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Abstract The High Zagros Ranges, SW Iran is consid-

ered to be tectonically active where damaging earthquakes

have occurred. These ranges were uplifted by ap-

proximately 4550 m with respect to sea level following the

collision between the Afro-Arabian and Central-Iranian

plates. The Plio-Quaternary active tectonics was assessed

through a detailed quantitative geomorphological study of

fault-generated mountain fronts and alluvial/fluvial systems

of the High Zagros Ranges. Quantitative measurement of

geomorphological indices such as the stream-gradient in-

dex (SL), drainage basin asymmetry (Af), hypsometric

integral (Hi), valley floor width–valley height ratio (Vf),

drainage basin shape (Bs), and mountain-front sinuosity

(Smf) and field data suggests a relatively medium to high

degree of tectonic activity along the High Zagros Ranges.

The obtained results from these indices were combined to

yield an index of active tectonics (Iat). The indicative

values of this index are consistent with the landforms and

geology of the study area. The Iat is low to moderate in

northern part of the study area which corresponds to the

inactive Main Zagros Reverse Fault. The high values of Iat

mainly occur in southern parts of the study area where

straight mountain fronts and triangular facets along the

Dena Fault suggest high tectonic activity. Moreover, the

data plotted for earthquakes occurrences are consistent

with morphotectonic map of relative tectonic activity and

can be used as an initiative towards seismic hazard

assessment. Most of the major faults are considered to be

active and have potential to generate large earthquake in

future and need to be evaluated more carefully for the re-

gional seismic hazard.
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Introduction

Tectonic geomorphology investigations are important be-

cause the results of regional studies on neotectonics are

significant to assessment natural hazards in populated areas

(Cloetingh et al. 2006; Gomes et al. 2007; Pedrera et al.

2009; Rockwell et al. 2009a; Pérez-Peña et al. 2010; Mah-

mood and Gloaguen 2011). In geomorphological sense,

natural hazards must be regarded as the suite of threats to

human resources arising from instability of the surface

features of the Earth. The threat arises from landform re-

sponse to surficial processes, although the initiating pro-

cesses may originate at great distances from the surface

(Gares et al. 1994). Geomorphological hazards can be

categorized as endogenous (volcanism, earthquake and

neotectonics), exogenous (floods, karst collapse, snow ava-

lanche, channel erosion, sedimentation, mass movement,

tsunamis, coastal erosion), and those induced by climate and

land-use change (e.g., desertification, permafrost, degrada-

tion, soil erosion, salinization, floods) (Slaymaker 1996;

Alcántara-Ayala 2002). Geomorphological hazards would

generally have slower speed of onset, longer duration, more

widespread areal extent, more diffuse spatial dispersion and

more regular temporal spacing (Gares et al. 1994).

Recent and active tectonic structures may affect the

topographic surface, interacting with geomorphological

processes during landscape evolution. Geomorphological

indices are indicators capable of detecting landform
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responses to recent deformation processes and, therefore,

have been broadly used as a recognition tool to characterize

sectors deformed by active faults (Pedrera et al. 2009). The

analysis of tectonic activity has been used as a key element

for seismic hazard assessment (Galadini and Galli 2000),

and such earthquake assessment has also been applied to

environmental planning (Panizza 1981).

The application of digital elevation data through geo-

graphical information systems (GIS) is a powerful ap-

proach in geomorphological analysis of landscapes, since

the ability to create, manipulate, store, and use spatial data

much faster and at a rapid rate, with both operational and

quality advantages. Moreover, it made the quantitative

approach for surface characterization and the mechanism

for the interpretation and manipulation of the quantitative

data sets easy. The coupling of Digital Elevation Models

(DEMs) and GIS enables the extraction essential deriva-

tives of DEM for geomorphometric analysis, which is of-

fered by standard GIS platforms (Kamberis et al. 2012;

Thomas et al. 2012; Bathrellos et al. 2013; Vieceli et al.

2014; Faghih and Nourbakhsh 2015).

Geomorphological studies of active tectonics in the late

Pleistocene and Holocene are important to evaluate earth-

quake hazards in tectonically active areas such as the Za-

gros (Keller and Pinter 2002). The landforms and geology

of the Zagros Mountains in southwest Iran such as fault

scarps, triangular facets, truncated folds, and Quaternary

deposits along folded/faulted mountain fronts reflect recent

tectonics (Ramsey et al. 2008; Dehbozorgi et al. 2010;

Bretis et al. 2011; Bahrami 2012, 2013; Faghih et al. 2012;

Faghih and Nourbakhsh 2014). Despite the large number of

indices proposed by various workers, often for different

purposes and in different geographical areas and scientific

disciplines, relatively few aspects of basin forms are

measured by available indices (Migiros et al. 2011; Bali

et al. 2012). Considering the diversity of the geomorpho-

logical features, six geomorphological indices: the stream-

gradient index (SL), drainage basin asymmetry (Af), hyp-

sometric integral (Hi), valley floor width–valley height

ratio (Vf), drainage basin shape (Bs), and mountain-front

sinuosity (Smf) were analyzed. The applied quantitative

analysis of geomorphological indices combined with GIS

methodologies allows producing maps showing relative

tectonic activity of landscapes.

Since natural hazards must be regarded as the suite of

threats to human resources arising from instability of the

surface features of the Earth, the purpose of this work is to

assess the level of seismic activity in the High Zagros

Ranges by studying the effects of tectonic deformation on

the landscape. To reach this goal, a quantitative geomor-

phological analysis was applied to evaluate relative rates of

active tectonics in the High Zagros Ranges.

Regional tectonic and geomorphological settings

The NW-trending Zagros Fold-Thrust Belt, one of the

ranges of the Alpine-Himalayan Belt, extends for about

1800 km from East Anatolian Fault in north eastern Tur-

key to the Strait of Hormuz where the north trending

Zendan-Minab-Palami Fault System separates the Zagros

Belt from the Makran accretionary prism (Yaminifard et al.

2012). These ranges are formed by closure of the Neo-

Tethys Ocean and then continental collision, starting in the

Miocene between the Arabian plate and central Iran

(McQuarrie et al. 2003; Yaminifard et al. 2012).

The northeastern boundary of the belt is marked by the

suture zone that coincides with ophiolite complexes (e.g.,

Neyriz and Kermanshah ophiolites) and a major thrust, the

Main Zagros Reverse Fault (MZRF), which is presently

inactive (Stöcklin 1974; Stoneley 1981; Berberian 1995).

The present-day deformation appears to be concentrated

near the 1000 m elevation contour, supporting a thick-

skinned model of southwestward propagation of deforma-

tion, starting from the Main Zagros Reverse Fault (Hatzfeld

et al. 2010).

The High Zagros Ranges (or imbricate belt) is a narrow

thrust belt up to 80 km wide, with an NW–SE trend be-

tween the MZRF to the northeast and the High Zagros

Fault (HZF) to the southwest. The High Zagros Ranges is

strongly dissected by numerous reverse faults and is up-

thrusted to the southwest along different segments of the

HZF. That major fault zone separates the thrust belt of the

High Zagros in the northeast from the Simple Fold Belt in

the southwest (Berberian and King 1981; Berberian 1995).

In this part of the orogen, several thrust sheets expose

Palaeozoic strata, indicating the accommodation of large

displacements at the origin of the highest topography in the

region. In the NW Zagros, the MZRF is cut by the Main

Recent Fault (MRF) a major active strike-slip fault parti-

tioning the N–S convergence into an NW–SE right-lateral

strike-slip and NE–SW shortening.

The Main Recent Fault (MRF) is one of the major right-

lateral faults of the Middle East collision belt, which

stretches from easternmost Anatolia parallel to the Zagros

suture zone (Talebian and Jackson 2002). The transition

from oblique (western Zagros) to pure shortening (eastern

Zagros) occurs in the vicinity of the junction between two

major right-lateral strike-slip faults of the Middle-East

collision belt and MZRF. The N-trending Kazerun Fault

(KF) cuts across the entire width of the belt (Authemayou

et al. 2009). The displacement accommodated along the

MRF is currently being transferred in the central Zagros in

N–S active right-lateral transpressional faults such as KF

(Authemayou et al. 2005, 2006, 2009; Lacombe et al. 2006;

Talebian and Jackson 2004). The study area is located at
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the High Zagros Ranges where these three important

crustal-deep faults (i.e., MZRF, HZF and KF) are linked

together (Fig. 1).

Materials and methods

Geomorphological indices are useful tools for studying

active tectonics because they provide rapid insights into

specific area or sites in the study area that are adjusting to

relatively rapid rate of active tectonic deformation (e.g.,

Bull and McFadden 1977; Rockwell et al. 1985, 2009a, b;

Keller 1986; Ramirez-Herrera 1998; Silva et al. 2003). In

this work, six geomorphological indices were used to

evaluate relative tectonic activity in a large area in the High

Zagros Ranges.

Mountain-front sinuosity

Mountain-front sinuosity is the ratio of the distance along

the mountain front at the mountain-front piedmont inter-

section over the straight line distance of the same mountain

front (Bull and McFadden 1977). This index is defined by.

Smf ¼ Lmf=LS

where Lmf is the length of the mountain front along the foot

of the mountain where a change in slope from the mountain

to the piedmont occurs and Ls is the straightline length of

the mountain front (Fig. 2). Smf represents a balance be-

tween erosive processes tending to erode a mountain front,

making it more sinuous through streams that cut laterally

and into the front and active vertical tectonics that tend to

produce straight mountain fronts, often coincidental with

Fig. 1 a Geographical position

of the study area is marked by

the black quadrangle within the

Zagros Mountains and

b geological map of the study

area
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active faults or folds (Bull and McFadden 1977; Keller

1986). The mountain fronts associated with active tectonics

and active uplift are relatively straight with low values of

Smf. When the rate of uplift is reduced, the erosional

processes along the mountain front produce a more sinuous

front and thus higher value of Smf. Values of Smf approach

1.0 on the most tectonically active fronts, whereas Smf

increases if the rate of uplift is reduced and erosional

processes begin to form a front that becomes more irregular

with time (Bull and McFadden 1977; Rockwell et al. 1985;

Keller 1986).

Stream-gradient index (SL)

Rivers flowing over rocks and soils of various strengths

tend to reach equilibrium with specific longitudinal profiles

and hydraulic geometries (Hack 1973; Bull 2007). Hack

(1957, 1973, 1982) defined the stream-gradient index (SL)

to discuss influences of environmental variables on longi-

tudinal stream profiles, and to test whether streams has

reached an equilibrium. The SL is defined as:

SL ¼ DH=DLr� Lscð Þ

where DH is change in altitude, DLr is length of a reach,

and Lsc is the horizontal length from the watershed divide

to midpoint of the reach. The SL index can be used to

evaluate relative tectonic activity (Keller and Pinter 2002;

Lee and Tsai 2010). Although an area on soft rocks with

high SL values indicates recent tectonic activity, anoma-

lously low values of SL may also represent such activity

when rivers and streams flow through strike-slip faults. The

SL along the rivers was calculated using a digital elevation

model and computed its average value for each sub-basin.

Hypsometric integral (Hi)

The hypsometric integral is an index that describes the

distribution of elevation of a given area of a landscape

(Strahler 1952). The integral is generally derived for a

particular drainage basin and is an index that is indepen-

dent of basin area. The simple equation that may be used to

calculate the index (Pike and Wilson 1971; Mayer 1990;

Keller and Pinter 2002) is

Hi ¼ average elevation �min elevationð Þ=
� max elevation �min elevationð Þ

The values of elevation necessary for the calculation are

obtained from a digital elevation model. The average

elevation is from 50 points of elevation taken at random

from the drainage basin. The hypsometric integral does not

relate directly to relative active tectonics. This index is

similar to the SL index in that rock resistance, as well as

other factors, affects the value. High values of the index are

possibly related to young active tectonic and low values are

related to older landscapes that have been more eroded and

less impacted by recent active tectonics.

Fig. 2 Location of measured

Smf and Vf indices is

represented on the hillshade

image of the study area
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Basin shape index (Bs)

The horizontal projection of a basin may be described by

the basin shape index or the elongation ratio, Bs which

defined as (Cannon 1976; Ramirez-Herrera 1998):

Bs = Bl/Bw

where Bl is the length of a basin measured from the highest

point, and Bw is the width of a basin measured at its widest

point. Relatively young drainage basins in tectonically active

areas tend to be elongated in shape, normal to the topographic

slope of a mountain (Bull and McFadden 1977; Ramirez-

Herrera 1998). With continued evolution or less active tec-

tonic processes, the elongated shape tends to evolve to a more

circular shape (Bull and McFadden 1977). High values of Bs

are associated with elongated basins, generally associated

with relatively higher tectonic activity. Low values of Bs

indicate a more circular-shaped basin, generally associated

with low tectonic activity (Ramirez-Herrera 1998).

The ratio of valley floor width to valley height (Vf)

The Vf is defined as the ratio of the width of the valley

floor to its average height (Bull and McFadden 1977; Bull

1978) and defined as:

Vf ¼ 2Vfw= Eld � Escð Þ þ Erd � Escð Þ½ �

where Vf is the ratio of valley floor width to valley height;

Eld and Erd are the elevations of the left and right sides of

the valley, respectively; Esc is the average elevation of the

valley floor; and Vfw is the width of the valley floor.

Generally, V- (steep) and U-shaped (wide) valleys show

high and low values of the Vf indexes, respectively. Be-

cause uplift is associated with incision, the Vf index is

thought to be a substitute for active tectonics where low

values of this index are associated with higher rates of

uplift and incision. The calculation of the index is done at a

prescribed distance upstream from the mountain front

(Silva et al. 2003) (Fig. 2). In general, values of Vf depend

on basin size, stream discharge, and lithology of valleys.

Asymmetry factor (AF)

The asymmetry factor (AF) is a way to evaluate the exis-

tence of tectonic tilting at the scale of a drainage basin. The

method may be applied over a relatively large area (Hare

and Gardner 1985). AF is defined by

AF ¼ Ar=Atð Þ � 100

where Ar is the area of the basin to the right (looking

downstream) of the stream trunk, At is the total area of the

drainage basin and both were measured in Arc GIS. AF is

sensitive to change in inclination perpendicular to the stream

direction. AF significantly greater or smaller than 50 shows

influence of active tectonic/lithological control or differen-

tial erosion, as for example the stream slipping down bed-

ding plains over time (El-Hamdouni et al. 2008). AF is close

to 50, if there is no or a little tilting perpendicular to the

direction of the trunk channel. In tectonically active topog-

raphy, the landforms are characterized by relatively steep,

mountainous sides and flat floors. The steep sides are created

by displacement on faults such that the valley floor moves

down relative to the surroundingmargins, or, conversely, the

margins move up relative to the floor. This movement results

in basin tilting and causes the river to migrate latterly and

deviate from the basin midline. Also, structural control of

the orientation of bedding may play a vital role in the growth

of basin asymmetry and tilting of bedding allows for pre-

ferred migration of the valley in the down-dip direction,

producing an asymmetric valley (Cox 1994).

AF ¼ Ar=Atð Þ � 100½ � � 50j j

The AF-50 value is the amount of difference between the

neutral value of 50 and the calculated AF value.

Results

Mountain-front sinuosity (Smf)

Some studies have proposed that the lower values of the

Smf index (\1.4) are indicative of tectonically active fronts

(Keller 1986; El-Hamdouni et al. 2008), while higher Smf

values ([3) are normally associated with inactive fronts in

which the initial range-front fault may be more than 1 km

away from the present erosional front (Bull 2007). The

values of Smf were calculated for the 49 mountain fronts

using Lmf and Ls values measured from ASTER GDEM

elevation model with a spatial resolution of 15 m and di-

vided into three classes: class 1 (1.00–1.1), class 2 (1.1–1.5)

and class 3 ([1.5) as shown in Fig. 3 and Table 1.

Stream-gradient index (SL)

The SL values were computed along streams and rivers

using ASTER GDEM V2 (Tachikawa et al. 2011) with

spatial resolution of 15 m and GIS techniques and calcu-

lated its standardized average value for each sub-basin. The

value ranges from 56 (sub-basin 36) to 847 (sub-basin 22).

The values were classified into three classes: class 1

(SL[ 500), class 2 (300–500) and class 3 (SL\ 300)

according to El-Hamdouni et al. (2008). The result of the

classification is shown in Fig. 3 and Table 1.
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Hypsometric integral (Hi)

The Hi values were computed for each sub-basin. It ranges

from 0.16 (sub-basins 36) to 0.52 (sub-basin 37). Then, Hi

values were grouped into three classes with respect to the

convexity or concavity of the hypsometric curve: class 1

with convex hypsometric curves (Hi[ 0.5), class 2 with

concave–convex hypsometric curves (0.4–0.5) and class 3

with concave hypsometric curves (Hi\ 0.4) as shown in

Fig. 3 and Table 1.

Fig. 3 Classification of sub-basins of the study area based on the measured indices. Stream-gradient index (SL), drainage basin asymmetry (Af),

hypsometric integral (Hi), valley floor width–valley height ratio (Vf), drainage basin shape (Bs), and mountain-front sinuosity (Smf)
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Basin shape index (Bs)

High values of Bs are associated with elongated basins,

generally associated with relatively higher tectonic ac-

tivity. Low values of Bs indicate a more circular-shaped

basin, generally associated with low tectonic activity.

Therefore, Bs may reflect the rate of active tectonics. The

Bs values were computed using the DEM and classified

into three classes: class 1 (Bs[ 4); class 2 (3–4) and class

3 (Bs\ 3). The Bs values range from 1.36 (sub-basin 36)

to 5.35 (sub-basin 3). More than two-thirds of the studied

sub-basins belong to classes 2 and 3 and are elongated with

lower Bs values as compared to class 1 with high Bs values

and are nearly circular shapes (Fig. 3; Table 1).

The ratio of valley floor width to valley height (Vf)

The Vf was calculated for the main valleys that cross

mountain fronts of the study area using cross section drawn

from the DEM. Then, Vf was classified into three classes:

class 1 (Vf\ 0.5), class 2 (0.5–1) and class 3 (Vf[ 1) as

shown in Fig. 3 and Table 1. The range of Vf is from 0.41

(sub-basin 27) to 3.07 (sub-basin 13). Vf is relatively low

for V-shaped valleys but high for U-shaped valleys.

Asymmetry factor (AF)

For the purpose of evaluating the relative active tectonics,

the absolute difference is what is important, and values of

AF-50 range from 0 (almost symmetric sub-basins 22 and

29) to 30 (highly asymmetric sub-basin 23). AF values

were divided into three classes: class 1 (AF[ 15), class 2:

(7–15) and class 3 (AF\ 7) as shown in Fig. 3 and

Table 1.

Discussion

In vulnerable locations, the natural hazards can cause ex-

tensive economic damage and loss of human life and

property. To avoid these effects, during the planning pro-

cess, it is necessary for the decision makers, engineers,

planners, and managers to take into account the physical

parameters of the urban area, as well as the susceptibility to

the natural hazards. The geology and the geomorphology of

an area are important in the assurance of sustainable land

management and in the protection of human life

(Bathrellos et al. 2012 and references therein).

Previous studies for the evaluation of relative active

tectonics based on geomorphological indices mostly fo-

cused on a particular mountain front or small area (Bull and

McFadden 1977; Rockwell et al. 1985; Azor et al. 2002;

Silva et al. 2003). Numerous approaches used a combina-

tion of two or more than two indices to give semi-quanti-

tative information regarding the relative tectonic activity in

Table 1 Classification of the measured indices for the sub-basins of

the study area

Basin Smf Vf Hi Bs Af Sl S/n Iat Tectonic activity

1 2 – 3 3 2 3 2.60 4 Low active

2 – – 3 3 2 2 2.50 3 Moderately active

3 2 2 2 1 3 1 1.83 2 Highly active

4 2 3 3 3 1 3 2.50 3 Moderately active

5 2 – 3 3 2 3 2.60 4 Low active

6 2 3 3 3 3 3 2.83 4 Low active

7 2 3 3 3 2 3 2.67 4 Low active

8 2 2 3 3 2 3 2.50 3 Moderately active

9 1 2 3 3 1 3 2.17 3 Moderately active

10 2 2 3 3 3 3 2.67 4 Low active

11 2 3 3 3 2 2 2.50 3 Moderately active

12 – – 3 3 1 3 2.50 3 Moderately active

13 1 3 3 3 1 3 2.33 3 Moderately active

14 2 2 2 3 2 1 2.00 2 Highly active

15 2 2 3 3 3 3 2.67 4 Low active

16 2 2 3 3 2 2 2.33 3 Moderately active

17 1 3 3 3 3 3 2.67 4 Low active

18 2 3 3 3 1 3 2.50 3 Moderately active

19 2 – 3 3 2 3 2.60 4 Low active

20 – – 2 3 1 2 2.00 2 Highly active

21 2 2 3 3 1 3 2.33 3 Moderately active

22 – – 2 3 3 1 2.25 3 Moderately active

23 2 3 3 3 1 3 2.50 3 Moderately active

24 – – 2 2 1 1 1.50 1 Very high active

25 2 3 3 3 2 3 2.67 4 Low active

26 – – 3 2 1 1 1.75 2 Very high active

27 2 1 3 3 2 3 2.33 3 Moderately active

28 2 2 3 3 1 3 2.33 3 Moderately active

29 1 3 3 3 3 3 2.67 4 Low active

30 2 3 3 3 3 3 2.83 4 Low active

31 2 3 3 3 2 3 2.67 4 Low active

32 – – 3 3 1 2 2.25 3 Moderately active

33 2 3 3 3 2 3 2.67 4 Low active

34 2 3 3 3 2 3 2.67 4 Low active

35 2 3 3 3 2 3 2.67 4 Low active

36 2 3 3 3 1 3 2.50 3 Moderately active

37 – – 1 3 1 1 1.50 1 Very high active

38 – – 3 1 1 3 2.00 2 Highly active

39 2 3 3 3 1 3 2.50 3 Moderately active

40 – – 3 3 1 3 2.50 3 Moderately active

SL Stream-gradient index, Af drainage basin asymmetry, Hi hypso-

metric integral, Vf valley floor width–valley height ratio, Bs drainage

basin shape, Smf mountain-front sinuosity
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active mountain ranges (Bull and McFadden 1977; Silva

et al. 2003; El-Hamdouni et al. 2008; Rockwell et al.

2009a; Dehbozorgi et al. 2010; Mahmood and Gloaguen

2011). This investigation is an attempt to evaluate relative

active tectonics in a large area based on several sub-basins

and using a number of geomorphological indices. In this

study, the data on geomorphological indices were pre-

sented that have been used in other studies to evaluate the

landscape in terms of potential tectonic activity.

The proposed GIS methodology allows a map showing

relative tectonic activity of the landscape to be produced.

The average of the values of seven computed indices was

combined to yield Iat (index of active tectonics) (El-

Hamdouni et al. 2008) and was used to assess the spatial

distribution of relative tectonic activity in the study area.

Values of Iat would be different, as would the boundaries

between classes of relative tectonic activity. However, this

methodology would provide an index based on area that

estimates relative tectonic activity as it has for the study

area in High Zagros Ranges. The values of the Iat were

grouped into four classes to define the degree of relative

tectonic activity following (El-Hamdouni et al. 2008) as

class 1: very high (1.0–1.5); class 2: high (1.5–2); class 3:

moderate (2–2.5); and class 4: low (2.5–3) relative tec-

tonic activity, respectively. The distribution of the four Iat

classes is shown in Fig. 4 and Table 1, and Table 1 shows

the results of all the six geomorphological indices and

their classification for all 40 sub-basins. About 5 % of the

study area belongs to class 1; 12.5 % to class 2; 45 % to

class 3; and 37.5 % to class 4.

The utilization of the six geomorphological indices as

well as Iat exhibits change mostly corresponding to the

distribution of the prominent fault zones in the study area.

Neotectonics movements in the High Zagros Ranges and

the dynamic characters of the resulting structures indicate

north–south compression, dextral transpression, ap-

proximately N–S strike-slip faults and NW–SE trending

reverse faults. In addition, neotectonics movements show

strong vertical uplifting, total rising, differential tilting

that have created steepest slopes, highly asymmetric val-

leys, elongated basins, V-shaped valleys, linearized drai-

nages, active mountain fronts, high stream-length

gradients and hypsometric integrals. The geomorpho-

logical indices for most of sub-basins show Iat classes 3

and 4 within most of the study area and Iat classes 1 and

2 in the adjacent regions where the relative tectonic ac-

tivity is assumed to be very high or high. Iat for areas

along northern part of the study area is low to moderately

active which is close to inactive Main Zagros Reverse

Fault, while Iat is high to very high for southern part of

the study area that is situated around conjunction of Dena

Fault (northern segment of Kazerun Fault Zone) with

Main Recent Fault.

Several devastating earthquakes (historical and/or in-

strumental) that occurred in the last decades in this area,

such as 6.4 magnitude Ardal earthquake of 1666, 6.8

magnitude Naghan earthquake 1977 and 6.4 magnitude

Boldaji earthquake 2012, have caused a severe damage to

life and property (Amrei et al. 2011; Oveisi and Tajik

2012). Nearly, 80 earthquakes with M[ 4 have been ac-

quired as recorded by the International Seismological

Centre (ISC) and USGS in the study area for the past

100 years. These earthquakes were plotted on the mor-

photectonic map which classifies the area into relative

tectonic activity classes based on inputs from morpho-

metric analysis, and they show a reasonable correlation.

Out of these earthquakes, 11.5 % occurred over 5 Mb

magnitude, 44.9 % of earthquakes happened between 4.5

and 5 Mb magnitude and 43.6 % of earthquakes with

magnitude of 4–4.5 Mb within the study area (Fig. 4).

Approximately, most of the earthquakes occurred in the

southern part of the study area that shows the extent of

faults activity within this part. The lack of earthquake

epicenters in northern part of the study area is consistent

with prominent distribution of sub-basins with classes 3

and 4 of Iat which exhibit low to moderate tectonic ac-

tivity. Most of the earthquake epicenters are concentrated

at the south central part of the study area where the sub-

basins of 14, 20 and 26 with class 2 of high relative tec-

tonic activity affected by the activities of intersected thrust

and strike-slip faults. Also, earthquakes with magnitude of

greater than 5 occurred within sub-basins of 24 and 3 with

Iat classes of 1 (very high) and 2 (high), respectively. Thus,

the morphotectonic map prepared is well consistent with

the earthquake occurrences in this region. The pattern of

tectonic deformation in the study area remained the same

over the last 5 million years (Allen et al. 2004; Talebian

and Jackson 2004). An N20�–30� compression prevailed

(Molinaro et al.2005; Lacombe et al. 2006), and the obli-

que Arabia–Eurasia convergence has been accommodated

by both shortening and strike slip (Lacombe et al. 2006).

The N20�–30� compression is also consistent with dextral

motions along the other NW–SE trending faults.

Conclusion

Tectonic geomorphology investigations guide us for fur-

ther research, such as paleoseismological surveys to re-

veal specific slip and recurrence rates and to better

understand fault behavior to eventually quantify seismic

hazard. Tectonic geomorphology of orogenic belts has

become one of the principal tools in the identification of

active faults, seismic hazard assessment and the study of

landscape evolution. This study provides geomorpho-

logical analyses of fault-generated mountain fronts and
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channel gradient that cross the High Zagros Ranges. The

results of channel gradient analysis reveal that the most

part of the High Zagros Ranges is active and the results of

mountain-front sinuosity and valley-width ratio analyses

imply that their degree of activity is moderate to high.

Morphometric analyses revealed that the High Zagros

Ranges is a moderately to highly active region in Iran.

The obtained results from geomorphological indices were

combined to yield an index of active tectonics (Iat). The

indicative values of this index are consistent with the

landforms and geology of the study area. The Iat is low to

moderate in northern part of the study area which corre-

sponds to inactive Main Zagros Reverse Fault. The high

values of Iat mainly occur in southern parts of the study

area where straight mountain fronts and triangular facets

along the Dena Fault suggest high tectonic activity. Most

of the earthquake epicenters are concentrated where the

majority of sub-basins of class 1 and class 2 suggest high

tectonic activity. The lack of earthquake epicenters in

some parts of the study area is consistent with prominent

distribution of sub-basins with classes 3 and 4 of Iat index

which exhibits low to moderate tectonic activity. High

relative tectonic activity mostly corresponds to the dis-

tribution of prominent strike-slip and thrust faults in the

study area. These areas are among populated places of

this region and these factors threaten the lives and prop-

erty of the people residing there.
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