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Neotectonics of Turkey- a synthesis 

Erdin Bozkurt* 

Tectonic Research Unit, Department of Geological Engineering, Middle East Technical University, 06531 
Ankara, Turkey 

Ab~tract - Turkey forms one of the most actively deforming 
regions in the world and has a long history of devastating earth­
quakes. The better understanding of its neotectonic features and 
acti ve tectonics would provide insight, not only for the country but 
also for the entire Eastern Mediterranean region . Active tectonics 
of Turkey is the manifestation of collisional intracontinental 
convergence- and tectonic escape-related deformation since the 
Ear_ly Pliocene (-5 Ma). Three major structures govern the neotec­
tomcs of Turkey; they are dextral North Anatol ian Fault Zone 
(NAFZ), sinistral East Anatolian Fault Zone (EAFZ) and the 
~egean-cyprean Arc. Also, sinistral Dead Sea Fault Zone has an 
Important role. The Anatolian wedge between the NAFZ and EAFZ 
moves westward away from the eastern Anatolia, the collision zone 
between the Arabian and the Eurasian plates . Ongoing deformation 
~l ong, and mutual interaction among them has resulted in four dis­
tmct neotectonic provinces, namely the East Anatolian contrac­
tional, the North Anatolian, the Central Anatolian ' Ova' and the 
West Anatoli an extensional provinces. Each province is character­
Ized by its unique structural elements, and forms an excellent labo­
ratory to study active strike-slip, normal and reverse fau lting and 
the ~ssociated basin formation. © 200 I Editions scientifiques et 
mect1cales Elsevier SAS 

1. Introduction 

Turkey is one of the most seismically active regions in 
the world. As a result, it has a long hi story of large earth­
quakes that have killed many thousands of people and caused 
~.?nomic devastation, including the Kocaeli (M = 7.4) and 
uzc~ (M = 7.2) events of 17 August and 12 November 1999, 

near Istanbul. Jt is located within the 'Mediterranean Earth­
qua~e Belt', whose complex deformation results from the 
contmental collision between the African and Eurasian plates 
(figure 1). Turkey is thus an excellent natural laboratory to 
study post-colli sional intracontinental convergence- and tec­
tonic escape-related deformation and the consequent struc­
tur_es that include fold and thrust' belts, suture zones, active 
s~nke-s lip faulting, and active normal faulting and the asso­
Ciated basin formation. 

* Correspondence and reprints. 
E-mail address: erdin @metu.edu.tr (E. Bozkurt) . 

The neotectonics of Turkey is governed by three major 
elements: (1) the Aegean-Cyprean Arc, a convergent plate 
boundary where the African Plate to the south is subducting 
beneath the Anatolian Plate to the north ; (2) the dextral North 
Anatoli an Fault Zone; and (3) the sinistral East Anatolian 
Fault Zone (figure 1). The latter two are intracontinental 
strike-slip faults along which the Anatolian Plate, a wedge 
of amalgamated fragments of crust, moves westward away 
from the collision zone between the Arabian and the Eur­
asian plates [1 , 2] at a rate of -20 mm year- 1 [3- 8]. This 
acti vity is the result of interactions between northward­
moving Afri can and Arabian plates and the relatively stable 
Eurasian Plate. The two strike-slip faults meet and form a 
continental triple junction to the east of Karhova in north­
eastern Turkey (figure 1). 

The westward extrusion of the Anatolian wedge is accom­
panied by anti clockwise rotation as well as translation [4, 
9-14]. This is attri buted to a response of the continental litho­
sphere moving laterally away from zones of compression 
(tectonic escape), to minimize topographic relief and to avoid 
subduction of buoyant continental materi al. It is sti ll debated 
whether the westward motion is driven by push forces caused 
by topography in eastern Turkey, or by pull forces caused 
by subduction south of the Aegean (see section on western 
Turkey). 

This paper summarizes the available literature on the 
active tectonics of Turkey with a special reference and 
emphasis to the papers presented in the special issue. The 
data presented in the contributing papers will be useful in 
elucidating the active tectonics of Turkey. 

2. Tectonic framework 

Following the complete demise of the Palaeotethyan 
Ocean, continental rifting in the present-day eastern Medi­
terranean commenced by the Late Triassic and resulted in 
the formation of Mesozoic Neotethyan Ocean [1]. This rift­
ing ceased during the Middle Jurassic with the development 
of a passive margin to the south of Cyprus [15], while com-
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Figure 1. Simplified tectonic map of Turkey showing major neotectonic structures and neotectonic provinces (from ~engor et al. [2]; Barka 
[3]). K - Karhova, KM - Kahramanmara~. DSFZ- Dead Sea Fault Zone, EAFZ - East Anatolian Fault Zone, NAFZ- North Anatolian Fault 
Zone, NEAFZ - Northeast Anatolian Fault Zone. Heavy lines with half arrows are strike-slip faults with arrows showing relative movement 
sense. Heavy lines with filled triangles shows major fold and thrust belt: small triangles indicate direction of vergence. Heavy lines with open 
triangles indicate an active subduction zone, its polarity indicated by the tip of small triangles. The heavy lines with hachures show normal 
faults: hachures indicate down-thrown side. Bold filled arrows indicate relative movement direction of African and Arabian plates; open 
arrows, relative motion of Anatolian Plate. Short arrows show the sense of plate motion, half arrows the relative motion senses on strike-slip 
Faults. The hatched area shows the transition zone between the western Anatolian extensional province and lhe central Anatolian 'ova' prov­
ince from ~engor et al. (2] . 

plex processes of terrain accretion and new continental 
crustal build-up started to the north [I, 16]. Convergence 
between the African and Eurasian plates, which began in the 
Late Cretaceous ( -90 Ma) (e.g. [I, 17]), resulted in the pro­
gressive closure of these ocean basins and amalgamation of 
the surrounding continental fragments. The consequent 
subduction-accretion complexes and emplacement of ophio­
lites produced the crust presently exposed in Turkey and 
Cyprus (e.g. [1, 18]). 

During the Early Miocene, the northward subduction of 
the African Plate has begun south of Cyprus [19]. The north­
em branch of the Neotethyan Ocean was closed by the final 
collision and suturing of the Eurasian Plate in the north and 
Anatolian- Iranian platform in the south during Late 
Palaeocene- late Burdigalian along the izmir-Ankara and 
Lesser Caucasuan sutures [I , 20, 21]. On the other hand, the 
northward subduction of the southern branch of the Neot­
ethys (known as the Bitlis Ocean), running from southeast­
em Turkey to Cyprus, continued its evolution through late 
Middle Miocene [I, 22-24] and then was closed entirely 
during the continent-continent collision across the Arabian 
Plate in t~e south and the Eurasian Plate in the north along 
the Bitlis-Zagros Suture zone [I, 22]. 

The collision of the Arabian promontory with Eurasia, the 
, terminal closure and the suturing of the Neotethyan Bitlis 

Ocean lasted diachronously in the time interval between late 
Middle Miocene in the east and Late Pliocene-Quaternary 
in the west [I, 24]. The late Middle Miocene terminal sutur­
ing of Arabia wjth Anatolia along the Bitlis-Zagros Suture 
Zone and the N-"S directed compression made it impossible 
for the northward motion of Arabian Plate with respect to 
African Plate until the Early Pliocene time [23, 25-27]. As a 
result, in the time interval between late Middle Miocene and 
Early Pliocene, the eastern part of Anatolia has experienced 
a long-lasting intracontinental convergence [28] that resulted 
in crustal thickening and uplift, up to 2 km [29], of the inter­
vening Anatolian- iranian plateau (including the uplift of 
Cyprus) as analogues to the Tibetean Plateau [30] . The uplift 
of Cyprus has been attributed to the effects of collision and 
underthrusting of the Eratosthenes Seamount [e.g. 31-35 and 
references therein]. This time also corresponds to the gen­
eration of many compressional structures, such as east-west 
trending thrust-to-reverse faults and associated ramp basins, 
and similarly trending folds , together with many regional 
unconformities [36-38]. The agreement between the timing 
of escape tectonics in Anatolia and the commencement of 

-4-



E. Bozkurt I Geodinamica Acta 14 (200 I) 3-30 

seafloor spreading in the southern Red Sea and in the east­
ern Gulf of Aden indicate that the active tectonics of Turkey 
and the neighbouring regions are the result of Red Sea open­
ing and' northward differential relative motions of the Afri­
can and Arabian plates [23]. 

Following the demise of intracontinental collision across 
the Bitlis-Zagros Suture Zone, the earlier c~mpressional­
contractional tectonic regime in eastern Anatolia was 
replaced by a new compressional-extensional tectonic 
regime (tectonic escape/extrusion tectonics) by the early 
Early Pliocene. This has resulted in the generation of intra­
continental transform fault, namely the North Anatolian Fault 
Zone. The EAFZ is younger than the NAFZ and did prob­
ably form in the Late Pliocene (e.g. [39]). Consequently, the 
intervening Anatolian wedge began to move westward on 
the oceanic lithosphere of the African Plate. However, the 
intracontinental convergence in the Great Caucasus and the 
Transcaucasus still continues as evidenced by the high seis­
micity of thrusting in origin (e.g. 7 December 1988, Spitak 
earthquake in Armenia, and 29 April 1991, Rachat-Dzhava 
earthquake in Gerogia: [40-43]). The seismicity of the Cau­
casus is much weaker than for Turkey and only supports a 
very low convergence rate [e.g. 44, 45]. The generation of 
NAFZ and EAFZ together with the westward movement of 
Anatolian Plate allowed the Arabian Plate to move north­
ward faster than the African Plate [6, 13, 46, 47]. 

Present-day kinematic studies show that the Arabian Plate 
is moving in a N-NW direction at a rate of 25 mm year- 1 [6, 
13, 46-48] while the African Plate is also moving to the 
north but at a rate of only 10 mm year- 1 [13, 47]. The left 
lateral motion along the Dead Sea Fault Zone accommo­
dates the differential motion between the African and Ara­
bian plates. However, the rates from GPS contradict the plau­
sible values for the rates on geological time scales. For 
example, the DSFZ has a slip rate no higher than 
-7 mm year- 1 [4] . These rate discrepancies appear to be 
caused because the GPS solutions have used a global plate 
motion model , which overestimates the relative motion 
between Arabia and Eurasia [45]. 

Within the plate boundary network of eastern 
~editerranean-Arabian region, the Dead Sea Fault Zone 
hnks seafloor spreading in the Red Sea with the northern 
boundary of the Arabian Plate, influencing the tectonics of 
1?e Cyprean arc, possibly since Neogene times. This out­
hoes the importance of the DSFZ for the active tectonics of 
Turkey. 

The formation of the North Anatolian and East Anatolian 
fault zones, and the consequent westward escape of the Ana­
tolian Plate along its boundary structures has resulted in the 
generation of four distinct neotectonic provinces in Turkey: 
(I) East Anatolian Contractional Province, (2) North Ana­
tolian Province, (3) Central Anatolian 'Ova' Province and 
(4) West Anatolian Extensional Province [2]. 

In the following sections, the characteristics of each prov­
ince and the major tectonic features that govern the neotec­
tonic characteristics of Turkey and the surrounding regions 
will be summarized. 

3. Major Structures 

3.1. North Anatolian Fault Zone (NAFZ) 

The North Anatolian Fault Zone is one of the best-known 
strike-slip faults in the world because of its remarkable seis­
mic activity, extremely well developed surface expression 
and importance for the tectonics of eastern Mediterranean ~ 

region [2, 49-55]. The fault zone is a close analogue to the 
San Andreas Fault System in California [50, 56]. To the east, 
the NAFZ forms a typical triple-junction and joins with the 
sini stral East Anatolian Fault Zone (EAFZ) at Karhova (fig­
ure 1). 

The NAFZ is an approximately 1500 km-long, broad arc­
shaped, dextral strike-slip fault system that extends from 
eastern Turkey in the east to Greece in the west (figure 1). It 
is predominantly a single zone of a few hundred metres to 
40 km wide. Along much of its length, this fault zone con­
sists of a few shorter subparallel fault strands that some­
times display an anastomosing pattern. This transform fault 
zone forms the part of the boundary between the Eurasian 
Plate to the north and Anatolian Plate to the south (figure 1), 
being subparallel to the Black Sea coast. This fault zone is 
also characterized by several second order faults that splay 
from it into the Anatolian Plate. 

The NAFZ starts around Karhova in the east and it runs 
NW to Vezi rkoprti where it makes a left bend and continues 
westward. Around Kargt, it makes another left bend and then 
runs in a SW direction. The NAFZ does not terminate at the 
Karhova triple junction but, continues towards SE [57]. The 
triple junction has migrated westward and so strike-slip fault­
ing occurred east of Karhova before the triple junction 
migrated to its present position [e.g. 39]. This section has 
ruptured during two successive earthquakes in I 9 and 20 
August 1966 (M = 6.8 and M = 6.2, respectively: [58-60]). 

Just east of the Sea of Marmara around Dokurcun, the 
NAFZ splays into two major strands (figure 1): (1) The north­
em strand that traverses in part the Sea of Marmara and con­
stitutes the most active section of the NAFZ. This includes 
the segment that slipped in the 17 August 1999 earthquake. 
(2) The southern strand bounds the southern margin of Sea 
of Marmara to the east, then bends southward and runs in 
SW direction into the Aegean Sea. 

Several depressions are aligned along the NAFZ and its 
major splays. Most of these basins form as: (1) pull-apart 
basins, where there is an over-step along the fault trace (e.g. 
Niksar basin: [61-66]; Ta~ova-Erbaa basin: [66]; Erzincan 
basin: [61, 67]; Adapazan basin: [68]; (2) fault-wedge basins 
(e.g. Su~ehri: [69]; Golova basin: [70]; Vezirkoprti basin: 
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[71 ]); (3) complex pull-apart basins, bounded by an active 
strike-s lip along one marg in and a thrust fault along the other 
(e.g. Geyve basin: [72]) ; (4) composite pull-aparts, formed 
by coalescence of smaller pull -apart basins (e.g. Merzifon­
Suluova basin: [73]; Erzincan basin: [74-76]); and (5) nega­
tive flower structure, bounded by strike-sli p faults which 
show considerable amount of extension (e.g. Kazova basin 
along the Almus Fault Zone: [77]). These basins are impor­
tant features since they contain valuable information on the 
age and evolution of the North Anatolian Fau lt Zone. The 
stratigraphy and structure of these basins have been the sub­
ject of many scientific studies [e.g. 62, 65, 66, 69-74, 78-87]. 

The age and cause of dextra l motion along NAFZ is con­
troversial and there are basically three different views: ( I) 
The right-lateral motion commenced by the Middle Miocene 
and it is the result of the westward motion of Anatolia away 
from the colli sion zone in eastern Turkey when Arabian and 
Eurasian plates collided [9, 54, 88]. (2) Others claimed that 
the NAFZ did not initi ate until the latest Miocene or Early 
Pliocene [66, 69-77, 83, 84, 89-96]. (3) There are also claims 
that the NAFZ was initiated in the eastern Anatolia during 
the Late Miocene and propagated westwards reaching the 
Sea of Marmara region during the Pliocene [3 , 54, 98-1 06]. 
(4) More recently, it is speculated that the initiation of the 
NAFZ is - 16 Ma or older in the east but less than 3 Ma in 
the west [I 07]. 

There was no evidence that the NAFZ became active in 
the late Middle Miocene - it is just a prediction from a ~en­
gar 's model [54, 88]. It is also untenable that the NAFZ is 
as young as 3 Ma because it has too much slip to have devel­
oped since then given its known slip rate. However, there is 
now a lot of evidence that NAFZ formed in the earlies1 
Pliocene ( -5 Ma) as suggested, for the first time, by Bark a 
and Kadinsky-Cade [93] . 

Geological works along NAFZ estimate a total offset rang­
ing from 85 ± 5 km to 20-25 km [2, 3, 20, 54, 62, 66, 69, 
70, 72, 80, 83, 91, 92, 95, 96, I 03- 106, I 08, I 09]. The analy­
sis of geological data suggests that the rate of motion on the 
NAFZisabout5- 10 mm year- 1 [3],or 17 ± 2 mm year- 1 [4], 
while the plate motions and seismological data suggest rates 
of 30-40 mm year- 1 [II 0]. This di screpancy ari ses from the 
exaggerated slip rate by treating the intense seismicity on 
the NAFZ during 1939- 1967 as typical of all time. On the 
other hand, recent GPS data indicate present-day rates of 
about 15-25 mm year- 1 [6, 13, Ill , 112]. The extrapolation 
of recent rates to Early Pliocene yields a total di splacement 
of 75- 125 km, which is in close agreement with the esti ­
mate of 85 ± 5 km [4, 20, 66, I 09]. 

During the past 60 years, NAFZ has produced earth­
quakes along different sections in a system manner that is 
atypical of long fau lts. Beginning with 1939 Erzincan earth­
quake (M = 7.9 to 8.0), which produced about 350 km of 
ground rupture, the NAFZ ruptured by nine moderate to large 
earthquakes (M > 6.7), and formed more than 1000 km sur­
face rupture along the fault. Most of the earthquakes occurred 

sequentiall y in a westward progression . These include 26 
December 1939 Erzincan (M = 7.9 to 8.0), 20 December 
1942 Erbaa-Niksar (M = 7.1), 26 November 1943 Tosya 
(M = 7.6), I February 1944 Bolu- Gerede (M = 7.3), 26 May 
1957 Abant (M = 7.0), 22 July 1967 Mudurnu valley 
(M = 7 . I), 13 March 1992 Erzincan (M = 6.8), 17 August 
1999 Kocaeli (M = 7.4), and 12 November 1999 DUzce 
earthquakes [9, 49, 51 , 53, 66, 69, 70, 72, 89, 95, 113- 147]. 

The analysis and di stribution of hi storical earthquakes 
reveal that among the two westernmost branches of the 
NAFZ, it is the northern strand that is the most active one 
and has accommodated more large earthquakes. In addition, 
Stein and others [ 148] showed that preceding shocks tri g­
gered earthquakes along the NAFZ. Following the 17 August 
1999 Kocaeli earthquake, stress was transferred to the nearby 
fault segments. To the east, the Di.izce Fault ruptured during 
an earthquake in 12 November 1999 [138, 140-145, 149] . 
To the west, the stress was possibly accumulated on the 
branches of the North Anatolian Fault Zone in the Marmara 
region, and there are claims that these faults are close to fai l­
ure [150, 151 ]. Apart from the stress transformed during the 
Kocaeli earthquake, the Sea of Marmara to the south of istan­
bul is a region where the strain has been aseismically accu­
mulating since the last earthquake in 1719 [152, 153]. The 
close proximity of these faults to istanbul , a major city with 
more than 10 million inhabitants, makes it even more impor­
tant. 

The characteristics of the NAFZ in the Marmara region 
became the topic of intense research since the two earth­
quakes in 1999 [101, 102, 154, 155] . Different model s have 
been proposed for the origin of Sea of Marmara to account 
for the deformation and dynamics of the strands of the NAFZ 
and to reveal the origin and evolution of Sea of Marmara 
(e.g. [3 , 4, 54, 93, 97, 98, 100- 106, 144, 156-164]). How­
ever, there is still no consensus on the nature and length of 
fau lts in the Sea of Marmara. 

The section of the NAFZ on land is well known and 
mapped because of the extremely well developed surface 
expression and geological features . Because of the lack of 
detailed deep seismic and the bathymetry of the Sea of Mar­
mara, our knowledge about the geometry of the NAFZ in 
the Sea of Marmara is limited. But, recent seismic reflection 
studies in the region bring new light on the geology and 
structure of the Sea of Marmara [I 0 I , I 02, 154 ]. The marine 
seismic reflection profiles reveal the detailed structure and 
acti ve faulting across the Sea of Marmara [66, 101 , 102, 
154, 159, 160]. The Sea of Marmara comprises several deep 
marine asymmetric strike-slip basins (e.g., the <;marc1k, Cen­
tral Marmara, Tekirdag basins), separated by NE-trending 
submarine ridges that ri se several hundreds of metres above 
the seafloor. The basins consi t of Plio-Quaternary sedi­
ments reaching over 3 km and constitute part of the Sea of 
Marmara. There are two distinct, steep, continuous bathy­
metric features (submari ne escarpments) that bound the Sea 
of Marmara, both in the north and in the south , and mark the 
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location of major active faults [102]. These structures are 
named as the North and South Boundary Faults [ l02] after 
Wong et al. [160]. The Northern Boundary Fault enters the 
Sea of Mannara through the axis of izmit Bay (the izmit 
Fault) in the east and emerges in Thrace in the west, form­
ing the Ganos Fault [96, 103-106, 164]. The fau lt then 
bounds the northern margin of Gallipoli Peninsula (Dar­
danelles) and extends into the Aegean Sea. The extension of 
the fault zone to the west in the Aegean Sea bounds the North­
ern Aegean Trough [3, 110, 165-167]. The section within 
the Sea of Marmara crosscuts the Central Marmara Basin 
(the Central Marmara Fault of Okay et al. [1 02]) and bounds 
the southern margin of Thrace Basin before it emerges on 
land. The Southern Boundary Fault runs in an E-W direc­
tion and bounds the southern margin of izmit Bay (known 
as Golcuk and Yalova segments) . The NAFZ in the Sea of 
Marmara possesses a more complex structure than is sum­
marized here, and readers are referred to a paper by Okay 
and others [I 02] for the most recent detailed information. 

The Marmara region also forms a transition zone between 
the area of pure strike-slip deformation, where the Anato­
li an Plate is displaced westward in the north and the western 
Anatolian extensional province with diffuse N-S extension 
[2]. The local GPS network around the Sea of Marmara indi­
cates that the Anatolian Plate is moving westward at a rate 
of about 20 mm year- 1 [5, 6, 47, 168-170]. 

3.2. East Anatolian Fault Zone (EAFZ) 

The East Anatolian Fault Zone is a 550 km-long, approxi­
mately northeast-trending, sinistral strike-slip fault zone (fig­
ure 1) that comprises a series of faults arranged parallel, 
subparallel or obliquely to the general trend [2, 4, 22, 23, 
90, 110, 171-181]. It was first described by Allen [121] . The 
fau lt zone is a transform fau lt forming parts of boundaries 
between the Anatolian and the Eurasian plates and, between 
the Arabian and African plates. It is considered as a conju­
gate structure to the NAFZ. 

The EAFZ extends from Karhova in the northeast to 
Kahramanmara~ area in the southwest, where it meets and 
f?rms triple junctions with the NAFZ and the DSFZ, respec­
tively (figure 1) [2, 9, 39, 90, 172, 176, 178-185]. 

The EAFZ consists of some pure strike-slip faults ori­
ented parallel to the plate motion, which behave as trans­
form faults, and other segments where the fau lting is oblique 
to. the plate motion. These 'stepovers' also contain strike­
~ltp faults but the geometry requires distributed shortening 
tn their surroundings. On the other hand, Muehlberger and 
~ordon [ 176] suggested that the EAFZ is not moving as a 
Stngle entity but instead is moving in several discrete seg­
ments, each with a different amount of slip, and that it com­
Prises, from the deformational standpoint, two segments: (l) 
~hose are involved in N-S compression and act as restrain­
Ing bends; and (2) almost linear strike-slip faults with dif­
fering styles. 

The left-lateral slip along the fault zone contributes to the 
westward extrusion of Anatolia. The structure of the fault 
zone is complicated with several pull-apart basins (e.g. Gol­
ba~t basin [39] , Hazar Golli [23, 172, 174, 175]), conjugate 
fractures, folding and considerable thrust component [22, 
90, 110, 171, 176, 178, 186-188] . 

The age of the East Anatolian Fault Zone is highly debated 
and proposed ages fall into four categories: (I) It is placed 
in the Late Miocene-Early Pliocene [2, 22, 23, 90, 178, 188]; 
(2) It is Late Pliocene [179-181]; (3) The EAFZ began to 
form 1.8 Ma [189]; and (4) the fault zone became active 
around 3 Ma when Malatya-Ovactk fault zone was aban­
doned [190]. The argument by Yiiri.ir and Chorowicz [189] 
is based on the assumption that the volcanism south ofKahra-­
manmara~ is Quaternary and started at 1.8 Ma, and that it is 
the same as the volcanism in the Karasu Valley. They argued 
that this volcanism is extension-related, and so requires the 
present geometry of strike-slip faulting. As a result, they 
argued the faulting formed at 1.8 Ma. But, it is disputed by 
Arger and others [191] who have dated the same volcanism 
to be Miocene (19-15 Ma) and suggested that there has no 
demonstrable relationship to either extension or strike-sl ip 
faulting. 

The· total offset along the fault zone is sti ll debated. The 
offset of Euphrates river channel and the pre-Pliocene rock 
units suggest a total left-lateral displacement of 3.5-13 km 
and 15-27 km, respectively [23, 90, 171, 174, 175, 179-
181, 182]. However, it has to be considered whetherthe mod­
ern river gorge is younger than the 3 Ma age of the faulting. 
On the other hand, based on the similar reasoning a 35-40 km 
total offset was also proposed [39]. The rate of slip along the 
EAFZ is estimated, based on geological data, as 
6-10 mm year- ', whereas recent GPS data reveals slip rates 
of II ± 2 mm year- 1 [6] , which is essentially the same as the 
rate of 13 ± I mm year- 1 that Westaway [4] suggested. Tay­
maz and others [110] estimated slip rates of25-35 mm year- ' 
for the fault zone. 

Unlike the NAFZ, very little of the EAFZ has ruptured in 
any earthquake that has been studied in detail. Most of the 
EAFZ has been traced using satellite imagery and geomor­
phological observations indicative of strike-slip fau lting [52, 
183, 192] where earthquakes are associated with sinistral 
fault segments [90, 193]. The fault zone has ruptured during 
many destructive earthquakes, such as 22 May 1971 Bingo! 
(M = 6.8) and 1986 Siirgi.i (M = 6.0) earthquakes during the 
20th Century [90, 1l0, 177, 182, 194, 195]. 

The EAFZ and the DSFZ meet at a triple junction between 
the Arabian, African and Anatolian plates near Kahraman­
mara~ (figure 1) [2, 4, 39, 52, 90, 172, 176, 178- 181, 183-
185, 196]. Although the nature, age and total offset of the 
DSFZ are relatively well established [197-201] (see below), 
the nature and geometry of the fault zone as it approaches to 
the triple junction is still debated. It is also claimed that these 
fault zones have no connection and that EAFZ continues in 
southwest direction from Karhova through Osmaniye, 
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YumLirtahk, and Gulf of iskenderun, to Cyprus [4, 23, 39, 
II 0, 191, 202- 204]. On the other hand, others claim that 
fau lting runs through these places but it is not part of the 
EAFZ - it is the boundary between the Anato li an and Afri­
can plates, which meets the EAFZ farther east at the triple 
junction. The continuation of the EAFZ to the SW of Kahra­
manmara~ triple junction is represented by similarly trend­
ing left-lateral strike slip faults. They constitute Karata~­
Osmaniye and Yumurtahk fau lt zones that bound the 
northwestern margin of the Gulf of iskenderun. This section 
of the fault has also ruptured during many earthquakes, 
including 1945 and 1952 Adana-Misis (M = 5.7 and 
M = 5.3), 1979 Adana-Kozan (M = 5.1 ), 1986 Gaziantep 
(M = 5.0), 1989 iskenderun (M = 4.9), 199 1 Kadirli-Adana 
(M = 5.2), 1994 Adana-Cehyan (M = 5.0), 1994 Adana­
iskenderun (M = 4.), 27 June 1998 Adana-Ceyhan (M = 6.2); 
17 January 200 I Osmaniye (M = 4 .9) earthq uakes [e.g. 202, 
203, 205]. 

3.3. Dead Sea Fault Zone (DSFZ) 

Dead Sea Transform Fault Zone is a 1000 km-long, 
approximately N-S trending, sini stral intraplate strike-slip 
fault zone. Its internal structure is dominated by left­
stepping en echelon strike-slip faults separated by pull-apart 
basins or rhomb grabens (e.g. Gharb basin , Hula basin, Dead 
Sea rift and Gulf of Elat) filled with Neogene- Quaternary 
sediments [ 197- 20 I, 206-225 and references therein]. The 
pull-apart basins alternate with structural saddles where com­
pressional structures are often present [222] . The Dead Sea 
Fault Zone is a lso accompanied with regional uplift (up to 
I km in places; [222]) and, intense and widespread igneous 
activity from the Gulf of Aqaba to the Amik basin (Hatay) 
[e.g. 226, 227]. It extends from the Red Sea in the south to 
the East Anatolian Fault Zone to the north. From the tec­
tonic point of view, the DSFZjoins the divergent plate bound­
ary along the Red Sea with the zone of plate convergence 
along the Alpine-Himalayan belt in southern Turkey [23]. 

In terms of plate tectonics, the DSFZ is considered to be 
plate boundary of transform type, separating the African Plate 
to the west and Arabian Plate to the east [I, 22, 184, 190, 
209,228, 229] . The Arabian Plate is moving northward faster 
than the African Plate [6, 13, 46-48]. This differential move­
ment between the plates is taken up by DSFZ. 

The age of the DSFZ has been the subject of debate for 
many years and proposals fall into four major categories: 
( I) the movement along the fault zone commenced by the 
Middle Miocene [211]. (2) The fault zone was activated dur­
ing the Late Miocene, following the opening of Gulf of Suez 
when the motion of Arabia relative to Africa began [230, 
231 ]. (3) The fault motion began, based on the age of the 
dikes affected by the segments of the fau lt zone, later than at 
20 Ma [207 , 232]. (4)The DSFZ originated during the break­
away of Arabia from Africa at around 18 Ma (Early Miocene: 
[23, 222] . The assumptions ( 1), (3) and (4) are all essen-

ti ally the same because people are just assigning different 
numerical ages to equivalent interpretations, when the actual 
age is not tightly constrained. Whereas the assumption (2) 
seems not plausible because g iven slip rate of the DSFZ, it 
has slipped way too far for it to possibly be this young. 

The earlier workers suggested that the offset along the 
DSFZ is about 110 km for the southern section between 
Lebanon and the Gulf of Aqaba [198, 199, 206, 233, 234] 
and 70- 80 km for the northern section between Syria and 
southeastern Turkey [233]. However, recently it is claimed 
that the fault zone acquired only I 0- 20 km of total slip [235] . 
On the other hand, some argued that the movement along 
the DSFZ has taken place in two separate stages [206, 236]: 
(I) a 60-65 km offset during 25-14 Ma and (2) 40-45 km 
offset during the last 4.5 Ma. The continuing movement along 
the fault zone is proven by the di splacement of Upper Qua­
ternary sediments [237, 238] and seismic activity [200, 20 1, 
239]. 

3.4. Aegean Arc 

Convergence between the African and Anatolian plates in 
the Eastern Mediterranean takes place by subduction along 
the Aegean and Cyprean arcs [e.g. 192, 240-244]: the Afri­
can Plate is descending beneath the Anatolian Plate in a 
N-NE direction. The geometry and the nature of these arcs, 
particularly that of the Cyprean Arc, is the matter of ongo­
ing debate. 

The Aegean arc system plays an important role in the geo­
dynamical evolution of the Aegean region . The nature and 
structure of trench is variable across the Aegean Arc. The 
western extension of arc is marked by Ionian trench along 
which the convergence between the Aegean lithosphere and 
the Ionian basin is taken up. On the other hand, the eastern 
part of the Aegean arc acts rather as transform fault [245] . 
Several trenches (e.g., the Pliny, SE Cretan, and the Strabo 
trenches) have been di stingui shed along the eastern parts of 
the Aegean Arc [246]. 

It is suggested that the initiation of subduction along the 
Aegean Arc has taken places approximately 13 Ma ago [247] . 
However, others claimed that the age of Aegean subduction 
zone is at least 26 Ma [242]. In some other studies, younger 
ages (around 5 Ma or somewhere between 5- 10 Ma) have 
been assigned for the Mediterranean subduction [ 192, 248]. 
The mi gration of the trench system to south- southwest (sub­
duction roll-back processes) resulted in extensional regime 
in the overriding Aegean plate (back-arc region) that subse­
quently led the formation of the present-day Aegean Sea 
[249]. It is now a conventionally argued that the effects of 
roll -back processes of the Aegean subduction zone control 
the Late Neogene to Recent geodynamic evolution of the 
southern Aegean region [242, 243, 247, 249-257]. Meulen­
kamp and others [242] argued that roll-back processes started 
in about 12-11 Ma (latest Serravallian to earliest Tortonian 
time), whereas Le Pichon and others [ 170] suggested that 
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the collision between the African promontory and the cen­
tral part of the Aegean arc commenced by the Pliocene. The 
retreating nature and high dip angle of the slab being sub­
ducted is also supported by the seismic tomographic studies 
[242, 258, 259]. 

3.5. Cyprean Arc 

Th~ Cyprean Arc is considered the presently active plate 
boundary, which accommodates the convergence between 
the African plate to the south and the Anatolian Plate to the 
north in the eastern Mediterranean [9, 30, 52, 260-262] (fig­
ure 1). West of Cyprus, northeastward subduction of the east­
ern Mediterranean oceanic crust has been proposed on the 
basis of earthquake data and the assumption of the continu­
ation of the plate boundary from the Aegean arcs [I 0, 13, 
32, 88, 261-266]. South of Cyprus, the northward subduc­
tion is influenced by collision of Eratosthenes Seamount [24, 
34, 228, 267, 268]. In contrast, there is no subduction to the 
east of Cyprus [24, 52, 193, 219, 269-274], where strike­
slip deformation dominates. 

Although western section of the Cyprean Arc is estab­
lished, the eastern prolongation of the Cyprean Arc toward 
the Syrian coast, where deformation and mode of conver­
gence at the plate boundary are influenced by the differen­
tial motion among the African, Arabian and Anatolian plates, 
[4, 6, 13] is the most controversial and least known part of 
the arc. There is no arc-trench system in this area. The sub­
duction stops at the eastern limit of oceanic lithosphere, 
Which is south of Cyprus. The views fall into four major 
categories: (I) there is no well-defined boundary in this area 
[275]; (2) the plate boundary occurs as two separate seg­
ments north and south of Cyprus [e.g. 247, 276, 277]; (3) 
the main area of active convergence, based on seismicity, 
extends from Cyprus to the iskenderun Bay toward the 
Kahramanmara~ triple junction where the East Anatolian 
Fault Zone and the Dead Sea Fault Zone meets [9, 10, 39, 
52, 54, 215, 228]; (4) the deformation in the easternmost 
Cyprean Arc is partitioned along strike-slip fault systems 
forming sets of positive flower structures, distributed over a 
wide zone, rather than forming a sharp plate boundary 
between African and Anatolian plates [262]. There the 
Anatolian-African boundary is marked by the Kyrenia­
Misis-Andmn fold-thrust fault zone, a positive flower struc­
ture dominated by sinistral strike-slip motion with a consid­
erable amount of thrust component [271 ], and the sinistral 
East Anatolian Fault Zone. It is also suggested that to the 
east of Cyprus on land, the northward motion of the Arabian 
Plate relative to African Plate was prohibited by the late 
Middle Miocene terminal suturing of Arabia with Anatolia 
Until late Early Pliocene [23]. The key distinction between 
models is that dray the Anatolian-Africa plate boundary run­
ning ENE from SE Cyprus and coming ashore somewhere 
around Antakya and interpretations that have it running NE 
from NE Cyprus and coming ashore near Karata§. 

Several papers have been published on the seismicity of 
the Cyprean area [278- 284 and references therein] and they 
all documented that strong (M = 6.0 or larger) earthquakes 
occurred during the instrumental period. The research on the 
geometry, nature and structure of the Aegean and Cyprean 
arcs is still continuing and several papers have recently been 
published [e.g. 285- 289]. 

3.6. Bitlis Suture 

During the Middle Miocene to early Late Miocene 
(Langhian-Serravalian), Arabian and Eurasian plates col­
lided along the Bitlis-Zagros Suture zone [1 ]. This has 
resulted in the uplift of mountains along the suture, and the ­
quite shallow marine environments were converted to 
molasse basins. The Bitlis Suture is a complex continent­
continent and continent-ocean collisional boundary that lies 
north of fold-and-thrust belt of the Arabian platform and 
extends from southeastern Turkey to the Zagros mountains 
in Iran [1, 26, 27, 88, 174, 175, 290-294]. Southern Anato­
lian orogenic belt, an assemblage of different tectonic units 
made up of Upper Cretaceous- Middle Eocene volcano-

• sedimentary association marks the suture zone. There.' thr~e 
tectonic zones separated by major thrusts have been Identi ­
fied: ( 1) Arabian Platform, (2) Zone of imbrication and (3) 
Nappe region [26, 27] . While Jura-type border folds repre­
sent the former, the latter two form the main orogenic zone. 

The Arabian Platform consists of a Lower Palaeozoic­
Miocene autochthonous sedimentary succession. The ophi­
olitic nappes were emplaced on the platform during Late 
Cretaceous-Eocene time [27 and references therein]. The 
imbricated sequence is made up of numerous thrust slices, 
each of which retains a continuous sequence that is usually 
related to its stratigraphy prior to thrusting. They suggest an 
oceanic realm (Southern Neotethys or Bitlis Ocean) that 
existed during Late Cretaceous-Middle Eocene [26, 27 and 
references therein]. The uppermost tectonic units of the 
Southeast Anatolian orogen is represented by an ophiotitic 
lower unit (Berit metaophiolite and Yilksekova ophiolite) 
and an upper unit of metamorphics (Bitlis, Potilrge, Malatya 
and Keban massifs). During Middle Miocene, the upper­
most tectonic unit was ruptured that resulted in the forma­
tion of a back-arc basin (Maden basin) behind a volanic arc 
to the south of nappes [27]. 

Convergence between Arabia and Eurasia produced south­
erly transported nappes and their emplacement occurred in 
three major periods during the Late Cretaceous, late Early 
Eocene (obduction of ophiolites over Arabian Platform), and 
Early- Middle Miocene (emplacement of the ophiolites and 
the tectonically overlying metamorphics over the Arabian 
Platform). 

As a summary, the Bitlis suture closed in the Eocene. This 
closure was then followed by prolonged convergence that 
involved distributed shortening all over the place, then the 
strike-slip fault zones (NAFZ and MOFZ) came into being 
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at - 5 Ma, then the geometry changed at -3 Ma when the 
EAFZ developed. 

4. Neotectonic provinces 

4.1. East Anatolian Contractional Province 

The area to the east of Karh ova triple juncti on is charac­
teri zed by a N-S compressional tectonic regime (figure / ). 
Conjugate strike-slip faults of dextral and sinistral character 
parall eling to North and East Anatoli an fault zones are the 
dominant structural elements of the region. Some of these 
structures include Agn Fault, Bulamk Fault, <;aldtran Fault, 
Erc i ~ Fault, Horasan Fault, Igdtr Faul t, Malazgirt Fault , 
Siiphan Fault , BahkJtgi:i lii Fault Zone, Ba~ka l e Fault, 
<;obandede Fault Zone, Dumlu Fault Zone, Hasan Timur 
Fault Zone, Kavakba~ t Fault, Kagtzman Fault Zone, 
Dogubayaztt Fault Zone, Karayazt Fault, Tutak Fault Zone, 
Yiiksekova-~emdinli Fault Zone and the Northeast Anato­
li an Fault Zone (figure 2) [2, 22, 80, 90, 9 1, 93, 171 , 174, 
175, 179- 18 1, 187, 295- 3 10 and references therein] . Many 
pull-apart basins have developed along these structures (e.g., 
Erzurum and Agn basins [e.g. 78, 3 11 , 3 12]). Although the 
conj ugate strike-slip fa ul t system dominate the ac ti ve tec­
toni cs of eastern Anatoli a, the E- W trending bas ins of com­
pressional origin form the most spectacular structures of the 
region as they indicate the N- S convergence and shortening 
of the Anatoli an plateau [3 13]. Mu~, Lake Van and Pasinler 
basins form the best examples of ramp basins in the region 
[e.g. 298,299, 3 14]. 

The faults are seismically acti ve and form the source for 
many earthquakes. Some of the major earthquakes in the 
20th Century are 13 September 1924 Pasinler (M = 6.8) , 
1975 Lice (M = 6.6), 24 November 1976 <;aldtran (M = 7.3), 
30 October 1983 Horasan- Narman (M = 6.8), 5 May 1986 
(M = 5.8) and 6 June 1986 Dogan~ehi r (M = 5.6) earth­
quakes [52, II 0, 183, 195, 295, 296, 300, 30 I , 3 15-322]. 

The Northeastern Anatoli an Fault Zone (NEAFZ) is one 
of the most important structures of Eastern Anatoli a. It is an 
approximately 350 km-long fault zone running from near 
Erzurum to Caucasus Mountains, including the Borj omi­
Kazbeg fa ul t [47] , and consists of several segments. 
Westaway [4] termed it as Erzurum- Tibilis fault zone. It dis­
plays a typical left-lateral moti on with a subordinate thrust 
component [80, 306, 3 1 0] . GPS measurements suggest slip 
rates of 8 ± 5 mm year- • [I], whereas geologic estimates 
average as 18-25 mm year- • [306]. Westaway [4] estimated 
rates of 0.9 mm year- 1 from seismic moments and of less 
than 6 mm year- 1 from kinemati c considerati ons. 

N- S trending fi ssures, which have functi oned as magma 
conduits and form paralle l with the orientati on of N- S short­
ening, are the other structural elements of the Eastern Ana­
toli a. These fi ssures have localized the widespread Plio­
Quaternary volcani c acti vity of this region, which includes 

extinct volcanoes such as Nemrut, Siiphan, Agn , and 
Kosedag [2, 22, 29 , 189, 19 1, 204, 323-329]. 

The present-day configuration of these structures are in 
close agreement with regional stress fie ld resulting from the 
approxi mately - S convergence between the Arabian and 
Eurasian plates. The overall shortening in roughly N- S direc­
tion is estimated as I 0 ± 2 mm year- 1 [6]. This GPS esti ­
mate was reworked by Mitchell and Westaway [45] , who 
discussed how to reconci le it with geological evidence. 

4.2. North Anatolian Province 

The North Anatoli an Province represents the area to the 
north of NAFZ (figure 1) and is characterized by a number 
of strike-slip faults and faults with strong E-W thrust com­
ponent (figu re 1). These structures are interpreted as the indi­
cation of a possible incipient formation of a new strand to 
the NAFZ enabling the western Pontides to be pushed onto 
the oceanic lithosphere of the Black Sea [2]. The slip rates 
(e.g . Bartm fa ul t) in the region are less than 5 mm year- 1 

[47] . To the east, the ortheast Anatolian Fault forms a 
boundary between Eastern Anatolia and Northern Anatoli a. 

Seismicity of the southern margin of the Black Sea bor­
dering Pont ides is limited. The northern margin of the Black 
Sea has been identified as the site of active thrusting, and 
the 3 September 1968 Bartm earthquake (M = 6.8) has dem­
onstrated that the thrust faul ts can produce destructi ve earth­
quakes [2, 183,330, 33 1] . 

4.3. Central Anatolian 'Ova' Province 

The Central Anatoli an Wedge (figure 1) is a region where 
di screte pieces of continental lithosphere deformed inter­
nally and produced a large bulk strai n that thus has resulted 
in the generati on of new structures or reacti vati on of old 
structures. The region is under approximately N- S and NNE­
SSW shortening, related to the collisional processes between 
Anatolian and African plates along the Cyprean arc, while it 
is rotating anticlockwise [2, 6, II , 47, 54, 65 , 77, 332- 339]. 
In thi s frame, the eastern parts of the Anatoli an Plate are 
deformed by a number of second-order faults. The area is 
also characterized by extensional basins called 'ovas' [2], 
bounded by obl ique-slip faul ts. These structures are mostly 
dextral and sinistral strike-slip faults such as Akpmar Fault, 
Deli ce Fault , Kangal Fault , Nigde Fault, Salanda Fault, 
Almus Fault Zone, Lac; in Faul t Zone, Merzifon Fault Zone, 
Malatya-Ovactk Fault Zone, Tuzgolii Fault Zone, Ytldtzeli 
Faul t Zone, Central Anatolian Fault Zone, Ta~ova-<;orum 
Fault Zone, Yagmurlu-Ezinepazan Fault Zone, and 
Yakapmar- Goksun Fault Zone. 

Many of these faul ts zones - the Almus, Yagmurlu­
Ezinepazan , Ta~ova-<;orum , Goksun- Yazyurdu, Malatya­
Ovactk, and Central Anatoli an Fault Zone (figure 3) [69, 70, 
77, 94, 190, 334, 340--351] -splay fro m the NAFZ, run in 
SW direction across the Anatolian Plate for hundreds of kilo-
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Figure 2. Simplifed map showing major structural elements of Eastern Anatolia (modified from ~aroglu et al. [ 181 ], Ko~yigit et al. this issue). 
Heavy lines with half arrows are strike-slip faults with arrows showing relative movement sense. Heavy lines with filled triangles shows major 
fold and thrust belt (Bitlis-Zagros Suture Zone) and the Mu~ Thrust Faults: mall triangles indicate direction of vergence. A - Agn Dagt, K ­
Karacadag, N - Nemrut Dag1, S - Siiphan Dagt, T - Tendiirek Dagt, AF - Agn Fault, BF - Bulamk Fault, <;:F - <;:aldtran Fault, EF - Erci~ 
Fault, HF - Horasan Fault, IF - Igdtr Fault, MF - Malazgirt Fault, OF- Ovactk Fault, SF - Siiphan Fault, BFZ- Baltkltgolii Fault Zone, B~F 
- Ba~kale Fault, <;:FZ - c;obandede Fault Zone, DFZ- Dumlu Fault Zone, HFZ - Hasan Timur Fault Zone, KBF- Kavakba~t Fault, KFZ ­
Kagtzman Fault Zone, DBFZ - Dogubayaztt Fault Zone, EAFZ- East Anatolian Fault Zone, KyFZ - Karayazt Fault, NAFZ - North Anatolian 
Fault Zone, TFZ - Tutak Fault Zone, Y~FZ - Yiiksekova-~emdinli Fault Zone, NEAFZ - Northeast Anatolian Fault Zone 
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metres [77] , and di splay distinct geometries. The present con­
fi gurati on of the NAFZ master strand and its splays form a 
typical ' fi shbone structure' (see ,Sengor and Barka [333]), 
which is created by the rotati on of 'en echelon ' wedges away 
from the main NAFZ [77, 350, 351] . They branch off the 
NAFZ and trend in approximately E-W direction for some 
di stance. Then, they bend southwards and trend in an 
approximately NE to NNE-direction running into the Ana­
toli an Plate. The E-W trending sections of the splay faults 
di splay fairly strike-slip character with some reverse com­
ponents, whereas the NE- to NNE-trending sections mainly 
have the normal oblique-slip character (see Bozkurt and 
Ko~yig it [77]). The thrust nature of the faults is attributed to 
a decrease in offset along the principle escape faults and to 
a shortening in the length of its purely strike slip segments 
[332] while the normal fault character is the result of anti­
clockwise rotation along the NE- to NNE-trending sections 
of the splays [77]. Considerable amount of anticlockwise 
rotation has been documented along the Almus Fault Zone 
[65]. More, anticlockwise rotati ons since Late Eocene 
reached 33° in Central Anatolia [334]. Similarly, anticlock­
wise rotations in Central Anatolia during the Neogene time 
were reported in many other recent works [335- 339]. lt is 
also suggested that within the wedge-shaped terrane con­
fined between the EAFZ and the NAFZ, the degree of anti -

0 50 
L___._j 

km 

Figure 3. Simplified map show­
ing major structural elements of 
east Central Anatolia (modified 
from Ko~yi g it and Erol, this issue, 
Bozkurt and Ko~yi g i t [77] , 
~aroglu et. al [ 181], Dirik and 
Gonclioglu [346], Bingo! (450]). 
Heavy lines with half arrows are 
strike-slip faults with arrows 
showing relati ve movement 
sense. The heavy lines with 
hachures show normal faults: 
hachures indicate down-thrown 
side. AF - Akpmar Fault, DF -
Delice Fault, KF - Kangal Fault, 
NF- Nigde Fault, SF - Salanda 
Fault , AFZ - Almus Fault Zone, 
LFZ - La~in Fault Zone, MFZ -
Merzifon Fault Zone, MOF 
- Malatya-Ovactk Fault Zone, 
TFZ - TuzgOlli Fault Zone, YFZ 
- Ytldtzeli Fault Zone, A~FZ -
Ak~ehir Fault Zone, CAFZ- Cen­
tral Anatolian Fault Zone, T(:FZ 
- Ta~ova-(:orum Fault Zone, 
YEFZ - Yagmurlu-Eiinepazan 
Fault Zone, YGFZ - Yakapmar­
Goksun Fault Zone, NEAFZ -
Northeast Anatolian Fault Zone. 

clockwise rotation during tectonic escape within the last 
2-3 Ma has diminished from approximately 25° in the east 
to approx imately I oo towards the southwest [335] . 

Among the above-mentioned strike-slip faults, the 
Malatya-Ovactk , Central Anatolian, TuzgolU and Eski ~ehir 

fault zones form the major neotectonic structures in Central 
Anatolia (figure 3). The brief summary of the characteri stics 
of these fault zones will be given below. 

The Malatya-Ovactk Fault Zone (MOFZ) is a 240 km­
long, sinistral strike-s lip fault zone that splays from the 
NAFZ near Erzincan. It runs in WSW direction (the Ovactk 
segment) for - 120 km, then bends into SW direction (the 
Malatya segment) and runs into the Anatolian Plate (figure 
3). This structure is suggested to be acti ve and formed the 
boundary between the Anatolian and Arabian plates during 
- 5-3 Ma. It took up 29 km of relative motion between these 
plates. The MOFZ intersected the NAFZ across the Erzin­
can bas in, which was the site of triple junction (Erzincan 
triple junction) among the Arabian, Anatolia and Eurasian 
plates. The MOFZ was abandoned at -3 Ma when the mod­
ern East Anatolian Fault Zone and the eastern segments of 
the North Anatoli an Fault Zone beyond Erzincan developed. 
The readers are referred to Chorowicz and others [344], 

12-



E. Bozkurt/ Geodinamica Acta 14 (200 1) 3- 30 

Westaway and Arger ( 190] , Arger et al. [ 191] and, West­
away and Arger (thi s volume) for detailed in formation. 

The Central Anatoli an Fault Zone (CAFZ) is a 730 km­
long sini stral mega shear zone, formed by the reacti vation 
and propagation of an older palaeotectonic structure, namely 
the ' Ecemi~ Corridor ' or 'Ecemi ~ Fault ' [352-355] in the 
Plio-Quaternary times as a result of continued intracontinen­
tal convergence between the Arabian and Eurasian plates 
[347] . The fault zone runs from Erzincan in the northeast to 
the Eastern Mediterranean Sea (figure 3) . It is seismically 
less acti ve and comprises numerous segments. Total di s­
placements during the palaeotectonic and neotectonic peri­
ods are 75 km and 24 kin, respecti vely. It is speculated that 
although the present-day slip along the CAFZ is only 
3 mm year- 1

, thi s system form the eastern boundary of the 
Anatoli an Plate instead of the East Anatoli an Fault Zone in 
the future (347]. The Central Anatoli an Fault Zone di splays 
typical characteri stics of strike-s lip faulting and is charac­
terized by the development of variably sized pull -apart basins 
(e.g., Erc iyes, Tuzla golli , Sultansazltgt pull -part basins) 
along a sini stral double bend that permitted the emplace­
~ent of the Erciyes stratovolcanic complex. The fault zone 
ts also locus of major volcanic acti vity in the Kayseri region 
and palaeomagnetic study of young lava fl ows ( 1-2 Ma) 
reveal anticlockwise rotations by about I oo during the las t 
I Ma [335] . However, Westaway [356] claims that as no new 
quantitative conclusions are reached concerning rates of slip 
or total amounts of slip, it remains unproven whether there 
really is a - 700 km-long acti ve left-lateral fault zone with a 
slip rate of several millimetres per year in thi s locality, as 
was c laimed by Ko'<yigit and Beyhan (347] . On the other 
hand Ko'<yigi t and Beyhan [348] provided further evidence 
for the favour of acti ve fault system. 

The Tuzgolli Fault Zone (T FZ) [2, 171 ], a 200-km-long, 
northwest-trending dextral strike-slip fault zone, is one of 
the most prominent structures of Central Anatolia (figure 3). 
The fault zone bounds the northeastern margin of the Tuzgolli 
basin . The initi ati on of movement along the TFZ is Late 
Cretaceous (349, 357, and references therei n] , but there are 
also claims that the fault zone became active during the 
Miocene [358]. The fault zone is a strike-slip fault with a 
considerable normal component. The N-S and NE-SW 
trending distribution of volcanic cones is attributed to the 
dextral and normal faul ting along the Tuzgolli Fault Zone 
[2, 342, 343, 359-36 1 ]. 

The WNW-ESE trending Eski ~ehir Faul t Zone is a dex­
tral structure with considerable amount of normal compo­
nent (fig ures 3 and 4) . It extends from Uludag (Bursa) to 
Afyon. Our knowledge of the fault zone is limited. This fault 
has ruptured during the 1956 Eski ~ehir earthquake (M = 6.5) 
[1 83, 362]. -

The hi stori cal and instrumental earthquake records show 
that the eastern parts of Central Anatoli a is seismically les 
active, when compared with other parts of Anatolia [51 , 60, 
135, 153, 194, 363, 364 ]. The region has experienced a num-

Me dit e rran e an Se a 36" 

Figure 4. Simplifed map showing major structural elements of 
!sparta Angle and the adjacent areas (modi fied_ fro~ ~aroglu et al. 
[ 181], Ko~yigit (369], K~ytgu et al. [448], Bmgol [450]). Heavy 
lines with half arrows are strike-slip faults with arrows showing 
relative movement sense. Heavy lines wi th hachures show normal 
fau lts: hachures indicate down-thrown side. AG - ActgOI Graben, 
BG - Burdur Graben, <;G - <; ivril Graben, DG - Dinar Graben, 
KG - Kiitahya Graben, SG - Simav Graben, AAG - Ak~eh ir-Afyon 
Graben, B ~G - Bey~ehir Graben, DoG - Dombayova Graben, KdG 
- Kovada Graben, SkG - Sandtkh Graben. 

ber of historical and instrumental earthquakes, such as the 
1717 and 1835 Ecemi ~. May 191 4 Gemerek (M = 5.6), 1938 
KJT~ehir (M = 6.8), 2 1 February 1940 Erciyes (M = 5.3), and 
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14 August 1996 Mecitozi.i- <;orum (M = 5.6) earthquakes, 
which occurred along this structure [49, 125, 365- 367]. 

In contrast to its eastern parts, the western parts of the 
Central Anatolia is dominated by a series of NE- SW- and 
NW- SE-trending cross-graben and horst structures bounded 
by active, oblique-slip normal faults with strike-slip compo­
nents (figure 4) [368- 376, and references therein] . This 
reg ion , which lies at the apex of !sparta Angle [e.g. 268, 
377- 381, and references therein] , form a transitional zone 
between the rapidly extending western Anatolia and the east­
ern part of Central Anatolia where strike-slip dominated tec­
tonic regime is prevailing. I sparta Angle is interpreted as the 
result of interference between SE-vergent Lycian Nappes and 
SW-vergent Ak~ehir-Bey§ehir Nappes emplaced during 
polyphase development from Late Cretaceous to latest 
Miocene [379, 382]. 

Some of the best examples to these structures include the 
NW- SE trending Dinar, Bey~ehir, and Ak~ehir-Afyon gra­
bens and NE- SW trending Burdur, AcJgol, Sand1kh, <;ivril 
and Dombayova grabens and their bounding faults (figure 
4). Many earthquakes have originated from these structures, 
such as 3 October 1914 Burdur (MO 7.1), 7 August 1925 
Dinar (M = 5.8), 19 July 1933 <;ivril (M = 5.8), 12 May 1971 
Burdur (M = 6.2), I October 1995 Dinar (M = 6.1 ), and 15 
December 2000 Ak§ehir (M ·= 5.8) earthquakes [60, 194, 
383- 392]. The existence of two sets of normal faults indi ­
cates that the region is extending biaxially, with both NE- SW 
and NW- SE components of extension [4] . Barka and others 
[393] suggested that the NE-SW trending left-lateral 
Fethiye-Burdur Fault Zone (FBFZ), which is interpreted as 
the northeastern continuation of the Pliny- Strabo Fault Zone 
on the land, and the Eski~ehir Fault form the major bound­
ary between the Western Anatolian extensional province and 
the !sparta Angle area. GPS measurements indicate slip rates 
of 1.5 em year- ' along the FBFZ [6, 47]. The recent GPS 
studies, the distribution of hi storical and instrumental earth­
quakes, and morphological features indicate that the FBFZ 
is active. However, others claimed that the FBFZ is not a 
transform fault boundary and the dominant motion is dip­
slip (normal) normal, not sini stral [369]. 

4.4. Western Anatolia 

Western Anatolia forms one of the most seismically active 
and rapidly extending regions in the world [6, 12, 60, 110, 
135, 394-399, and references therein] . It is currently expe­
riencing an approximately N- S continental extension at a 
rate of 30-40 mm year- ' [ 13, 170]. It is a part of the' Aegean 
Extensional Province', a region of di stributed extension that 
covers parts of Greece, Macedonia, Bulgaria and Albania 
(figure /) . 

Approximately E- W trending grabens (e.g. Edremit, 
Bakm,:ay, Ki.itahya, Simav, Gediz, Ki.ic;:i.ik Menderes, Bi.iyi.ik 
Menderes, and Gokova grabens) and their basin-bounding 
active normal faults are the most prominent neotectonic fea-
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Figure 5. Simplifed map showing major structural elements of 
Western Anatolia (simplified and modified from Bingo! [450], Boz­
kun [427] , Ytlmaz et al. [429] Seyitoglu [435]). Heavy lines with 
hachures show normal fault: hachures indicate down-thrown side. 

tures of Western Turkey (figures 4 and 5) [e.g. 2, 400-430, 
and references therein]. Other, less prominent, structural ele­
ments of Western Turkey are the NNE-trending basins and 
their intervening horsts (e.g. Gordes, Demirci , Selendi , and 
U~ak-Gi.ire basi ns; figure 5) [e.g. 403, 429, 431-436, and 
references therein]. 

The activity of basin bounding faults is shown by numer­
ou historical earthquakes, such as the 22 February 1653 and 
20 September 1899 Menderes, 18 November 1919 Soma 
(M = 6.9), 31 March 1928 Torbah (M = 6.3), 23 April 1933 
Gokova (M = 6.5), 22 September 1939 Dikili-Bergama 
(M = 6.5), 6 October 1942 Edremit Korfezi-Ayvac1k 
(M = 6.8), 16 July 1956 Soke-Balat (M = 7.1 ), 2 March 1965 
Salihli (M = 5.8), 13 June 1965 Honaz (M = 5.3), 23 March 
1969 Demirci (M = 5.9), 28 March 1969 Ala~ehir (M = 6.5), 
28 March 1970 Gediz (M = 7 .2), and 11 October 1986 
<;ubukdag (M = 5.5) earthquakes [e.g. 60, 125, 194, 316, 
395, 397, 399,408, 437, and references therein]. 

The cause and origin of crustal extension in the Aegean 
has long been debated, and proposals fall into four different 
model s: ( I ) 'Tectonic escape' model: the westward extru­
sion of the Anatolian block along its boundary structures 
since the late Serravalian (12 Ma) [2, 10, 54,403, 421]. (2) 
' Back-arc spreading' model: back-arc extension caused by 
the south-southwestward migration of the Aegean Trench 
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system [192, 242, 247]. However, there is no consensus on 
the inception date for the subduction roll-back process and 
proposals range between 60 Ma and 5 Ma [ 192, 242, 247, 
~49, 438]. (3) 'Orogenic collapse' model : the extension is 
Induced by the spreading and thinning of over-thickened 
crust following the latest Palaeocene collision across Neot­
ethys during the latest Oligocene-Early Miocene [411, 412]. 
(4) 'Episodic': a two-stage graben model that involves a 
Miocene-Early Pliocene first stage (orogenic collapse), and 
a Plio-Quaternary second phase (westward escape of the 
Anatolian block) of N-S extension [425]. 

The age of the graben~ is also controversial and proposals 
fall into three major categories: (I) The grabens began to 
form during the Tortoni an [I, 2, 403]. (2) The basins started 
to form during the Early Miocene and continued their evo­
lution since then [411 , 412]. (3) The grabens are Plio­
Quaternary structures [425, 427-429]. 

5. The contributing articles 

This special issue of Geodinamica Acta (Paris) publishes 
selected scientific contributions that were originally pre­
sented at the 'Third International Turkish Geology Sympo­
si.um'. This symposium was held at the Middle East Tech­
ntcal University (METU) in Ankara from 31 August to 4 
September 1998. This meeting at METU provided an oppor­
~unity for Earth scientists to present up-to-date results and 
Ideas from a wide range of current research activity in this 
region. About 200 presentations, both oral and by poster, 
~overed a wide range of geological topics. The manuscripts 
~n this volume include a selection of papers presented dur­
Ing the 'Neotectonic' theme of the symposium. 

The twelve articles in this volume deal with a wide range 
of aspects of the neotectonics of Turkey, in particular that of 
We.stern and Central Anatolia. They are divided into three 
mam groups. The first five articles discuss the graben for­
mation in Western Anatolia and the timing of the start of this 
extension (Y!lmaz and Karac1k, Gen-r et al., GUrer et al., and 
~kgiin and Sozbilir), together with the documentation of a 
historical earthquake along the Fethiye-Burdur fault zone 
(~kytiz et al.). The next four articles discuss the structure, 
kinematics and volcanism along the Central Anatolian Fault 
Zone (Ko-ryigit and Erol, Dirik, and Parlak et al.) and the 
Malatya-Ovac1k Fault Zone (Westaway and Arger) in East­
Central Anatolia. The final three articles di scuss the age of 
basin formation and dextral motion along the North Anato­
lian Fault Zone (Unay et al.), the neotectonic characteristics 
of the Eastern Anatolia (Ko-ryigit eta!.) and finally the basin 
formation, volcanism and structural analysis of the Karasu 
valley, located in the area where East Anatolian and Dead 
Sea fault zones interact (Rojay et al.). 

5.1. Western Anatolia 

The first three articles aim to shed light on the continuing 
debate about the age of neotectonic extension in Western 
Turkey. The article by Y!lmaz and Karac1k examines the 
structural and stratigraphical characteristics of Neogene sedi­
mentary and magmatic rocks on the northern side of the Gulf 
of Edremit. Extension in this locality involved two succes­
sive stages, separated by a phase of erosion when a sub­
horizontal erosional land surface was produced: thus sup­
porting the episodic two-stage graben model proposed by 
Ko-ryigit et al. [425]. The earlier phase of N-S extension 
occurred in the Late Miocene to Early Pliocene when a con­
jugate pair of NE- and NNW-trending normal faults with ~ 

subordinate strike-slip components developed. These struc­
tures are responsible for the development of Etili and Giilpl­
nar grabens and intervening Kazdag and Ezine horsts. Fol­
lowing this erosion, the N-S extension reactivated with the 
opening of the E-W trending Edremit graben. This time cor­
responds to the uplift of Kazdag horst to its present day E-W 
position and the consequent opening of the Bayrami-r half 
graben. Y!lmaz and Karac1k suggest that the opening of the 
present-day E-W-trending Edremit graben post-dates the 
Late Miocene-Early Pliocene structures in thi s region, and 
so is possibly Pleistocene-Quaternary (less than 5 Ma) in 
age. 

Gen-r, Altunkaynak, Karac1k, Yazman and Y1lmaz describe 
the evolution of the N-S trending Neogene ~ubukdag gra­
ben, which is later cut and delimited by E-W trending struc­
tures. The graben opened during the Late Miocene as oblique 
slip faults (Orhanh and Golkaya fault zones) with minor sin­
istral slip became active, possibly under a N-S extensional 
regime. Acidic explosive volcanism occurred along these 
structures as fissure eruptions. The N-S oblique-slip fault­
ing and associated basin formation persisted until Pliocene. 
East-west trending major grabens then began to form and 
their basin-bounding normal faults cut and fragmented the 
Upper Miocene-Pliocene successions. The N- S extension 
was also interrupted by an erosional period. Since the ini ­
tiation of E-W faulting and basin formation, the ~ubukdag 
graben has continued to develop, as a cross-graben between 
the Gediz graben in the north and the Ku~adas1 graben in the 
south. 

GUrer, Bozcu, Kamil and Y1lmaz discuss the evolution of 
the extensional Soke basin, located between Ku§adas1 and 
the Dilek Peninsula at the western end of the Btiyiik Men­
deres graben. They describe the stratigraphy and structure 
of this basin and conclude that basins of various ages and 
different orientations developed in the Soke area during the 
interval between the Early Miocene and Quaternary. The first 
stage of graben formation began with Early Miocene NE- to 
ENE-trending oblique-slip faulting. Hanging-walls of these 
faults were the sites of Early-Middle Miocene sedimenta­
tion . This basin fill was later folded during a phase of N-S 
compression. Following this event, an E- W trending nor-
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mal fault (Yamac;:koy Fault) and an associated graben formed 
under approximately N-S extension. This fault localizes the 
igneous activity until the Pliocene when the N-S extension 
ceased. The region was then subjected to eros ion, which was 
followed by the reactivation of the N- S extension during 
the Pliocene (?)-Pleistocene time when the Biiyiik Men­
deres graben began to form. 

Akgiin and Si:izbilir document the palynostratigraphy of 
the two Oligo-M iocene mollase basins, Kale-Tavas and 
Denizli basins, in western Turkey. The article describes in 
detailed the results of geological mapping and measured sec­
tions from the coal-bearing sequences of the basin fill s. The 
molasse basins contain alluvial fan-braided river sediments 
that begin with a basal conglomerate unconformably above 
the ophiolitic rocks of the Lycian Nappes. The age of the 
mollase sediments is Chattian to Aquitanian-Burdigalian 
(Late Oligocene- Early Miocene), much younger than as pre­
viously believed (Early Oligocene: [439-443]. Metamor­
phic clasts derived from the Menderes Massif occur high up 
in the stratigraphic success ion (late Early Miocene) of the 
Tavas basi n [444]. This suggests that the southern Menderes 
Massif was not exposed at the Earth's surface during the 
Early Oligocene, and that thi s massif was buried beneath 
the Lycian Nappes at least until the Late Oligocene [445] . 

The geological and archaeological evidence for a post­
Roman earthquake (possibly in A.D. 417) surface faulting at 
Cybria, an ancient city in nearly I km NW of the modern 
town of Gi:ilhi sar (Southwest Anatolia), are reported by 
Akyiiz and Altunel. Geological observations include the 
cross-cutting relationships between a series of NNE-SSE 
trending, left-stepping fault segments and Pliocene sedi­
ments. Archaeological observations are from the damaged 
re lics at Cibrya, including surface rupture-associated offset 
of seating rows in the stadium and shaking-induced dam­
age, such as broken corners of blocks, collapsed walls, bro­
ken columns, and tilted and toppled blocks. The detailed 
observations from this ancient city are consistent with left­
lateral slip along the fault zone. It is finally concluded that 
the intensity of the earthquake was at least IX, suggesting a 
magnitude of about 7.0. 

5.2. Central Anatolia 

The first article in thi s section , by Westaway and Arger, 
investi gates the characteristics of, and left-lateral slip along, 
the Malatya-Ovactk Fault Zone (MOFZ). It is suggested that 
thi s fault zone formed the boundary between the Anatolian 
and Arabian plates during -5-3 Ma. The MOFZ splays 
southwestward from the North Anatolian Fault Zone across 
the Erzincan basin, where it formed the triple junction 
between the Anatolian, Eurasian and Arabian plates. During 
thi s time interval , a total of 29 km left-lateral displacement 
occurred along this fault zone. The internal structure of the 
MOFZ was complex. Its central part is interpreted as the 
internal fault of a transpressional stepover, where slip has 

resu lted in thi ckening of the brittle upper crust and uplift of 
the adjoining mountain ranges to altitudes of -3300 m. 
Because of the geometry and local kinematics of the Erzin­
can triple junction, the slip along the MOFZ was unable to 
continue and the fault zone became inactive at -3 Ma, when 
NAFZ propagated eastward and the East Anatolian Fault 
Zone began to develop. The authors also reconsider the evo­
lution of the Erzincan basin and suggest that the basin is not 
a simple pull-apart, but has instead formed in response to 
complex deformation, involving components of NAFZ- and 
MOFZ-parallel extension caused by the geometry of the Erz­
incan triple junction and the north-south shortening caused 
by Arabia- Eurasia convergence. 

The next three articles concern basin formation , volcan­
ism and structural characteristics in localities that Koc;:yigit 
and Beyhan [346] regarded as within the Central Anatolian 
Fault Zone (CAFZ). Koc;:yigit and Akyol investigate the 
Erciyes pull-apart basin, a 35 km-wide, 120 km-long and 
about 1.2 km-deep, lazy S-shaped, still active transtensional 
asymmetric depression , that - according to Koc;:yigit and 
Beyhan [347] - formed in a releasing double bend on the 
CAFZ in the Middle Pliocene. To the northeast of Kayseri , 
the NE-trending segments of the CAFZ (KIZihrmak-Erkilet 
and Di:ikmeta~ faults) bend southwards and run in approxi­
mately N-S direction, thus resulting in a releasing double 
bend. The bending along these segments therefore results in 
local transtensional deformation and the basin bounding 
faults have acquired an oblique character with considerable 
amount of normal component. The total amount of throw 
along these structures reaches up to 1225 m. The basin com­
prises two separate depressions, the Sultansazbg1 and 
Kayseri-Sanmsakli depressions, separated by Erciyes stra­
tovolcano. The volcano began to develop as a basaltic fis­
sure eruptions during the Late Pliocene (probably younger 
than 2.8 Ma). This was followed by the growth of a central 
cone, made up of alternating andesitic lavas and pyroclas­
tics. During the Late Quaternary, the central vent was 
clogged, and the volcanic activity continued until prehis­
toric times as fl ank eruptions through numerous volcanic 
cones, lava domes, lava streams and ash flow s, which form 
spectacular landforms in the area. 

Dirik gives a detailed description of the structure and evo­
lution of the northwestward arched segment of Koc;:yigit and 
Bey han's [347] CAFZ. The interpreted sinistral motion along 
the fault zone became reactivated in the Middle Pliocene. 
The central part of the fault zone is dominated by depres­
sions, which are interpreted as the result of left stepping 
and/or releasing bending between the different fault seg­
ments during the Late Pliocene- Quaternary time. The author 
also regards the Sultansazhg1 and Tuzla Gi:ilii depressions as 
the best examples of pull-apart basins in hi s study area. 

Finally, Parlak, Delaloye, Demirkol and Dnliigenc;: 
describe the geochemical characteristics of Pliocene­
Pleistocene alkali basalts, which have erupted to the south­
west of Sivas. The authors conclude that these basalts were 
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most likely derived from an asthenosphere source as a result 
of decompression melting resulting from crustal thinning 
caused by localised extension accompanying slip on the K.tz­
Ihrrnak segment of the CAFZ. 

5.3. Other articles 

The third group of articles concerns the North Anatolian 
Fault Zone, eastern Anatolia, and the transitional zone 
between the Dead Sea and East Anatolian fault zones. First, 
Unay, Emre, Erkal and Ker;:er document the rodent fauna 
from fluvial and alluvial fan sediments, deposited within the 
Adapazan basin. This is a typical pull-apart basin that formed 
between right-stepping segments (the Dokurcun and izmit­
Adapazan segments) of the right-lateral North Anatolian 
Fault Zone to the east of Sea of Marmara. The fauna from 
the lowermost sediments suggest that the basin began to form 
and that the dextral motion along this strand of the NAFZ 
commenced during the latest Pliocene. This work reports the 
first ever mammal ages from any pull-apart basin along the 
NAFZ. 

Kor;:yigit, Yilmaz, Adamia and Kuloshvili describes the 
major structural elements of eastern Anatolia and the Lesser 
Caucasus. They propose that the neotectonics of the region 
are characterised by a strike-slip-dominated compressional­
extensional regime, which began in the Pliocene. In con­
trast, previous authors (e.g. [1, 22, 29, 446, 447]) have sug­
gested that eastern Anatolia has been undergoing 
compressional deformation, with dominant E-W trending 
thrust to reverse faults and folds and NE- to NW-trending 
subordinate strike-slip faults, since the Early Miocene. The 
major structures form NW- to NE-trending conjugate sets of 
dextral and sinistral strike-slip faults, N-S to NNW-trending 
normal faults, fissures, and associated Plio-Quaternary vol­
canoes. This paper gives detailed descriptions of these major 
structures and discusses their tectonic significance. 

The final paper, by Rojay, Heimann and Toprak describes 
the structure of the Karasu valley in the extreme south of 
Turkey and documents new K-Ar dates for this region's 
basaltic volcanism. The Karasu Valley is interpreted as an 
asymmetrical depression, which developed between seg­
ments of the sinistral Dead Sea Fault Zone (DSFZ) and the 
Karasu Fault Zone (KFZ). The KFZ is interpreted a sinistral 
fault zone with substantial oblique normal slip, which Jinks 
the DSFZ and the East Anatolian Fault Zone (EAFZ). The 
quaternary basin fill of the Karasu Valley is intercalated with 
alkali basalts. Thirteen new K-Ar ages were obtained from 
~hese basalts, which range from 1.57 ± ?.08 Ma to 

:05 ± 0.03 Ma. The slip rate on the KFZ, estimated from 
~!Stances by which these dated basalt flow units are offset, 
Is about 4.1 mm year- 1• 

6. Concluding remarks 

Several topics regarding the nature of neotectonic defor­
mation in Turkey have emerged from the papers in this vol­
ume. The age and origin of E- W and north-trending basins 
in Western Anatolia, the volcanism and faulting along the 
Malatya-Ovac1k and Central Anatolian fault zones, pull­
apart basin formation along the NAFZ, the neotectonics of 
Northeastern Anatolia, and the relationship between the 
EAFZ and DSFZ in southern Thrkey, form major topics. The 
main conclusions of these papers can be summarized as fol­
lows: 
- E-W trending grabens began to develop in western Tur­
key around 5 Ma-4 Ma or possibly even later. This is in close 
agreement with the recent claims that the neotectonic exten­
sion and E- W graben formation in western Anatolia com­
menced during the Pliocene [425-429, 448] . It contradicts 
the previou contention that the N- S and E- W trending gra­
bens are synchronous and have formed under ongoing N- S 
extension since the Late Oligocene or Early Miocene [411-
413, 435]. 
- The models proposed for other normal fault zones in west­
ern Turkey are consistent with the episodic two-stage model 
envisag~d for the Gediz Graben [425) and the Biiyilk Men­
deres Graben [427), but the proposed interval of erosion 
between the two phases of N- S extension is controversial. 
The present articles infer a brief period of rapid erosion prob­
ably during the Pliocene. However, Kor;:yigit et al. [425) 
claimed instead that the two phases of extension in their study 
region were separated by a period of N-S compression dur­
ing the Late Miocene-Early Pliocene. 
- Lo~er-Middle Miocene sediments in western Anatolian 
basins (e.g., <;ubukdag graben south of izmir, Gulf of Edre­
mit, Soke-Ku~adas1 graben) were folded during a period of 
N- S compression, prior to the initiation of N- S neotectonic 
extension in the region. 
- The documentation of Lower-Middle Miocene sediments 
in the Soke area by GUrer and others confirm the previous 
contentions that similar-aged sediments were deposited 
within the present-day extent of the Bilyilk Menderes gra­
ben, as reported from the Dalarna (Aydm) and ~evketin Dag1 
(Nazilli) areas [411, 412,427-429, 439-443]. However, such 
occurrences of sediment are fortuitous: they have nothing to 
do with the Bilyilk Menderes graben and were apparently 
deposited well before the development of this graben [427, 
428). 
- Although the article by Akgiln and Sozbilir does not report 
directly on the characteristics of neotectonic structures in 
Western Anatolia, their conclusions have an important bear­
ing on the age of extensional tectonics in the region. The 
Upper Oligocene- Lower Miocene sediments have been 
interpreted as the earliest sediments of the E-W trending 
Gediz and Biiyilk Menderes grabens [411-413, 435, and ref­
erences therein). Based on this assumption, it has also been 
suggested that the N- S extension in Western Anatolia com-
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menc:ed by the latest Oligocene-Early Miocene time. How­
ever, the age of mollase sediments in the Kale- Tavas and 
Denizli basins and the Middle Miocene ages from the basal 
sequence of Biiyiik Menderes graben [449] suggest that the 
beginning of the neotectonic extensional period in Western 
Anatolia shou ld at least be Middle Miocene or younger, sup­
porting the other recent claims [425, 427-429]. 

- The geological and archaeological evidence from the 
ancient city Cybria (Akyiiz and Altunel) is interpreted as 
indicating that a segment of the Fethiye-Burdur Fault Zone 
has ruptured during historical earthquakes. 

- A kinematic model is proposed to explain that the present­
day major fau lt geometry developed circa 3 Ma (Westaway 
and Arger). The relative motion between Anatol ian and Ara­
bian plates was taken up by the Malatya- Ovactk Fault Zone 
(MOFZ) during about 5-3 Ma. The East Anatolian Fault 
Zone became active around 3 Ma when the MOFZ ceased 
to be active. 

- Part of the Central Anatolian Fau lt Zone (CAFZ) slipped 
many tens of kilometres in the Eocene (e.g. [1, 347, 353, 
354, 356]. Structures along other parts of it are interpreted 
here as evidence of transtensional deformation and/or pull­
apart basin formation, and it is suggested that this young 
phase of slip began in the Pliocene. Pliocene to Quaternary 
alkali basaltic volcanism has· also occurred adjacent to part 
of thi s interpreted fault zone. 

- The dextral motion along the fault strands forming the 
present geometry of the North Anatolian Fault Zone began 
in the latest Pliocene, based on the mammal age from the 
basin fi ll of Adapazan basin . Barka et al. [66] have previ­
ously proposed that the switch from the MOFZ and NAFZ 
to the EAFZ and NAFZ forming an active conjugate fault 
pair led to changes in the geometry of the NAFZ, which 
resulted in some fau lt strands that were active before thi s 
change becoming superseded followi ng this change. How­
ever, Barka et al. [66] thought that thi s change occurred at 
- 1 Ma, but without clear age control evidence. The present 
results, which place the timing of thi s change in the Late 
Pliocene (i.e., at or just after -3 Ma), are consistent with the 
preferred -3 Ma timing of the ending of activity on the 
MOFZ from Westaway and Arger ([ 189] and this issue) and 
suggests that the timing of this major change in fault geom­
etry is now quite well constrained. 

- The neotectonics of eastern Anatolia is characterized by a 
strike-slip dominated compressional-extensional regime that 
commenced in the Pliocene. 

- The Karasu Valley forms a linkage between the DSFZ and 
the EAFZ and is the site for very youngbasaltic volcani sm 
( 1.57 ± 0.08 Ma to 0.05 ± 0.03 Ma). 
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