1a). The geological complexity is shaped by fold-
thrust fault belts, strike-slip faults and related basin
formations. These characteristics of mainland Turkey
form a natural laboratory for observing deformation
during intracontinental convergence and tectonic escape
(Dewey et al. 1986). This geologically complicated
deformation pattern of Turkey has been formed by the
demise of the Tethyan seaway, the Bitlis Ocean, between
Indian Ocean and Mediterranean Sea, and by continent-
continent collision of northerly moving Arabian plate and
the Eurasian plate in the Late Serravalian (Sengor &
Yiimaz 1981; Dewey et al. 1986). These authors accept
this as the initiation age of the neotectonic regime in
Turkey. After final collision and formation of the Bitlis
suture zone, the N-S-directed intracontinental
convergence between the Arabian and Eurasian plates
continued over a time period of ~9 Ma. This transitional
period between the contractional palaeotectonic and the
strike-slip neotectonic regimes has resulted in a series of
deformations associated with thickening of crust,
regional tectonic uplift, E-W-trending folds, thrust to
reverse faults, resetting of new drainage system, the
disappearance of marine conditions, the development of
short to long stratigraphic gaps and predominantly calc-
alkaline volcanic activitity (e.g., Sengér & Kidd 1979;
Innocenti et al. 1980; Dewey et al. 1986; Saroglu &
Yilmaz 1987; Yimaz et al. 1987; Ercan et al. 1990;
Kogyigit & Beyhan 1998; Kogyigit et al. 2001). The
contractional deformation and development of fold-thrust
belts continued until the Late Pliocene, and was then
replaced by the emergence of a neotectonic contractional-
extensional regime (dominantly strike-slip faulting-
related tectonics) evidenced by occurrence of a series of
inversions in deformational style, types of geological
structures, the nature of sedimentation and basin
formation, geochemical characteristics of the volcanic
activity (e.g., from calc-alkali nature to dominantly alkali
composition), and the nature of seismic activity triggered
by formation of two intracontinental transform fault
boundaries (North Anatolian dextral strike-slip fault and
the East Anatolian sinistral strike-slip fault systems) and
west-southwestward escaping Anatolian platelet along
these two megashears (e.g., Hempton 1987; Kogyigit &
Beyhan 1998; Yilmaz et al. 1998; Kogyidit et al. 2001).
Hence the initiation age of strike-slip dominated
neotectonism in eastern Turkey is Late Pliocene (Kogyigit
et al. 2001).

The present-day neotectonic configuration of Turkey
and its neighborhood is shaped mostly by the NAFS and
the EAFS. The easternmost tip of the NAFS runs further
east of the Karliova near to the west of Nemrut volcano
and is therefore about 1600 km long and a few km to
100 km wide (owing to its wide-spread bifurcation
around Sea of Marmara). It runs in an approximately
E-W direction across northern Turkey and forms the
boundary between the Eurasian plate in the north and the
Anatolian platelet in the south. The EAFS is on average 30
km wide, and a 700 km long approximately NE-trending
sinistral megashear located between Karliova in the
northeast and Karatas to Samandag counties in the
southwest (Figure 1a) (Arpat & Saroglu 1972; Kogyigit et
al. 2003). These two megashear belts meet in the
Karliova transform-transform triple junction (Sengér
1980). The active strike-slip deformation and related
features, very high seismic activity and the westward
migration of activity defined by the occurrence of a
succession of devastating earthquakes along the NAFS in
the last century has attracted attention of a number of
both native and foreign scientists and made it one of the
best-known tectonic structures in world. The EAFS is not
so well known as the NAFS, although it has similar
deformational characteristics and seismicity. A number of
detailed geological and seismological works have been
carried out on the EAFS (e.g., Arpat & Saroglu 1972;
Seymen & Aydin 1972; Gilen et al. 1987; Saroglu et al.
1987; Perincek et al. 1987; Tatar 1987; Perincek &
Cemen 1990; Taymaz et al. 1991; Herece & Akay 1992;
Lyberis et al. 1992; Saroglu et al. 1992; Reilinger et al.
1997; Ambraseys & Jackson 1998; Rojay et al. 2001;
Guneyli 2002; Nalbant et al. 2002; Cetin et al. 2003;
Gursoy et al. 2003; Kogyigit et al. 2003; Ergin et al.
2004; Kaya 2004). However, works dealing with strike-
slip complexities and basin formation are very limited
(e.g., Hempton & Dunne 1984; Muehlberger & Gordon
1987; Westaway & Arger 1996; Kocyigit 2003). In
addition, the NAFS is capable of producing devastating
earthquakes with magnitude 7 and greater. With the
exception of the Bingdl-Karliova section, the remainder is
in the nature of a seismic gap for at least a time slice of
130 years (Ambraseys & Jackson 1998; Guneyli 2002;
Kogyigit et al. 2003; Cetin et al. 2003). Such zones are
possible sites of future destructive earthquakes. For these
reasons, this present paper focuses on strike-slip
complexities to the segmentations and basin formation
with special emphasize on the origin of the Lake Hazar
basin.
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Stratigraphy

The pre-Pliocene rocks exposed in the Lake Hazar basin
and its neighborhood are here termed basement rocks
(Figure 2). They consist of Palaeozoic—Mesozoic Pétirge
metamorphics, Jurassic—-Lower Cretaceous Guleman
ophiolites,  Senonian  Elaziy  igneous  rocks,
Maastrichtian—Upper Paleocene Hazar and the Middle
Eocene Maden Group. Detailed information on the
basement rocks may be found in Hempton (1985),
Sungurlu et al. (1985), Herece & Akay (1992), Aksoy

(1993), and Celik (2003). The Plio—Quaternary basin fill,
accumulated under the control of margin-boundary faults
of the Lake Hazar basin and are here considered to be
neotectonic units (Figure 3). They rest with angular
unconformity on the erosional surface of older basement
rocks and consist mainly of, from bottom to top,
travertines, braided stream deposits, fault terrace
deposits, lacustrine deposits, braided stream to delta
plain deposits, fan-delta deposits and marsh deposits
(Figure 3a). Their various characteristics are described in
more detail below (Figures 2 & 3).

GSFS: Gezin-Sivrice fault set
KGFS: Kartaldere-Golardi fault set
UKFS: Uslu-Karagali fault set
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Figure 2. Neotectonic map of the Lake Hazar region.
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Figure 3. (a) Generalized stratigraphical column of the Lake Hazar basin infill; (b) measured section of fan-delta deposits from the
Saklidere fan-delta on the southwestern corner of the Lake Hazar; (c) measured section of fluvial deposits in the Kirk
stream. See Figure 2 for location of b and c.
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Travertines

These occur in a series of fault-parallel isolated outcrops
ranging from tens of m” to a few km” in the southwest
of Kartaldere village where the master fault of the EAFS
bifurcates into two main strands (Figure 2). However,
they are more spread on the northern strand than the
southern one. Travertines overly unconformably older
ophiolitic rocks and occur in terrace and channel types but
are not fissure and banded in pattern. They consist of thin
and porous laminae and are up to 25 m in total thickness.
They are Plio—Quaternary in age; some are still actively
growing in a natural response to fault activity.

Fault Terrace Deposits

These mostly occur in an uplifted and perched pattern
along the downthrown blocks of the southern margin-
boundary faults of the Lake Hazar basin. However, it was
not possible to plot them on the map due to the scale of
map used during the field geological mapping. Terrace
deposits are unsorted and loose to weakly consolidated
conglomerates deposited by debris flows. They consist of
various-size (boulder-block, cobble, pebble) of angular
sediment set in a sandy-silty matrix. They are
Plio—Quaternary in age and measure 50 m in thickness.

Fan-Delta Deposits

These are one of the widespread deposits of the basin fill.
Fan-delta deposits are products of two different drainage
systems: (a) relatively high-angle marginal drainage
system or transverse drainage system, and (b) low-angle
axial drainage system. Indeed, the main factors
controlling both these drainage systems and the delta
developments are a slope angle of 3° (Dunne & Hempton
1984) and active faults; the latter are evidenced by the
occurrence of soft-sedimentary deformational features in
Holocene sediments. The marginal drainage system-
dependent fan-deltas are exposed on both the northern
and the southern fault-controlled margins of the Lake
Hazar basin. However, they are better developed on the
southern margin than on the northern one. Fan-deltas
observed along the southern margin are small in size and
characterized by bottom-set beds, fore-set beds and top-
set beds of Gilbert-type cross-beds (Figure 3). Fore-set
beds dip 30° towards north into the basin. Beds
comprising Gilbert-type cross-beds consist of angular to

semi-rounded and imbricate cobbles—pebbles up to 15 cm
in diameter which alternate with sinusoidal sand ripples
and slumps.

The axial drainage system is represented by running
waters flowing in approximately NE- and SW-directions
into the Lake Hazar basin. Two of streams comprising
this drainage system are the Zikkim stream located in the
northeast and the Kurk stream in the southwest of the
basin (Figure 2). The axial drainage system-dependent
fan-deltas are characterized by combined mouth bar
deposits accumulated at the mouths of these fault-
parallel-flowing streams with low slope angle. In general,
the drainage basin of the second system is much wider
than the first system.

Nearby the source areas of the fault-parallel-flowing
Kurk stream, coarse-grained braided river deposits are
dominant and consist of thick-bedded, unsorted, rounded
to semi-rounded sediments accumulated by debris flows.
In general, away from the source area or close to the
lake, low-gradient streams comprising the axial drainage
system first grade into fan plains and then into straight
or slightly sinusoidal isolated distributary channels. In
these depositional settings, a delta plain sediment
assemblage, composed of braided fan plain and lacustrine
coastal facies, is dominant. At the mouth of the
distributary channels large, combined, gentle and fine-
grained mouth bar sediments are deposited. Current
ripples included in the channel deposits indicate
transportation from SW to NE. The other widespread
lithofacies accompanying to the mouth bar deposits is the
fine-grained, dark coloured and organic material-rich
marsh facies, which consists of silt, clay and mud. Inside
the present-day channels, gravel to rubble bars formed by
seasonal floods have accumulated. Alternation of well-
sorted finer sand, silt and clay of dissimilar thickness is
the diagnostic facies of the distal part of the delta.
Consequently, contemporaneous development of two
different delta sedimentations along the coastal areas of
the Lake Hazar basin implies a tectonic control on the
sedimentation.

Alluvial Fans

In the northeastern terrestrial part of the Lake Hazar
basin, a number of fault-parallel and diverse-sized alluvial
fans occur (Figure 2). The proximal parts of these fans
consist of weakly bedded to loose, coarse-grained,
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unsorted, sand-supported sediments accumulated by
debris flows. Clast sizes in these sediments ranges from a
few mm to 1 m in diameter. The medial parts of the fans
consist of sand-sized and well-bedded sediments. The
distal parts of the alluvial fans are characterized by
alluvial plain deposits composed of thin-bedded to
laminated, finer sand, silt and dark brown clays. The total
thickness of the alluvial fans measures 5 m and they are
Holocene in age (Figure 3Db).

Morphotectonics

The Lake Hazar basin is an about 5-km-wide (maximum),
32-km-long and NE-trending lensoidal depression
originated from strike-slip complexities and sinistral
strike-slip faulting pattern. It narrows towards its NE and
SW tips, and the 20-km-long central part is occupied by
Lake Hazar with an average depth of 60 m (Biricik 1993)
(Figure 4). However, based on the bathymetric mapping
carried out by Huntington (1902) and Biricik (1993), the
maximum water depths are 210 m and 89 m,
respectively. Lake Hazar is divided into two long, narrow
and fault-parallel troughs separated by an intervening sill
elevated by the sub-strands of the master fault of the
EAFS (Figure 4). In addition, the water surface elevation
above sea level is 1240 m. The highest points at both
margins of the Lake Hazar basin are the 2347 m high
Sarbun Hill at the southern margin and the 2171 m high
Mastar Mountain at the northern margin of the basin,
i.e., the relief between the deepest point of the basin
floor and the highest points at the margins are 1317 m
and 1141 m, respectively (Figure 4). The southern
margin of the Lake Hazar basin displays a well-developed
and basinward-facing step-like morphology due to the
considerable amount of normal slip component along the
margin-boundary faults. However owing to the high
gradient transverse drainage system shaping the
southern margin, this morphotectonic pattern is highly
dissected (Figures 2 & 5). In particular the southern
margin of Lake Hazar basin is surrounded by a thick and
weakly consolidated fan-apron deposit formed by
coalescence of older isolated fans covering areas of 1-2
km?. However, the Upper Pliocene-Lower Quaternary
deposits are also overlain by a series of fault-parallel,
smaller and isolated Holocene fans with apices adjacent to
the basin margin-boundary faults. These morphotectonic
features suggest that the basin margins have experienced
an alternation of quiet and active phases of tectonic
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activity during the evolution of the Lake Hazar basin. This
is also evidenced by the boulder-block conglomerates and
finer sandstone, siltstone and mudstone alternations
separated by a number of intervening long and short-
term erosional gaps. One of the other morphotectonic
features shaping particularly the southern margin of the
basin is the uplifted and dissected fault terraces bounded
by margin-boundary faults displaying northerly facing
step-like morphology and slickensides. In places slopes of
young fans measure up to 18° as a natural response to
the increasing slope and high rate of deposition controlled
by the active margin-boundary faults. Accordingly, a
series of strike-slip related morphotectonic features are
well-exposed along the whole margin of Lake Hazar basin
and its neighbourhood. These features include fault-
parallel to obliquely orientated pressure ridges, shutter
ridges, compressional and releasing types of double
bends, lensoidal sag-ponds, long and narrow morphologic
troughs, S-shaped deflection to offset stream courses,
hanging valleys, beheaded streams and fault valleys
(Figure 6a, b ).

Sivrice Fault Zone (SFZ)

In and around the Lake Hazar basin, the EAFS was first
sub-divided into five major fault zones by Kogyidit
(2003). These are, from north to south, the Elazi§ fault
zone (EFZ), the Uluova fault zone (UFZ), Sivrice fault
zone (SFZ), the Adiyaman fault zone (AFZ) and the Lice-
Cermik fault zone (LCFZ) (Figure 1b). The Lake Hazar
basin is located on the central Sivrice fault zone and this
paper focuses only on faults comprising the Sivrice fault
zone described in detail below.

This is a 2-6-km-wide, 180-km-long and NE-trending
sinistral strike-slip fault zone located between Palu
County in the northeast and Yarpuzlu County in the
southwest (Figure 1b). The SFZ also contains the master
fault of the EAFS, and consists of three fault sets (Gezin-
Sivrice fault set, Kartaldere-Golardl fault set, Uslu-
Karacall fault set) and a number of isolated faults of
dissimilar size, nature and lengths (Figure 2). It also
contains a number of short and obliquely-orientated fault
segments in the nature of R and R’ (Figure 7) although
these fault segments were not mapped because of their
scale. The SFZ is also seismically very active as evidenced
by both the 3 May 1874 ground rupture-forming
historical earthquake sourced from the reactivation of the
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Figure 5. Geological cross sections showing typical step-like topography of the (a) northeastern and (b) southwestern margins and
related negative flower structure of the Lake Hazar basin.

Palu-Gezin section of the master fault (Ambraseys &
Jackson 1998; Guneyli 2002), and the occurrence of
seismicity-induced  soft-sedimentary deformational
features, such as the asymmetric folds, small-scale
normal faults, sand intrusions, water escape or load
structures, cycloids, flame-like structures, stretched and
segmented clayey silt beds deformed into irregular
waveforms and surrounded by very fine-grained sands
(Hempton & Dewey 1983). These soft-sedimentary
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deformation features occur as intercalations within a
Holocene sedimentary package, and are separated by
several undeformed (regularly-bedded) sedimentary
horizons of dissimilar thickness in the distal part of a fan-
apron deposit near the northeastern coastal plain of the
Lake Hazar basin. Such Kkinds of young soft sedimentary
deformational features have recently been attributed to
ground rupture-forming historical earthquakes (Hempton
& Dewey 1983; Vanneste et al. 1999).
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Figure 6. (a) Field photograph showing some of well-exposed strike-slip faulting related morphotectonic features. P— pressure ridge, t-
morphotectonic trough (northeastern terrestrial tip of the Lake Hazar basin, view to S); (b) field photograph showing step-like
morphology, basinward-facing steep fault scarp and S-shaped bended and deflected stream course (Salik stream bed) indicating an
active sinistral strike-slip faulting in the Lake Hazar region (southern margin of the Lake Hazar basin, view to S). See Figure 2 for
locations of field photographs.

Gezin-Sivrice Fault Set (GSFS). This is the 2-4-km-
wide, 180-km-long and NE-trending sinistral strike-slip
fault set located between Palu in the northeast and
Yarpuzlu in the southwest (Figure 1b). The GSFS consists
of a series of parallel and sub-parallel fault segments
(Figure 6a). The most significant fault segment is the
master fault of the EAFS. It enters into the area of
investigation in Palu in the northeast and runs in a SW
direction up to 1 km southwest of the village of
Kartaldere, where it bifurcates into two sub-strands,
namely the southern sub-strand and the northern sub-
strand (Figures 2, 6a & 8). The northern sub-strand
follows the same direction and enters into Lake Hazar 1
km north of the town of Gezin, and continues across Lake
Hazar up to the north of Sivrice County, where it
reappears on land; finally it runs in the same direction up
to near east of Kosebayir village, where it meets the
Kavalli isolated fault and terminates (Figures 2 & 4).
Older basement rocks such as the Jurassic—-Lower
Cretaceous Guleman ophiolite and the Upper
Cretaceous—Paleocene Hazar Complex are tectonically
Jjuxtaposed with the Plio—Quaternary basin fill along its
length and it also cuts across basin fill, in places.

Structural analysis of the growth faults measured at
station 1 (Figure 2) formed in tectonically controlled
basin fill reveals a localized extension in a ENE-WSW
direction (Figure 9a).

m
-
<
b“ 9
N
oot

P : secondary synthetic shear
T : thrust and reverse fault
(o and 63 : principal stress axes

R: synthetic Riedel shear

R': antithetic Riedel shear

N: normal fault

PDZ: principal displacement zone

Figure 7. Plan view of geometric relations between structures
(Ramsay 1967) formed during a simple shear deformation
history with shear parallel to the Sivrice fault zone.
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‘Gezin restraining
; ben :

Figure 8. General views of the sub-strands of the master fault and a well-developed restraining bend (Gezin restraining bend) in the
northeastern part of the Lake Hazar basin on the ASTER image.

' - ‘ om0 W extension
01 1255782 01 : 199712 »& compression
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A o, 075%8° Gy 201°/11° > normal fault

Figure 9. Lower hemisphere, equal area projection of principal stress axes constructed from fault-slip data using the Inversion Method

(Angelier 1994). Fault-slip data from basin infill deposits in site 1 (a) and Jurassic-Upper Cretaceous ophiolitic rocks in site 2
(b). See Figure 2 for locations.
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The southern sub-strand runs in a SW direction for 8
km distance, then results in a 2-km-long contractional
double bend, namely the Gezin restraining bend, near to
the SSE of the town of Gezin (Figure 8) where it enters
into Lake Hazar and runs in a SW direction up to 0.7 km
south of Sivrice County. It then reappears on land and
follows the same direction in and outside of the study
area (Figures 2 and 4). The northeastern section of the
southern sub-strand was previously termed to be the
‘Sivrice-Sincik fault’ by Herece & Akay (1992) and the
‘Gezin Fault’ by Guneyli (2002) and Cetin et al. (2003).
In the northeast, it tectonically juxtaposes the Hazar
complex with the basin fill, while it cuts through the
Guleman ophiolites and Maden Group in the southwest.
Palaeostress analysis of slip-plane data obtained on
slickensides preserved on ophiolitic rocks along the fault
reveals localized NNE-SSW contraction (station 2 in
Figure 2; Figure 9b).

Kartaldere—Golardi Fault Set (KGFS). This is an about
4-km-wide, 22-km-long and N60°E-trending fault set
located around the villages of Kartaldere and Golardi
(Figure 2). SSE of Golardi, the KGFS bends slightly south
and bifurcates into a series of parallel, sub-parallel and
curved fault segments resulting in a horsetail structure
and basinward-facing step-like morphology associated
with the evolution of the Lake Hazar basin. The northern
sub-strand and the KGFS determine and shape the
northeastern part of the Lake Hazar basin (Figure 2).

Uslu-Karagali Fault Set (UKFS). This is the 4-km-
wide, 25-km-long fault set located between Uslu village in

the southwest and 5 km southwest of the town of Gezin
in the northeast (Figure 2). The UKFS consists of a
number of diverse-sized, northwesterly curved to steeply
dipping fault segments. Along the south—southwest
margin of the Lake Hazar basin, these fault segments
display a back-tilted and basin-ward facing step-like
morphology and well-preserved slickensides with a rake
of up to 25° suggesting a considerable normal-slip
component (Figures 6b & 10a, b). The UKFS occurs
within the basement rocks, and shapes the
south—southwestern margin of the Lake Hazar basin.

There are also a series of short (5 km) and long (18
km), and approximately NW-trending isolated faults in
the nature of secondary right-lateral strike-slip faults
(R"). They mostly occur along the northwestern margin of
the Lake Hazar basin and divide this section of the basin
into a series of southwesterly-tilted blocks. Two of these
isolated fault segments are the Karatastepe and the
Kavalli faults (Figure 2).

Age, Displacement and Slip Rate on the Sivrice Fault
Zone

The sedimentary fill accumulated under the control of
margin-boundary faults of the Lake Hazar basin consists
mostly of weakly consolidated to loose fault terrace
deposits, fan-delta deposits, travertines and alluvial fans.
They are nearly flat-lying and rest with angular
unconformity on an erosional surface of deformed
(folded and reverse faulted) basement rocks of pre-Late

Figure 10. Field photographs showing close-up views of slickensides with a rake of up to 25° on the fault segments comprising the Uslu-Karacali
fault set. See Figure 2 for locations of field photographs.
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Pliocene age (Kerey & Tirkmen 1991; Aksoy 1993; Celik
2003). Therefore, the age of the neotectonic fill of the
Lake Hazar basin must be younger than Middle Pliocene,
possibly Plio-Quaternary.

In previous works (Arpat & Saroglu 1972, 1975;
Hempton 1985; Herece & Akay 1992; Turan 1993;
Turan & Giirocak 1997; Ozdemir & incedz 2003) it has
been reported that the total left-lateral displacement
accumulated on the master strand of the Sivrice fault
zone ranges from 9 km to 27 km, based on both the
structural and geomorphological markers such as offset
formation boundaries and drainage systems. In the
present study it has been observed and measured to be
6.5 to 9 km, respectively, based on the offset formation
boundaries in the west and east of the Lake Hazar basin
(Figure 11). The 9 km total displacement was
accumulated during the Plio-Quaternary (~2.6 Ma) and
yields a left-lateral slip rate of approximately 4 mm/yr. Of
course, the slip rate along the Sivrice fault zone may be
significantly greater than this value, because it represents
the slip rate on the master strand only; the SFZ consists
of a number of parallel to sub-parallel secondary fault
segments that also share slip along the Sivrice fault zone
(Figures 2 & 4).

In the same way, the faults comprising the SFZ are
not entirely pure strike-slip in nature. This is evidenced by
the negative flower structure nature of the Lake Hazar
basin and its particularly southern margin-boundary
faults displaying step-like morphology and slickensides
with slip lines raking at 25° and also indicating a normal
component (Figures 6b & 11). As has been explained in
foregoing chapters, this is also supported by the great
elevation difference (1317 and 1141 m, respectively)
between the floor of the Lake Hazar basin and peaks of
its both margins. Consequently, the total vertical
displacement along the SFZ is 1317 m, and yields a
vertical slip rate of ~ 0.4 to 0.5 mm/ yr.

Discussion and Conclusions

In general, the Lake Hazar basin is a ~5-km-wide, 32-
km-long and NE-trending strike-slip basin located
between Kartaldere in the NE and Kosebayir in the SW
(Figure 2). Its northeastern and southwestern parts are
terrestrial, but its central part is occupied by waters of
Lake Hazar. The main bulk of the basin is located on two
sub-strands of the master fault of the EAFS. The
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northeastern part of the northern sub-strand and the
southwestern part of the southern sub-strand were
previously termed as the offset parts of a single master
fault by Hempton & Dunne (1984) (Figurel2a). They
have also interpreted this geometrical relationship to be a
strike-slip complexity in the nature of a left step-over, on
which the Lake Hazar basin has nucleated and developed
into a classical pull-apart basin (Figure 12). In contrast to
their observation and interpretation, the fault geometry
obtained by our detailed field geological mapping of active
faults, and from the bathymetric map (Biricik 1993) of
Lake Hazar indicate that the master fault of the EAFS
bifurcates into two sub-strands 1 km southwest of
Kartaldere (Figure (8), and they run without resulting in
any left step-over across Lake Hazar up to Kosebayir
village in the west (Figures 2, 4 & 13 a). In this new
frame, the Lake Hazar basin seems to be a fault wedge
type of pull-apart basin originated from subsidence of an
intervening block bounded by two sub-strands of the
master fault (Crowell 1974a). Thus, the Lake Hazar basin
has originally nucleated on these two sub-strands of the
master fault, and evolved into its present-day
configuration in terms of both the sub-strands and the
other subordinate fault segments with considerable
normal-slip components (Figures 5, 6b & 13). Hence the
Lake Hazar basin is a negative flower structure (Figures
5 & 13) rather than a classical pull-apart basin or rhomb
graben basin (Figure 12).

Around the Lake Hazar basin, the EAFS is about 75
km in width, and consists of one isolated fault and five
fault zones. These are, from north to south, the Baskil
fault (BF), the Elazi§ fault zone (EFZ), the Uluova fault
zone (UFZ), the Sivrice fault zone (SFZ), the Adiyaman
fault zone (AFZ) and the Lice-Cermik fault zone (LCFZ)
(Figure 1). Based on the structural markers (offset
formation boundaries), the total left-lateral strike-slip
amount accumulated on the master strand of the EAFS
was observed and measured as 9 + 1 km. This value
yields a slip rate of about 4 mm/yr but the slip rate along
the EAFS must be greater than this because it is shared
by the other four fault zones and one isolated fault
comprising the EAFS (Figure 1). In the same way, at both
margins of the Lake Hazar basin, the faults comprising
the EAFS are not entirely pure strike-slip in nature. This
is evidenced by the negative flower structure nature of
the Lake Hazar basin, and its southern margin-boundary
faults (SFZ) displaying step-like morphology and



E. AKSOY ET AL.

AA': 6.5 km

~

/[ 7
[ [ 7 ‘ /
\/VVVVV\/V VVV\/V\/V\/V\/V\/V\/V\/ ) \/v)\/v/\///ﬁ/ / / /// /
% Vvvaﬂv Vv \/V\/ '\/v\///y\// / /
///VBV///////////// N
//////M/M////////////
O B i o 5 i S LR i i i i i s e A 4km
Z—7 / /
Plio-Quaternary ~.~.~.~.| Jurassic-Lower Cretaceous
basin fill -~~~ ~"~"| ophiolitic rocks
. | Middle Eocene Palaeozoic-Mesozoic
v Vv | volcanic rocks metamorphic rocks
ERRTES Upper Cretaceous = strike-slip fault
------------- sedimentary rocks

Figure 11.

(a) Geological map showing the tectonic juxtaposition between the Plio—Quaternary basin infill and older basement rocks, and

total displacement (A-A'= 6.5 km) accumulated along the two sub-strands of the SFZ; (b) geological map showing the left-lateral
offset (B-B'= 9 km) along the master fault of the Sivrice fault zone. See Figure 2 for locations.
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I master fault

secondary fault

— — — — probable fault

NW

Figure 12. (a) Map showing faults which control the structure of the Lake Hazar basin (Hempton & Dunne 1984); (b) schematic NW-SE cross-
section of the basin; (c) neotectonic and bathymetric map of the Lake Hazar basin (Huntington 1902).

slickensides with slip lines making a rake of 25° (Figures
6b & 11). Based on the great elevation difference (1317
and 1141 m, respectively) between the floor of the Lake
Hazar basin and peaks on both margins, the total vertical
displacement along the SFZ is estimated as 1317 + 10 m.
This value yields a vertical slip rate of ~ 0.4 to 0.5 mm/yr
on the Sivrice fault zone alone.
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