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ABSTRACT

Tectonic escape is frequently considered to result from compression in a collisional
belt, a free boundary opening the way to lateral extrusion of rigid blocks. However, in
Anatolia the complex tectonic history provides an opportunity to better understand
why a widespread late Cenozoic extension occurs instead of generalized compression.
In contrast to common opinion, we argue in this article that the major thickening of
the Anatolian plateau did not occur during late Cenozoic times as a consequence 
of the Africa-Arabia collision with Eurasia and related compression. When examin-
ing the distribution of the late Cenozoic deformation in eastern Anatolia, the main ar-
gument is that the region was subjected largely to extension and strike-slip tectonics.
Compression was limited to the narrow eastern Taurus belt and to a north-south strip
comprising the Afsin and Gürün arcs and the Sivas basin. This is shown by a review
of the literature and by complementary examination of radar and regional-scale Dig-
ital Elevation Model imagery. A second argument is that a major crustal thickening
occurred prior to the late Cenozoic during a major collisional event that took place in
the Eocene. Crustal thickening was followed by extensional collapse of Anatolia dur-
ing the Neogene–Quaternary after the opening of the Aegean basin free border 
during the Oligocene. Consequently, the escape of Anatolia largely implies body forces
previously stored in the lithosphere, inducing extensional collapse over crustal-scale
detachments, triggered by the onset of a free boundary in the west. This tectonic evo-
lution is related to the progressive propagation of the extension from west to east, which
induced eastward propagation of the North Anatolian fault forming the northern
boundary of the area submitted to tension.
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INTRODUCTION

Lateral escape motions in active collisional areas occur in
various regions, including the western and eastern Alps (Ratsch-
bacher et al., 1991), the Carpathians (e.g., Royden et al., 1982,
1983), Tibet (e.g., Tapponnier et al., 1982), and Anatolia (e.g.,
Şengör et al., 1985; Dewey et al., 1986). Two main explana-
tions have been proposed for the eastward motion of Tibet ac-
commodating part of the India-Asia convergence. In the first
hypothesis, part of the convergence is accommodated by major
strike-slip faults bounding the escaping lithospheric block. This
process, utilizing horizontal compressional forces at boundaries
of rigid blocks, is called “extrusion tectonics” (Tapponnier et al.,
1982) or “tectonic escape” (Şengör et al., 1985). It is accompa-
nied by minor crustal deformation and negligible crustal thick-
ening. In the second hypothesis, lateral motion is caused by
buoyancy forces within the escaping block. This process, named
“extensional collapse” (Dewey, 1988; Dilek and Moores, 1999),
utilizes the gravitational spreading of the continental uplifted
landmass toward less elevated areas (Dalmayrac and Molnar,
1981).

Anatolia is at an early stage of evolution of lateral tectonic
escape, representing a good case study for this problem. Ketin
(1948) conceived that Anatolia was moving westward and sug-
gested the role of two major strike-slip faults accommodating
this movement. McKenzie (1972) adapted this idea to the plate
tectonic model and argued that the collision between Africa-
Arabia and Eurasia is responsible for lateral extrusion of the so-
called Anatolian block toward the Aegean basin forming a free
boundary (Fig. 1). In this model, Anatolia is considered a rigid
lithospheric plate moving between two conjugate transform
faults, the right lateral North Anatolian fault in the north and the
left lateral East Anatolian fault in the southeast. The model im-
plies that compression in eastern Turkey and extension in the
Aegean domain provide the boundary conditions permitting the
lateral mass transfer of Anatolia from a squeezed region to a
stretched one.

GPS (Oral et al., 1995; Reilinger et al., 1997; McClusky 
et al., 2000) and Satellite Laser Ranging (Smith et al., 1994) data
show that the present-day motion of Anatolia can be described
as a coherent counterclockwise rotation favoring the model of a
rigid westward tectonic extrusion of the Anatolia plate at a first
approximation (Le Pichon et al., 1993). However, other authors
argue, based on tectonic analysis, that Anatolia is subjected to
late Cenozoic deformation. Some have found widespread com-
pression or strike-slip tectonics (e.g., Barka and Gülen, 1988;
Koçyigit, 1991a; Yılmaz, 1993), whereas others advocate for
the dominance of extension within the broader orogenic belt
(Tutkun and Hancock, 1990; Dhont et al., 1998; Chorowicz et al.,
1999; Dilek and Whitney, 2000).

The present-day architecture of Anatolia is the final result
of a complex history in the Tethyan domain, comprising several
collisional events. The distribution of compression and tension

in time and space is now well known. Anatolia is therefore a key
area where we can investigate and document the relationships
among compressional deformation, crustal thickening, and ex-
tension within a broad environment subjected to lateral motion.

In this article, we examine the feedback mechanisms in-
volved with the late Cenozoic lateral escape of Anatolia and the
possible influence of late Mesozoic–early Cenozoic Alpine-
style collisions responsible for crustal thickening and uplift. The
studied area covers the eastern half of Anatolia, located directly
in front of the Arabia-Eurasia collision zone. We first review the
main geologic framework of Anatolia. In order to discuss the
mechanism of deformation in Anatolia, we have produced new
synthetic maps based on the analysis of radar mosaic and Digi-
tal Elevation Model (DEM) images displaying the distribution
of compression and extension during the late Cenozoic. We then
develop arguments for the concept of crustal thickening during
the Eocene collision of Anatolia and discuss the mechanism of
deformation implicating gravitational collapse.

NEO-TETHYAN EVOLUTION 
HISTORY OF ANATOLIA

During the late Mesozoic–early Cenozoic, convergence be-
tween Africa-Arabia and Eurasia and progressive closure of the
Neo-Tethys dominated the history of Anatolia (e.g., Şengör and
Yılmaz, 1981; Robertson and Dixon, 1984; Dewey et al., 1986).
At the end of the Cretaceous, southward obductions emplaced
ophiolite nappes over continental blocks: (1) the northern
branch of the Neo-Tethys over the Anatolian carbonate plat-
form, forming the Anatolide belt, and (2) the southern branch of
the Neo-Tethys, which may have consisted of two oceanic
realms including the inner Tauride seaway, over the continental
margin of Africa-Arabia and over the Tauride carbonate plat-
form (Dilek and Moores, 1990). Neo-Tethyan ophiolite nappes
were emplaced along suture zones described as the Vardar-Izmir-
Ankara-Erzincan suture zone in the north (Koçyigit, 1991b) and
the Inner Tauride suture zone in the south (Dilek and Whitney,
1997). In the Aegean, the ages of high-pressure metamorphic
rocks suggest that small fragments of crust have been succes-
sively subducted and underplated in parts of the Vardar-Izmir-
Ankara-Erzincan suture zone since at least the late Cretaceous
and up to the present (Sherlock et al., 1999; Ring and Layer,
2003). In contrast to the Aegean, the Anatolide belt of western
Turkey recorded subduction and associated high pressure only
from late Cretaceous to Eocene times (Gessner et al., 2001; Ring
et al., 2003). This suggests that the major collision of the Ana-
tolian continent occurred in the Eocene, at least in western
Turkey. This main contractional event is generalized over the
whole Anatolian block, for major imbrication and shortening oc-
curred farther east in the Tauride platform (Özgül, 1976; Demir-
tasli et al., 1984) and in the Anatolide belt (Tolluoglu, 1992).
Collisions were accompanied by rapid development of thick se-
quences of flysch and molasse (Dewey et al., 1986). The south-

442 D. Dhont et al.

 on April 3, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


Fi
gu

re
 1

. P
la

te
 te

ct
on

ic
 c

on
te

xt
 o

f 
th

e 
ea

st
er

n 
M

ed
ite

rr
an

ea
n 

re
gi

on
 a

nd
 s

im
pl

ifi
ed

 g
eo

lo
gi

c 
m

ap
 o

f 
T

ur
ke

y,
 w

ith
 m

or
e 

de
ta

ile
d 

m
ap

pi
ng

 in
 th

e 
st

ud
y 

ar
ea

 (
fr

am
e)

 c
ov

er
in

g 
ea

st
er

n 
A

na
to

-
lia

 (
m

od
ifi

ed
 f

ro
m

 B
in

gö
l, 

19
89

; D
ho

nt
 e

t a
l.,

 1
99

8;
 C

ho
ro

w
ic

z 
et

 a
l.,

 1
99

9;
 D

ile
k 

et
 a

l.,
 1

99
9)

. C
A

FZ
—

C
en

tr
al

 A
na

to
lia

n 
fa

ul
t z

on
e;

 D
SF

Z
—

D
ea

d 
Se

a 
fa

ul
t z

on
e;

 E
A

F—
E

as
t A

na
to

lia
n

fa
ul

t; 
M

F—
M

al
at

ya
 f

au
lt;

 N
M

—
N

ig
de

 m
as

si
f;

 O
F—

O
va

ci
k 

fa
ul

t; 
Y

V
M

—
Y

am
ad

ag
 v

ol
ca

ni
c 

m
as

si
f.

 on April 3, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


ern branch of the Neo-Tethys, subducting northward, remained
between Anatolia and Africa-Arabia until the Arabia-Eurasia
collision began around 13 Ma.

This evolution shows that Eocene time corresponds to the
major collisional event in the eastern Mediterranean region, re-
sponsible for major imbrications, thrusts at the boundaries of
continental blocks, high-grade metamorphism, and magmatism.
The Eocene collisional event produced an overthickened conti-
nental crust in western and central Anatolia, which may have
represented a mountain belt with a deep root and an elevated to-
pography (Dilek et al., 1999; Dilek and Whitney, 2000). A post-
collisional compressional and transpressional tectonic regime
characterized by minor deformation and continental red bed mo-
lasses filling post-tectonic intramountainous basins is thought to
have persisted until the latest Oligocene–early Miocene (Seyi-
toğlu et al., 1997), the late Miocene (Koçyigit, 1991b), or the
early–late Pliocene (Koçyigit et al., 1995).

The Anatolide belt of western Turkey and the adjacent
Aegean Sea has undergone extensional deformation from at
least Oligocene times to the present (Lister et al., 1984; Buick,
1991; Seyitoğlu and Scott, 1991; Jolivet et al., 1994; Hetzell et
al., 1995; Jolivet and Patriat, 1999; Gessner et al., 2001; Ring
and Collins, 2005). In the Aegean, extension is controlled by
several tectonic processes, including gravity spreading of the
continental lithosphere that had been previously thickened dur-
ing the Eocene main collisional event (Seyitoğlu and Scott,
1991; Gautier et al., 1999; Dilek and Whitney, 2000), back-arc
spreading (Le Pichon and Angelier, 1981; Gautier and Brun,
1994), and southward retreat of the Hellenic slab (Meulenkamp
et al., 1988; Lee and Lister, 1992; Ring and Layer, 2003). Con-
sidering the effects of gravity spreading of the thickened conti-
nental lithosphere, several authors (Seyitoğlu and Scott, 1991;
Hatzfeld et al., 1997; Chorowicz et al., 1999; Gautier et al., 1999)
proposed that extension propagated eastward at least in the
Aegean–western Anatolian domain.

At the Oligocene-Miocene boundary, a continental rift 
began to form along the future Red Sea. In the middle–late Mio-
cene, coeval opening of the Red Sea and displacements along
the Dead Sea fault zone (Fig. 1; Cochran, 1981; Joffe and Gar-
funkel, 1987; Le Pichon and Gaulier, 1988) resulted in the sep-
aration of the Arabia plate (Biju-Duval et al., 1977; Livermore
and Smith, 1984; Yazgan and Chessex, 1991). Arabia and part
of Africa collided with Eurasia, resulting in the closure of 
the southern branch of the Neo-Tethys and the formation of the
eastern Taurus belt. An oceanic or thin continental lithosphere
(the Eratosthenes seamount) remained in the eastern Mediter-
ranean, subducting northward under Cyprus. Immediately north
of the Arabia plate, shortening and strike-slip faulting are dis-
tributed over 800 km from the border folds of the Arabia plate
(Perinçek and Özkaya, 1981) to the Caucasus belt (Philip et al.,
1989).

The North Anatolian fault is thought to have initiated in the
meantime, operating as a transform boundary fault along the
northern edge of the Anatolia plate (Şengör et al., 1985). How-

ever, the age of the fault is still debated, varying from the late
Miocene (McKenzie, 1972; Şengör, 1979; Şengör et al., 1985;
Dewey et al., 1986) to the early Pliocene (Barka, 1992; West-
away, 1994; Platzman et al., 1998). Some authors (Taymaz et al.,
1991; Armijo et al., 1999) have proposed that the North Anato-
lian fault propagated westward. However, Chorowicz et al. (1999)
suggested that the age of this fault decreases from west to east.
This is in agreement with Şaroğlu (1988) and Westaway and
Arger (2001), who suggested that the eastern part of the fault has
formed only since the late Pliocene. According to Barka (1992),
Armijo et al. (1999), and Barka et al. (2000), the total offset
along the North Anatolian fault would be 85 ± 5 km. The ages
of initiation proposed for the fault do not correlate with those
suggested for the East Anatolian fault, which vary from late
Miocene (Şengör et al., 1985) to middle Pliocene at ca. 2–3 Ma
(Westaway and Arger, 1996, 2001; Yürür and Chorowicz, 1998)
to early Pleistocene at 1 Ma (Barka et al., 2000). The maximum
offset along the East Anatolian fault is supposed to be 27 km
(Westaway, 1994), much less than the North Anatolian fault 
estimates.

During late Cenozoic time, deformation in Anatolia was
consequently related to several influences: (1) strike-slip fault-
ing along the North Anatolian fault, (2) extension in the
Aegean–western Anatolian domain, (3) subduction of the east-
ern Mediterranean floor under the Hellenic arc and Cyprus, (4)
extensional relaxation of the continental lithosphere of Anatolia
previously overthickened during the Eocene collisional event,
and (5) collisions, on one side between the continental part of
Africa and Anatolia and on the other side between Arabia and
Eurasia.

DISTRIBUTION OF LATE CENOZOIC
DEFORMATION IN ANATOLIA: AN APPROACH

In this article, the main objective is a better understanding
of the relationships between collision and escape tectonics in
terms of distribution and mechanisms, taking Anatolia as a case
study. For this we need an updated tectonic map that can be 
considered representative for the late Cenozoic deformation.
Considering that the late Cenozoic tectonics has had major ef-
fects on the present-day morphology, the originality of our ap-
proach is the production of synthetic maps based on the analysis
of remote sensing data, which mostly express the landforms.
Radar images are privileged data because they are highly sensi-
tive to topographic slope variations. At a more regional scale,
the DEM shadowed images also express the elevations and land-
forms. Such data directly display the effects of the faults on the
relief. Hence, they allow a homogeneous drawing of the tectonic
structures, which can be sorted according to their effects on the
morphology. In addition, the synoptic view of images is able to
reveal structures that were underestimated or not even observed
either partially or fully in previous studies. Analysis of remote
sensing imagery may be critical for a better understanding of the
continuity of fault systems and may provide links between re-
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gions that have been studied independently by various authors.
This approach, then, is a valuable method for the production of
synthetic maps at a given scale by the integration of the results
of various previous studies.

Neotectonic faults can be identified by (1) their morphol-
ogy, forming asymmetric ranges with one side corresponding to
breaks in slope or scarps; (2) the displacement of late Neogene
volcanic boundaries or structural or erosional surfaces; and (3)
the occurrence of straight lines several tens of kilometers in
length. We have systematically compared our images with geo-
logic maps in order to carefully separate the scarps formed by
recent fault planes from those resulting from differential erosion
of contrasted lithology (ancient). The recent and active fault
scarps, even eroded, are much taller and longer than the litho-
logic scarps. We have identified when possible the strike-slip,
normal, or reverse nature of the faults. Strike-slip faults have
rectilinear traces, and they locally bound push-up hills or ex-
tensional basins at step-overs or bends of the fault trace. They
can be associated with typical patterns such as horsetail struc-
tures at fault ends. Reverse faults have tightly sinuous traces,
and they are associated with half-cylindrical-shaped hills of the
uplifted blocks due to drag folds deforming the ancient planar
erosion surface in the hangingwall. Normal faults are recog-
nized by the following geomorphic characteristics: (1) they gen-
erally have a widely arched trace, concave (mainly) or convex
toward the footwall, contrary to the strike-slip faults, whose
trace is globally straighter; (2) they bound tilted plateaus (tilted
blocks); and, as is the case for strike-slip faults, (3) they are not
related to half-cylindrical-shaped hills corresponding to recent
drag folds that accompany active reverse faulting. We have also
mapped the recent folds, the synclines forming lowlands filled
with sediments, and the anticlines corresponding to regularly
shaped elongate hills. It is important to point out that this ap-
proach provides information on the finite strain, but not on its
detailed history. Our observations take into account finite de-
formation from the late Miocene to the present, which is con-
sidered the neotectonic period in Anatolia (Şengör et al., 1985).

In the next section, we introduce an original synthetic neo-
tectonic map based upon the literature as well as the interpreta-
tion of a mosaic of radar European Radar Satellite images
covering a large part of eastern Anatolia (Fig. 2). We then pro-
pose a synthetic neotectonic map of the eastern half of Turkey
and its vicinity in order to determine the spatial distribution and
nature of the major tectonic structures, which are divided be-
tween compression and tension (Fig. 3).

NEOTECTONIC MAP OF EASTERN 
ANATOLIA FROM RADAR MOSAIC

Compressional Structures

Afsin-Gürün Arcs and Kangal-Sivas Basins. Analysis of
the mosaic of radar images (Fig. 2) reveals an ~100-km-wide
north-south strip composed of several compressional structures

that runs as far as the Sivas basin to the north. It includes folds
commonly bounded by south-dipping thrusts and related basins
forming the Afsin and Gürün arcs (Perinçek and Kozlu, 1984;
Chorowicz et al., 1994). The northern part of the Gürün arc is
composed of reverse oblique slip faults and thrusts that have
been recognized as the Yaziurdu fault (Kurtman, 1978).
Koçyigit and Beyhan (1998) mapped this fault farther northeast
at its connection with the North Anatolian fault in the Erzincan
basin area. The Yaziurdu fault is not easily visible on the radar
image because it has been eroded; hence, it does not seem to be
active. In the northwestern part of the Gürün arc, the Yaziurdu
fault consists of a series of ENE- to northeast-striking faults, af-
fecting mainly the Cretaceous to Eocene limestone and locally
the sandstone, lacustrine limestone, and gypsum levels of the
Neogene Gürün formation (Kurtman, 1978). Striation measure-
ments on fault planes account for two stages of deformation (site
8, Fig. 4). The first stage, consistent with a strike-slip stress
regime with northwest-southeast shortening and northeast-
southwest extension (site 8, P1), does not seem to affect the
Neogene series. The second stage of deformation is compatible
with north-south shortening and east-west extension (site 8, P2).
Faults and folds related to this younger stage affect the Gürün
formation.

To the north, the Sivas-Kangal region has been investigated
by many authors and found also to result from compression
(e.g., Aktimur et al., 1990; Cater et al., 1991; Poisson et al., 1992,
1996; Temiz et al., 1993; Temiz, 1996; Guezou et al., 1996). The
continental Oligocene units lay unconformably over the marine
late Eocene units as a result of the main compression and related
uplift, which ended in the late Eocene. The area was transgres-
sively covered during the early Miocene by seawater, which re-
gressed completely in the middle Miocene (Lüttig and Steffens,
1976). The main feature revealed by the radar imagery is the 
periclinal closure of an ENE-trending anticline that involves 
the Oligocene to Pliocene rocks of the Sivas basin, now tecton-
ically inverted (Fig. 2). The southern border of the Sivas struc-
ture is deformed by N60°E- to N70°E-trending folds and thrusts
that are well exposed in the Tecer massif, where they involve
middle–late Miocene sedimentary rocks (Kurtman, 1973; Gökten,
1983; Cater et al., 1991). Striation measurements taken along
the Tecer fault bounding the southern border of the Sivas anti-
cline are compatible with a north-south to northwest-southeast
compression (sites 12, 13, 14, 16, 17, and 18, Figs. 2 and 4). At
site 12, we have documented the possibility of two tectonic
events in the past. The more recent stage (P2) corresponds to a
N10°E compression. Pleistocene terraces lying 400 m higher
than the mean elevation of the existing lakes (Cater et al., 1991)
show that this compression is of Quaternary age. The older tec-
tonic event (site 12, P1) corresponds to a strike-slip stress
regime characterized by N110°E compression and N20°E ex-
tension. Right lateral motion along the Tecer fault during this
stage was accompanied by the opening of a pull-apart basin be-
tween Kaleköy and Delliyas (the Altinyayla pull-part basin;
Koçyigit and Beyhan, 1998). This rhomb-shaped structure is
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Figure 2. (A) Mosaic of European Radar Satellite synthetic aperture radar images (negative views, descending orbits, looking west-southwest)
covering eastern Anatolia and (B) its interpretation.

well expressed in the radar images (Fig. 2), and striation meas-
urements are compatible with extension along the faults bound-
ing the pull-apart basin (sites 14 and 15).

These observations show that the Afsin and Gürün arcs and
Kangal and Sivas basins form a north-south elongated strip
which has been subjected to Neogene–Quaternary shortening,
accounting for both strike-slip and compression reaching as far
as the northern border of the Sivas basin. This tectonic regime
contrasts with transtensional deformation that largely predomi-
nates farther north along the North Anatolian fault (Chorowicz
et al., 1999).

Eastern Taurus Belt. The eastern Taurus belt is the most
obvious structure related to the late Miocene continental colli-
sion between Arabia and Anatolia (Fig. 1). It is a N70°E-strik-
ing mountainous area thrusting southward over the Arabian

foreland. The main faults are already known (e.g., Perinçek et
al., 1987; Barka and Kadinsky-Cade, 1988; Chorowicz et al.,
1994; Westaway and Arger, 1996), but the radar images fairly 
illustrate the main strike-slip faults, comprising the N90°E-
striking Cardak and Sürgü faults and the N70°E-striking East
Anatolian fault (Fig. 2).

The Cardak fault has a steep fault plane dipping north,
forming a curved trace in the west (Barka and Kadinsky-Cade,
1988; Chorowicz et al., 1994). Slickenside striations on the fault
planes indicate northeast-southwest or northwest-southeast
compression (sites 1–4, Fig. 4). To the east, the Cardak fault 
is connected to the east-west-striking Sürgü fault after a 7 km
left lateral displacement (Perinçek and Kozlu, 1984) across a
northeast-striking oblique slip thrust. Horizontal projections of
the slip vectors of the focal mechanisms of the 1986 Dogansehir
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Figure 4. Stereoplots of field measurements and computed
data inversion (Angelier, 1990). Schmidt nets, lower hemi-
sphere. The numbers refer to sites located in Figure 2B.

 on April 3, 2015specialpapers.gsapubs.orgDownloaded from 

http://specialpapers.gsapubs.org/


earthquakes (Taymaz et al., 1991) indicate reverse left lateral slip
motion along the Sürgü fault. The Cardak-Sürgü fault line, which
constitutes the structural axis of the eastern Taurus, has been in-
terpreted by Chorowicz et al. (1994) as being the surface expres-
sion of the suture plane between Arabia and Anatolia (Fig. 5).

Tensional Structures

Malatya Fault. East of the Afsin and Gürün arcs, the NNE-
striking Malatya fault (Fig. 2) is the western boundary of the
Malatya basin filled with middle Pliocene–Quaternary sedi-
ments (Staesche, 1972; Perinçek et al., 1987; Westaway and
Arger, 2001). Rectilinear fault trace and triangular facets (f, Fig.
6) attest to Plio-Quaternary movement with a noticeable normal
throw component. The normal throw component is also evi-
denced by fault plane striations showing an ENE-WSW exten-
sion (site 6, Figs. 2 and 4). West of the Malatya basin, normal
faults bounding tilted blocks run parallel to the Malatya fault,
showing that extension affects a larger area. At site 5, located 
in the Lutetian nummulitic limestone, we have documented 
evidence for two stages of deformation related to a NNE-SSW
compression and a subsequent N120°E extension consistent
with our mapping of north-south normal faults. The onset of ex-
tension allowed the opening of the Malatya basin, and can con-
sequently be dated to the middle Pliocene. Additional evidence
for its recent motion is that the Yamadag volcano, of Pliocene
age (Pasquarè et al., 1988), is cut by the Malatya fault. This pat-
tern is visible both on the radar images (Fig. 2) and on the field,
where Pliocene basalts are clearly displaced by the fault trace
(Fig. 7).

To the south, the Malatya fault progressively bends (with
convexity to the south) from a northeast to an east-northeast
strike before merging with the Cardak fault and with the com-
pressional structures of the eastern Taurus belt. Two main val-
leys follow the fault scarp. Their V-shaped patterns in plan view
indicate that this fault segment has a reverse throw component.

450 D. Dhont et al.

Figure 5. North-south lithospheric cross-section of the eastern Taurus,
north of the Amanos range. The Cardak fault (CF) is the boundary be-
tween north-verging inner units and south-verging outer units, the lat-
ter of which are interpreted as metamorphic fragments or as the
exhumed Arabian crust (modified from Chorowicz et al., 1994). AA—
Afsin arc; GA—Gürün arc.

Figure 6. Extract of a radar image clearly displaying triangular facets (f)
associated with the normal movement component along the Malatya
fault during the middle Pliocene–Quaternary. See Figure 2B for location.

To the north, a similar geometry can be observed at the northern
tip of the Malatya basin (Fig. 8). The Malatya fault progres-
sively turns to strike northeast-southwest. Immediately to the
west, the Malatya basin comprises east-striking beds with nearly
vertical dips. The middle Pliocene sandy and marly layers with
interbedded lignite seams form kilometer-size folds that partic-
ipate in duplex structures topped by an erosional surface dipping
20° toward the south. These local features located at the north-
ern and southern ends of the Malatya basin can be interpreted as
compressional horsetail structures linked to a left lateral motion
along the Malatya fault, which displays an S-shaped geometry.
The offset between the Cardak and the Sürgü faults is in agree-
ment with such a left lateral component along the Malatya fault.
Since compression at the northern end of the Malatya basin in-
volves middle Pliocene sediments, the left lateral motion along
the Malatya fault is at least middle Pliocene in age and is con-
temporaneous with the extension responsible for the formation
of the Malatya basin.

The north- to NNW-striking northernmost segment of the
Malatya fault connects eastward to a series of N40°E-striking
faults bounding tilted blocks. These faults form the southern-
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most termination of the N60°E-trending Ovacik fault, whose
left lateral strike-slip motion led to the opening of the middle
Pliocene–Quaternary Ovacik basin. The throw along the Ovacik
fault also accounts for local uplift along the Kemaliye push-up
ridge (Chorowicz et al., 1995). A series of N40°E faults oblique
to the N60°E main trend of the Ovacik fault trace can be inter-
preted as an extensional horsetail pattern issued from the left 
lateral displacement along the Ovacik fault.

Elbistan Fault. The NNE-striking Elbistan fault zone, ex-
posed 40 km west of the Malatya fault, is another main trans-
tensional structure in the region. To the southeast it bounds the
Elbistan basin, which is filled with middle Pliocene–Quaternary
continental sediments (Staesche, 1972). Its trace has a good ex-
pression on the radar images and consists of a complex network
of north-striking fault segments bounding tilted blocks. At site
7 (Figs. 2 and 4), striation measurements along fault planes af-
fecting middle Pliocene marls, lacustrine limestone, and lignite
beds indicate northeast-southwest extension.

The Elbistan fault zone cuts through the compressional
structures of the Afsin and Gürün arcs. However, the northern
tip of the Gürün arc offsets the Elbistan fault trace sinistrally.
These observations show the interplay between transtension as-
sociated with motion along the Elbistan fault zone and com-
pression along the Afsin and Gürün arcs.

The area located east of the Elbistan fault zone includes a
series of north-trending normal faults bounding elongate tilted
blocks a few kilometers in width. These faults are thought to be

normal because they bound planar tilted surfaces that are the
common geomorphic expression of tilted blocks. Reverse faults
would rather be associated with drag folds forming dome-
shaped hills.

Neotectonic Map of Central Eastern Anatolia on DEM

In order to have a broader view of the tectonic pattern of
eastern Anatolia, we have integrated the radar mosaic analysis
into a synthetic neotectonic map based on the Gtopo30 DEM
shadowed image with hypsographic colors (Fig. 3). Such an im-
age better represents the recent deformation than an ordinary
structural scheme because it also displays the main landforms.
We have drawn the main faults, sorted according to their charac-
teristics (normal, transcurrent, reverse, or suture faults), taken
mainly from the literature. The simultaneous use of the DEM im-
age and of our field work led to the addition of new fractures and
links between the main fault groups. The resulting map is syn-
thetic because we had to choose between various published fault
patterns. We believe that this map represents a homogeneous set
of faults at the scale of this DEM, whose pixel ground size is 1
km. At this scale, the colored DEM image shows that the eleva-
tions progressively decrease from east to west as a whole, but
hides the complexity of the detailed morphology. Most of the 
local geomorphic features can be explained by the neotectonics.

The North Anatolian fault, running parallel to the Black Sea
shore, comprises pull-apart basins and push-up hills in right and
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Figure 7. The Malatya fault scarp cuts through the Pliocene basalt of the Yamadag volcano (see open eye feature in Fig. 2B for pic-
ture location). The successive offsets of the lavas indicate a normal fault component.
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Figure 8. (A) Radar scene extract cover-
ing the northern part of the Malatya basin
and (B) its interpretation. In this area, the
Malatya fault strikes northeast-southwest
and terminates in a compressional horse-
tail pattern. Compression is evidenced
both in the radar image, forming east-
west thrusts and elongate folds, and in 
the field (C), where marls (white), sand-
stones (dotted lines), and middle Pliocene
lignite (black) beds form duplex struc-
tures topped by (D) an erosional surface.
See Figure 2B for location.
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left step-overs, respectively, expressing right lateral strike-slip
movements (Barka, 1992; Chorowicz et al., 1999).

Among the compressional areas, the Afsin and Gürün arcs
and the Kangal and Sivas basins are located just to the north of
the Amanos belt, which belongs to the continental part of the
Africa plate. To the east, the eastern Taurus is well defined but
very narrow (less than 45 km in width). The belt is bounded to
the north by the half-ramp Mus and Lake Van basins. Both
basins have their southern borders represented by a thrust fault
involving metamorphic slices. These slices are themselves lim-
ited to the south by subvertical faults, locally normal in charac-
ter, interpreted as suture zones (Chorowicz et al., 1994) because
they bound metamorphic rocks exhumed at the front of the Ara-
bian continental subduction in a manner similar to that described
by Chemenda et al. (1996) for Oman (Fig. 5). The suture faults
run all along the belt axis (Fig. 3), and reverse faults on either
side are dipping in opposite directions. In the Lake Van area,
seismic profiles show a series of northwest-southeast oblique
slip faults with major normal components bounding half-
grabens tilted to the north (Wong and Finckh, 1978; Gülen,
1984). These features suggest that the Arabia-Eurasia continen-
tal collision along the eastern Taurus belt is bordered to the north
by a tensional area.

The map of Figure 3 shows that the confined compression
developing in the Afsin and Gürün arcs and the Sivas-Kangal
basins is situated in front of the northern tip of the Amanos
block. The Amanos block (belonging to Africa) entered into
northward continental subduction-collision under Anatolia to-
gether with Arabia after the middle–late Miocene, but strain par-
titioning has developed between Africa and Arabia along the
Dead Sea fault zone, with a noticeable convergent component
and related compression between the two plates (Chorowicz 
et al., 1994; Adiyaman and Chorowicz, 2002). The Amanos
block, situated in a restraining bend of the Dead Sea fault zone
(Chorowicz et al., 2005), has been uplifted. The motion of this
buoyant continental bulge has been transferred northward to the
overriding Anatolian plate, forming the Afsin-Gürün and Sivas-
Kangal compressional zone, which can be considered a narrow
(150 km in an east-west direction) but long (160 km in a north-
south direction) belt.

In the eastern Turkish-Armenian plateau, there are few re-
cent folds and thrusts except along some sparse compressional
basins (Erzurum), along the northern shoulder of the Kars fault
responsible for the Spitak earthquake (Philip et al., 1992), and
at the fronts of the Taurus and Caucasus belts. Compression can
also be observed at local step-overs of strike-slip faults, form-
ing push-up structures. The major faults are mostly strike-slip
with a small vertical component, either reverse or normal. This
is consistent with the interpretations derived from slip vectors
along main faults (Jackson, 1992), regional tectonic studies
(Westaway, 1990), and GPS data (Reilinger et al., 1997; Mc-
Clusky et al., 2000), which represent the eastern Turkish-
Armenian plateau as being subjected to mainly a strike-slip 
deformation regime. Several authors have proposed that the

plateau has been subjected to compression since the middle
Miocene (Şengör and Kidd, 1979; Şengör et al., 1985; Şaroğlu
and Yılmaz, 1986) or the early Miocene (Yılmaz et al., 1987).
However, Pearce et al. (1990) concluded that the folding of the
post–middle Miocene strata north of the Taurus belt is minor.
Gülen (1984) established that the deformation is dominated by
a northwest-southeast and a northeast-southwest conjugate set
of major strike-slip faults associated with extensional tilted
blocks. Koçyigit et al. (2001) presented evidence for a strike-
slip-dominated compressional-extensional tectonic regime in
the Plio-Quaternary, with the compression taking place during
the Oligo-Miocene. Isolated volcanoes are situated along open
tension fractures or along geometrical discontinuities associated
with strike-slip faulting, such as releasing-bend and pull-apart
features, and at horsetail terminations (Adiyaman et al., 1998).

In south central Anatolia, the highest elevations (~3500 m)
are recorded in the Bolkar Mountains, except for major volca-
noes. This 75-km-long east-west mountain range rose after the
late Miocene (Özgül, 1976). It is made up of lower to middle
Miocene marine sediments now at elevations of up to 2000 m,
which unconformably lie over ophiolite nappes and platform
carbonate rock units that are affected by the Eocene compres-
sional event. A set of closely spaced east-west-striking normal
faults of late Neogene age cut the early–middle Miocene layers
and their basement, bounding north-dipping tilted blocks. The
faults are mainly normal dip-slip and attest to recent ~north-
south–directed extension (Dhont et al., 1999; Dilek and Whit-
ney, 2000), which progressively turns to east-west in the west
(Dhont et al., 1998). Therefore, the Bolkar Mountains, unlike
the eastern Taurus, do not result from compression but are af-
fected by a broad extension. Elevations in the Bolkar Mountains
progressively decrease eastward and westward, where large nor-
mal faults and tilted blocks lie. Such north-south-directed ex-
tension could be explained from the particular location of the
Bolkar Mountains at the northern border of the Adana-Cilicia
basin, whose floor is 1000 m below sea level (Evans et al.,
1978). The Bolkar Mountains can be regarded as the uplifted
shoulder of the Adana-Cilicia basin, related to high geothermal
gradient and lithospheric thinning associated with back-arc
basin opening as a consequence of the steepening and the south-
ward retreat of the African slab under Cyprus (Dhont et al., 1999).

The DEM reveals that Anatolia can be subdivided into sev-
eral triangular blocks. These blocks are bounded by the North
Anatolian fault and several fault systems branching out of that
fault in a triple-junction geometry. The limits of the easternmost
Anatolian wedge are the East Anatolian fault, the North Anato-
lian fault, and the Malatya-Ovacik fault system, whose kine-
matics has been discussed by Westaway and Arger (2001). In a
preceding section, we described middle Pliocene–Quaternary
left lateral transtensional deformation in this block associated
with the Malatya fault. The block located immediately to the
west is bounded to the north by the left lateral Central Anatolian
fault zone (Koçyigit and Beyhan, 1998), including the Sultan
Saz releasing-bend basin. The morphology of this fault zone has
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also been described by Dhont et al. (1998), Froger et al. (1998),
and Dirik (2001). Its present-day activity has been reviewed by
Koçyigit and Beyhan (1998) and Westaway (1999). Strike-slip
strain is well described along the Central Anatolian fault zone,
with transpression and transtension, respectively, along its
northern and southern parts. We have also described compres-
sional structures in this wedge (Afsin-Gürün and Sivas arcs) and
middle Pliocene-Quaternary extension between the Elbistan and
Malatya faults (Fig. 9). The next wedge due west is bounded to
the east by the Central Anatolian fault zone and to the west by
the Tuz Gölü fault. This wedge corresponds to the central Ana-
tolian plateau, characterized by the occurrence of large sub-
siding basins (i.e., Tuz Gölü) linked to an east-west extension
that progressively turns to north-south approaching the Bolkar
Mountains (Dhont et al., 1998, 1999).

The overall pattern shown by this synthetic map (Fig. 3) is
that extension and transtension occur in large areas within east-
ern Anatolia. Extensional deformation takes place far east, be-
yond the Afsin and Gürün arcs and even outside of Anatolia, east
of Karliova in part of the eastern Turkish-Armenian plateau.
Compression is confined to two well-defined domains belong-
ing to two different collision belts, one the Arabia-Eurasia col-
lisional zone in the eastern Taurus and the other developing in
the frame of the Africa-Eurasia collision and giving rise to a
north-south compressional strip that stretches from the Afsin

454 D. Dhont et al.

Figure 9. Interpretation of the tectonic evolution of eastern Anatolia.
The overall geometry and ages of the basins (Irrlitz, 1971; Staesche,
1972) suggest that the Erzincan, Ovacik, and Malatya basins opened at
the same time (middle Pliocene) in relation to the southwestward mo-
tion (thick arrow) of a triangular block bounded by the North Anatolian
fault (NAF) and the Ovacik, Malatya, and Cardak fault zones (OF, MF,
and CF, respectively). The thick lines represent faults bounding the 
escaping wedge area during middle Pliocene times. The dashed lines
represent faults inactive during middle Pliocene that would activate at
a later stage.

and Gürün arcs up to the Sivas-Kangal inverted basins. Eastern
Anatolia corresponds to a particular area where compression 
interfaces with a general east-west extension. Compression also
occurs at a local scale, along strike-slip faults where push-up or
contractional horsetail structures (e.g., in the northern and
southern parts of the Malatya fault) have been identified.

EOCENE THICKENING OF ANATOLIA

Widespread extensional tectonics within Anatolia, with el-
evations progressively increasing from west to east, indicate that
it may not be considered a simple rigid plate, but rather suggest
that extensional collapse played some part in the deformation
mechanism. In this hypothesis it is necessary to determine
whether the Anatolian plateau has acquired an overthickened
crust, leading to tectonic collapse.

The present-day crustal thickness values in Anatolia (Table
1) were estimated using teleseismic receiver functions (Coruh et
al., 1992; Saunders et al., 1998; Zor et al., 2003). A theoretical
crustal thickness can be computed assuming crustal isostatic
balance. Considering a 31-km-thick crust at sea level, the theo-
retical crustal thickness H under a given topography at elevation
h is (Molnar et al., 1993)

H = 31 + 7h.

Comparison of these sets of estimates (Table 1) shows that
the crustal thickness values obtained from teleseismic studies
are smaller than those derived from isostasy. This characterizes
an abnormally thin crust, in agreement with positive residual
gravimetric anomalies (Özelci, 1973; Ates et al., 1999) indicat-
ing that Turkey is isostatically undercompensated (Şengör et al.,
2003; Zor et al., 2003). This highly elevated, isostatically un-
stable crust favors the hypothesis of ongoing collapse by lateral
spreading via crustal extension and thinning derived from an ini-
tially overthickened crust (Dilek and Moores, 1999).

A common idea is that crustal overthickening occurred dur-
ing the late Cenozoic within the collision area in front of Africa-
Arabia (e.g., McKenzie, 1972; Şengör et al., 1985; Dewey et al.,
1986). However, our map (Fig. 3) shows that belt build-up is
confined to the narrow eastern Taurus range and to the Afsin and
Gürün arcs and Sivas and Kangal basins, with transcurrent faults
in the eastern Turkish-Armenian plateau. This does not suffi-
ciently explain the high elevations of the whole of eastern Ana-
tolia. It is therefore necessary to take into account the main
compressional tectonic phase that occurred during the Eocene
and was responsible for fold and thrust structures in large parts
of Anatolia. We have consequently estimated the crustal thick-
nesses in Anatolia at the end of the Eocene using the approach
of Şengör et al. (1985).

For western Anatolia, starting from the present-day crustal
thickness, we first quantified the effects of the Miocene–
Quaternary extension (e.g., Seyitoğlu and Scott, 1991, 1992, 1996;
Koçyigit et al., 1999; Bozkurt, 2000) using a conservative β fac-
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tor (McKenzie, 1978), estimated to be ~1.3 (Eyidoğan, 1988),
~1.25 (Paton, 1992), or ~1.2 (Saunders et al., 1998). Consider-
ing the ~32 km present-day crustal thickness (the average
crustal thickness at Kula and Usak, Fig. 1 and Table 1) and an
average β factor of ~1.25, we obtained a 40-km-thick crust for
early Miocene time, without taking into account erosion. This 
is a minimum value compared to the 50–70 km estimated by
Şengör et al. (1985) and Okay and Satir (2000) for the early
Miocene. We then considered the Menderes massif, a meta-
morphic core complex (MCC) of western Anatolia whose min-
eral assemblages have recorded a burial depth of 15–20 km in
the late Eocene (Akkök, 1983) and which is unconformably
overlain by the Miocene layers, meaning the MCC was at the
surface during the early Miocene. Adding this burial depth value
to the 40 km of crustal thickness in the early Miocene gives a
55- to 60-km-thick crust in late Eocene times.

For central Anatolia, we performed a similar computation,
taking into account the Nigde MCC (Whitney and Dilek, 1997,
1998). This massif has recorded a 16- to 20-km burial depth be-
fore its exhumation during late Oligocene–early Miocene times.
We infer that these rocks were buried at this depth during the late
Eocene. A 56- to 60-km maximum crustal thickness can be es-
timated at the end of Eocene. This value has been computed by
adding to the present-day ~37 km (the average value of Coruh
et al., 1992, and Saunders et al., 1998): (1) ~3 km corresponding
to the Neogene extension (Çemen et al., 1999) in the Tuz Gölü
basin area and (2) 16–20 km of exhumation of the Nigde core
complex. This crustal thickness is compatible with the ~55- to
60-km estimate of Dilek and Whitney (2000) at a more regional
scale.

The crustal thickness values of western and central Anato-
lia for Eocene times are similar and correspond to a paleo-
elevation of ~3500 m to ~4100 m under isostatic conditions. The
discovery of Lutetian fossil plants northeast of Ankara (Tokay,
1973) confirms that an emerged paleorelief already existed in
central Anatolia during the middle Eocene period. According to
Şengör et al. (1985), Anatolia was likely an eastward-dipping
plateau surrounded by shallow seas during early Miocene times.

DISCUSSION

Mechanism of Deformation

The general model explaining the extrusion of a rigid
lithospheric plate, previously proposed for Tibet (Tapponnier 
et al., 1982), has been adapted by several authors to account for
the tectonics of Anatolia (e.g., Şengör et al., 1985; Le Pichon 
et al., 1993, 1995; Reilinger et al., 1997; McClusky et al., 2000).
In this model, compressional forces are applied in front of the
Arabian indenter, and the Aegean basin is considered the free
boundary of the undeformed Anatolian block since the late
Miocene (ca. 13 Ma). This model, however, is not consistent
with the distribution of major extensional and transtensional de-
formation in eastern Anatolia, for the compression is restricted
to the northern prolongation of the Amanos bulge and the nar-
row eastern Taurus belt.

The progressive relief transition between the Aegean, the
western low areas of western Anatolia, the central Anatolian ex-
tensional plateau, and the eastern uplifted Anatolia is accompa-
nied by extensional or at least transtensional deformation. Our
computations of the high topography acquired by Anatolia at the
end of the Eocene main compressional event favor the model in
which this orogenic belt started to collapse in the Oligocene
(Dilek and Moores, 1999; Dilek and Whitney, 2000). Following
a main episode of contractional deformation and regional 
shortening during Eocene times, an initially broad, high plateau
(3800 ± 300 m in elevation) developed in Anatolia, which was
underlain by a deep crustal root. The isostatically unstable thick
crust started collapsing by lateral spreading via crustal extension
and thinning. The belt became unstable and weak during the
Oligocene as the intraplate stress was reduced in western Ana-
tolia due to the initiation of the Aegean subduction at this time
(Lister et al., 1984; Jolivet et al., 1994; Hetzell et al., 1995; Jo-
livet and Patriat, 1999; Ring and Layer, 2003). The weakening
of the belt, and the diminishing support of the steepening slab
beneath it, resulted in stress relaxation in the crust, which led to
the collapse of the overthickened crust and the lateral spreading
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TABLE 1. CRUSTAL THICKNESSES OF ANATOLIA

Crustal thickness Crustal Residual
Mean from teleseismic thickness from gravimetric

Location Φ (N°) λ (E°) altitude (m) studies (km) isostasy (km) anomalies

Western Anatolia–Kula 38.5° 28.7° 800 30a 37 Positive
Western Anatolia–Usak 38.6° 29.4° 900 34a 38 Positive
Central Anatolia–Ankara 40° 32.8° 1300 38a 41 Positive
Central Anatolia north-south section 38.2°–39.2° 33°–33° ~1300 36b 41 Positive
Eastern Anatolia 38°–41° 39°–43° ~2000 45c 45 Positive

Sources:
aSaunders et al. (1998).
bCoruh et al. (1992).
cZor et al. (2003).
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of the topography, causing extension and denudation. Exten-
sion affected a larger area than the Aegean domain, propagating
from western to central Anatolia and as far as eastern Anato-
lia. Extension was superimposed to the contractional features 
of the main Eocene compressional event. During the late
Oligocene–early Miocene, an early phase of ductile crustal ex-
tension and regional cooling produced the exhumation of mid-
to lower-crustal rocks in the footwall of low-angle detachment
faults, resulting in the development of metamorphic core com-
plexes recognized in western Anatolia (the Menderes massif)
and central Anatolia (the Nigde massif; Bozkurt and Park, 1994;
Whitney and Dilek, 1997; Bozkurt, 2001; Ring et al., 2003).
Further lithospheric thinning produced extensional and  transten-
sional brittle deformation that progressively migrated from west
to east through time. Such eastward-younging deformation is
suggested by the onset of brittle extension, which has been suc-
cessively recorded in western Anatolia during the early Miocene
(Seyitoğlu and Scott, 1991, 1992, 1996; Seyitoğlu et al., 1997;
Koçyigit et al., 1999; Bozkurt, 2000), in central Anatolia and in
the Bolkar Mountains during the late Miocene (Dhont et al.,
1998), and in eastern Anatolia during the middle Pliocene, as
shown in this study. Widespread volcanic activity is contempo-
raneous with the beginning of the extensional deformation and
can be interpreted as the crustal response to the accelerating ex-
tensional collapse of the Anatolian orogenic belt (Dilek and
Whitney, 2000).

Our neotectonic map of central eastern Anatolia (Fig. 3)
shows that the North Anatolian fault forms the northern bound-
ary of the area submitted to tension. Migration of the extensional
deformation from west to east through time should also be evi-
denced by the age of the Neogene and Quaternary basins that are
located along this fault zone. However, the age of the basins is
not precisely known because the basin fills consist of continen-
tal sediments (Irrlitz, 1971). Volcanic activity also progressively
developed along the North Anatolian fault. This volcanism may
be used to understand the fault propagation process, because
volcanic vents are rooted upon tension fractures accompanying
the onset of local extension along the North Anatolian fault (Fig.
3). The K-Ar ages of the volcanic rocks range from 22 to 8.5 Ma
in the Galatia massif (Keller et al., 1992; Wilson et al., 1997;
Adiyaman et al., 2001), 0.9–0.1 Ma in the Niksar basin area
(Adiyaman et al., 2001), and 0.25 ± 0.026 Ma (Hempton and
Linneman, 1984) or 3–12 Ka in the Erzincan basin (Adiyaman
et al., 2001). The age of initiation of the volcanism progressively
decreases from west to east along the North Anatolian fault,
which can be interpreted as a spatial and temporal eastward mi-
gration of the deformation.

This interpretation is consistent with the kinematic model
of Westaway and Arger (2001), who proposed that the Malatya-
Ovacik fault zone formed the eastern boundary of Anatolia 
during the Pliocene, from 5 to 3 Ma (Fig. 9), and that the East
Anatolian fault initiated afterward, sometime between 3 and 1
Ma (Westaway and Arger, 1996; Yürür and Chorowicz, 1998;
Barka et al., 2000). This is also consistent with the model of

Chorowicz et al. (1999), who suggested that the North Anato-
lian fault activity initiated in the west and propagated eastward
by steps, with each step characterized by an “end corner” pat-
tern forming triangular-shaped basins, similar to the present-day
Karliova triple junction. At each corner, an early block motion
directed toward the southwest was followed by westward 
displacement. In eastern Anatolia, the overall geometry and 
ages of the Erzincan, Ovacik, and Malatya basins (Irrlitz, 1971;
Staesche, 1972) suggest that the motion of the triangular block
bounded by the North Anatolian, Ovacik, Malatya, and Cardak
fault zones was directed toward the southwest during the mid-
dle Pliocene (Fig. 9). This is in agreement with the observations
of Neubauer et al. (2004), who described several stages of ex-
tension in the triangular area defined by the North Anatolian
fault and the Ovacik-Malatya fault line during the late Cenozoic.

The occurrence of a generalized eastward-younging exten-
sional deformation in Anatolia is difficult to explain in the frame
of the Arabia-Eurasia collision. In our interpretation, the driving
mechanism accounting for such extension would instead be that
of body forces inducing an extensional collapse. In agreement
with Dilek and Whitney (2000), we interpret that the late Ceno-
zoic extension in Anatolia is the consequence of the orogenesis
associated with major collisional events that took place in the
Eocene, well before the Arabian collision started at ca. 13 Ma.
The major Eocene north-south shortening event was responsi-
ble for the thickening and related uplift of Anatolia, allowing the
storage of gravitational potential energy within the crust. This
energy has subsequently been released since the Oligocene,
when the Aegean basin opened. The difference between the high
paleoelevation acquired at the end of the Eocene collisional
event and the present-day topography in Anatolia may have
been responsible for a noticeable lateral buoyancy force in the
lower Aegean region toward which the Anatolian landmass can
easily flow. Lundgren et al. (1998) modeled the extensional de-
formation in the Aegean–western Anatolian region and demon-
strated that the effects of gravitational spreading have to be
taken into account in order to match the structural data.

The current model of simple counterclockwise rotation of
the Anatolia plate is not able to account for the localized intra-
plate extensional to transtensional deformation occurring in the
central and western Anatolia areas. Residual GPS velocities, ob-
tained by subtracting observed GPS data from reference rigid
rotation models, show an internal deformation of the Anatolia
plate increasing from east to west, which corresponds to a dif-
ferential velocity of 10–15 mm/yr between the Aegean and 
Anatolian regions (McClusky et al., 2000). Recent GPS data and
the focal mechanisms of earthquakes reported by Reilinger et al.
(2004) support the hypothesis that extension in the Aegean has
had effects as far as eastern Anatolia, even well beyond the Kar-
liova triple junction. These authors suggest that the westward
motion of Anatolia would currently be driven completely by
buoyancy forces (i.e., not by “extrusion”), including foundering
of the down-going Africa plate along the Hellenic trench (Meu-
lenkamp et al., 1988; Lee and Lister, 1992; Jolivet et al., 1994;
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Meijer and Wortel, 1997; Thomson et al., 1998). Numerical mod-
eling of the deformation shows that the slab roll-back mecha-
nism necessarily induces effects of gravitational spreading of
the Aegean lithosphere (Meijer and Wortel, 1997).

Detachment within the Crust

In eastern Anatolia, the triangular-shaped crustal domain
bounded by the North Anatolian fault and the Ovacik-Malatya
fault system comprises several fault-bounded blocks less than
50 km in width. The dimensions are too small for them to be
lithospheric-scale blocks, which would have a thickness of 100
km. They are rather crustal blocks with a more realistic thick-
ness of ~20 km (Fig. 10). According to Dewey et al. (1986), such
fault-bounded blocks are likely to be the surface expression of
upper-crustal sheets moving above infracrustal low-angle de-
tachments. It is also difficult to believe that the triangular
wedges bounded by the Tuz Gölü fault, the Central Anatolian
fault system, the Ovacik-Malatya fault system, and the East
Anatolian fault are lithospheric-scale structures stepping east-
ward while cutting the lithosphere into small pieces. On the con-
trary, there are no arguments to consider that the lithospheric
mantle of Anatolia is divided into small blocks by plate bound-
aries (transform, suture, or rift systems). We assume that, if the
crust is divided into blocks but the lithospheric mantle is not,
there should be a decoupling by detachments within the lower
crust, probably at the brittle-ductile transition zone, as suggested
by Ring et al. (2003) for western Turkey.

The best evidence for intracrustal low-angle detachments
comes from the published seismic profiles of Çemen et al. (1999)
from part of central Anatolia, which show listric detachment
faults linking at depth with low-angle detachments located at
midlevel in the crust. Moreover, despite the fact that the Tuz
Gölü basin width is similar to that of most of the rift basins in
the world (30 km), no shoulders are developed despite thick
(2000 m) Neogene infill (Arikan, 1975). In general, shoulders
developed along both sides of rift basins are thermally uplifted
due to thinning of the lithospheric mantle and subsequent rise of
the asthenospheric mantle. In the Tuz Gölü case, the crust is sub-
mitted to tension but the lithospheric mantle has no deformation,
implying a partitioning between the two.

The Central Anatolian, Ovacik-Malatya, and East Anato-
lian fault systems can then be interpreted as listric fault systems
connecting to the brittle-ductile boundary within the crust. Each
crustal block moves around relative to its neighbors, and they all
move together relative to Eurasia along the North Anatolian
fault forming the northern boundary, mirroring global plate mo-
tions. If Anatolia is composed of a mosaic of crustal blocks sub-
jected to a general east-west extension, the lithospheric mantle
will not behave like that of an individualized plate. On the con-
trary, it will rather be subjected to westward ductile extension.
Extensional deformation should consequently be accompanied
by the thinning of the Anatolian lithosphere.

We suggest that the late Cenozoic history of the eastern
Mediterranean region began by extensional collapse in the
Aegean region in the Oligocene, inducing a detachment in west-
ern Anatolia that progressively propagated to the eastern part of
Anatolia. Rather than the lateral westward extrusion of a rigid
Anatolian plate driven by the Arabia-Eurasia collision, the tec-
tonic escape process of Anatolia and the associated regional ex-
tension are more likely to be due to (1) buoyancy forces arising
from a crust that was overthickened at the end of the Eocene col-
lisional event and/or (2) the southward retreat of the African slab
under the Aegean.

CONCLUSIONS

During the late Cenozoic, Anatolia has been in large part
subjected to extensional tectonics involving separate crustal
blocks. Shortening due to the collision of Africa-Arabia with
Eurasia is limited to the eastern Tauride belt and to a north-south
bulge including the Afsin and Gürün arcs and the Sivas fold and
thrust belt. The Anatolian crustal thickness increased during
Eocene major shortening events. Crustal thickening and related
uplift of the Anatolian orogen were not related to the Arabia-
Eurasia collision but resulted from progressive accretion of con-
tinental blocks, which had been separated during the Mesozoic
period by several branches of the Neo-Tethys (Dilek and Moores,
1990). These collisional events have permitted the storage of
gravitational potential energy within the crust.

The opening of the Aegean basin during Oligocene times
has created buoyancy forces between the low topography in the
Aegean domain and the thick Anatolian crust. Extensional col-
lapse of Anatolia began in the west and progressively migrated
eastward. The associated deformation can therefore be inter-
preted as a consequence of the lithospheric thinning and the 
development of a detachment system at the brittle-ductile tran-
sition within the crust. The westward escape of Anatolia has not
resulted from a simple process of collision and incipient tectonic
escape by extrusion of a rigid block, but seems to be largely
driven by the extensional collapse of a broad, complex orogenic
belt along crustal-scale detachments.
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