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Abstract 
The north-south trending strike-slip faults within the basement of the Zagros fold and thrust belt, 
which are inherited from the Pan-African construction phase, were reactivated during the suturing 
and convergence of Arabia and Central Iran since the Late Cretaceous and influenced the NW-SE 
trending structures of the Zagros belt. Among most of these transverse faults, the Kazerun fault which 
delineates the western boundary of the salt plugs in the Zagros belt near longitude 51.5°E is described 
in detail as the most significant transverse strike-slip fault recognized in the belt. Here, during the 
course of our investigations we found new evidence indicating that the north-south trending Kazerun 
fault system can be extended southwards to the coast of the Persian Gulf as evidenced by a prominent 
escarpment marking the west side of the Mand anticline as well as the observations of surface faulting 
associated with the right-lateral motion of recent geomorphic features. However, the north-south 
trending Razak fault has also been recognized as one of the major transverse faults in the Zagros 
basement. Right-lateral strike-slip motion along the Razak fault strands can be inferred from the 
associated lateral offset of stream beds observed on satellite images, aerial photos and on the field. 
Unlike what have been previously suggested, this study concludes that the southern ends of some of 
the north-south trending strike-slip faults which cross the NW-SE structures of the Zagros belt are 
not turned into thrusts striking ESE, sub-parallel to the fold axes, but instead the southern continua-
tion of the north-south trending faults can be extended southwards to the coast of the Persian Gulf 
and Saudi Arabia. 
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1    Introduction 
Many north-south trending lineaments and 
transverse strike-slip faults which cross 
the NW-SE structures of the Zagros fold-
thrust belt have been developed during the 
latest Proterozoic and early Cambrian in 
the Arabian basement (see, e.g., Falcon, 
1974; Haynes and McQuillan, 1991; Ber-
berian, 1995; Hessami et al., 2001). Dur-
ing the Mesozoic, and especially in the 
Triassic and Late Cretaceous, the N-S up-
lifts and basins related to this group of 
basement faults were intermittently reac-
tivated (Edgell, 1996; Sherkati and 
Letouzey, 2004; Sepehr and Cosgrove, 
2005). The transverse basement faults 
which segment the Zagros seismic zone 
(Hessami et al., 2001) have a number of 
characteristic features in common. They 
are steep to vertical and strike-slip motion 
along them can be inferred from the asso-
ciated lateral offset of geomorphic fea-
tures (Bachmanov et al., 2004; Au-
themayou et al., 2005) and fold axes ob-
served on geological maps and satellite 
images. Current seismicity indicates that 
the N-S trending basement strike-slip 
faults are still active (Hessami et al., 2001; 
Talebian and Jackson, 2004; Tatar et al., 
2004). 
    In the NE of the Zagros Mountains, 
these strike-slip faults bend to the NW be-
fore terminating at the Main Zagros Re-
verse Fault or its continuation, the Main 
Recent Fault. The southern ends of most 
of the north-south trending strike-slip 
faults in the cover appear to turn into 
thrusts striking ESE, sub-parallel to the 
fold axes. However, in the basement, the 
southern continuation of the north-south 
trending faults can be traced through the 
NE portion of Arabia by both the struc-
tural trend of the oil fields attributed to 
movement along basement faults (Na-
tional Iranian Oil Company, 1975, 1976;  
McQuillan, 1991) and gravity highs  

associated with the initial basement stretch 
(Stern and Johnson, 2010). Thus, it is 
likely that these N–S trending structures 
are related to structures with the same 
trend in Saudi Arabia, and which are 
known to have acted as normal faults in 
Palaeozoic times (Ziegler, 2001). 
    This study uses the observations of 
faulting recognized on satellite images and 
aerial photos, in conjunction with field in-
vestigations, to detect southernmost seg-
ment of the Kazerun fault system and to 
infer its fault activity. Moreover, based on 
the recent observation of offset stream 
beds along the southernmost section of the 
Razak fault which is clearly exposed at the 
ground surface, we revise its mechanism 
and describe the geomorphic features as-
sociated with its recent activity.  
 
2    Tectonic setting 
The NW-SE trending Zagros fold and 
thrust belt (Figure 1) extends for about 
1,600 km from a location some 300 km 
southeast of the East Anatolian Fault in 
northeast Turkey (which is in Taurus 
Mountains) through northern Iraq and 
southeast Iran, to the Strait of Hormuz 
where the north-northwest trending 
Zendan-Minab fault system (Regard et al., 
2005) separates the Zagros belt from the 
Makran accretionary prism.  
    The NE limit of the Zagros belt is 
marked by the Main Zagros Reverse Fault 
(MZRF), also named as Main Zagros 
Thrust (MZT), which is rotated about a 
horizontal axis to form a steeply NE-dip-
ping to sub-vertical reverse fault (Stöck-
lin, 1974; Berberian, 1995). The extension 
of the Main Zagros Reverse Fault to the 
NW of latitude ~33°N is referred to as the 
Main Recent Fault (Tchalenko and Braud, 
1974) which is a right-lateral strike-slip 
fault as indicated by offset geomorphic 
features and earthquake focal mechanism 
solutions (Talebian and Jackson, 2002). 
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Figure 1. Location map and Zagros Mountains (southwest Iran). 

 
There is no clear surface boundary to the 
frontal edge of the Zagros fold and thrust 
belt where folding is gentle both on land 
and beneath the Persian Gulf. However, 
the southern edge of the Zagros defor-
mation front can be defined at different 
levels by the shape in map view of the oil- 
and gas fields (Talbot and Alavi, 1996). 
The only exposed basement rocks within 
the Zagros fold and thrust belt are a few 
blocks of igneous and metamorphic rocks 
brought to the surface in salt diapirs 
(Haynes and McQuillan, 1991; Jahani et 
al., 2009). The role of tectonic events, in 
particular extensional faulting, has been 
suggested as the main cause for initial salt 
movements in SE Zagros during Early 
Paleozoic rifting. However, current extru-
sion of the salt diapirs may be controlled 
by transverse faults in the Zagros base-
ment (McQuillan, 1991; Talbot and Alavi, 

1996; Hessami et al., 2001; Koyi et al., 
2008). All the transverse strike-slip faults 
in the Zagros basement have inherited 
their roughly north-south strikes from "the 
old grain of Arabia", which can be traced 
from the Central and Southern Red Sea 
(Ziegler, 2001; Stern and Johnson, 2010). 
These faults are known to be the surface 
manifestations of old Pan-African struc-
tures which have controlled the facies and 
thickness of sediments deposited since at 
least the Jurassic-Cretaceous, and which 
have influenced the styles of their subse-
quent deformation (Sepehr and Cosgrove, 
2005). 
    The thickness of sedimentary cover de-
posited on the shelf along the northern 
margin of the Arabian Plate ranges be-
tween 5 and 13 km but is not known in de-
tail (Falcon, 1974; Alavi, 2004). The sedi-
mentary cover of the Zagros fold and 
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thrust belt is decoupled from its underly-
ing basement along the Lower Paleozoic 
shales or the Late Precambrian Hormuz 
Salt Formation (Jahani et al., 2009). The 
cover contains two other evaporite se-
quences of Late Jurassic (Hith Formation) 
and Early Miocene (Gachsaran For-
mation) ages. The latter plays a significant 
role in the deformation of the cover locally 
(Sherkati and Letouzey, 2004; Casciello et 
al., 2009). 
    Plate reconstructions show that defor-
mation within the Zagros fold and thrust 
belt is due to the relative convergence be-
tween Arabia and Asia (Central Iran) since 
late Early Cretaceous, i.e., Late Aptian 
(Farahpour and Hessami, 2012). This con-
vergence which is attributed to subduction 
of the NE margin of Neotethys beneath 
Central Iran (Agard et al., 2005) in Tu-
ronian-Coniacian time led to the emplace-
ment of ophiolites onto the northern edge 
of the Arabian Plate and the Oman Penin-
sula (Sherkati and Letouzey, 2004) and to 
the development of a tectonically con-
trolled foreland basin system to the south-
west of this orogen (Farahpour and Hes-
sami, 2012). This emplacement predated 
the final closure of Neotethys and the su-
turing of Arabia with Central Iran, which 
was completed in the late Oligocene-Mio-
cen time (Barrier and Vrielynck, 2008; 
Agard et al., 2005). 
    Most focal mechanism solutions of 
earthquakes in the Zagros region indicate 
the presence of active reverse faults (Ber-
berian, 1995). The most recently deter-
mined focal depths (8-14 km) imply that 
moderate to large earthquakes occur in the 
uppermost part of the Arabian basement, 
beneath the Hormuz Salt Formation (Tal-
ebian and Jackson, 2004; Tatar et al., 
2004). These observations have led many 
workers to suggest NE-dipping reverse 
faults in the basement. Although the focal 
depths of the small earthquakes are not 
well known, they are likely to mark thrust 
faults in the cover sediments (Koyi et al., 
2000) that sole out in both/either the deep 

Hormuz and/or the shallow Gachsaran salt 
layers. 
    Focal mechanism solutions of the earth-
quakes along the transverse faults within 
the Zagros region are interpreted as 
steeply-dipping strike-slip faults with mi-
nor components of dip-slip movement. 
Most of these solutions are consistent with 
right-lateral movement on nodal planes 
parallel to NNW-trending faults.  
    The present crustal shortening associ-
ated with the convergence between Arabia 
and Eurasia is clearly shown in recent 
Global Positioning System (GPS) results 
spanning Iran (Khorrami et al., 2019). 
These velocity estimates show that Arabia 
moves at 21–25 mm/yr due north relative 
to Eurasia. However, deformation is dis-
tributed differently over several active de-
forming zones. In eastern Iran shortening 
is distributed over the Makran subduction 
complex (up to 19 mm/yr) and the Kope-
Dagh Mountains (about 6 mm/yr). To the 
west, shortening is distributed over the 
Zagros (about 7 mm/yr), and Alborz 
Mountains (about 5 mm/yr). Right-lateral 
displacement takes place in western Iran 
mainly along the Main Recent Fault 
(about 3 ± 2 mm/yr) and the North Tabriz 
fault (up to 8 mm/yr). The area located be-
tween Zagros and Alborz moves due north 
at about 14 mm/yr as a rigid block with re-
spect to Eurasia, while eastern Iran moves 
at slower rates and the eastern most station 
does not move at all. The contrast between 
the velocity vectors in west-central Iran 
and eastern Iran takes the form of right-
lateral strike-slip motion along the north-
south trending faults bounding the Lut 
block. 
 
3    Observations and discussion 
3-1    Razak fault 
Barzegar (1994) used remotely-sensed 
data to detect a number of strike-slip faults 
in the SE Zagros. Most of these faults had 
been already identified as structural 
anomalies on geological maps (National 
Iranian Oil Company, 1975, 1976) and are 
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consistent with the alignments of salt 
plugs (McQuillan, 1991; Koyi et al., 
2008). The Razak fault was detected on an 
image from the Gemini spacecraft 
(Barzegar, 1989) (Figure 2), but could not 
be clearly identified on Landsat images 
(Figure 3) because the north-south 
descending orbit of the Landsat almost 
parallels its trend (Barzegar, 1994). Based 

on distortion of fold axes in the 
sedimentary cover and displacement of 
seismic zones in the basement, Hessami et 
al. (2001) suggested that the Razak fault is 
a left lateral strike-slip fault. However, no 
seismological evidence could be seen to 
support the existence of left lateral faults 
in the SE Zagros belt (Talebian and 
Jackson, 2004). 

 
Figure 2. Gemini satellite image of the Razak fault (arrowed) (after Hessami et al., 2001). 

 
The Razak fault is a NNE trending fault 
situated ~47 km east of Jahrom, with a to-
tal length of about 200 km. During the 
course of our present investigations we 
found new evidence along the southern-
most end of the Razak fault indicating 
some prominent escarpments marking the 
west side of the Chiru anticline (Figure 4). 
We also made observations of surface 
faulting associated with strike-slip motion 
of recent geomorphic features; streambeds 
have been offset in a right-lateral sense 
along several parallel fault strands at this 

locality (Figure 5). Due to strike-slip mo-
tion along these segments, small gullies 
incised within the young alluvial fan are 
displaced right-laterally for about 10-15 m 
and vertical displacements are measured 
for about 2-3 m (Figure 6). Moreover, 
topographic profile across the fault zone 
shows that the eastern block is down-
thrown with respect to western block sug-
gesting that the strike-slip motions are as-
sociated with vertical displacements (Fig-
ure 7).
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Figure 3. Landsat satellite image (Google Earth) of the Razak fault (arrowed). 

 

 
Figure 4. Satellite image (Google Earth) shows N-S trending fault scarps marking the west side of Chiru anticline. Rec-

tangle encloses Figure 5. See Figure 3 for location 
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Figure 5. Arial photograph shows N-S trending surface faulting associated with strike-slip motion. Gullies have been 

offset in a right-lateral sense along one of the fault strands at this locality. See Figure 4 for location. 
  

Although we did not succeed to observe 
the fault plane directly in the field, slip 
vectors deduced from focal mechanism 
solutions of the area's earthquakes along 
other right-lateral strike-slip faults in the 
SE Zagros (Talebian and Jackson, 2004) 

suggest that the vertical displacements 
might be resulted from a normal compo-
nent of motion. However, since the abso-
lute age of the offset fan is not known, slip 
rate along the Razak fault remains un-
known. 

 

 
Figure 6. Fault trace (red dashed line) showing vertical component, down to the east. Right-lateral offset is clear in the 

river delineated by blue dashed line. See Figure 5 for location. 
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Figure 7. Topographic profile across the Razak fault strands. The eastern blocks are downthrown with respect to the 

western blocks. The strike-slip fault segments may be associated with a normal component of motion (see text for expla-
nation). Topo section is plotted at 20 vertical exaggeration. 

 
3-2    West Mand fault 
Here we present structural and geo-
morphic evidence to introduce the north-
south trending west Mand (also known as 
Mond) fault lying to the south of the Kaze-
run fault, as the southernmost segment of 
the Kazerun fault system. The Kazerun 
fault system is a north-south trending 
strike-slip fault zone, which crosses the 
Zagros belt at about longitude 51.5°E and 
separates the northwestern and southeast-
ern Zagros regions (Figure 1). It has been 
described as the most prominent of a num-
ber of north-south lineaments that cross 
the Simple Folded Belt in Central Zagros 
(Baker et al., 1993; Berberian, 1995; Tal-
bot and Alavi, 1996; Sepehr and Cos-
grove, 2005). 
    The Kazerun fault limited the distribu-
tion of the Late Precambrian Hormoz salt 
(i.e., the major decollement horizon that 
separates the Precambrian basement from 
the overlying sedimentary cover) to the 
west. Lateral offset of Zagros fold axes 
and stream beds have frequently been in-
voked to confirm right-lateral displace-
ment along this fault. Cumulative right-
lateral displacement of 140 and 150 km of 
the Mountain Front Fault (MFF) and the 

Zagros Foredeep Fault (ZFF) can be meas-
ured respectively along the Kazerun fault 
(Berberian, 1995). Furthermore, focal 
mechanism solutions of earthquakes im-
ply current right-lateral motion on nodal 
planes parallel with the Kazerun fault 
(Baker et al., 1993; Talebian and Jackson, 
2004). 
    Sepehr and Cosgrove (2005) presented 
a new interpretation for the evolution of 
the Kazerun fault zone and argued that at 
the surface, the fault zone can be deline-
ated by four north-south trending seg-
ments including, from north to south, the 
Sisakht, Yasuj, Kamarij and Borazjan seg-
ments. However, according to Au-
themayou et al. (2005), the Kazerun fault 
system is made of three north-trending 
fault segments of equivalent length 
(~100 km long), i.e., the northern (Dena), 
the central (Kazerun) and the southern 
(Borazjan) segments. Both these studies 
agree that the same Borazjan fault forms 
the most southerly segment of the Kazerun 
fault system. However, based on geomet-
rical characteristics recognized during the 
course of this study, we detected four main 
segment boundaries which led us to define 
two sets of fault 
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Figure 8. Main N-S trending strike-slip faults in the Central Zagros. Fault traces in the Persian Gulf are adapted from 

Stern and Johnson (2010) and National Iranian Oil Company (1976). 
 
segments along the Kazerun fault system; 
the northern set and the southern set (Fig-
ure 8). A sharp bend along the Kazerun 
segment marks the segment boundary of 
the two sets. The northern set consists of 
two left-stepping segments of Dena (in the 
north) and Northern Kazerun (denoted as 
Kazerun-1) with a gap of about 15 km in 
between. The southern set consists of three 
right-stepping segments of Southern 
Kazerun (denoted as Kazerun-2), Bora-
zjan (center) and West Mand (in the 
south). 
    Therefore, here, we consider the NNW 
trending West Mand fault as the southern-
most segment of the Kazerun fault system 
(West Mand on Figure 8). The West Mand 
fault segment, with a length of about 

87 km, lies southwest of the Borazjan seg-
ment with a right-stepping gap. The West 
Mand fault had been previously identified 
as the Zagros foredeep reverse fault by 
Berberian (1995). There are two convinc-
ing lines of evidence that movement on the 
West Mand strike-slip fault in the base-
ment has resulted in folding of the Mand 
anticline. The first comes from observa-
tion of one N-S trending fault scarp which 
is clearly visible on satellite images and in 
the field (Figure 9, north of Mand anti-
cline, 2.7 km east of Chah Talkh). Due to 
strike-slip motion along the West Mand 
segment, small gullies are displaced right-
laterally for about 12 m and vertical dis-
placements  
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Figure 9. Satellite image (Google Earth) and field photo of West Mand fault scarp associated with right-lateral motion of 

recent geomorphic features. Location of the photo (C) is shown on (A). 
 

are measured for about 5-8 m. 
    Focal mechanism solution of the 
02/03/2004 earthquake (Mw 5.1) located 
in the close vicinity of this fault scarp  
involves right-lateral movement on the 
NNE trending nodal plane (Figure 10). 
The 01/04/1981 (Mw 5.2) earthquake also 

seems to be associated with reactivation of 
the West Mand fault segment. CMT solu-
tion of this event indicates right-lateral 
movements with a reverse component on 
a NNW trending nodal plane parallel with 
the West Mand fault segment. 
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Figure 10. Topographic and geological map of the Mand anticline with elevation contour lines every 100 m. Focal mech-
anism solutions for large earthquakes from the Harvard CMT database are also indicated (Modified after Oveisi et al., 
2008). 

 
The second line of evidence comes from 
experimental works on analogue models 
designed to study the effect of basement 
strike-slip faults on cover rock sequences 
(see, e.g., Richard and Krantz, 1991). The 
analogue models show that buckle folds 
can be formed in the cover rocks as a result 
of strike-slip movements in the basement. 
These types of buckle folds form with an 
aspect ratio (half wavelength to axial 
length ratio) of between 1:5 and 1:10.  
    Based on the above-mentioned discus-
sion, we suggest that the Mand detach-
ment anticline (as inferred by Sherkati et 
al., 2006 and Oveisi et al., 2008) may be 
produced because of movement on the 
West Mand basement strike-slip fault. 
Nevertheless, as it can be seen from the 

geological cross section (Figure 11), the 
east-northeastern side (back limb) of the 
Mand anticline is bounded by a seismi-
cally active back-thrust (East Mand on 
Figure 8). The East Mand reverse fault is 
associated with the 24/09/1999 (Mw 5.2) 
earthquake. 
 
4    Concluding remarks 
In this study, we detected the southern ex-
tension of the Kazerun fault and used ob-
servations of faulting recognized on satel-
lite images, in conjunction with field in-
vestigations, as well as focal mechanism 
solutions of earthquakes to infer fault ac-
tivity along the West Mand right-lateral 
strike-slip fault. We also described the 
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Figure 11. Topography and geological sections across the Mand and Khaki anticlines. CMT solutions of 24 September 
1999, Mw 5.2 and 9 April 2013, Mw 6.2 events are plotted onto section. Note that a back-thrust has developed on the 

back-limb of the Mand anticline. Focal mechanism of the 1999 earthquake and distribution of micro-seismicity confirm 
the existence of the back-thrust. Field observations and fault plane solutions of earthquakes suggest existence of a right-
lateral strike-slip fault beneath the Mand anticline in the basement (Modified after Elliott et al., 2015). See Figure 8 for 

location. 
 

 
introduced Razak srike-slip fault that has 
been relatively obscured by the dominant 
younger NW-SE trending structural fea-
tures of the Zagros fold-thrust belt (Figure 
1). Right-lateral strike-slip motion along 
this structure can be inferred from the as-
sociated lateral offset of stream beds ob-
served on satellite images and in the field. 
However, topographic profile across the 
Razak fault zone shows vertical compo-
nent of displacement in recent deposits 
varying from place to place, but in any 
case, the dip slip component is subsidiary 
to the main right-lateral strike-slip move-
ment. 
Many early studies have emphasized that 
the southern ends of most of the north-
south trending strike-slip faults, which 
cross the NW-SE structures of the Zagros 
belt, are turned into thrusts striking ESE, 
sub-parallel to the fold axes. However, 
here we showed that the southern continu-
ation of at least some of the north-south 
trending faults can be extended south-
wards to the coast of the Persian Gulf. This 
conclusion confirms the previous postula-
tion suggesting the north-south trending 
structures in the Zagros belt are related to 
structures with the same trend in Saudi 
Arabia.  
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