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ABSTRACT 

The evaluation of seismic potential of the Astara 

fault, with a length of about 110 km and considering the 

residence of more than 150.000 people within the fault zone, 

is of great importance. The Astara fault with a general N-S 

trend, is located on the eastern border of Talesh Mountains. 

Hitherto, the largest earthquake (Mw 6.6) in this vicinity has 

been recorded at a distance of 15km from the Astara fault. 

Geometrically, the Astara fault as an active fault zone, 

kinematically could be distinguished as a wide zone consists 

of two major faults: (1) Astara thrust fault (ATF) which is 

located close to the mountain range. (2) Active Astara strike-

slip fault (ASF). 

Measured maximum and minimum horizontal 

displacements along the fault are 1500 m and 70 m 

respectively, and maximum and minimum vertical 

displacements are 130 m and 5 m respectively. Present 

estimated rake value is 0 to 12 towards SW with a slip rate ~ 

1.5 mm/yr. On the basis of Paleoseismological investigations 

in Lisar Trench, and using C14 age determinations, it is 

evident that at least 3 to 4 Paleoearthquakes with magnitudes 

Mw 6.24-5.74 occurred around 30.000 year ago, and based on 

the sedimentation rated of trench layers, the estimated 

magnitude of the youngest (~ 5.000 yrs.) and oldest (~30.000 

yrs.) events are Mw 6.24 and Mw 5.74 respectively. 
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Chapter One 

GENERALITIES AND BASIC CONCEPTS 

1-1- Introduction 

Today, more than two million people live in 

territory of the Astara fault. Therefore, in order to avoid 

human and financial damages due to earthquakes in this 

area, tectonic and seismological researches are 

considered inevitable. This is while the statistical 

comparison of instrumental earthquakes from the last 

century until now, along with the historical earthquakes 

reported in this area, have revealed the tectonic activity 

for this region. Therefore, the value of knowing more 

about the geodynamic processes of this structural zone 

increases. With this regard, one of the useful approaches 

to obtain the long-term seismic history of an active fault 

is paleoseismology. Paleoseismology, is a link between 

the knowledge of seismology and geology, and deals 

with the geological investigation of earthquakes that 

occurred decades, centuries, and thousands of years ago. 

In this study, an attempt has been made to reveal the 

seismic history of the Astara fault system by applying 

the morpho-tectonics and paleoseismology investigations 

in the south Caspian basin. 
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1-2- Upcoming questions 

Since the instrumental and historical seismic data 

cover a small part of the seismic history of a fault, in 

order to obtain the background seismicity of a fault and 

identify how it functioned in the past, it is necessary to 

conduct paleoseismological researches. In this purpose, 

paleoseismological researches have been conducted 

along the Astara fault, and the main aim of this study is 

to complete the existing seismic data and to obtain the 

seismic history of this fault in longer periods. There are 

certainly many questions that cannot be answered by 

only available instrumental and historical data. The main 

questions of this study are as follow: 

• Does the past mechanism of the Astara fault 

continue today or has it changed? 

• What was the magnitude of paleoearthquakes? 

• Do the paleoearthquakes on the Astara fault 

follow a clear seismic pattern? 

• What was the return period of paleoearthquakes? 

• Is it possible to provide a long-term prediction of 

the next large earthquake event? 

1-3- Procedure of investigation 

In paleoseismological research, the first and most 

fundamental step is to determine the location of the 

trench on the fault. For this purpose, using ASTER 

satellite images with a spatial resolution of 30 meters, 

IRS with a spatial resolution of 5.8 meters, as well as 
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examining the geomorphological and seismological 

maps of the Talesh ranges (Kaveh Firouz et al. 2013), an 

executable location for trenching was selected along the 

Astara fault. 

The sedimentary units in the trench wall were 

mapped with an accuracy of 1:20, and the magnitude of 

each event was estimated by using the existing 

relationship (Wells and Coppersmith. 1994). 

1-4- General characteristics of the region 

1-4-1- Geography of the studied area 

Gilan province in north of Iran, has an 

international border with the Republic of Azerbaijan 

(through Astara), and limited to, Ardabil province from 

the west, Zanjan and Qazvin provinces from the south, 

and Mazandaran province from the east. The paleo-

seismological site of the Astara fault is located at latitude 

37.96830 and longitude 48.89810, located in Lisar 

village (Figure 1). 
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Figure 1: Geographical location of the selected paleoseismological 

site on the Astara fault. (A) The province in red is Gilan province. 

(B) The map of the cities of Gilan province. The city that has a 

sharper border is the city of Talesh, where paleoseismological 

studies have been carried out. (C) The map of Talesh (Hashtpar) city 

districts, and Lisar village location. (D) Lisar district, the red square 

shows the location of the Google Earth satellite image. (E) Google 
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Earth image of the studied area, the pink balloon shows the location 

of the Lisar paleo-seismological trench. 

1-5- Tectonic and geological setting of the Astara 

fault system 

Iran is located in the middle of Alpine-

Himalayan folded belt, in a compressive zone arising 

from the convergence of the Arabian and Eurasian 

plates. The convergence caused deformation of the 

regional continental crust, with an area of approximately 

3,000,000 square kilometers, which is the largest 

deformed region in the world (Allen, 2004). The 

convergence of Arabian-Eurasian plates with a rate of 

more than 22 mm/y caused a complex system of reverse 

and strike-slip faults. This has also been phenomenon 

confirmed quantitatively using GPS data (Vernant et al. 

2004). It is worth noting that strike-slip faults have the 

potential to produce large earthquakes (Kurushin et al. 

1997; Berberian et al. 2000; England & Molnar, 1990). 

Most continental strike-slip fault zones are located in 

quasi-shear environments (compared to pure shear 

environments) resulting from oblique convergence or 

divergence at plate boundaries.  

In north-west of Iran, the existence of shear 

movements has caused the creation of strike-slip faults, 

of which the Astara fault system is one of the prominent 

examples. Gilan, as one of the most populated provinces, 

with a population of more than 2 million people, is 

located in this active strike-slip zone. The 1709 and 

1713, historical earthquakes which caused the 
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destruction of the Rasht area in the 18th century, can be 

considered as the result of movement of the southern 

part of this fault system. 

The Astara fault system, with a north-south trend 

in the northern part and a northwest-southeast direction 

in the southern segment, in the form of a 110 km long 

right-lateral compressional system, forms the eastern 

border of Talesh renges with respect to the Caspian 

Coastal Plain (Figure 2; Nazari et al., 2014). 

 

 

Figure 2: Interpretive geodynamic map of northwestern Iran. The 

purple arrows show the direction of compression and the blue 
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arrows show the direction of extension. The black arrows indicate 

the GPS vectors and the bidirectional gray arrows are fold axis. As 

can be seen, in the figure, in the vicinity of Astara fault (inside the 

black square), the direction of the GPS vectors is angular to the 

direction of the Astara fault, which justifies the right-lateral 

movement of the fault. The city of Lisar, (green colore), shows the 

location of the paleoseismological trench. The black square 

indicates the location of Figure 5-1 (adapted from Reilinger et al. 

2006). 

 

In order to show more clearly the tectonic setting 

of the Astara fault, combination of the MrSid satellite 

image, with the SRTM satellite data (with a spatial 

resolution of 90 meters), has been used (Figure 3). 

The strike-slip mechanism of the Astara fault, 

especially in the northern and middle parts, with north-

south trend, and shutter ridge features can be seen along 

the Talesh ranges (Nazari et al., 2014). 

In order show more clearly the location selected 

for paleoseismological research along the Astara fault, 

the IRS satellite image with spatial resolution of 5.8 

meters was used (Figure 5). On this image, the righ-lateral 

displacement of the Lisar River by the Astara fault can 

be clearly seen. 
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Figure 3: Seismotectonic map of Talesh Heights, which is prepared 

by combining MrSID satellite image with Digital Elevation Model 

(DEM) obtained from SRTM data (with spatial resolution of 90 

meters). The epicenter and mechanism of earthquakes in the period 

of 04/11/1978 to 04/03/2011 are shown. 4 events with black focal 

mechanism were determined by Jackson et al. (2002); The 10 gray 

events are related to the central-moment-tensor focal mechanism 

solution (http://www.globalcmt.org/CMTsearch.html). The focal 

mechanism located on the Masule fault, related to the moment 

tensor solution of the March 4, 2011 event (ML=4.2) from Aziz 

Zanjani et al. 2013; Mechanisms in red are taken from the global 

focal mechanism solution of CMT. The dashed blue square shows 

the location of Figure 4. 

 

 

 

 

http://www.globalcmt.org/CMTsearch.html
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Figure 4: Simplified geological map of Talesh ranges and Astara 

fault system, yellow circles show the instrumental earthquake 
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epicenters. The dark arrow, indicating the GPS velocity vector, and 

the pink arrow, show the dominant mechanism movement of the 

Astara fault. The black rectangle, is location of figure 1-7. 

 

 

Figure 5: IRS satellite image with spatial resolution of 5.8 meters, 

from the area selected for paleoseismological trenching. The red 

square shows the location of the paleoseismological trench and the 

red arrows show the trace of the Astara fault.  
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Chapter two 

SEISMOTECTONICS AND MORPHOTECTONICS 

CHARACTERISTICS OF THE STUDY AREA 

2-1- Seismotectonics of the study area 

The South Caspian Basin (SCB), on the southern 

edge of the Eurasian Plate, is a rigid shield block that has 

been very effective in the deformation and seismology of 

its surrounding regions such as the Caucasus, Talesh, 

Alborz, and Kopeh Dagh mountain ranges (Berberian 

1983; Jackson & McKenzie 1984; Jackson et al. 2002) 

(Figure 6). Previously, the South Caspian Basin was 

considered a rigid block due to the lack of significant 

intrabasin seismicity (Ambraseys & Melville 1982; 

Berberian 1983; Jackson & McKenzie 1984; Priestley et 

al. 1994; Jackson et al. 2002). Along the southwestern 

coastline of the Caspian Sea, most of the seismic data are 

obtained from regional networks and remote 

seismographs or historical and instrumentally recorded 

earthquakes. 
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Figure 6: Relief map of South Caspian, Talesh and its surrounding 

areas. Faults and fold axis are shown by black and gray lines, 

respectively. The red square shows the position of Figure 2-2 and 2-

3. Abbreviations: South Caspian Basin (SCB), Central Iran (Cl), 

Talesh ranges (TL), Great Caucasus (GC), Little Caucasus (LC), 

Alborz montains (AL), Kopeh Dagh (KD), Kura Depression (KUD), 

West Caspian Fault (WCF), Talesh Fault (TF), North Tabriz Fault 

(NTZF), Caspian Fault (KF), Ashgabat Fault (ASF), Apsheron-

Balkan Siff (AP-BL). Faults from Hessami et al. (2003) and Jackson 

et al. (2002). GPS vectors from Djamour et al., (2011); Aziz Zanjani 

et al., (2013). 

 

Jackson et al. (2002), determined focal 

mechanism solutions for four events with a focal depth 

of 15-27 km along the western shore of the Caspian 

(Figure 7), which indicated faulting in the basement of the 

South Caspian basin. The focal mechanism of the 
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earthquakes in the western margin of the South Caspian 

basin, indicating northward trend, shallow-depth low 

angle thrust dipping toward the west, where coincide 

with the thrust under the basement of south Caspian 

basin. Although no fault reported with the same trend of 

south Talesh, but there are some evidences for a right- 

lateral strike-slip fault west of the Kura depression and 

Talesh mountain (Priestley et al. 1994; Berberian & 

Yeats 1999; Jackson et al. 2002). Talesh and Caspian 

faults have been identified as the most important 

structures responsible for devastating earthquakes in the 

last 1100 years in the western and southern parts of the 

South Caspian basin, respectively (Berberian 1983). 
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Figure 7: Seismotectonic map of Talesh Heights. Events from 

October 11, 2009 to December 30, 2011 were recorded by the 

IASBS local network. The thick black circle in the southeast of 

Sablan volcano shows a series of events related to the Golestan-

Ardebil earthquakes (February 28, 1997, MW = 6.1). The thin black 

circle shows a group of events related to the Hashtpar-Gilan 

earthquakes and its aftershocks (October 22, 2010, ML = 5). The 

focal solution of the earthquakes in gray are part of the global CMT 

solution for 10 events in this region. Near each, the time and depth 

of the event are indicated. Mechanism and focal depth of 4 events in 

black estimated by Jackson et al. (2002). The focal solution with the 

great circle on the Masouleh fault is the moment tensor solution for 

the 4 March 2011 event (ML = 4.2). Quadrants a and b are the 

southern and northern seismic bands. The red square shows the 
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study area, and the red circle shows the location of the Lisar 

paleoseismological trench (Aziz Zanjani et al. 2013). 

 

According to Aziz Zanjani et al. (2013), western 

coast of the Caspian basin and the Talesh montain is 

undergoing active faulting (Figure 8 & Figure 9). While 

seismicity is located in the eastern part of the Talesh 

thrust fault with a dip towards the west, so it cannot be 

related to this fault. Even, there is no strong evidence 

that this seismicity structurally is related to the trend of 

the right-lateral West Caspian Fault (WCF) identified in 

the region. A dextral fault has been identified in the 

northern part of Talesh, located in the southwest of the 

Kura basin, but its extension to the south and inside the 

South Caspian basin is unknown. Aziz Zanjani et al. 

(2013) also calibrated a significant number of focal 

depths in the depth range of 59 to 74 km from the 

southernmost parts of Talesh towards the southern 

border of the Kura basin. The obtained depths also 

confirm the subduction of the South Caspian basin. 
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Figure 8: The epicenters of the earthquakes in the southern cluster 

that have been re-located based on the HDC-method. Each location 

is shown with a 90% confidence ellipse. White ellipses are for EBH 

catalog events and gray ellipses are for events recorded by the 

IASBS network. The focal mechanism for the March 4, 2011 

earthquake obtained by Aziz Zanjani et al. (2013). A circle with a 

radius of 5 km is shown as a measure of error. The two large dotted 

ellipses show the macroseismic region of the two large earthquakes 

of 1896 and 1863 (Berberian & Yeats 1999). The black square 

indicates the orientation of events that are not consistent with known 

faults (Aziz Zanjani et al., 2013). 
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Figure 9: The earthquakes epicenters of the northern cluster that 

have been re-located based on the HDC-method. The thin black line 

shows the Iran-Azerbaijan border. The NTF is the North Talesh 

fault (Aziz Zanjani et al. 2013). 

 

Figure 10 shows the depth distribution of events 

with focal depth of more than 20 km. This is a 

deformation corresponding to the faulting of the South 

Caspian basement under the Talesh and Kura down-

thrown. With regards to the surface distribution of the 

earthquakes, it can be said that the Caspian basement 

thrusted nearly 20 to 25 km underneath the Talesh. 



Paleoseismological investigations along the Astara fault system 

20 
 

Triangles are events with a known focal mechanism. 

These events with at a depth of 27 to 32 km, are 

corresponds to the fault near the basement surface or 

beneath the sedimentary cover. The large depth range 

(20 to 45 km) of the events inside the South Caspian 

basin indicates that the Caspian crust is very stable, rigid 

and resistant. Mangino and Priestley (1998) believe that 

the basement of the Caspian will be thicker towards the 

western shores. The observed depth of seismicity also 

confirms the thickness of the crust under the Caspian 

basin. A similar pattern can be seen in the south of 

Talesh (Figure 10b). Deep earthquakes (18 to 34 km) 

occur in the Caspian basement. As can be seen in Figure 

10, the main branch of the earthquakes in coastal zone is 

consistent with the structural bending of the north and 

south of the segment Talesh Heights and indicates a 

severe deformation in these areas. In the north of Talesh, 

the seismicity is more in the eastern part than in the west, 

which indicates that the deformation is currently 

concentrated in the eastern side, and as it is evident from 

the depth of the seismicity, the oceanic crust of the Kura 

trough is subducting under the Talesh. 
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Figure 10: Depth distribution of earthquakes in Talesh ranges. Epicenters of earthquakes based on HDC-

relocation in two clusters are shown by circles with sizes consistent with local magnitude. (a), earthquakes 

whose depths have been calibrated using local phases are shown with solid circles. (b), the earthquakes whose 

depths have been calibrated using teleseismic phases are shown with solid circles and the obtained depth shown 

next to the event (Aziz Zanjani et al. 2013). 
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All the earthquakes with less focal depth are 

located in the western side of Talesh ranges and are 

indication of deformation of the upper continental crust 

in this region. It seems that the under thrusting of the 

Caspian basement under the central part of Talesh is less 

than to its north. In Talesh, seismicity is concentrated in 

its northern and southern structural arcs, with less 

seismicity in central part. Shallow earthquakes are not 

seen on the eastern edge of the entire length of the 

ranges. According to Aziz Zanjani et al. (2013) the 

basement of the South Caspian basin is the main cause of 

seismicity in the region. The depth of the seismicity 

reaches to 47 km, which is an indicator of the subduction 

of the South Caspian basement beneath Talesh. The 

depth of seismicity is obviously lower than the 

subduction of the northern border of the basin in 

Apsheron region (depth of 80 km). In the central and 

southern Talesh, the rate of subduction is lower than in 

the northern part. Therefore, it seems that under thrusting 

might be in the first stages of formation (Figure 11). 

Despite strong evidence of dextral strike-slip motion in 

Talesh, there is no alignment in seismicity to delineate a 

single north-south structure. However, as Jackson et al. 

(2002), suggested, right-rotating shear deformation may 

be distributed over the sedimentary cover rather than 

acting on a single fault. It seems that these dextral 

movements are compensated on a set of known and 

unknown faults in the south of Talesh. 
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Kaveh Firouz et al. (2013), believe that due to the 

geometry of the South Caspian Basin characteristics the 

possibility of a large earthquake along the Astara fault 

system or a tsunami event in the western and south-

western parts of the Caspian coast, it will not be far from 

the expectation. 

 

 

Figure 11: Deep profiles together with the topographical changes 

along AB and CD lines specified in Figure 10. (a) for the northern 

cluster and (b) for the southern cluster. Triangles are events with 

focal mechanism (from the CMT catalog) (Figure 10). The dashed 

line shows the Caspian basement based on seismic data. WCF 

location based on profile interpreted from Allen et al. (2003), that 

they considered this fault to be the boundary between the 

sedimentary cover and the Talesh continental crust. The shaded 
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region in (b) is the aseismic region below the central Talesh. TF is 

Talesh fault, SF is Sangavar fault and BF is Boghro-Dagh fault 

(Aziz Zanjani et al. 2013). 

 

Although it is not possible to estimate the recent 

activity rate of the Astara fault system based on only one 

GPS station on one side of the fault, but based on the 

data obtained from other stations of the geodynamic 

network in the southern coasts of the Caspian and also 

west of Talesh ranges and geological features such as 15 

km thickness of Neogene deposits in the South Caspian 

basin, the maximum rate of young movement of the 

Astara fault is considered up to 1.5 mm/yr (Figure 12; 

Nazari et al. 2013). 
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Figure 12: A part of the seismotectonic map of the Astara fault 

(Kaveh Firouz et al., 2013). The colored circles show the epicenter 

of the instrumental earthquakes. 

 

In spite of the lack of radiometric dating data 

from young sediments affected by the Astara fault, it can 

be assumed that the estimated slip rate of 1.5 mm/y for 

the Astara fault is in accordant with the historical and 

instrumental earthquakes. The location of 

paleoseismological trenching is shown in Figure 13. 
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Figure 13: A close-up view of the ASF branch of the Astara fault, on 

which paleo-seismological researches have been conducted. The 

black square shows the location of the paleoseismological trench.  

 

2-2- Morphotectonic characteristics of the study area 

The Talesh mountain ranges are located with a 

north-south trend in northern Iran, west of the Southern 

Caspian Sea Basin, in the continuation of the Alborz 

Mountains. The Astara fault, with a length of about 110 

km and a dip towards the west, constitutes the eastern 

part of the Talesh mountain range. The bending of the 

fault towards the southeast in the southern parts shows 

that the compressional component of this part is 

dominant compared to the northern parts. Based on 

morphotectonic studies, one of the main reasons for the 

shortening of Talesh towards the east can be related to 

the activity of the Astara fault zone. 

Based on geomorphological and seismotectonic 

studies by Kaveh Firouz et al. (2013), the Astara fault, 

consists of 2 segments: 1- Astara thrust fault (ATF) 

which is located in the mountain front and has 3 parts 

and thrusted Cretaceous and Paleogene units on 

Quaternary alluvial deposits. 2- The Astara strike Slip 

Fault (ASF), which is located in the western part of the 

South Caspian coastal plain. 

The maximum and minimum horizontal 

displacements (H) on the Astara thrust (ATF) in 
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segment-1 is estimated to be 1500 and 190 meters 

respectively, and the maximum and minimum vertical 

displacement (V) of this branch of the Astara fault 

system is 130 and 10 meters respectively, which 

indicates the maximum H/V ratio of 13 for the ATF fault 

of the Astara fault system. Right-lateral strike-slip 

mechanism of the Astara fault, especially in the northern 

and middle parts, where the dominant trend of the fault 

is N-S, more morphological indices, such as shutter 

ridge, river offset, etc. can be seen, The maximum 

measured displacement along the ATF1 system was 

estimated to be nearly 840 meters, and the minimum 

displacement was estimated to be approximately 90 

meters for ATF3, and nearly 70 meters for ASF2. The 

maximum vertical displacement was measured around 

130 meters for ATF2 and the minimum at around 5 and 

10 meters for ASF, ATF.  

The fault segment studied in this study is located 

in segment-1 of the ASF fault branch, with the strike-slip 

mechanism. Based on Table 1, it can be seen that each 

morphotectonic segment of the fault system has 

minimum and maximum rake. In this regard, for the 

magnitude calculations of the historical earthquakes 

identified in the Lisar trench, the mean rake segments of 

the ASF fault branch have been used. 
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Table 1: The result of the morphotectonic and seismotectonic studies along the Astara fault (Kaveh Firouz et al. 2013). 
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Chapter three 

PALAEOSEISMOLOGICAL INVESTIGATION 

ALONG THE ASTARA FAULT 

3-1- Introduction 
Following seismotectonic and morphotectonic 

investigations by Nazari et al. (2013) and Kaveh Firouz 

et al. (2013) in west Caspian region, paleoseismological 

studies carried out along the Astara fault. 

3-2- Design and selection of the paleoseismological 

trench site along the Astara fault 

The existence of instrumental seismic data 

(including macroseismic and microseismic) and 

historical data indicates seismic potential of the area (for 

example, Tsukuda, 1985; Wallace, 1978, 1981). 

Morphological and seismological evidences clearly 

indicate the movement of the Astara fault in the 

Quaternary period (Nazari et al. 2013; Kaveh Firouz et 

al. 2013; Aziz Zanjani et al. 2013). Therefore; after 

carrying out office checks on ASTER satellite images 

(with a spatial resolution of 30 meters), IRS (with a 

spatial resolution of 5.8 meters), three-dimensional 

topographic data of SRTM (with a spatial resolution of 

30 meters), geomorphological and seismotectonic maps 

of the Talesh ranges together with geological maps of 
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Astara and Khalkhal-Rezvan Shahr (both on a scale of 

1:100,000) and existing dissertations, reports and articles 

on the Astara fault, a comprehensive field visit carried 

out in order to select the appropriate location, for 

paleoseismological studies. 

The Lisar trench is 1.3 km away from the center 

of Lisar city, and because the Lisar trench itself was a 

natural trench, it played an important role in choosing 

this site for paleoseismological research. 

The length of the Lisar trench is about 12 meters, 

is almost perpendicular to the general direction of this 

segment of the Astara fault (N170). In this study, a 

paleoseismological log of 11.5 meters was prepared from 

the wall of the Lisar trench with a scale of 1:20.  

The main reasons for choosing this trench are as follows: 

• Cut off of the alluvial deposits of the Lisar river 

wall by the fault (Figure 14); 

• Geomorphological evidence indicating the right-

lateral movement of the Lisar River by the Astara 

fault; 

• Easy access to the fault zone for excavation and 

subsequent field observations; 

In Figure 14, the panoramic view of the Astara 

fault zone in the wall of Lisar trench and in Figure 15 its 

sedimentary texture and paleo-seismological log are 

shown. 
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The description of segregated sedimentary 

deposits in the fault zone is given in Table 2. In Figure 16 

the occurrence horizons of paleoearthquakes and in Table 

3 the evidence of these horizons; and finally, in Figure 17, 

the paleoseismological log that is currently surveyed are 

shown. 

As mentioned earlier clay units were sampled for 

carbon 14 dating method. The locations of the collected 

samples in the paleo-seismological log are shown with 

red circles under the names C1 to C6. According to 

Nazari (Oral communication, 2014), the age of the 

alluvial deposits on the left side of the trench wall (Unit 

3) is estimated to be 30 ka, and the age of the mud 

deposits on the right side (Unit 11) is estimated to be 12 

ka". 
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Figure 14: General view of the main fault zone on the right wall of the Lisar river.  
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Figure 15: The sedimentary texture of Lisar Trench. Unit 1: light brown alluvial deposits, layered, 90% grain; 

Unit 2: light gray lenticular deposits, more or less layered, 60% grain; Unit 3: dark brown alluvial deposits, 

layered, 5% grain; Unit 4: brown deposit, no layering, 60% grain; Unit 5: Light gray layered alluvial deposits, 

90% grain; Unit 6: light brown alluvial deposits, layered, 75% grain; Unit 7: Layered gray to brown alluvial 

deposits, 35% grain; Unit 8: Layered light brown, deposits, 60% grain; Unit 9: Unlaminated light brown alluvial 

deposits, 40-90% grain; Unit 10: Unlaminated alluvial brown deposits, 50% grain; Unit 11: Layered dark brown 

alluvial deposits, 5% grain; Unit a11: Layered lenticular light brown deposits, 90% grain; Unit b11 and unit c11: 

lenticular light brown deposits, layered, 65% grain; Unit 12: Layered light brown to gray, deposits, 95% grain; 

Unit 13: top soil. 
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Table 2: Description of the sedimentary deposits of the segregated 

units in the main fault zone in the south wall of the Lisar Trench. 
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Figure 16: The event horizons of four paleoearthquakes in the main zone of the Astara fault, in the Lisar trench. 
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Figure 17: The layout of events in the present time. 
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3-3- Reconstruction of the identified events in Lisar 

trench 

Using the Figure 17, by removing systematically 

the known sedimentary units, and reconstructing the 

unite on the basis of the maximum heights, we were able 

to reconstruct paleo-seismic events of course, this 

procedure must be start with removing the manmade soil 

(unit 13 in Figure 17), and continues until Figure 48. 

By carrying out the reconstruction, it is possible 

to realize the height of the fault scarp at the time of the 

earthquakes, and finally, by applying the empirical 

relationships, to obtain the magnitude of paleo-

earthquakes. 

At the beginning of the reconstruction and 

identification of events in the Lisar trench, two methods 

have been used, due to the possibility of occurrence of 

both methods (Figure 21 & Figure 23 related to the first 

method; Figure 24 & Figure 25 related to the second 

method), although it seems that the first method of 

reconstruction is more likely to occur. From Figure 26 to 

Figure 48, the reconstructions are done by only one 

method and they are not different from each other. 
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Figure 18: Reconstruction of events recorded in the southern wall of Lisar Trench, first step. 
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Figure 19: Reconstruction of events recorded in the southern wall of Lisar Trench, second step. 
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Figure 20: Reconstruction of events recorded in the southern wall of Lisar Trench, third step. 
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Figure 21: Reconstruction of events recorded in the southern wall of Lisar trench, fourth step (first method). 
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Figure 22: Reconstruction of events recorded in the south wall of Lisar trench, fifth step (first method). 
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Figure 23: Reconstruction of events recorded in the southern wall of Lisar trench, sixth step (first method). 
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Figure 24: Reconstruction of events recorded in the south wall of Lisar trench, fourth step (second method). 
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Figure 25: Reconstruction of events recorded in the southern wall of Lisar trench, fifth step (second method). 



Paleoseismological investigations along the Astara fault system 

48 
 

 

Figure 26: Reconstruction of events recorded in the southern wall of the Lisar trench, the sixth step. 
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Figure 27: Reconstruction of events recorded in the southern wall of the Lisar trench, the seventh step. 
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Figure 28: Reconstruction of events recorded in the southern wall of Lisar Trench, the eighth step. 
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Figure 29: Reconstruction of events recorded in the southern wall of Lisar Trench, step nine. 
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Figure 30: Reconstruction of events recorded in the south wall of Lisar Trench, 10th step. 
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Figure 31: Reconstruction of events recorded in the southern wall of Lisar Trench, Step 11. 
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Figure 32: Reconstruction of events recorded in the southern wall of Lisar trench, twelfth step. 
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Figure 33: Reconstruction of events recorded in the southern wall of Lisar Trench, step 13. 
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Figure 34: Reconstruction of events recorded in the southern wall of the Lisar trench, the fourteenth step. 
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Figure 35: Reconstruction of events recorded in the southern wall of Lisar Trench, step 15. 
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Figure 36: Reconstruction of the recorded events in the southern wall of the Lisar trench, the 16th step. 
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Figure 37: Reconstruction of events recorded in the southern wall of Lisar Trench, 17th step. 
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Figure 38: Reconstruction of events recorded in the southern wall of Lisar Trench, step 18. Display of units at 

the time of the second earthquake detected in this trench. 
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Figure 39: Reconstruction of events recorded in the southern wall of Lisar trench, 19th step. Display of the units 

in the time before the second earthquake detected in this trench. 
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Figure 40: Reconstruction of events recorded in the southern wall of Lisar Trench, the 20th step. Showing the 

units at the time of the oldest earthquake detected in this trench and before the formation of the debris wedge. 
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Figure 41: Reconstruction of events recorded in the southern wall of Lisar Trench, 21st step. 
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Figure 42: Reconstruction of events recorded in the southern wall of the Lisar trench, step twenty-two. 

 

 



Paleoseismological investigations along the Astara fault system 

65 
 

 

Figure 43: Reconstruction of events recorded in the southern wall of Lisar Trench, the twenty-third step. 

 

Figure 44: Reconstruction of events recorded in the southern wall of the Lisar trench, the twenty-fourth step. 

Showing the units in the time before the oldest earthquake detected in this trench. 
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Figure 45: Reconstruction of events recorded in the southern wall of the Lisar trench, the twenty-fifth step. 

 

Figure 46: Reconstruction of events recorded in the southern wall of the Lisar trench, the twenty-sixth step. 
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Figure 47: Reconstruction of events recorded in the southern wall of the Lisar trench, the twenty-seventh step. 

 

Figure 48: Reconstruction of events recorded in the southern wall of the Lisar trench, the twenty-eighth step. 
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3-4- Interpretation of identified paleoseismic events 

In the identified youngest event by the first 

method (Figure 21; Event 1), the fault has hypothetically 

displaced layer 11. If we remove unit 11 (event 2), then 

units 5, 6 and 8 are approximately displaced normally 20 

cm and since the fault has reached to the top of unit 9, it 

is possible unit 9, also displaced by the activity of this 

fault (Figure 21 to Figure 24; Table 5). In the second method, 

only one event has been identified, in which units 5, 6, 8, 

9, and 11 were displaced by an apparently normal fault, 

and this faulting occurred on fault F1. The next event, 

which is considered as the third event in the first method 

and event 2 in the second method, has been identified 

due to the faulted colluvial wedge (Figure 38). The last 

event identified in the Lisar trench is supposed to be 

normal displacement in unit 1, and the presence of a 

colluvium wedge next to unit 3, which was created due 

to the oldest event. Therefore, one of the constituent 

units of the colluvial wedge is unit 3 (Figure 15 & Table 2). 

The thickness of unit 3a is obtained according to the 

average thickness of the colluvial wedge. By reconstruct 

on of units 3 and 3a, we reconstructed the faulting of 

these units as well (Figure 49). 
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Figure 49: Stratigraphic comparison caused by strike-slip fault 

movements, creep movement (a) instantaneous seismic movement 

(b), time elapsed from T0 to T2 (Lienkaemper et al. 2002) With 



Paleoseismological investigations along the Astara fault system 

70 
 

regards to figure b at time T1 and T2, it can be seen that the 

formation of the colluvial wedge is directly related to the collapse of 

the fault scarp, therefore, in the reconstruction of the 

paleoseismological log by removing the colluvial wedge, it is 

necessary to give a height equal to the average diameter of the 

wedge to the fault scarp. 

 

3-5- The evidence of identified paleoearthquakes  

The detection of a colluvial wedge cross-cutting 

in the trench is evidence of the occurrence of at least two 

paleoearthquakes in this trench, while further studies 

indicate 3 to 4 paleoearthquake in this same trench. As 

mentioned earlier, there are two possibilities for 

reconstruction of Lisar trench. In the first method, unit 

11 was faulted by an event younger than the event that 

displaced units 9, 8, 6, and 5. But in the second method, 

the existence of unit 11 is attributed before to the 

faulting of unit 9, so in the same proportion that units 8, 

6, and 5 are displaced, we apply this displacement to 

units 9 and 11 and perform the reconstruction. Table 3 & 

Table 4 show the events detected in Lisar Trench and 

evidence of paleoearthquakes. 

3-6- Estimation of paleoearthquakes magnitude 

identified in Lisar trench 

The values of vertical displacement in each 

paleoearthquake are listed in Table 5 to Table 7. The 

measurements were made by CorelDraw software and 
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include the values of vertical displacement on the fault 

plane (Vf) and in the vertical axis (V) in each event.  

Estimates of displacement and magnitude of 

paleoearthquakes are given in Table 3-6, and based on 

rake values obtained by Kaveh Firouz et al. (2013) and 

using the relations of Wells and Coppersmith (1994). 

To estimate magnitude based on empirical 

relationships, we must first calculate the amount of net 

slip for each seismic event. Therefore, the amount of net 

slip is obtained from the following relationship: 

𝑵𝒆𝒕 𝑺𝒍𝒊𝒑 = 𝑨𝑫 = 𝑽𝑻𝒓/𝑺𝒊𝒏𝑹 

 

VTr is the total vertical displacement visible in the 

trench (Table 5 & Table 6), AD is the amount of net slip, R 

is the value of Rake. Following estimating the value of 

the net slip of the fault in each identified event, and by 

using the Wells and Coppersmith (1994) relation, it is 

possible to estimate the magnitudes of the oldest known 

earthquakes in the trench. 

 

𝐹𝑆𝑡𝑟𝑖𝑘𝑒 𝑆𝑙𝑖𝑝 = 𝑀𝑊 = 7.04 + 0.89 log (𝐴𝐷) 

𝐹𝐺𝑒𝑛𝑒𝑟𝑎𝑙 = 𝑀𝑊 = 6.93 + 0.82 log (𝐴𝐷) 
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Table 3: The evidence of the seismic event horizon identified (by 

the first method) in the main fault zone in the southern wall of the 

Lisar trench. 

Event Event Horizon Evidences 

Event 1 Top of unite 11 Truncation of unit 9 by fault F1 

Event 2 Top of unite 9 and 10 Truncation of unit 5, 6, 8 and 9 by fault F1 

Event 3 Top of unite 1 and 3 Truncation of colluvial wedge (unit 4) 

Event 4 Top of unite 1 
Formation of colluvial wedge (unit 4), 

vertical displacement of unit 1, by fault F1 

 

 

Table 4: Evidence of seismic event horizon identified (by the second 

method) in the main fault zone in the southern wall of the Lisar 

trench. 

Event Event Horizon Evidences 

Event 1 Top of unite 11 Truncation of unit 9 by fault F1 

Event 2 Top of unite 1 and 3 Truncation of colluvial wedge (unit 4) 

Event 3 Top of unite 1 
Formation of colluvial wedge (unit 4), 

vertical displacement of unit 1, by fault F1 

 

 

Table 5: Vertical displacement values at the time of the second 

earthquake event, measurements were made on log number 5. 

Event 2 or Event1 

Total CC′ BB′ AA′ Vf 

58.38 37.38 − 21 Measurement (cm) 

Total CC′′ BB′′ AA′′ V 

58.4 18.69 19.62 20.09 Measurement (cm) 
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Table 6: Vertical displacement values at the time of the last 

earthquake event, measurements were made on Log No. 21. 

Event 4 

Total AA′ Vf 

16.3 16.3 Measurement (cm) 

Total AA′′ V 

15.4 15.4 Measurement (cm) 
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Table 7: Estimated displacement values and magnitudes of paleoearthquakes indentified in the Lisar trench. 
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Chapter four 

CONCLUSION 

 

The Field studies along the Astara fault 

indicating different geomorphological, indices such as 

various amount of right- lateral river displacements, 

shutter ridges, etc. The main purpose of this study 

focused on Paleoseismological investigations on the 

southern segment of the Astara fault system in the Lisar 

trench in western coast of the South Caspian Basin.  

The results show that the paleoearthquakes are 

probably younger than 30.000 years ago, and on the 

basis of local sedimentation rate of the trench, the 

youngest earthquakes may occur 5,000 years ago with 

magnitude 6.24. The estimated magnitude for oldest 

event (~ 30.000 years ago) is around 5.74. 
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