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ABSTRACT: The total Arabia-Eurasia collision with 22mm/yr of
shortening is absorbed on the Iranian territory mainly in two mountain
belts, the Zagros and the Alborz, and on a few large strike-slip faults.
Our study focuses on the northern part of the Zagros (west of the NS
trending Kazerun fault system), that has been covered by an 18
site GPS network measured in 2001 and 2003. In northern Zagros,
shortening is oblique to the mountain belt and partitioning of the
deformation on strike-slip and thrust faults could be expected. An
example is the pure strike-slip earthquake of magnitude 7.4 on the
Main Recent Fault, the major strike-slip fault in northern Zagros,
close to Dorud in 1909. Our precise velocities of bedrock sites with
forced antenna centring show that 3-6 mm/yr of shortening is
occurring in northern Zagros perpendicular to the mountain belt
axis, with a total dextral strike-slip component of 4-6mm/yr. A part
of this strike-slip motion is found on the Main Recent Fault. The
detailed GPS velocity field indicates that the deformation is not
completely distributed but can be attributed to some individual
faults. However, there is no clear evidence of partitioning. This result
will be compared with GPS studies of the central Zagros, where the
major deformation mechanism is axis perpendicular shortening with
8mm/yr.
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1. Introduction

The Arabia-Eurasia collision with 3cm/yr according
to NUVEL1-A [2] takes place entirely inside the
Iranian borders, see Figure (1). The shortening is
concentrated mainly on two mountain ranges, the
Alborz in the north and the Zagros in the south. The
global present day displacement field is illustrated
by the red arrows in Figure (1), a velocity field
obtained by two measurement campaigns on the
Iran global GPS network published by Vernant et al
[9]. Their study shows that the actual Arabia-Eurasia
shortening takes place with about 22mm/yr oriented
7°N with respect to stable Eurasia, distributed over
the two mountain belts bordering a relatively stable
Central Iranian block. No shortening is observed in

the Persian Gulf. These GPS data are included in
the present work. The upward pointing triangles
indicate the emplacement of the North Zagros GPS
network which is the object of the present study,
and the downward pointing triangles show the
Central Zagros network, which will be presented
here for comparison.

A well adapted reference frame for examining the
North Zagros kinematics is established by minimizing
the velocities on the Central Iranian block. This block
is defined here according to Vernant et al [9], and
comprises the Iran global sites MIAN, BIJA, SHAH,
ARDA, HARA and KERM. The residual velocities
with respect to this block are presented in
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Figure 1. Iranian tectonic settings with the NUVEL1-A predicted
shortening rate of 3cm/yr (white vector) and the
velocity field on the Iran global GPS network (grey
vectors) from [9] with respect to Eurasia. The GPS
measurements indicate 22mm/yr of shortening.
Upward pointing triangles represent the emplace-
ment of North Zagros GPS stations, downward
pointing triangles the Central Zagros network.

Figure 2. North Zagros and Central Zagros velocity fields with
respect to the Central Iranian block. The scale vector
corresponds to 5mm/yr. The error ellipses indicate
formal errors within a 95% confidence interval. The
differential velocities throughout the network give
some indications of faults which can be suspected
to be active and which are pointed out on the graph
with black arrows. DEF: Dezful Embayment Fault;
ZMFF: Zagros Mountain Front Fault; MRF: Main
Recent Fault; MZRF: Main Zagros Reverse Fault;
SFB: Simple Fold Belt; MFF: Main Front Fault [1].

Figure (2). We notice about 8mm/yr of shortening
between the Persian Gulf coastline and Central Iran.

A model for the present day deformation of the
Zagros mountain belt has been proposed in a
seismotectonic study by Talebian and Jackson [7].
The authors compile the directions of earthquake
slip vectors related to thrust and strike-slip events
with respect to the overall constraints given by the
NUVEL1-A [2] or REVEL [5] plate models. They
conclude that there is a transition from pure
shortening in Central Zagros to oblique shortening
in North Zagros with some indications for the spatial
separation of strike-slip and thrust mechanisms and
thus partitioning of the deformation. The transition
is accommodated by extension and block rotation.
The Kazerun fault system seems to play an important
role in the overall deformation mechanism.

The aim of our GPS study is to answer the
following questions:
- Is the North Zagros deformation field distributed

or localized on individual faults?
- Is there any evidence for strain partitioning?
- What is the relation between the North Zagros

and the Central Zagros deformation mechanism?

2. GPS Data

The North Zagros GPS data presented in this
work have been obtained by two measurement
campaigns in 2001 and 2003. The North Zagros
network consists of 18 bedrock sites with forced
antenna centring. The GPS sites were occupied
with Trimble SSE and Ashtech Z12 receivers. All
GPS stations were equipped with choke-ring
antenna. The network was completed with 2 Iran
Global sites and data from 3 Iranian permanent
stations. Each site was observed for at least 48 hours.

For comparison, the data from the Central Zagros
network was also presented, a network of 15 sites
with conventional markers implying antenna tripod
setup. This network has been measured in 1997, 2000
and 2003, the first two epochs being published by
Tatar et al [8]. In the last campaign, 3 Iran Global   sites
have been included, and the 3 permanent Iranian
stations have been used in the analyses as soon as
available.

The data analysis has been performed with the
GAMIT/GLOBK 10.1 software [3]. 32 IGS stations
have been included to establish the reference frame.
Final IGS orbits have been adjusted in the analysis
and corresponding Earth orientation parameters have
been used. In the combination of daily solutions with
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the Kalman filter (GLOBK software), SOPAC’s global
solution files have been included continuously from
December 1997 to November 2003, covering all
measurement epoch presented here.

The precision of the inferred site velocities has
been evaluated by 1) the campaign repeatabilities,
giving the short term scatter of the baseline
components; 2) velocity residuals on local rigid
tectonic blocks, evaluating long term uncertainties
for the campaign stations.

The campaign repeatabilities are given in
Table (1). They correspond to the increasing quality
of the Central Zagros measurements (longer
observation spans and more simultaneous observa-
tions by higher number of field teams). For the
Central Zagros network, with a mean repeatability
of 4 and 1mm in 1997 and 2003 respectively on the
horizontal components, we could expect velocity
uncertainties of 1mm/yr over the 6 years observation
time span. Mean horizontal repeatabilities of 2mm in
the 2001 and 2003 North Zagros network yield a
2mm/yr  precision over the 2 years time span.
However, systematic errors like tripod setup (in the
Central Zagros network) or antenna phase centre
offsets cannot be identified by the repeatability
results.

stations with low residual velocities with respect to
Central Iran (SAA2, KHO2, BES2, SVR2, DEH2,
TMN2) were included, the average residuals with
respect to rigid motion of this block are evaluated
to 1.2mm/yr. In the North Zagros Persian Gulf
plain, the average residuals of the 5 site velocities
are 2.2mm/yr. These residuals with respect to rigid
block motion evaluate the uncertainty of the velocity
estimates presented in this study to ~2mm/yr with
slightly better values for the Central Zagros measure-
ments due to the 6 years observation span, in spite
of the tripod setup in this network.

3. North Zagros Velocity Field and Strain
Distribution

The velocity field obtained on the North Zagros
network is shown in Figure (2). The reference
frame is the Central Iranian block. In the Persian
Gulf plain, incoming velocities of 6 to 8mm/yr are
observed representing the northern part of the
Arabian plate. Velocities decrease when entering the
Zagros mountain belt. They stabilize at values around
3mm/yr in the center of the mountain belt and fade
on the northern side of the Main Recent Fault (MRF)
on the Central Iranian block. This velocity field
indicates some significant relative displacement
rates which could be related to individual faults: the
MRF and the Main Zagros Reverse Fault (MZRF),
the Dena fault as the southeastern continuation of
MRF, the NS trending Kazerun and Borazjan fault
system, and the Dezful Embayment Fault (DEF) and
the Zagros Mountain Front Fault (ZMFF) along the
boundary between North Zagros and the Persian Gulf
plain.

The velocity field has been established with only
2  measurements over a 2 year time span. It seems
this is still too early to analyse couples of site velocities
to quantify the displacement rate of individual faults.
However, the analysis of strain calculated over the
whole velocity field or a subset of stations can be
used to average the individual velocity observations
and obtain a more significant quantification of the
deformation in the North Zagros network. The
strain tensor obtained over 19 stations in the North
Zagros is shown in Figure (3a). Over the whole
North Zagros network, a dominating compressive
component evaluated to -15.4nanostrain/yr and
oriented perpendicular to the mountain axis was
observed. A weaker extensive component related to a
strike-slip component is presented in the overall
deformation pattern.

Campaign # Baselines North [mm] East [mm] Up [mm] 

Central Zagros 1997 25 2.8 3.0 7.4 

Central Zagros 2000 144 1.7 2.0 5.2 

North Zagros 2001 233 1.1 1.7 4.7 

North Zagros 2003 231 0.7 1.5 3.2 

Central Zagros 2003 206 0.9 1.3 2.8 

 

Table 1. Mean repeatabilities on the north, east and up baseline
components in each of the 5 campaigns presented
in this paper. This statistic is limited on the local North
Zagros and Central Zagros network stations with
maximum baseline lengths of 3000km.

Nevertheless, these systematic errors do show up
in the comparison of velocities of sites on the
same rigid tectonical unit. Two micro-blocks of
different size represented by several GPS sites can be
used in this study to estimate velocity uncertainties:
The larger one is the Central Iran block (stations MIAN,
BIJA, SHAH, ARDA, HARA, KERM, and stations
in the northern part of Central Zagros), the smaller
one the Persian Gulf plain in the south of North
Zagros (stations KHON, AWAZ, AHVA, SARD, HAFT).
Horizontal residual velocities on the Central
Iranian block as defined by Vernant et al [9], of
1.9mm/yr were noticed. When 6 Central Zagros
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In Figure (3b), we show the strain distribution in
several subnetworks. In the subnetwork NZ1 in the
Persian Gulf plain in the south which is supposed to
be only weakly deformed, strain rates of less than
10nanostrain/yr are observed. The next subnetwork
NZ2 covering the DEF reaches a significantly higher
strain rate of -16nanostrain/yr. Then, the subnetwork
NZ3 in the weakly deformed central part of North
Zagros shows again low strain rates below 10
nanostrain/yr. Finally, in subnetworks covering the
MRF and the MZRF (NZ4a and NZ4b), significant
compressive strain rates are shown with -19 and
-13nanostrain/yr. The numerical values are summa-
rized  in Table (2).

The strain rates in subnetworks show that the
deformation is not homogeneously distributed but
concentrated in zones related to more active faults
with respect to others.

Figure 3a. Overall strain rates in the North and Central Zagros
networks. Numerical values are indicated in
Table (2).

Figure 3b. Strain rates in subnetworks. Black and white strain
crosses distinguish relatively high and low defor-
mation rates, respectively.

Table 2. Strain rate values in nanostrain/yr for the main networks, for the 5 North Zagros subnetworks and the 3 Central
Zagros subnetworks. The most significant values in the subnetworks are highlighted. For the localization of the subnet
works refer to Figure (3b).

4. Comparison North Zagros-Central Zagros
Deformation Mechanisms

The velocity field obtained by the combination of
the measurements in North and Central Zagros is
presented in Figure (2). One dominating feature is
that a large northern part of the Central Zagros
network is obviously part of the Central Iranian
block as demonstrated by the low residual velocities.
This means that the MZRF is inactive in this part of
the Zagros. The major part of the deformation in
Central Zagros is concentrated in the southern part of
the network.

Comparing the overall strain of North Zagros
and Central Zagros, see Figure (3a) and Table (2), we
notice higher strain rates on both the compressive
and the extensive component in Central Zagros. The
decrease of the overall deformation rates from

 North Zagros Major Axis Sec. Axis Central Zagros Major Axis Sec. Axis 

Main Networks: NZ -16.5 ± 3.0 3.9 ± 2.5 CZ -27.3 ± 3.0 9.2 ± 2.9 

Subnetworks: NZ1 -5.5 ± 10.8 2.6 ± 9.9 CZ1 -10.7 ± 6.8 -2.6 ± 5.2 

 NZ2 -16.9 ± 14.9 -6.8 ± 9.3 CZ2 -23.4 ± 1.2 11.1 ± 3.8 

 NZ3 -7.7 ± 15.1 5.4 ± 15.8 CZ3 -57.0 ± 7.4 14.6 ± 3.7 

 NZ4a 22.5 ± 14.3 -2.0 ± 7.8    

 NZ4b -14.2 ± 13.0 2.6 ± 11.2    
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Central to North Zagros could be due to two reasons:
first, the North Zagros network is a little more
extensive than the Central Zagros network, so that
the velocity differences are spread over larger
distances leading to lower strain; second, the relative
motion between Arabia and Eurasia constraining the
Zagros deformation decreases from east to west
according to their rigid block motion with respect to
an Euler pole situated at 27.8 ± 0.5 °N, 18.6 ± 1.4°E
with a rotational velocity of 0.40 ± 0.1°/Ma [9]. In
Figure (3b), we present strain rates in 3 subnetworks
of Central Zagros compared to the North Zagros
subnetworks. A quite distinct strain distribution in
Central Zagros with respect to North Zagros is
observed. The subnetwork CZ1 in the stable
northern part yields the lowest strain rates of all of
the subnetworks with -10 and -3nanostrain/yr.
Already the intermediate subnetwork CZ2 reaches
higher strain rates than in any subnetwork in North
Zagros. In the southern most subnetwork CZ3,
the compression rate is evaluated to a maximum
value of -57nanostrain/yr. The three compressional
axes are parallel to each other and perpendicular to
the mountain axis represented by the MZRF.

In Table (2), those subnetworks are highlighted
where most of the deformation occurs: For North
Zagros the subnetworks NZ2, NZ4a and NZ4b, for
Central Zagros the subnetwork CZ3. The study of
strain distribution in North and Central Zagros leads
to the following result: We identify as regions of
major strain one zone in the south of Central Zagros
along the Persian Gulf coast. This zone of major strain
is transferred at the localization of the Kazerun fault
system to two zones of major deformation in North
Zagros. These two zones of major strain are centred
on the DEF and the MRF/MZRF. The Kazerun fault
system seems to play an important role in the transfer
of strain from Central Zagros to North Zagros.

5. Evolution of the Deformation Mechanism
from Central Zagros to North Zagros on
Transects Across the Zagros Mountain Axis

Another way to study how the deformation mecha-
nism is evolving from Central Zagros to North Zagros
is to look at the velocity distributions on transects across
the Zagros mountain belt from south to north. We
distribute the site velocities on 5 transects (TN1, TN2,
TN3 in the North Zagros, TC1 and TC2 in Central
Zagros) perpendicular to the mountain axis. The
mountain axis has been identified schematically by
the approximate emplacement of the MRF/MZRF.

The velocity vectors of the closest stations to each
of the transects have been projected on the two
directions parallel and perpendicular to the mountain
axis. These two components will be interpreted
as strike-slip and shortening components of the site
displacements with respect to the Zagros mountain
axis. The two velocity components are displayed on
Figure (4) with respect to the distance between the
GPS site and the approximate emplacement of the
MRF. This graphical representation shows how the
strike-slip and shortening rate evolve with the
distance from the major fault, and this on successive
transects covering the Zagros from the north to the
central part.

On Figure (4), the MRF/MZRF emplacement is
indicated with the vertical line at 0km in each of the
graphs. To the right of MRF/MZRF is the Central
Iranian block with fading velocities.

To analyse the velocity distributions, simple
deformation models are superposed to the velocity
observations (dark grey lines). For the strike-slip
component in the left part of Figure (4), the model
describes a locked strike-slip fault in an elastic half
space [4].

The numerical values for the total velocities are
indicated in the upper part of the graphs. The two
curves correspond to two locking depths of 10 and
20 km, showing that this model parameter is not
significant for describing the velocity distribution on
the spatial scale of the transects. The models are
centred on the MRF, which is certainly not realistic
in some cases (on the Central Zagros transects) or
only an incomplete description of the observations
in other cases (the North Zagros transects). In the
Central Zagros, the velocity field, Figure (2),
already showed that deformation is located further
south of MZRF. In the North Zagros, a part of the
deformation can be attributed to the MRF, but
there seems to be another part localized further
south. The total strike-slip velocities vary from
2mm/yr in Central Zagros to 4-6mm/yr in North
Zagros.

The model chosen for the compressive component
is simply constant strain over the whole transects in
North Zagros, and over the deforming part of the
transects in Central Zagros, excluding stations in the
stable northern part of the network. This corresponds
to a linear velocity distribution. We see increasing
strain from North Zagros to Central Zagros. Also, the
velocity amplitudes indicate clearly the highest values
in Central Zagros (up to 8mm/yr with respect to the
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Central Iranian block fixed), and decreasing values
towards North Zagros (down to 2mm/yr).

The comparison of the observed velocities with
the models helps identifying discontinuities in the

Figure 4. Site velocities (mm/yr) with respect to the site distance to the MRF/MZRF (in km, on the x axis) on 5 transects, TN1,
TN2 and TN3 in the North Zagros, TC1 and TC2 in the Central Zagros, from northwest to southeast. On the left, we display
the fault parallel components (strike-slip component) and on the right the fault perpendicular component (shortening). The
site names are mentioned in order of the distance to the fault below the velocity vectors. A simple model is superposed
on the individual velocities (dark grey line, for details see text). Light grey vertical lines indicate velocity discontinuities at
active fault locations.

evolution of the site velocities over the distance which
can be correlated with the emplacements of some
individual faults (indicated by vertical green lines in
Figure (4)). In the shortening component (right part
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of Figure (4)) in Central Zagros (transect TC2), two
sudden velocity increases are noted: between DEH2
and LAR2 when crossing the Simple Fold Belt, and
between BIG2 and LAMB when crossing the Main
Front Fault (MFF). On the TN3 transect, the strike-
slip activity of the Kazerun fault can be recognized
in the shortening component (between SEMI and
DEDA) because of its oblique orientation (NS) with
respect to MRF/MZRF. On the TN2 transect some
evidence can be found for the activity of the Dezful
Embayment fault (DEF), situated between the sites
KORD and SOLE. In the strike-slip component (left
part of Figure (4)) of the same transect, the DEF can
be noticed as well.

Further to the east (TN3), this zone of deformation
is represented by the Zagros Mountain Front fault
(ZMFF), localized between DEDA and SARD. To
the west of North Zagros (TN1), there is no site
south of ZMFF, so it can be suspected that we miss
another velocity increase on this transect. In the
Central Zagros (TC1), the Kareh Bas fault can be
identified as well as presently active feature according
to the velocity increase between FAR2 and ISL2, in
the zone of its emplacement.

This study gives some evidence for the activity
of individual faults which can be focused on in
dedicated studies. However, the precise evaluation of
individual displacement rates on faults in North
Zagros requires a third measurement campaign to be
carried out and included in the analysis.

6. First Velocity Estimates of the Kazerun Fault
System

Our present study can be used to extrapolate some
first velocity estimates on different segments of the
Kazerun fault system, by comparing the velocity fields
in the North and the Central Zagros to each side of
the fault system, see Figure (2). From south to north,
5mm/yr of relative NS displacement between ALIS and
FAR2 is obtained, characterizing the slip rate on the
Borazjan fault, 6mm/yr between SARD and the
Central Iranian block, at the latitude of the Kazerun
segment, and 3mm/yr between DEDA and the Central
Iranian block which can be attributed to the Dena
fault. These first far field velocity estimates confirm
that the Kazerun fault system is a major tectonic
feature in the Zagros kinematics.

7. Conclusions

Two measurement campaigns on the North Zagros
GPS network have been sufficient to evaluate a
coherent velocity field with differential velocities

between 0 and 6mm/yr, thanks to the forced antenna
centring.

The global North Zagros present day deformation
can be characterized by 3-6mm/yr of shortening and
4-6mm/yr of right lateral strike-slip, coherent with
first estimates from the larger scale Iran global GPS
network [9] and indicating clearly lower strike-slip
activity on the MRF than proposed by Talebian and
Jackson [6].

This study was the opportunity to compare a
first velocity estimate on the North Zagros network
with the velocity field obtained in the Central Zagros
based on 3 measurement campaigns. With respect to
Central Zagros where 8mm/yr of shortening and
2-3mm/yr of strike-slip motion are observed, an
increase of the global strike-slip rate and a decrease
of the global shortening rate in North Zagros can be
stated.

While the Central Zagros velocity field shows a
relatively simple deformation pattern (stable
northern part with respect to the Central Iranian
block, shortening concentrated close to the Persian
Gulf coastline, only a slight strike-slip component in
the western part of the network), the North Zagros
velocity field based on only two campaigns is
relatively diffuse with decreasing velocities from the
Persian Gulf plane to the Central Iranian block and the
presence of shortening and strike-slip mechanisms.
However, some places of concentrated deformation
have been identified, which means that the North
Zagros deformation is rather localized on individual
faults (DEF, ZMFF, MRF) than distributed.
Nevertheless, at the time being, there is no clear
evidence for partitioning of the deformation
mechanisms on spatially separated strike-slip and
thrust faults. The global Zagros deformation pattern
as deduced by the two networks has been
characterized by one (narrow) zone of deformation in
the southern part of Central Zagros which is
transferred to two bands of significant deformation
in North Zagros (one centred on the DEF, one
centred on MRF). The transfer takes place at the
localization of the Kazerun fault system which seems
to play a major role in the global Zagros deformation
mechanism.
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