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ABSTRACT

The westward motion of Turkey relative to Eurasia between the North and East
Anatolian faults has been cited as one of the best examples of lateral transport of con-
tinental crust from a collision zone, in this case the Arabia-Eurasia collision. This
process is variously called “escape” or “extrusion” tectonics. Range-parallel strike-
slip faults within the Alborz (e.g., the Mosha fault) and Zagros Mountains (the Main
Recent fault) of Iran have been regarded as playing roles similar to those of the North
and East Anatolian faults in that they are responsible for the eastward transport of in-
tervening Iranian crust away from the northward motion of the Arabia plate relative
to Eurasia. However, both seismicity and GPS data show that there is no net eastward
transport of Iranian crust with respect to Eurasia. Here we summarize how the tec-
tonically active mountain ranges of Iran deform by combinations of thrusting and
strike-slip movement oblique to the overall convergence vector across each region,
without requiring net eastward movement with respect to Eurasia. A general conclu-
sion is that strike-slip faults in collision zones can have different roles. These include
not only the lateral transport of crustal material demonstrated in Turkey, but also the
partitioning of strain into shortening and strike-slip components shown by the Alborz
and Zagros structures and the accommodation of crustal shortening by strike-slip
faults that rotate about a vertical axis.
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INTRODUCTION

This article shows that apparently similar patterns of strike-
slip faulting in Turkey and Iran are likely to perform very 
different roles in absorbing convergence caused by the Arabia-
Eurasia continental collision. In particular, the well-known “es-
cape” of Turkey between the North and East Anatolian faults
(Fig. 1) is not mirrored by an eastward escape of Iranian crust.
Large strike-slip faults are observed across much of Iran, in-
cluding in the Alborz and Zagros ranges. At first sight, these
faults appear to have the same role as the Anatolian structures,
and yet this hypothesis is not supported by the distribution of ac-
tive faulting, the seismicity, and the GPS constraints on the de-
formation of Iran and surrounding regions (Figs. 2 and 3).

We first summarize the overall kinematics of the Arabia-
Eurasia collision as revealed by published GPS, seismicity, and
geologic data. We briefly describe the North and East Anatolian
faults and their implications for the kinematics of the interven-
ing crust of Turkey. We then review the geology of the Zagros,
Alborz, and Kopeh Dagh ranges and the strike-slip faults of east-
ern Iran, focusing on the way that thrust and strike-slip faults
oblique to the overall convergence vector may act together to
take up that convergence rather than simply allowing relative
lateral movements of crustal material across the faults. The data
are summarized in the Discussion section to make the case that
there is no “escape” for Iran at the present time, nor has there
been in the last few million years. This argument is not new,
given that it is clearly shown in the velocity field for Iran derived
by Jackson et al. (1995; Fig. 4). However, the recent availabil-
ity of GPS data for Iran and new studies of Iranian fault systems
make it worthwhile to review the issue at this time. We stress
that our review does not cover all of the many aspects of the 
Arabia-Eurasia collision, but focuses on the roles of strike-slip
faults.

REGIONAL TECTONICS

Deformation across southwestern Asia arises from the con-
tinental collision of the Arabia and Eurasia plates (e.g., McKen-
zie, 1972; Jackson and McKenzie, 1984; Dewey et al., 1986;
Hempton, 1987). This is an active process, as shown by (1) plate
circuit studies (e.g., DeMets et al., 1994; McQuarrie et al.,
2003); (2) GPS data on both regional and local scales (e.g., Mc-
Clusky et al., 2000; Sella et al., 2002; Vernant et al., 2004a); and
(3) the high seismicity of many fault zones in the region (e.g.,
Fig. 2).

Overall, Arabia moves roughly northward with respect to
the stable interior of Eurasia. The GPS-derived velocity for the
northern margin of the Arabia plate is 18 – 2 mm/yr relative to
Eurasia at longitude 48°E (McClusky et al., 2000). The conver-
gence rate increases eastward because the Arabia-Eurasia Euler
pole lies in the northeast Africa region (at ~27.4°N, 18.4°E
based on GPS data in McClusky et al., 2003) and is roughly 10
mm/yr higher in eastern Iran than in the west (Fig. 1). The re-

sults of GPS networks within Iran and surrounding regions give
lower estimates of the Arabia-Eurasia convergence rate than ear-
lier plate circuit studies (DeMets et al., 1990, 1994), e.g., 22 –
2 mm/yr instead of 30.5 mm/yr at the longitude of Bahrain
(~51°E) (Vernant et al., 2004a).

Jackson et al. (1995) used earthquake moment tensors to
construct a velocity field for Iran and adjacent areas (Fig. 4).
Their study used values for the total Arabia-Eurasia con-
vergence based on earlier NUVEL-1A plate circuit values
(DeMets et al., 1990, 1994), which are now known to be too
high (Sella et al., 2002; McClusky et al., 2003; Vernant et al.,
2004a). However, although the velocity fields computed from
seismicity and measured by GPS give different magnitudes of
displacement, they both show very similar patterns (Masson 
et al., 2005), with distributed shortening across the active
mountain belts of Iran that drops to nearly zero at the northern
and eastern borders of the country (Figs. 3 and 4).

Active deformation in Turkey shows that individual regions
within a collision zone can have kinematics that are not imme-
diately obvious from the overall plate convergence vector.
McKenzie (1972) demonstrated that right-lateral slip on the
North Anatolian fault and left-lateral slip on the East Anatolian
fault combine to produce westward movement of the interven-
ing Turkish crust with respect to Eurasia. This model is con-
firmed by GPS studies (McClusky et al., 2000) that show
coherent, platelike motion of the crust of Turkey between these
faults, involving little internal deformation (<2 mm/yr) and
counterclockwise rotation relative to Eurasia. In the west, the
westward motion of Turkey is accommodated in the Hellenic
subduction zone, above which rapid back-arc extension occurs
in the Aegean (Fig. 2); continental collision has yet to happen in
this region.

A prominent geographical feature of the Arabia-Eurasia
collision zone is the Turkish-Iranian plateau (Fig. 1), which
forms roughly half the area of the entire collision zone and lies
between regions of active faulting to the north and the south
(Fig. 2). Plateau altitudes are typically 1.5–2 km. These altitudes
may result from crustal thickening or mantle support (Kadinsky-
Cade et al., 1981; Pearce et al., 1990; Dilek and Moores, 1999;
Şengör et al., 2003; Maggi and Priestley, 2005). Crustal thick-
ness estimates vary from up to ~65 km in the region of the Za-
gros suture to ~40–50 km in eastern Anatolia and central Iran
(Snyder and Barazangi, 1986; Sandvol et al., 1998; Hatzfeld 
et al., 2003; Zor et al., 2003). At present, there is little sign of
active crustal thickening within the internal part of the plateau
region, based on the low GPS-derived values of internal defor-
mation and the scarcity of seismogenic thrusts (Figs. 2 and 3).
The high ground of eastern Anatolia forms both part of the
plateau and part of the zone undergoing transport to the west
with respect to stable Eurasia.

At the southern and northern margins of the collision zone
in Iran, crustal shortening builds mountain ranges such as the
Zagros Mountains of Iran and Iraq, the Greater and Lesser Cau-
casus, and the Alborz and Kopeh Dagh ranges (Figs. 1 and 5).
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