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Abstract: Problem statement: Landforms developed across terrain defining bounttze Nain fault
have imprints of recent tectonic activity in the siveegion of Central Iran. Depositional landforms
such as alluvial fans bear signatures of later ggha$tectonic activity in the form of faulting afiuvial

fan deposits and development of fault traces aarpsonithin 100 km long and a NW-SE-trending zone,
1000-2000 m wideApproach: We are addressing the neotectonic landforms basedetailed field
work carried out in the Nain exposed active faelgjraents which brought forward some outstanding
morph tectonic evidence of quaternary tectonicalljivities. Tectonic geomorphology applied to the
Nain fault suggests recent subsurface activity glte Nain fault and an interconnecting faulting
network of roughly NW-SE-trending, right-lateralyilse-slip segments and mostly NW-SE-oriented,
transtensional to normal fauliResults: Evidence for recent activity is provided by fadlteleistocene-
Holocene deposits, fresh scarps in Late Quatermbappsits, 8-15 m lateral offsets locally affectthg
drainage pattern of the area, ground creepingniatigof series of spring faults, deflected streamd
fault trace over recent alluvial fans. The exisemnof strike-slip faults system in the Nain area ba
implications for seismic hazardConclusion: Motion along these structures suggests, in fa th
cumulative displacements include normal, transteradi and strike-slip components. Based on all
evidence of active tectonics, earthquake risk anuiwence area is significant.
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INTRODUCTION boundaries, such as the Doruneh and the Dasht-e
Bayaz faults (North of central Iran); the Nehbandan
The Arabia-Eurasia collision deforms an area offault (East of Lut); the Bam-Gowk-Kuh Banan
~3,000,000 krh of continental crust, making it one system faults, the Mahan-Jorjafk system faults and
of the largest regions of convergent deformation orthe Rafsanjan-Rayen system faults (East of Kerman);
Earth (Allenet al., 2004; Al-Zoubi, 2005). Iran is the Nain, the Dehshir and the shahr-e-Babak fault
one of the most seismically active regions along th systems (South-West of Central Iran) and the Nay
Alpine Himalayan belts, with numerous destructiveband fault (West of Lut).
earthquakes recorded both historically and Other active strike-slip faults are located witttie
instrumentally (Fattahiet al., 2010) Fig. 1. In minor blocks and define lesser faults Fig. 1. Aetiv
contrast to other parts of the Alpine-Himalayantectonic movements in the Central Iran mainly along
system, in which active deformation is spread asrosthe main faults and main boundary faults are very
regions several thousand kilometers wide, neaily alcommon (Berberian and Yeats, 2001; Moghimi, 2009).
the convergence is accommodated in a relativelyn the Central Iran region, the accumulated strain
small area (herein Central Iran) defined by theenergy of active tectonics is linked to deformatimi
political borders of Iran Fig. 1 and provides athe detachment surfaces (Berberian, 2005). Alrtuest t
compact region for the study of active tectonicentire faults of the Central Iran are seismicalgry
(Walker et al., 2010). The Central Iranian Terrane active. The geomorphic development in this regm®a i
consists, from east to west, of three major crustatesult of the interaction between climate and teic®
domains: the Lut Block, Tabas Block and Yazd(Gourabi and Nouhegar, 2007). As the active
Block separated by a series of intersecting rediona deformation in central Iran appears to be conctedra
scale faults (Fig. 1). Iran major strike-slip faulbf  along the fault segments, this study focuses on the
central Iran that have been assessed fogeomorphic development of the Nain fault in resgons
paleoseismicity are typically associated with blockto the neotectonic movements.
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Fig. 1: (a) Simplified topographic (derivative from

SRTM90) and tectonic map of Iran and adjacen%

regions. The LUT block is marked by “L", the
Alborz by “AL", the KoPeh Dagh by “KP” and the
Holmand block by “H”. The Nain fault marked by
“Na” (b) Instrumentally recorded earthquake
epicentres in Iran (Yamat al., 2010) (c) ETM+
imagary shows location of the Nain fault and Nain
Alluvial fan
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Fig. 2: (a) Geology map of the Nain fault, (b) ETM
satellite image, (c) enlarge of “c” in b and (d¢ th
Nain alluvial fan (ASTER image).

Study area: The Nain fault regarded as a strike-slip
fault; it is more likely a normal fault which moves
quietly. Strike-slip faults would have been playiag
critical role in the development of pale seismolagy
Iran for several reasons. First, strike-slip faudi®
often the longest faults on continental landmasses
442

typically have conspicuous geomorphic expression.
Second, many of these faults have long records of
seismicity because they pass through populated
continental regions and have experienced surface
ruptures during large and great historical eartkgaa

Third, because coseismic deformation along strike-
slip faults is horizontal, subsequent earthqualkesat
deeply bury, or expose to erosion, traces of earlie
events (Yamaniet al., 2010; Azadet al., 2011,
Bachmano\wt al., 2004; Walkeet al., 2010; Weldoret
al., 1996).

The Nain fault is the westernmost strike-slip faul
of N-striking dextral faults that slice Central and
western Iran (Yamangt al., 2010). This right-lateral
ault is around 100 km long and trends N-S between
32°20 N and 33°.140'N. The 100 km long the Nain
fault of the runs from Ardestan Playa in the naxth
Gavkhoni playa in the south Fig. 1-2. The analytica
data collected from previous researches suggesdlini
displacement along the Nain fault to 570 Ma, uatil
the present time (Yamaret al., 2010). These data
indicate that the Nain fault in the western centrah
is an ancient fault. OSL date of the surface sedime
obtained from central Iran and near the Nain fault
suggests that theses sediments are settled frat0.2.0
kyr ago to recent (Fattahet al., 2006; 2010).
Although the geomorphologic evidences along the
Nain fault are in agreement with an active fault,
however, on earthquake map, the Nain fault reveal t
be aseismic area with negligible earthquakes Hig. 1

Based on remote sensing and fieldworks
observations and contrasting to the other researithe
central Iran (Ritzet al., 2006; Talebian and Jackson,
2002; McEvilly and Niazi, 1975; Meyesat al., 2006;
Tchalenkoet al., 1973; Walkeret al., 2010) the Nain
fault has been active since at least early Holotene.
Active strike-slip Nain faulting produces an asstagb
of stratigraphic and geomorphic markers including
linear valleys, offset or deflected streams, shutte
ridges, sag ponds, scarps and fault traces. Hisibyj
geomorphic studies have tended to yield the size of
pale earthquakes and stratigraphic studies thengimi
of pale earthquakes (Bull, 2007). The regularityl an
linear of the fault trace is the evidence of a high
inclined fault plane (~vertically). Apart from the
recent findings, the Nain fault with its subsidesj in
some localities particularly in south and northtpar
behaves as a normal fault as field evidence suggest
Through this study we have tried to relate ourdfiel
investigations with the abovementioned study. We
have tried to bring forward some outstanding
landscape features formed as a result of active
tectonics in the region.
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MATERIALSAND METHODS Some drainages flows parallel to the Nain faultezon
(along fault trace). In the north region of the IN&wult

This study discusses the late Quaternary tectonigNain area) and from east to west, one to fourvesrst
movement of the Nain fault based on detailegdiPPing surface breaking normal faults have been

; : . - X observed Fig. 2 and 5. Neotectonic movement along
geomorphologic mapping. We first scrutinized tharNa .
fault on the satelite imageries (Landsat, Asted an [€S€ faults and southern part of the Nain fault ha
QuakBird), topographic features and mOde"ng,sresulted in the formation of several lineation's).F2.

' Indeed, these lineations are linear patterns obdeown
extracted from SRTM and fieldworks and then sebbcte . X ;
. . o2 imagery that represent active faults. The fractuney
three regions in the study area that exhibitedirdist gery P

tectonic _deformation f(_)r estimating the quat_ernaryr:prglstgﬁtrs J;) lfr:gscta)rre ];%urlltg' L:En%(;r;iolrlpse ?rt\g)lﬂdgg? I
_deformanon. Geqmorphlc surfaces along the Naitt fau drainage segments, linear alignments of natural
including the fluvial surfaces, fault traces, alalMans,  yegetation (Alignments of villages along the Naanif,
linear valleys, offset or deflected drainages, pagds  Fig. 2, sag ponds Fig. 5 and 5, scarps and faates
and some deformed surfaces were mapped usingig. 2 and 3, linear springs (Herein villages; Fap,
topographic maps, visual interpretation of air-misot aligned topographic features and linear changes in
and satellite images, field observations and GPS$mage tone or texture in field or satellite imagsrFig.
surveying. Topographic maps have a scale of 1:80,002b-c.

and 1:25,000. They were constructed by the NCC A number of alluvial fans are seen along the
(National Cartographic Center of Iran). The airquiso  eastern of the Nain fault. These fans almost haenb
have scales of between ca. 1:20,000 and 1:50,000 agxtended on the footwall of the Nain fault system.
were also provided by the NCC and NGO (NationalThese have coalesced to form a geomorphic surface
Geographical Organization). We identified smalllsca termed as “bajada” adjointed fans). The Nain adlvi
movement, such as offset or deflected drainages, sdan has an area of ca. 1557 km2 and a steep gtaifien
ponds and fault scarps (Keller and Pinter, 20021-35% Fig. 1c and 2d. The longer length of the Nam
McCalpin, 2009). Large-scale tectonic landformsSurface is 48 km and its width is 52 km. Normal
including alluvial fans were also identified. Théset ~ [aulting of the Nain fault system has resulted fe t
streams were used to measure the amount of stijke-s UP!Iit Of the hanging wall and resulted in faultiogthe
along the Nain fault at various locations. We aIsoNamT?]l(Lung:ﬁgﬁt lt\:glcneegsg Iilgszkdm the Nain alluvial
investigated the material forming geomorphic swefac

includi ically def d f h hfan along the fault zone. The constituting materiail
Including tectonically deformed features such as th g ¢ (boulders, gravels, rock fragments and sarel
dried bed of sag ponds. We used excavated trench

> Y terived from steep slopes of the Nain fault hangiadj.
study area (Water pipeline trenches dug betweefrhe source basin has an area of ca. 1550 dad the

Isfahan and Yazd) to observe the Nain fault plan tqg|ative height is ca. 2100 m. In the footwall loé tNain

identify faulting geometry. The results of datingda fault area the Nain river Fig. 2d has incised deémtio
inferred surface ages from previous were collatéth w the ancient fan to form a V-shaped valley.

the measured amount of tectonic deformation at each
location to estimate the rate of deformation.

RESULTSAND DISCUSSION

Quaternary Landforms along the Nain Fault: In the
study area, various geomorphic domains have
developed. The foothill zone of area is occupied by
different fans and towards the flat surfaces deyedo

and abruptly uplifted along the Nain fault. Therfal
part of the topographic area especially along tlanN
fault is covered with piedmont gravels (e.g., Chah . . , .
Basheh to Bambis-e-Pain, Fig. 2b. The subsidiantfa  Fig- 3: Evidence of active faulting along the Néawit

of the Nain fault are stretched in the westerntliofithe near Homa railway station; (a) aligned vegetation
main Nain fault trace toward the northern partsnila along the Nain fault, (b) Deflated drainage across
drainages flow transverse to the Nain fault angldis the Nain fault, Fault trace of the Nain fault and
vertical incision indicating uplift of the channfibor. (d) Fault spring along the Nain fault
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The shematic model clearly shows the differential
movements on active the Nain fault and NW-SE
trending fault Fig. 5. Fault scarps have been olesker
towards the NNE of the Nain fault in Nain regiorwd
minor fault strands F1 and F2 show normal faulting
towards the northwest. The F1 and the main Nailisfau
meet at an acute angletowar south. Toward north, th
F2 diverges from the F1. This segmentation consnue
repeatedly to north and many minor faults appear as
drainage parallel pattern. The Nain fault displatesl
drainage by 11 m near Shor Abad Fig. 2a. During the
propagation of the Nain fault and its subsidiai(Es,
F2), due to compressive tectonic movement, theviallu
sediments have been displaced over the recentcsurfa

i i i The geomorphic markers relationship and pattern of
Fig. 4: Deformation of quaternary landform alongmNa  gisplacement suggest that large tectonic eventg hav
fault near villages of; (a) Shor Abad, (b) Bafran  peen continued in the region after the depositibthe
Nain alluvial fan.

In the south of the Nain fault region (near Homa
railway station, Fig. 2, the Nain faulting has diéged
the drainage about 9 m along a sag pond science
Quaternary Fig. 3b.

Active faulting and folding of quaternary sediments:

In the south of the Nain fault (near Shor Abadag#)

the eolian and alluvium strata beside the Naint falaln

dip 30-45° towards the north whereas these layers
settled horizontally originally Fig. 4a. Steepinigstrata

in the Nain fault might be due to continuous
progressive movement of the Nain fault blocks taisar
north. In this area, the hanging wall of initiakhxisted
normal plane slided northward and gave rise normal
sense of dip-slip movement, resulted in offsettighe

(b) order of ~10 m along the strike length. In additimnthe
north and near the Bafran village, Quaternary sedim

Fig. 5: Formation mechanism of quaternary landformsgre folded on each side of the Nain fault Fig. 4b.
by the Nain active fault systems in the Nain area

= e r_ = ~—
S = > > - F,ﬂ“
. N ai®

The active tectonic movements in the Nain alluvialActive faulting and creation of sag ponds and fault

fan have developed fault scarps of the Nain fanlicty ~ scarps along the Nain fault zone: One of the

is clearly visible on the fan surface on imageFas 2.  tectonically induced witnesses along the Nain faslt
The drainages that have laid the fan materials anthe sag ponds. A significant development alonglib@
flowing across the Nain fault has been deflecteckm normal of the Nain fault has been the pendinthef
southward due to the Nain strike-slip faulting. streams due to fault movement. Several pieces of
Drainages flowing across the Nain fault areevidence suggest that stream impoundment in Homa
characterized by a series of knick points in thenfof railway Station area has taken place due to the
cascading fault scarps. reactivation of the Nain fault. This phenomenon

In the following, we describe the characteristi€s . . . N
' : resulted in the uplift of the hanging-wall coinade
the fault related landforms in the selected aréasn footwall depression of the Nain fault resulting time

south to north. :
formation of the small playa. Therefore, the study

Active faulting and displacement of landforms: ~ Sag pond is important to understand the tectorsitoty
There seems to be a relation between the formation of the region. Furthermore, between main and mafor
the recent morph tectonic features along the Naift f the Nain faults, near Bafran area of Nain regiore¢h
and associated NW-SE striking faults system fagltin tectonically induced sag ponds are found Fig. 5.
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along the Nain fault systems. Intense tectonicvigti
has led to the development of some spectacular
landscape features which have been brought forimard
this study. The study has shown that the neotectoni
movements in Nain area occur along the branches of
the Nain faults due to sequence deformation. The da
of fault obtained from neotectonics evidence indisa
its reactivation quaternary. Roughly 3-10 m veitica
displacement of the Nain fault blocks has been
observed along the Nain fault. Most of the disptaert
in Nain region has been recorded in the mid-pathef
Nain fault and is about 11 m. The Qanat wells arg d
in alluvial sediment of the Bambis-e-Pain region
) ) ) ) suggests that the vertical separation of two blatkhe
Fig. 6: Active faulting and creation of sag pondr@j  Nain fault is ~3-5 m. It has been suggested thdh Na
the Nain fault region is deforming by a tectonic forces now.
This study several evidence (sag ponds, fault
es, deflected stream, uplifted terrain, fautidvial
and fault scarps) were brought forward which
suggest that the Nain fault has been behaving tas a
active fault in Nain region. A large alluvial fanaw
Bbserved in the catchment of Nain river. Displaceime

Sag ponds depressions are aligned in the same, .
northern most major and minor faults and remainidry fan
most part of the year while water briefly accumesat
during the winter precipitations Fig. 6. Homa railw
station, Chah Basheh and Cheshmeh-Gazi springs we

formgd_ d_ue to movement along the Nain faults. A"of the Nain area resulted in the uplift and truiwoabf

subsidiaries of the Nain faults have create_d mWf alluvial strath along all drainages. We have tried

ls:carlfs. We mﬁqsz;egj tsome ;aliltt) scaLps N f'eldwork%levelop a conceptual model for the evolution of the
aufts scarps heignt between s-1U m changes. alluvial fans in the Nain fault zone Fig. 5. Thenda

Mass movement along the Nain fault: Towards north  Were formed as a result of faulting and rapid if

and south of the Nain fault, massive active rodisfa the hanging wall along the Nain fault zone durihg t
are taking place. Vertical displacement of latefirst phase. The initial uplift of west area toolage
Pleistocene to early Holocene strath terraces andlong the Nain fault. The rapid uplift in the regio
truncation of drainages have been observed bettheen caused erosion in the uplifted region and depasiiio
Chah-Basheh to Bambis-e-Pain Fig. 2. Various modethe footwall region of the Nain fault at a verytfaste

of slope failures are common along the Nain fatlt aFig. 1 and 2. In the later phase of tectonic movame
mountainside area. The occurrence of mass movemefdult scarps were formed Fig. 3d. Later the farfasg
depends on the interaction of various factors. Thevas dissected during the second phase of tectonic
kingpin of mass movement occurrence in this studynovement.

area is due to the neotectonic activity going amal The active deformation along the Nain fault hak le
the faults zone. These occur in various extentghlyu o the splitting of a sag pond along its splaysite rise

30 km from south in the Nain to southeast, west o 5 peculiar playa (e.g., in Homa railway statiea.
Kalagh-Koh in the Chah-Basheh region Fig. 2 indgdi g 4 and 5). A hypothetical model has been pregos
displacement of the slope by falls, toppling, slsnapd " e pjain the origin of these sag ponds Fig. 4. A
d]?bK”T ﬂ?]wlf ?S a function %fl gravity. The eastblifé; hypothetical model has been proposed to explain the
of Kalagh-Koh are susceptible to various types assn o0 tion of these depressions. The model suggests

movement, these depressions may have been connected in the
Exposed surfaces of debris flows suggest thaethes P y

take place as a result of the intersection of iplgoint quaternary. Movemer_lts along the branches of the Na'
planes in the vicinity of the Nain fault zone. fault have resulted in opening of these depressions

Neotectonic movements along the Nain fault have no@/ong the detachment zone of the Nain fault.
only made the slopes steeper but have also sutijecté&onsequently, the depressions were split into tenga

the rocks in the fault zone to brittle deformation. the branches and the lower sediments got sink b 5-
m in the region Fig. 6. Towards the upper catchsant
CONCLUSION Nain, several depressions were observed alongdbe t

of the Nain fault. Therefore, these depressionsewer
This study focuses on the geomorphic developmerformed in the syn-tectonic movements along the Nain
of Nain area in response to the neotectonic movesmenfault. The tectonic model suggests that duringfitss
445



Am. J. Environ. ci., 7 (5): 441-447, 2011

phase of tectonic movements along the Nain fané, t Fattahi, M., R. Walker, J. Hollingsworth, A. Bahdiu
footwall subsidence over the quaternary. The normal and H. Nazaret al., 2006. Holocene slip-rate on
faulting phenomenon of the Nain fault is resporesfor the Sabzevar thrust fault, NE Iran, determined
uplift and blocking the mouth of the stream to form  using optically stimulated luminescence (OSL).
playa Fig. 5a. Drainages flowing across the Naintfa Earth Planetary Sci. Lett, 245: 673-684. DOL:
have deflected southward leaving behind palaeo- 10.1016/j.epsl.2006.03.027

channels. Drainages flowing across the Nain fardt a Fattahi, M., H. Nazari, M.D. Bateman, B. Meyer and
also characterized by a series of knick pointshia t M. Sebrieret al., 2010. Refining the OSL age of
form of cascading scarps. The intense tectoniwiagti the last earthquake on the Dheshir fault, Central
along the Nain fault has made the region susceptibl Iran. Quaternary Geochronol., 5: 286-292. DOLI:

. 10.1016/j.quageo.2009.04.005
Eqazfit?:\aeeToimZtggﬁg'\;virtzcgilllt?).Ighcinrfggfsa:géf Gourabi, A.AA.G. and A. Nouhegar, 2007. Geomorphic
y Pl ] 9 indices of active tectonics in darakeh basin.

an ideal state for wedge failures particularly dgri Geographical Res. Q., 39: 177-196
years. Keller, E.A. and N. Pinter, 2002. Active Tectonics:
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