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Late Cenozoic strike–slip tectonics and active faulting in Central Iran have been extensively described in the
last decades. This study presents results of integrated structural and geomorphological analyses along the
Kuh-e–Sarhangi Fault, a major NE–SW striking brittle deformation zone that cuts across the basement and
Neogene–Quaternary cover successions at the north-western edge of the Lut Block. Structural investigations
document post-Neogene NE–SW dextral transpressive tectonics and geomorphic evidence support a Late
Quaternary age for the faulted alluvial fan deposits along the bedrock range fronts. Northward, the nearly
parallel Great Kavir (Doruneh) Fault is known to have active left-lateral strike–slip kinematics, and its
easternmost segment was considered as the northern margin of the Lut Block. The new findings impose
reconsideration of the current regional kinematic models, with implications on the seismogenic fault
networks of Central Iran.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The Cenozoic deformation in Iran is the result of the Arabia–Eurasia
convergence that culminated with the Arabia–Eurasia collision at the
Eocene–Oligocene boundary (e.g. Agard et al., 2011; Allen et al., 2004;
Mouthereau et al., 2012). GPS vectors indicate a NNE motion of the
Arabian plate relative to Eurasia of 22±2 mm yr−1 (Vernant et al.,
2004). This northeastward active convergence is dominantly accommo-
dated in the Zagros, Alborz and Kopeh Dagh regions through distributed
faulting (Allen et al., 2006; Hatzfeld and Molnar, 2010; Jackson et al.,
1995; Talebian and Jackson, 2002, 2004; Walker and Jackson, 2004). In
Central Iran, the GPS data document a NNE-direct motion of about
2 mm yr−1 relative to stable Afghanistan (Nilforoushan et al., 2003;
Vernant et al., 2004) (Fig. 1).

The Central Iran Micro Continent (CIMC) is made of a mosaic of
continental microblocks (Lut, Tabas, and Yazd) (Fig. 1), assembled in
the upper-plate domain of the Zagros orogen during the long-lasting
convergence history between Eurasia and the various Gondwanian
fragments (Alavi, 1991; Bagheri and Stampli, 2008; Berberian and King,
1981; Davoudzadeh et al., 1981; Ramezani and Tucker, 2003; Stöcklin,
1968; Takin, 1972). These tectonic blocks are bounded by major strike–
biat Modares University Tehran,
8 21 88009730.
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slip fault zones andhave peculiar stratigraphy, deformation style and pat-
tern of recent seismicity (Berberian and King, 1981). The active kinemat-
ics is interpreted as accommodated along a pattern of faulting that is
partitioned between roughly N–S right-lateral (from west to east: the
Deshir, Anar, Nayband–Gowk and Nehbandan faults) and E–W
left-lateral strike–slip (from north to south: Doruneh and Dasht-e Bayaz
faults) deformation zones to the south and north of 34°N, respectively
(e.g. Allen et al., 2011; Bonini et al., 2003; Farbod et al., 2011; Fattahi et
al., 2007; Jackson and McKenzie, 1984; Walker and Jackson, 2004;
Walker and Khatib, 2006; Walker et al., 2004). The N–S right-lateral
shear is associatedwith Neogene counterclockwise vertical axis rotations
of fault-bounded crustal blocks (20°–35°), whereas no significant rota-
tion has been detected along ENE–WSW left-lateral strike–slip strands
of the Doruneh Fault (Mattei et al., 2012).

Destructive earthquakes occurred in Central Iran in recent years
and last century (e.g. Tabas in 1979, Ms=7.7; Dasht-e–Bayaz in
1979, Mw=7.1; Bam 2003, Mw=6.5), testifying for the high
seismicity and active tectonics along these fault strands (Hessami
et al., 2003). In this scenario, the Doruneh Fault is assumed as the
northern tectonic boundary of the Lut block in CEIM (Meyer and Le
Dortz, 2007; Regard et al., 2004; Walker and Jackson, 2002).
Nonetheless, there is evidence of active deformation also within the
northern part of the Lut block as attested by occurrence of earth-
quakes (earthquake catalogue at Iranian Institute of Earthquake
Engineering and Seismology; http://www.iiees.ac.ir) and field evidence
of Quaternary re-activation of basement structures along deformation

http://www.iiees.ac.ir
http://dx.doi.org/10.1016/j.tecto.2013.01.001
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Fig. 1. SRTM Topographic shaded relief image of Iran. The main strike–slip faults bounding the main blocks that make up Central East Iran are also indicated (modified after
Berberian, 1976, 1977; Berberian and King, 1981; Hessami et al., 2003; Stöcklin, 1968). The yellow band indicates the Kashmar–Kerman Tectonic Zone (after Ramezani and Tucker,
2003). The black rectangle indicates the study area. KF: Kalmard Fault; KBF: Kuhbanan Fault; NBF: Nayband Fault; NHF: Nehbandan fault; KSF: Kuh-e–Sarhangi Fault; FTF: Ferdows
Thrust fault; JTF: Jangal Thrust Fault; DBF: Dasht-e–Bayaz Fault. SBF: Shahr-e–Babak Fault; SHT: Shahdad Thrust. The inset shows GPS velocities vectors in Iran relative to stable
Eurasia (from Vernant et al., 2004).
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ridges sub-parallel to the Doruneh Fault (Sahandi et al., 2010). Despite
poorly known, these deformation zones are aligned along the
north-eastward termination of the polyphase Kashmar–Kerman
Tectonic Zone (Ramezani and Tucker, 2003) where a set of active
right-lateral faults is localised and bounds the Tabas block to the
west (Fig. 1).

In this paper, we describe the Neogene–Quaternary structural
architecture and kinematics of the NE–SW Kuh-e–Sarhangi fault
zone, the most prominent intra-block linear deformation zone at
the north-west edge of the Lut block (Figs. 1 and 2). Based on field
(structural and geomorphic) evidence, post-Neogene right-lateral
kinematics of the major fault strands is documented. These new results
are used to revise the kinematic scenario at the northern part of
the Lut Block, with implication on the overall kinematic and tectonic
framework of the Central Iran.

2. Geological setting

Tectonic blocks in Central Eastern Iran are bounded bymajor strike–
slip fault zones (Fig. 1). The Tabas and Yazd blocks are separated by a
nearly 600 km long, arcuate and structurally complex fault-bounded
belt known as the Kashmar–Kerman Tectonic Zone, where remarkable
exposures of the deeper sections (upper Neoproterozoic to lower
Paleozoic in age) of the central Iran platform units occur (Ramezani
and Tucker, 2003). The Kuh-e–Sarhanghi Fault (KSF) is part of the
Kashmar–Kerman Tectonic Zone, and is recognisable as a ~75 km
long, sharp fault strand that bounds to the south a NE–SW linear
mountain range (with elevations up to 1800 m) from the Quaternary
alluvial and playa deposits (Figs. 1 and 2a). Upper Precambrian
igneous and metamorphic rocks crop out within the damage zone of
the KSF, in association with Paleozoic–Mesozoic cover units, Neogene
and Quaternary alluvial deposits (Eftekharnezhad et al., 1977; Ruttner
et al., 1970; Sahandi et al., 2010) (Fig. 2b). The igneous and metamor-
phic units, widely exposed in the central part of the study area, have
been deformed during a Precambrian orogeny and affected by poly-
phase reactivation during Mesozoic and Tertiary, with younger brittle
deformation events extending to the Quaternary (Sahandi et al., 2010).

The overall structural architecture of the pre-Neogene basement suc-
cession along the KSF is dominated by steeply dipping foliation, folding,
and anastomosing fault-bounded tectonic contacts (Figs. 2b and 3).
Neogene deposits belong to the Upper Red Formation (Eftekharnezhad
et al., 1977; Ruttner et al., 1970) and consist of alternating conglomer-
ates, marls, sandstone and evaporites. They are unconformably covered
by sub-horizontal Quaternary alluvial deposits, whose stratigraphy is
not yet well constrained. The recent review by Walker and Fattahi
(2011) provides a regional frame of reference for the Late Quaternary
deposits of eastern Iran. The authors document a Late Pleistocene and
Holocene environmental changes as responsible for the regional forma-
tion of subsequent generations of telescopic alluvial fans, as well as for
the regional arrangement of river terraces and lake deposits.Widespread
Quaternary deposits in central and eastern Iran have been dated for
constraining the cyclic aggradation phases and used for proposing their
involvement in the regional active tectonics (Fattahi et al., 2006, 2007;
Regard et al., 2005, 2006).



Fig. 2. (a) Satellite image of the study area, showing the NE–SW-trending ridge developed along the deformation zone associated with the Kuh-e-Sarhangi Fault (KSF). The white arrows indicate the main fault trace. (b) Generalized geological
map and structural architecture of the Kuh-e-Sarhangi Fault; modified and re-adapted after Ruttner et al. (1970), Eftekharnezhad et al. (1977) and Sahandi et al. (2010). The black polygons represent the areas of detailed structural survey.
Locations of the main field structures are also indicated.
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Fig. 3. Schematic interpretative geological cross-sections of the study area showing the fault zone architecture within the KSF. Note the positive flower structure that involves Neo-
gene deposits and basement units along the Kuh-e-Asbi Valley in cross sections A–B–C (detail not to scale). For symbols of the geological units refer to Fig. 2b.

223R. Nozaem et al. / Tectonophysics 589 (2013) 220–233
The seismicity of the Kuh-e–Sarhangi area is poorly known, despite
already discussed in Berberian (1976, 1977), where the KSF is generally
described as a Quaternary fault. There are some earthquake epicentres
available, with maximum recorded magnitude between 4 and 5 and
the focal depths less than 30 km. The only focal mechanism solution
available is from an area located ~40 km southward, where a right-
lateral strike–slip kinematics sub-parallel to the strike of KSF has been
reported (Farbod et al., 2011).

3. Structural and geomorphic data

The structural field work was carried out in order to define the
Neogene–Quaternary fault zone architecture and the style of brittle
deformation along the KSF by means of distributed sites of meso-
structural analysis (see Fig. 2b for the location).Wemeasured 368 faults
and fractures occurring in Neogene beds and Quaternary consolidated
alluvial fan deposits. Fault kinematics was obtained based on classical
criteria for brittle shear zones, such as fault offset, growth fibres, and
Riedel shears (e.g., Doblas, 1998; Petit, 1987). Fault and fracture popula-
tion analysis was performed trough the software Daisy v.4.1 (Salvini,
2004; http://host.uniroma3.it/progetti/fralab). Preliminary geomor-
phic field evidence is presented in order to provide a better docu-
mentation for involvement of Quaternary deposits in faulting. The
regional scenario for Late Quaternary-to-Holocene environmental
framework reconstructed by Walker and Fattahi (2011) for the
central eastern Iran is here used as reference for tentative age
correlations.

3.1. Neogene units

Neogene deposits are exposed in limited outcrops, which unconform-
ably cover the Mesozoic and pre-Mesozoic basement units (Fig. 2b).
To the southwest, Neogene deposits exposed within the Kuh-e–Asbi
area define a major sub-vertical deformation zone and indeed constitute
the damage zone of the KSF (Figs. 2b and 4a). The Neogene deposits
form fault-bounded sub-vertical shear lenses, with pronounced fault
cores and gouges, which locally exceeds tens of meters thickness. This
fault zone controls the sub-vertical contact between theNeogenedeposits
and the Paleozoic basement rocks, with geometries resembling those of
positive flower structures (see e.g. Sylvester, 1988; Woodcock and
Fischer, 1986), squeezing and juxtaposing plurimetric lenses of both
types of lithologies (Fig. 4a, b). Deformation structures aremainly perva-
sive in the Neogene units, forming the main fault displacement zone
that consists of a nearly one hundred meter thick damage zone
with alternating cohesive and incohesive fault rocks, and up to
decametre-thick gouges in the fault core (Fig. 4a). An anastomosed
array of steeply-dipping fault surfaces with associated subsidiary, syn-
thetic Riedel shear planes makes up the fault damage zone in the
Neogene units (Fig. 4c). Most of the measured fault strands are NE–
SW (Fig. 4d) with a major right-lateral strike–slip component
(Fig. 4c). Two sets of slickenlines are recognizable on the fault planes,
with mutual overprinting relationships: (i) a nearly horizontal one as-
sociated with right-lateral strike–slip movement; and (ii) a down-dip
to oblique-dip one, associated with dominant reverse kinematics. Sub-
ordinate left-lateral strike–slip faults also occur along N310°–N340°
striking fault planes.

To the northwest of Kuh-e–Chahuk, out of themain damage zone of
the KSF (Fig. 2b), the Neogene deposits appear moderately-to-highly
tilted. They are NE-striking, dipping 40° to 60° to the SE. The deposits
are intensively sheared by a set of~E–W striking sub-vertical (70–80°
dipping) strike–slip faults. The length of strike–slip faults do not
exceed 2 km. Faulting has developed discrete slip surface in conglomer-
ate beds (Fig. 5a), with internal deformation architecture mostly repre-
sented by synthetic Riedel shears (Fig. 5b). Sub-horizontal slickenlines
are dominant, detected on both the main and subsidiary shear planes
(Fig. 5c). The fault offset varies with fault length, from several

http://host.uniroma3.it/progetti/fralab
image of Fig.�3


Fig. 4. (a) Panoramic view of the main fault damage zone in the Kuh-e–Asbi area (field of view ~300m). The damage zone mainly develops within Neogene deposits that are in fault contacts along subvertical fault strands with Precambrian
and Paleozoic metasediments. (b) Field exposure and interpretative line drawing of a major positive flower structure involving Neogene deposits and Paleozoic metasediments in the fault damage zone. (c) Polished subvertical fault surface
with subhorizontal slickenlines within the fault damage zone developed in the Neogeene units. Synthetic Riedel shears and associated lunate fractures (e.g. Petit, 1987) indicate the right-lateral kinematics. (e) Stereoplot (Schmidt net, lower
hemisphere projection) showing the collected fault data in the Neogene deposits of Kuh-e–Asbi area. Fault as great circle, striae as arrows.
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Fig. 6. (a) Cumulative stereoplots (Schmidt net, lower hemisphere projection) showing the collected fault planes data in the Neogene units (faults as great circles, striae as arrows).
(b) Polymodal Gaussian distribution statistics of the cumulative fault strike data (c) and (d) Cumulative, polymodal Gaussian distribution statistics of fault dip and slickenline pitch
values, respectively (data processing through the Daisy4.1 software). The histogram of the original data distribution and the Gaussian best-fit curves are shown. In the table: %,
percent of data fitted by each Gaussian curve; Nor H., normalized height of the Gaussian peak with respect to the highest peak; Max H., maximum height of the Gaussian peak;
s.d., standard deviation.

Fig. 5. (a) Brittle faulting affecting the Neogene beds at the north of Kuh-e–Chahouk. The mean bedding attitude is N52°, 50SE. (b–c) Synthetic Riedel shear fractures indicating the
right-lateral kinematics along the main fault plane (Y shear; plane view in Fig. 5b). (d) Right-lateral offset (fault separation) along the fault plane shown in (a). (e) Steeply-dipping
conjugate strike–slip fault systems; the hammer bisects the dihedral acute angle defined by the intersecting fault systems along a roughly E–W trend. (f) Stereoplots (Schmidt net,
lower hemisphere projection) showing the collected fault data in this site. Faults as great circles, striae as arrows.
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Fig. 7. Reconstructed arrangement of the Quaternary alluvial fan generations exposed in sites where structural analysis has been performed (yellow stars): (a) Kuh-e–Asbi, (b) Deh
Zaman, (c) Khakestary, (d) Kal-e–Sorkh. Blank lines with barbs indicate erosional scarps of the terraced alluvium. Red lines indicate fault traces. N, Neogene; P, Paleozoic; P/N,
Paleozoic and Neogene slices embedded in fault-rock; PC, Precambrian; Qt, Quaternary (subscript numbers just indicate the relative chronology of different fan generations,
with the oldest labelled as Qt1).
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centimetres for small faults to several meters for larger faults (Fig. 5d).
Both right-lateral and left-lateral fault kinematics has been observed,
striking N80° and N110° respectively (Fig. 5e, f). The resulting general
strike of the strike–slip faults in this area is WNW–ESE.

The stereographic projection of all collected data within the
Neogene beds is presented in Fig. 6a. The statistical analysis shows
a dominant population oriented N48° and two subordinate ones
striking N83° and N318°, respectively (Fig. 6b). The mean strike of
196 faults results to be ~N78°. By analysing the fault dip, high-to-
subvertical dip range prevails, with mean at about 68° (Fig. 6c).
The mean pitch angle of measured slickenlines is ~14° (Fig. 6d)
documenting the dominant strike–slip kinematics.

3.2. Quaternary units

Different generations of Quaternary alluvial fans were built up by
the major streams diverging from the axis of the KSDZ, bordering the
Kavir-e–Kaj and Kavir-e–Namak plains (Fig. 2a and 2b).

In the Kuh-e–Asbi area, within the main crush zone of the KSDZ
(see Fig. 2b for the site location), Quaternary deformation is well
exposed. Here we recognized Quaternary terraced alluvial deposits
along the upper reach of one of the major streams flowing into the
fault damage zone. The remnants of this alluvial body preserve the
geometry of the ancient alluvial plain-to-alluvial fan surface (Fig. 7a)
and unconformably cover the steeply-dipping fault rocks (Fig. 8a).
No evidence of surface deformation were observed on this deeply
entrenched alluvial body, even if its deposit is affected by faulting
(Fig. 8a, b). Remarkably, not all fault strands cut across the Neogene–
Quaternary contact (Fig. 8c), but locally Quaternary deposits are trun-
cated against branches of the major fault strands (Fig. 8d). Quaternary
fault traces show irregular, curved geometry, and the surfaces are in
general rough. Fault planes are oriented ENE and are sub-vertical.
Slickenlines on the polished fault surfaces show a sub-horizontal plunge
and right-lateral slip is obtained by the analysis of the kinematic indica-
tors (Fig. 8e, f).

To the northwest of Deh Zaman, the active channel cuts a se-
quence of telescopic alluvial fan lobes whose remnants are preserved
just on the hydrographic right side of the Deh Zaman river (Fig. 7b).
These lobes were deposited after the entrenchment of an older large
alluvial fan, which unconformably overlies the northward dipping
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Fig. 8. Neogene–Quaternary faulting along themain fault damage zone in the Kuh-e–Asbi area. (a)WSW–ENE steeply-dipping fault surface cutting across the Neogene -Quaternary con-
tact. (b) Polished, subvertical N60° striking fault surface with subhorizontal slickenlines. The fault cuts across the Neogene -Quaternary contact. Kinematic indicators on the fault surfaces
(growth fibres, synthetic Riedel shears and associated lunate fractures) document right-lateral strike-kinematics with a reverse component. (c) NE–SW steeply-dipping right-lateral
strike–slip fault surface cutting across the Neogene–Quaternary stratigraphic contact. Note the cataclastic aspect of the fault rocks developed in the Neogene deposits. (d) A WSW–

ENE fault (yellow dashed line) affecting the Quaternary deposits and controlling the contact with the Neogene deposits. (e) Detail of the polished fault surface of the fault shown in
(d) with subhorizontal slickenlines. Lunate fractures and synthetic Riedel shears document right-lateral shear. (f) Stereoplot (Schmidt net, lower hemisphere projection) showing the
fault data collected in Quaternary alluvial fan deposits along the Kuh-e–Asbi area (faults as great circles, striae as arrows).
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Neogene units and is involved in the tectonic deformation. In this
area, a steeply-dipping, ESE–WNW-striking fault segments cut across
the Neogene–Quaternary boundary, causing the formation of a small
ridge that folds the Quaternary deposits (Fig. 9a). A set of secondary
oblique-dip faults branches out from the main fault plane that
resembles a positive flower structures. Both dip-slip and strike–slip
slickenlines occur on polished fault surfaces. The fault core develops
within the Neogene deposits by inducing of the beds. S–C shear
bands in the core and the drag fold at the fault hanging wall define
the right-lateral kinematics with reverse component. Fracture popu-
lation collected in the Quaternary deposits of the area (Fig. 9b)
shows a mean E–W strike (Fig. 9c).

All along the southern border of the KSDZ, near the Khakestary,
Kal-e–Abdolghani and Kal-e–Sorkh villages (see Fig. 2 for the locations)
we found evidences of Quaternary faulting cutting the apex zone of
some terraced alluvial fans localised along the ridge piedmont. In
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Fig. 9. (a) Post Neogene–Quaternary right-lateral transpressive faulting (positive flower structure) at the north of Deh Zaman. The attitude of main fault is N248°, 72°, pitch 12°.
(b) Field example of the subvertical shear fractures that cut through the Neogene–Quaternary deposits. (c) Rose diagram and Gaussian distribution statistics of the cumulative
fracture strike data in the Quaternary alluvial deposits of the Deh Zaman. See Fig. 2 for location.
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these cases, due to the fault trace position close to the fan apexes,
no continuous geomorphic evidences were produced by the fault
displacement on the Quaternary alluvial bodies. In the Khakestary
village site, the Quaternary alluvium covers the Mesozoic and Paleozoic
basement rocks (Figs. 7c and 10a). Several sub vertical faults and
associated fractures affect the Quaternary alluvium and basement
rocks, with morphological expression of the fault traces that can be
continuously followed on the ground (Fig. 10b). Faults are oriented
from N20° to E–W and show high angle of dip (Fig. 10c). When
possible, interpretation of the kinematic indicators and stratigraphic
offsets pointed to right-lateral strike–slip kinematic with small reverse
component for these faults. In the Kal-e–Abdolghani village site, the
Quaternary alluvium show evidence for brittle deformation with
development of several sub-vertical fractures and faults (Fig. 10d).
Within the collected data, faults and fractures aremainlyNE–SWstriking,
with the plunge of the slickenline usually less than 20 degrees. When
visible, a right-lateral strike–slip kinematics was assessed for this fault
array (Fig. 10e). Close to the north-eastern tip of the KSDZ at the
Kal-e–Sorkh village (Fig. 2), a number of faults and fractures were
observed to cut Quaternary alluvial fan deposits (Figs. 7d and 10f).
The trace of faults cut through the cross bedding in the alluvium
allowing estimation of the offset amount in the order of few
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Fig. 10. Evidence of Quaternary faulting along the southern bedrock range fronts of the KSF. (a) Incision of recent river close to the Khakestary village. Note Quaternary alluvial fans covering
both the Jurassic and Paleozoic Beds. (b) Quaternary right-lateral strike–slip faulting sub-parallel to themain strike of the KSF. (c) Stereographic projection (Schmidt net, lower hemisphere)
of faults and fractures collected in the Quaternary deposits in the Khakestary village site (faults as great circles, striae as arrows). (d) Right-lateral strike–slip faulting in the Quaternary
deposits (view from top) in the Kal-e–Abdolghani village site. (e) Stereographic projection (Schmidt net, lower hemisphere) of faults and fractures collected in the Quaternary deposits in
the Kal-e–Abdolghani village site (faults as great circles, striae as arrows). (f) Faulting in the alluvial fan deposits showing cross bedding layers in the Kal-e–Sorkh village site.
(g) Stereographic projection (Schmidt net, lower hemisphere) of faults and fractures measured in the Kal-e–Sorkh village site (faults as great circles, striae as arrows).
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Fig. 11. (a) Cumulative stereoplots (Schmidt net, lower hemisphere projection) showing the collected fault planes and fractures data in the Quaternary deposits (faults as great
circles, striae as arrows). (b) Polymodal Gaussian distribution statistics of the cumulative faults and fractures strike data (c) and (d) Cumulative, polymodal Gaussian distribution
statistics of Quaternary fault dip and slickenline pitch values, respectively (data processing though the Daisy 4.1 software).
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centimetres. Notably, several faults and fractures reach the surface,
cutting the recent colluvium (Fig. 10f). The main fault population
strikes ENE. When preserved, a right-lateral strike–slip kinematics has
been observed (Fig. 10g).
Fig. 12. A possible kinematic scenario for the post-Neogene strike–slip fault architecture
at the northern margin of the Lut block (modified and readapted after Aghanabati,
2004; Barrier et al., 2000; Berberian, 2005; Hessami et al., 2003; Mattei et al., 2012;
Nogol-e–Sadat, 1993; Nogol-e–Sadat and Almasian, 1993; Walker and Jackson, 2004).
Right-lateral shearing along the Kuh-e–Sarhangi Fault is interpreted as a consequence of
tectonic reactivation of the north-eastward prosecution of the Kashmar–Kerman Tectonic
Zone (in yellow) in the intrafault block delimited by the left-lateral Doruneh (north) and
Dasht-e–Bayaz (south) fault systems. DRF: Doruneh Fault, KSF: Kuh-e–Sarhangi Fault,
FF: Faghan Fault, JTF: Jangal Thrust Fault, NBF: Nayband Fault, FTF: Ferdows Thrust
Fault, DBF: Dasht-e–Bayaz Fault, KKTZ: Kashmar–Kerman Tectonic Zone.
Collectively, we measured 170 faults and fractures in the Quaternary
deposits (Fig. 11). Statistical analysis of the faults and fractures
documents the mean strike azimuth as N67° (Fig. 11b). The mean dip
value of the faults and associated fractures planes is ~80° (Fig. 11c) and
the mean value slickenline pitch angle is ~2° (Fig. 11d), documenting a
nearly pure strike–slip tectonic regime.

4. Discussion

Our new structural and geomorphic data provide evidence of prom-
inent post-Neogene strike–slip faulting along the KSF. The overall
fault zone architecture documents dominant right-lateral transpressive
kinematics along a main WSW–ENE displacement zone (Fig. 2).
Faulting mainly localises along the range fronts, likely re-activating
pre-existing structures in the bedrock and suggesting a strong control
operated by older geological structures on the post-Neogene fault
pattern in Central Iran (e.g. Walker and Khatib, 2006).

Evidence for faults cutting through Quaternary deposits is well
documented in the study area and the overall fault-fracture pattern
(Fig. 5) is compatible with the WSW–ENE right-lateral wrenching.
The field evidence documents that the main fault slip occurred in
pre-Quaternary times, with major fault damage zones developed
within the Neogene units, but a significant fault zone re-activation
and slip occurred during the Quaternary.

Quaternary deposits are made of several generations of alluvial
fans, locally in telescopic arrangement. Despite the lack of direct
available ages, it is reasonable to regionally compare their genesis to
that of similar deposits from Central Iran. Similar alluvial fans had
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been interpreted as having developed during Quaternary cold periods
as described by Beaumont (1972) for the southern piedmont of the
Alborz Mountains, and Dufaure et al. (1978) for the Zendan fault area
in southeast Iran. Recently, an IRSL (infrared stimulated luminescence)
age of ~10 ka (end of the Last Glacial Maximum) was obtained by
Fattahi et al. (2007) for the deposition of the Shesh–Taraz river terrace
along the Doruneh Fault (~30 km to the north of our study area). Other
recent dating studies in Iran show similar morphoclimatic correlations,
as for some incised fan surfaces in the Sabzevar area (to the north of the
study area) dated at 9–13 ka (Fattahi et al., 2006), and for two different
generations of Quaternary fans in the Zagros–Makran Transfer Zone
(southeast Iran) dated at 5–9 ka and 13.6±1.1 ka by in situ-produced
10Be (Regard et al., 2005, 2006). Based on theWalker and Fattahi (2011)
reconstruction for the Late Quaternary deposits of eastern Iran, the
major phases of river aggradation occurred between ~30 and 13 ka
and between ~9 and 7 ka, alternated with erosive phases, controlled
by regional climate forcing. This morphological evolution gives reason
of the telescopic arrangement of the alluvial fans. Little changes in
landscape occurred after ~5 ka. According to Walker and Fattahi
(2011) the pre-Holocene alluvial fan generations in eastern Iran
are less well constrained, though there are suggestions of alluvial fan
abandonment at 40–60 ka, at ~80 ka, and at ~120 ka.

This regional reconstruction allowed us to reasonably infer a
maximum Late Pleistocene age for the oldest alluvial deposits within
KSDZ. Then, besides their topographic position, the surface roughness
of alluvial fans was used as a diagnostic character for inferring relative
ages. In fact, the oldest ones show the highest degree of surface cutting
by the incised channels as well as by headward-eroding gullies. In the
study area, the faulted alluvial bodies exposed along the southern
border of the KSDZ (near the Khakestary, Kal-e–Abdolghani and
Kal-e–Sorkh villages; Fig. 7a, c–d) show surface roughness, position
with respect to the piedmont, and geometric architectures that can be
tentatively correlated to the ~30–13 ka fan generation described in
Walker and Fattahi (2011). On the other hand, the arrangement of the
faulted Quaternary deposits along the Deh Zaman River (Fig. 7b)
suggests an older deposition. In fact, three younger fan lobes were
deposited after the entrenchment of the faulted deposits, which
show a surface roughness comparable to the one of the F2 generation
(40–60 ka?) described by Fattahi et al. (2007).

OSL (optically stimulated luminescence) dating of key faulted
alluvial fan deposits is in progress to better constrain this preliminary
scenario. Nonetheless, the above correlations and the structural data set
provides compelling evidence for post-Neogene to Late Quaternary
right-lateral strike–slip tectonics just to the south of the active Doruneh
left-lateral strike–slip fault and along a sub-parallel,WSW–ENE-striking
main displacement zone (Fig. 1).

4.1. Tectonic implications

A wealth of geological and seismological data have shown that the
regional stress state in north and northeast Iran from Central Alborz
to Kopeh Dagh, as well as along the Doruneh Fault, have drastically
changed during Plio-Quaternary (e.g., Abbassi and Farbod, 2009;
Allen et al., 2011; Farbod et al., 2011; Guest et al., 2006; Javidfakhr
et al., 2011; Ritz et al., 2006; Shabanian et al., 2010). In these studies,
there is a general consensus that the NW-trending compression
during Pliocene and earlier was changed into the present-day NE-
trending compression, which is indicated by geodetic (e.g., Masson
et al., 2005, 2007), and seismological evidence (Javidfakhr et al.,
2011; Shabanian et al., 2010; Zamani et al., 2007). Moreover, it is
worth noting that the strike–slip deformation in Central Iran is
dominantly accommodated by polyphase tectonic reactivation of
continental weakness zones inherited from previous deformation
phases (e.g. Walker and Khatib, 2006).

When framed within the regional pattern of Quaternary and active
faults in Central Iran (Fig. 1), the post-Neogene right-lateral kinematics
along the KSF cannot be easily reconciled in a scenario of dynamic
rupture dominated by the overall N–S Arabia–Eurasia convergence.
Alternative tectonic scenarios can be thus proposed to include the
post-Neogene activation of right-lateral strike–slip tectonics at the
north-western edge of the Lut Block. One plausible scenario may
account localization of faulting within major inherited deformation
zones, where stress reorientation can be expected during continuous
convergence (e.g. Morris et al., 1996; Tong and Yin, 2011). Other possi-
ble causes may be invoked in the continental collisional setting north of
the Zagros suture dominated by intraplate strike–slip tectonics, such as
vertical block rotations and strain partitioning (cfr. Allen et al., 2011;
Hollingsworth et al., 2010).

A local change in the stress field appears as the more appropriate
setting to describe the general picture of intraplate fault arrays
bounding the northern edge of the Lut Block. In particular, the KSF
locates along the north-eastward prosecution of the Kashmar–
Kerman Tectonic Zone, upper Neoproterozoic to lower Paleozoic in
age (Ramezani and Tucker, 2003), which provides evidence for
post-Neogene activity along the Kalmard Fault (Aghanabati, 2004).
We thus tentatively propose that the post-Neogene slip of the KSF
occurred in response of tectonic reactivation of the northeastward
prosecution of the Kashmar–Kerman Tectonic Zone, as a consequence
of an excess dextral shear generated in the intrafault block bordered
by the Doruneh Fault to the north and the Dasht-e–Bayaz Fault to
the south, respectively (Fig. 12). This excess dextral shear might
have been induced by the differential slip caused by the faster
westward propagation of the Dasht-e–Bayaz Fault across the Lut
Block. Indeed, major seismicity is clustered along the Dasht-e–Bayaz
Fault and its slip rates are higher with respect to those of the
Doruneh Fault (Farbod et al., 2011; Fattahi et al., 2007; Walker
and Khatib, 2006; Walker et al., 2004). In this interpretation,
compensation of the westward propagation of the Dasht-e–Bayaz
Fault induced the right-lateral reactivation of the Kashmar–Kerman
Tectonic Zone during Late Neogene–Quaternary. The concomitance
of right-lateral and left-lateral kinematics along the KSF and the
Dasht-e–Bayaz Fault, respectively, might have resulted in a relative
westward, post-Neogene lateral escape of the tectonic block
delimited by these fault systems. In this scenario, the Ferdows Thrust
Fault and associated deformation structures (Fig. 1) partly accommo-
dated the tectonic stresses in the intrafault block.

We would emphasise that this revised tectonic/kinematic scenario
needs to be improved and validated by further studies to be carried
out along the northern margin of the Lut Block, in order to verify the
persistence, age and areal distribution of the right-lateral kinematics
described here. Nonetheless, at regional scale, our new findings
suggest: (i) a north-eastward propagation of the right-lateral fault
systems that bound the western margin of the Lut Block (Nayband
and Kalmard faults; Fig. 1), and (ii) lateral escape of fault-bounded
tectonic blocks likely accompanied the post-Neogene collisional history
of central Iran.
5. Conclusion

The new structural and geomorphic data collected along the Kuh-e–
Sarhangi fault zone at the northwestern edge of the Lut block document
a major WSW–ENE striking, right-lateral transpressional brittle defor-
mation zone, active in post-Neogene times. Evidence of Late Quaternary
right-lateral kinematics just to the south of the active left-lateral
Doruneh Fault and along a sub-parallel fault array imposes a critical
reassessment of the current kinematic models of Central Iran within
the overall regime of N–S convergence between Arabia and Eurasia.

Intracontinental shear strain partitioning induced by local changes
in the regional stress field, coupled with tectonic reactivation of
inherited deformation zones can be invoked to explain such complex,
post-Neogene kinematic architecture in Central Iran.
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