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ABSTRACT

This study examines the seismic activity and hazards in Behbahan City, southwestern Iran, situated within
the seismically active Zagros Fold-Thrust Belt. Historical earthquakes, including devastating events in 1052
and 1085 AD, highlight the region's vulnerability. The area is characterized by ongoing crustal shortening
due to the Arabian-Eurasian plate convergence, with several active faults, such as the Behbahan, Aghajari,
and Arjan faults, posing significant threats. Analysis of regional seismotectonic frameworks reveals that
Behbahan is consistently classified as a high-seismic-hazard zone, with potential for earthquakes exceeding
magnitude 7.0. Our fault analysis identifies the Behbahan Fault as posing the highest immediate risk, with
an estimated moment magnitude of 7.35 at a distance of 8.4 km from the city. The study recommends
microzonation studies, retrofitting of vulnerable structures (especially unreinforced masonry buildings),
implementation of early-warning systems, and the development of revised peak ground acceleration (PGA)
maps. Multi-disciplinary research integrating InSAR, paleoseismology, and geotechnical data is crucial for
refining hazard assessments and mitigating future earthquake impacts in this historically significant and
densely populated region.
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1. Introduction

Earthquakes have long been a leading cause of casualties and extensive financial losses in Iran, a
country situated on the seismically active Alpine-Himalayan belt. With the ongoing expansion of
urbanization and increasing construction activities near active fault zones, the risk posed by
earthquakes is steadily rising, particularly in regions such as Behbahan. This growing threat is
compounded by the proximity of new developments to major faults, elevating the potential for
catastrophic outcomes in the event of a significant seismic event. Historical records underscore the
destructive impact of past earthquakes in the Behbahan region. Notably, devastating earthquakes
in 1052 and 1085 AD, with estimated magnitudes of 6.8 and 5.8 on the Local scale, respectively,
led to the destruction of the ancient city of Arjan and resulted in significant loss of life. Chroniclers
such as lbn Athir documented the severe damage inflicted on Arjan and lIzeh (formerly known as
Idhaj) during these events, including widespread building collapse, fatalities, and even the
fracturing of the northern Khayiz mountain, which exposed stair-like gypsum structures. These
earthquakes are believed to have played a major role in the destruction of vital irrigation and
agricultural infrastructure in Arjan, contributing to the city's subsequent decline in population and
commercial significance. It is suggested that the initial serious damage to Arjan’s twin bridges
occurred during this period, with their complete destruction following in subsequent years. Modern
studies of historical earthquakes corroborate the occurrence and devastating effects of these seismic
events, which collectively led to widespread mortality, urban destruction, and the loss of critical
infrastructure. Today, Behbahan remains highly vulnerable to seismic hazards due to the presence
of numerous active faults in its vicinity, including the Aghajari, Behbahan, Arjan, and Mishan
faults. Over the past decades, the region has experienced frequent earthquakes, and seismic zoning
studies consistently classify Behbahan as an area of high seismic potential. This underscores the
urgent need for careful planning and implementation of earthquake-resistant construction practices
to mitigate future risks in this densely populated and historically significant region.

2. Study area

Seismically active zone shaped by ongoing tectonic compression. The collision of these plates has
deformed the plateau’s relatively weak crust, forming prominent fold-and-thrust belts such as the
Zagros Mountains in the west, the Alborz and Kopeh Dag ranges in the north and northeast, and
the Makran accretionary wedge in the southeast [1-5]. These structures remain geodynamically
unstable, driving persistent seismic activity across Iran’s mountainous regions, particularly in the
Zagros fold-thrust belt [6-11]. The Zagros Mountains, formed by the northward motion of the
Arabian Plate against Central Iran at ~2—-3 cm/year, exhibit complex seismotectonic behavior. In
western Zagros, ductile evaporite layers (e.g., Hormuz salt) facilitate aseismic creep, leading to
frequent moderate-magnitude earthquakes (Mw 4-6) with short recurrence intervals [12].
Conversely, eastern Zagros experiences higher seismic strain due to the combined influence of the
Arabian Plate’s oblique convergence and the Indian Plate’s northward subduction beneath Makran.
This eastward increase in activity is reflected in Behbahan’s seismicity, located near the transition
zone between compressional and transpressive regimes [13-17]. Centered at coordinates
30.5942°N, 50.2375°E, the 400 x 400 km study area surrounding Behbahan lies within the Zagros
foreland fold belt, characterized by the Mountain Front Fault and subsidiary structures like the
Arjan and Aghajari faults. Over the past 35 years, the region has recorded 42 earthquakes > Mw 4,
underscoring its high seismicity. Historical accounts, including Ibn Athir’s chronicles, document
catastrophic earthquakes in 1052 and 1085 CE that destroyed Arjan’s infrastructure and triggered
mass casualties [18].
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The Zagros’ evaporite-rich stratigraphy promotes shallow-focus earthquakes (5-15 km depth) with
limited surface rupture but high damage potential. While large-magnitude events (Mw >7) remain
rare due to energy partitioning across multiple faults, moderate earthquakes (Mw 5-6.5) pose
significant risk to Behbahan’s urban and infrastructure development [19-20]. The 21st-century
expansion of settlements near active faults exacerbates vulnerability, mirroring the historical
pattern of seismic disasters in Arjan [21-28]. This tectonic configuration highlights the urgent need
for site-specific seismic zonation and retrofitting of critical infrastructure in Behbahan to mitigate
future earthquake impacts [29-32].

Contextual synthesis from provided geological descriptions and tectonic principles (no direct
citations available for specific seismological parameters) [33-35]. For precise fault mechanics and
recurrence intervals, consult region-specific studies (e.g., Berberian, 2014; Talebian & Jackson,
2004).
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Figure 1. Map of the study area with dimensions of 400*400 km centered on Behbahan.

Behbahan is situated in the southeastern sector of Khuzestan Province, Iran, spanning between
49°47'E to 50°33'E longitude and 30°10'N to 30°56'N latitude [36-40]. The city occupies a
piedmont zone at an elevation of 320-350 meters above mean sea level, nestled within the
southwestern foothills of the Zagros Mountains [41-46]. According to the 2016 National Census,
Behbahan's urban population is 122,604 inhabitants, with a municipal area of 22.3 km?2 [47-50].
Located 200 km southeast of Ahvaz (the provincial capital) and 1,180 km southwest of Tehran, the
city serves as a regional hub within the Zagros foreland basin [51-54].
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Figure 2. Geographical location of Behbahan
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Figure 3. Land use map of Behbahan city
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Khuzestan Province exhibits a dual geological structure comprising Tertiary-aged mountainous
formations and Quaternary alluvial plains. The province’s lowlands, extending from the Zagros
foothills to the Persian Gulf, display a sedimentological gradient transitioning from coarse-grained
conglomerates in the north to fine-grained clay-silt deposits in the south. This depositional system
is primarily shaped by fluvial processes of the Karun, Dez, Karkheh, and Jarrahi rivers, which have
formed terraces, sand hills, and floodplains composed of alternating clay, silt, sand, and sporadic
gypsum layers. Behbahan, situated within this framework, rests on Quaternary non-cohesive
sediments derived from the erosion of the Bakhtyari Conglomerate and Aghajari marls.
Geomorphologically, the city encompasses both piedmont zones and plains, with prominent
mountain ranges such as the Khaiz (1,536 m) and Talerish anticlines dominating its northern
periphery. The Khaiz Mountain, the highest elevation in the region, exemplifies the NW-SE
trending folds characteristic of the Zagros’ southwestern deformation front, reflecting ongoing
tectonic compression. Behbahan’s location on Quaternary deposits adjacent to active fault systems
underscores its exposure to seismic hazards, necessitating detailed geological hazard zonation
studies to mitigate risks associated with urban expansion and infrastructure development.

3. Behbahan in Iran’'s different Seismotectonic Zoning

Behbahan falls within multiple seismotectonic zoning frameworks of Iran, including classifications
by Abdalian (1963), Berberian (1976), Norouzi (1976), Nogol-Sadat (1993), Pourkermani and
Asadi (1995), Tehran Padir Consulting Engineers (1996), National Committee of Large Dams
(1996), Tavakoli and Ghafouri-Ashtiani (1999), and others. Below is a concise overview of key
classifications:

1- Berberian's Classification (1976)

Berberian identified four primary seismotectonic provinces: the Active Folded Zagros Belt, Central
Iran, Alborz Mountains, and Kopeh Dagh Mountains. Behbahan lies within the Zagros Fold-Thrust
Belt, characterized by ongoing crustal shortening due to Arabian-Eurasian plate convergence [55-
60].

2-Norouzi's Classification (1976)

Norouzi divided Iran into 23 seismotectonic provinces. Behbahan is part of the 6th province
(Zagros Range), which exhibits the shortest recurrence intervals for small-to-moderate earthquakes
(£ Mw 5.6) due to frequent release of strain energy along shallow thrust faults [61].

3-National Zoning of Relative Earthquake Hazard (Urban Studies Center of Iran):

This framework divides Iran into 10 seismic zones. Khuzestan Province, including Behbahan, is
categorized under the Zagros Fold-Thrust and Zagros Foothills (Dezful Embayment) subgroups.
The boundary between these subgroups is defined by the Mountain Front Flexural Fault, a major
structure responsible for large-magnitude earthquakes [62-65].

4-Pourkermani and Asadi's Classification (1995)

Iran is divided into 27 seismotectonic provinces based on seismic activity between 1900-1992.
Behbahan, Ahvaz, and Khorramshahr are located in Province 8 (Zagros Folded Belt), classified as
a semi-active seismic zone with moderate earthquake potential (Mw < 7.0) [62].

5-Tehran Padir Consulting Engineers' Classification (1996):

This system identifies 20 seismotectonic units within seven broader geological-tectonic divisions.
Behbahan falls under Unit 13, with seismic parameters derived from historical earthquakes (680—
1889 CE) and instrumental records (1900-1995).

6-Iran's Seismic Code (Standard 2800)
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Behbahan is classified within Zone 4 (high relative seismic hazard) of Iran's Seismic Code Standard
2800 (4th Edition), necessitating a base seismic coefficient of 0.3g for pseudo-static design
calculations[”]. This classification reflects its position in the Zagros Fold-Thrust Belt, where active
faults like the Mountain Front Fault, Arjan Fault, and Aghajari Anticline contribute to elevated
seismic risk. For comprehensive details and maps of these classifications, refer to Chapter 7 of
"Applied Seismotectonics” by Mehran Arian [43].

4. Methodology

A precise and complete identification of Quaternary faults in the project area is the first step in
studying the seismic hazard of tectonics and faulting in the project area. Young major faults with
a length of more than 10 km within a radius of 200 km around the Behbahan City have been studied
[66]. The most important characteristics of the identified and investigated faults in this area are
presented in Table 1. Where M is obtained by averaging relations 1 to 4 of Norouzi, Wells and
Coppersmith, Mohajer and Norouzi, and Bonilla et al [67-69].

M = ((logL + 0.1261)/0.675) (1)
M =5.08 + 1.16logL (2)
M =54 +logL 3
M = 6.04 +0.708logL 4)

5. Results and discussion

Based on the analyses performed, the results are shown in Table 1. In this table M_ave is average
estimated moment magnitude (Ms) for potential earthquakes. UTM Coordinates is Provided in
WGS84 datum (Zone 39N for most entries). Type shows the Fault kinematics (reverse, strike-slip,
or oblique). Trend pointed dominant fault orientation (e.g., NW-SE aligns with Zagros structural
grain). Distance is the minimum distance from Behbahan city center to fault trace. Fault Length is
the critical parameter for seismic hazard calculations (longer faults — higher Mmax). in this table,
Behbahan Fault (No. 196) poses the highest immediate risk at 8.4 km (M~7.35). Lahbari Fault (No.
117) has the longest trace (249 km) and highest M~7.89. Most faults exhibit NW-SE
reverse/oblique slip, consistent with Zagros shortening.

Table 1. Information on Faults Around Behbahan

M_ave UTM()E(’ng)Point UT™ (S;a\;; Point Beaibszf\%g%e(fm) L?Em:%%th Trend Type Fault Name ||No.
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7.52 ggggggégig) éiggggggﬂg) 23.7 113.1 Ns\g- Reverse/Thrust Aghajari E
6.69 éjgﬂgigigg) égggggggji) 24.0 19.3 NSVEI— Reverse/Thrust Baba Khaneh E
7.40 gggg?ggi%) égggg%;ﬁ% 28.7 87.2 NSVE/_ Reverse/Thrust Mishan E
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Table 1. (Continued): Faults Around Behbahan
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Behbahan lies within the Zagros Fold-Thrust Belt, a seismically active zone resulting from the
oblique convergence of the Arabian and Eurasian plates. Dominant NW-SE trending reverse/thrust
faults (e.g., Behbahan, Aghajari) accommodate crustal shortening, while subordinate strike-slip
faults (e.g., Mourchegan, Karehbas) reflect stress partitioning. Seismic Parameters and Design
Implications Dominant Magnitude Range is M~6.5-7.8, with M>7.5 possible on faults >150 km

(e.g., Zard Kuh). Possible discrepancies in this regards are:

1-Fault Lengths: Table values (e.g., Aghajari: 113.1 km) often represent segments, not full fault
systems.
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2-Magnitude Estimates: M_ave assumes partial rupture; full rupture (e.g., Zard Kuh) could
exceed M~8.0.

3-Hidden Faults (e.g., M.F, Ramhormoz): Poor surface expression complicates hazard mapping.
S0, we can propose some recommendations for risk mitigation, including microzonation studies,
retrofitting (focus on unreinforced masonry (URM) structures near Behbahan Fault) , early-
warning systems , and revised PGA maps.

As metioned, the seismicity of Behbahan City is primarily influenced by regional tectonic
processes. In the central Zagros region, the shortening rate is estimated at 5-10 mm per year,
reflecting ongoing crustal convergence. The Behbahan Fault itself may be partially locked,
allowing tectonic strain to accumulate over time. Historical records indicate significant seismic
events, such as those in 1052 CE and 1085 CE (with estimated magnitudes around 6.8), which
demonstrate the area’s potential for recurrent high-energy earthquakes. More recently,
microseismic activity—such as the magnitude 4.4 events recorded between 2021 and 2025—
confirms that active crustal deformation continues in the region.

Behbahan’s seismic risk is dominated by NW-SE reverse faults with M>7.5 potential. While
Standard 2800’s 0.3g PGA suffices for general design, site-specific spectra are critical near
Behbahan, Aghajari, and Zard Kuh faults. Multi-disciplinary studies integrating InSAR,
paleoseismology, and geotechnical data are urgently needed to refine hazard assessments.

6. Conclusion

The known faults in the Behbahan region and its surrounding areas predominantly lie along the
mountain-front boundaries, marking the transition between the Zagros Fold-Thrust Belt and
alluvial plains. These faults play a critical role in accommodating crustal shortening driven by the
ongoing Arabian-Eurasian plate convergence. However, significant gaps persist in precise age
dating and seismicity records for these faults, a limitation that extends to fault databases across
Iran, complicating seismic hazard assessments. The dominant fault mechanisms in the Behbahan
area are reverse/thrust systems (e.g., Behbahan, Aghajari, Ramhormoz), often accompanied by a
major compressional component. Reverse faults, compared to strike-slip or normal faults, release
higher seismic energy due to their compressional nature, resulting in elevated horizontal peak
ground accelerations (PGA). This characteristic renders them capable of generating destructive,
high-magnitude earthquakes (e.g., potential M>7.2 for the Behbahan Fault), as evidenced by
historical events such as the 1052 CE and 1085 CE earthquakes (M~8.5-8.6) that devastated the
region. Reverse faults in the region can produce strong ground motions exceeding 0.35g PGA near
urban centers like Behbahan, surpassing standard building code recommendations. Recurrence
intervals for large earthquakes remain poorly constrained, but historical and paleoseismic data
suggest a high probability of future high-energy events. Urgent Needs for the region are advanced
dating techniques (e.g., cosmogenic nuclide analysis) to constrain fault activity rates; dense seismic
networks to improve microseismicity monitoring and rupture forecasting; and Site-specific ground
motion models integrating fault directivity and basin amplification effects. the Behbahan region’s
tectonic setting, dominated by active reverse faults with high seismic energy potential, underscores
the necessity for prioritized retrofitting of critical infrastructure and revised urban planning policies
to mitigate earthquake risks. Addressing data gaps in fault chronology and seismicity is imperative
for reducing uncertainties in seismic hazard models.
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