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Abstract 
Iran, located between the Arabian plate in the 

south and Eurasia in the north, suffers a stress of 20 

mm/y which such stress, in addition to plastic 

deformations, especially in the Zagros region, caused 

many earthquakes along the Zagros highlands in the 

south-southwest, Alborz in the north, as well as Kopet-

Dag and Caucasus mountains in the east and west of the 

Caspian. 

Many researchers have studied young tectonic 

activities in Alborz in past years (e.g.  Ambrasys and 

Allen 2004 & 2003; Berberian, 1983; Melville 1982; 

Tchalencko, 1974). These studies provide the first 

structural model of historical evolution, young 

geodynamics and geometry in the mechanism of major 

faults in this mountain range. Alborz mountain range is a 

complex structural belt affected by various tectonic 

events from Precambrian to Quaternary with structural 

zones of the Southern Caspian in the north and central 

Iran in the south (Nazari, 2006; Alavi 1996; and 

Berberian, 1981). 

Alborz Young deformations indicate the 

appearance of transpressional deformations with a left-

lateral shear in the direction and parallel to the pull-push 

structures of Alborz or east-west direction, (Nazari, 

2006; Allen et al., 2003 and Jackson et al., 2002). 
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Introduction 

Various interpretations of the structure of Alborz 

have been presented. Alavi (1996), based on his research 

in the eastern part of Alborz in the Binalood Mountains 

(south of Kopet-Dag), considered Alborz to be a 

complex structure of the Antiformal stack type. Before 

him, Stocklin (1974) and after him Allen et al. (2003), 

Guest et al. (2006), Nazari (2006) and Shahidi (2008) 

considered the structure of Alborz, at least in the central 

part, to be a rose structure. 

The Southern Caspian, which is bounded in the 

south by the Alborz structural zone, in the west by the 

Talesh heights, and in the east by the Kopet-Dag 

structural zone, is limited at its southern and western 

edges by a compressive fault system, and in the 

southeast by a left-lateral strike-slip fault. The northern 

boundary of the Southern Caspian crust is marked in the 

east by the Kopet-Dag faults (Ashgabat), in the middle 

of the sea by the Apsheron, and in the west by the 

Caucasus fault on the border of the Greater Caucasus 

and Eurasia (Jackson et al., 2002). Based on this 

structural pattern, heights around the Caspian Basin such 

as Alborz and Talesh have been pushed over this thick 

oceanic crust on a compressive fault system, and the 

southern Caspian crust has been pushed under the Talesh 

and Apsheron in the west and northwest (Nazari, 2015) 

(Figure 1). 
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Geographical Setting 

The study area with the coordinates of 53° 24ˊ 7" 

East and 36 ° 40ˊ 42" North is located five kilometers 

west of Behshahr and two kilometers northwest of 

Rostam Kola in Mazandaran province. Rostam Kola is a 

small town in the central part of Behshahr city and is 

located 10 km from Neka to Behshahr road. Rostam 

Kola, located on the Sari-Behshahr highway, is 40 km 

from Sari and about 8 km from Behshahr. Gohar-tappeh 

is ecologically located between a narrow fertile strip 

between the Caspian Sea in the north and the slopes of 

the Alborz Mountains in the south. This area is a short 

distance from the beach and Alborz heights are less than 

one kilometer south of it (Nazari, 2015). 

Research Aim 

In order to study, in detail, the activity of the 

Caspian Fault and in fact its progressive branches to the 

north and to determine the number of events, magnitude 

and return period of earthquakes caused by the activity 

of these fault branches, archeoseismological studies were 

carried out near Behshahr (Gohar-tappeh site) in 

Mazandaran province, which will be described in the 

following. Finding out the time, place and magnitude of 

earthquakes in the direct results of archeoseismological 

research is of great importance for seismologists and 

archaeologists. From a seismological point of view, 

these characteristics are necessary to estimate the seismic 

risk and determine the return period of earthquakes. 
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Archeoseismology also helps to complete the list of 

historical earthquakes by providing new historical data. 

It is clear that increasing awareness of seismic history 

leads to reducing uncertainties in seismic hazard 

estimation, which is very important. Archeologically, 

finding reasons such as the cessation of living in an area, 

the sudden migration of tribes and nations from a land, 

and finding an explanation for the evidence in the 

ancient ruins, are all among the cases that are answered 

in archeoseismological research. Gohar-tappeh, due to its 

vast historical background and its location within the 

activity range of the active Caspian Fault, has revealed 

the need for archeoseismological studies (Nazari, 2015). 

Methods 

In this regard, the results of paleoseismology and 

to further study the structures in the region, geophysical 

data such as geoelectric and GPR profiles were used. In 

addition to data obtained from GIS, satellite images, 

aerial photographs and digital models are provided 

(Nazari, 2015) (Figure 2). 

Discussion 

Gohar-tappeh is one of the prehistoric settlements 

of Iran, which was formed during the Copper and Stone 

Age. The location of this area between the ancient 

valleys and caves of Gomishan, Hotu and Kamarband 

has doubled its importance. Archeological studies 

indicate that the area is 7,000 years old and reveal the 
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Bronze Age (third millennium) to the Iron Age I (mid-

second millennium BC). Also, based on the study in the 

stratigraphic boreholes in Gohar-tappeh, this region 

dates back to the Copper and Stone (Chalcolithic), 

Bronze and Iron Ages, which specifies many works 

including pottery, architecture, decorative and war tools. 

Based on preliminary studies and movable and 

immovable cultural data obtained from the layers 

excavated in Gohar-tappeh, it be can said that the 

settlement began from the late Neolithic period? 

(Probably Chalcolithic) in this large ancient site and 

continued into the Bronze and Iron Ages. Also, in the 

eastern part of Gohar-tappeh, very few artifacts from the 

Parthian period have been identified. According to 

archeologists, humans who lived in the ancient caves of 

Mazandaran, such as Gomishan Cave, Hotu Cave and 

Kamarband Cave, after leaving the cave, gradually 

caused the emergence of Gohar-tappeh. This is a man-

made hill; That is, over time, the inhabitants have come 

to higher places with the disappearance of previous 

places. Due to water sources, forests, sea, caves, sources 

of stone artifacts and favorable conditions of the region 

along with oth er existing potentials, Gohar-tappeh 

gradually took the path of development and, in the 

Bronze Age, became a large city with an area of 50 

hectares. Therefore, in the Neolithic era, the village's 

way of life was settled and in the Bronze Age, it was 

considered and urbanized. Probably, until the Middle 

Bronze Age, the residential space and burial place were 

in one place. But in the Late Bronze Age, both the size 
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of the city was reduced and the cemetery was moved out 

of the residential area. Between the Bronze and Iron 

Ages, this area became uninhabited for about 200 years, 

and in the Iron Age, the cemetery was moved out of the 

residential area and a sloping site was chosen to prevent 

water intrusion (Nazari, 2015). 
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Figure 1: (a) The geodynamic pattern 

of the Southern Caspian Basin and the 

structural relationship with the Alborz 

area during the Miocene indicate the 

presence of left-lateral shear-

compression systems in the eastern 

part of the central Alborz and right 

shear-compression fault systems in 

the western part of the central Alborz 

(Nazari, 2006; Ritz et al., 2006). (b) 

The young geodynamic pattern of the 

Southern Caspian and Alborz, which 

is based on the idea of the clockwise 

rotation of the Southern Caspian crust 

and the formation of a left shear 

system in the interior of the central 

Alborz. 



Young Deformations and Geodynamics of North Central Alborz, Caspian Faults and 

North Alborz 
 

8 
 

 

The stepped shape of this hill is the first thing 

that attracts the attention of every viewer. According to 

experts, each floor is a sign of a period of time. The 

lower we go, the older the place gets. In 

archeoseismological studies, the effects of fault vibration 

including fracture of the building, sloping wall, rotation 

of building elements, lateral curvature, breaking and 

falling of walls, vertical rotation of objects (tombstones, 

columns, monuments) and crushing of corners of blocks 

in the result of the concentration are among the 

archaeoseismic evidence (Galadini et al., 2006), as 

examples of these effects have been observed in the 

trench wall at the prehistoric site of Gohar-tappeh. The 

effects of the earthquake observed at the prehistoric site 

of Gohar-tappeh are the collapse and tilting of the units. 

Gohar-tappeh is a man-made hill, as the units observed 

at the Gohar-tappeh site are cultural layers made by the 

ancient people of Gohar-tappeh; As a result, all of these 

units are expected to be horizontal. However, in part of 

the study area, the strata are diagonally as debris, while 

the upper and lower units are horizontal. This could be a 

sign of an ancient earthquake that occurred in this area, 

which caused the horizontal units to tilt. In part of the 

wall of this museum, the effects of faulting and 

displacement of cultural layers have been observed, 

which indicate the occurrence of earthquakes in this site 

(Nazari, 2015). 
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Gohar-tappeh is located about 20 km south of the 

Caspian Sea and less than one kilometer from the Alborz 

Mountains. The hill starts in the south with a scarp and 

less than two hundred meters away there is a water well 

on a scarp. Due to the tectonic structure observed in the 

region, it is expected that a branch of the Caspian Fault 

has advanced towards the coast and under the hill. With 

the formation of this fault branch, a back-thrust with a 

slope to the north has been created in the southern part of 

the hill. 

Geoelectric profiles indicate structures such as 

thrust with a slope to the south in the northern part of the 

hill and another thrust fault with a slope to the north with 

two conjugate faults in the southern part. Thus, it is 

possible to imagine a branch of the Caspian Fault that 

has advanced under the hill. In the hanging wall, this 

thrust has been eroded due to extension and has caused 

the appearance of the hill to be double-arched, and the 

existence of faults, sometimes sloping to the north and 

sometimes sloping to the south, will not be far from 

expectation. And there is a back-thrust in the southern 

part of the hill. Under these conditions, the faults 

observed in the third geoelectric profile can be 

considered as pop-up structure; Because between two 

active thrust faults (Caspian Fault) and active back-

thrust, the existence of pop-up structure is more 

common. In GPR data, due to its sensitivity to saline 

water, the penetration depth is reduced, but the 

displacements shown in these images are exactly the 
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same as the escarpments and displacements visible in the 

area (Nazari, 2015). 

The site selected for paleoseismological research 

is a trench excavated by the Cultural Heritage 

Organization at the prehistoric site of Gohar-tappeh. 

Gohar-tappeh is located in the northwest of the historical 

city of Behshahr (Mazandaran) and near the two ancient 

caves of Hotu and Kamarband. The length of this trench 

is about 50 meters and has been dug in a north-south 

direction in the form of a step, so the depth of the trench 

varies along its length. The trench is roofed at 36° 407 ˊ 

47.5" North and 53° 24 ˊ 04.6" East (Nazari, 2015). 

In this project, two paleoseismic logs have been 

prepared from the western wall of the trench with a scale 

of 1:20. The first log, 12 meters long, was prepared from 

the southern part of the trench. Following the 

paleoseismic survey, another three meters of the 

northernmost part of the western wall of the trench along 

the previously prepared log were examined, and the 

paleoseismic log was prepared along with its 

reconstruction (Nazari, 2015). 

By comparing the two paleoseismic logs 

prepared from the wall according to the same units, the 

number of seismic events specified in the second log 

(log B) can be considered the same as the seismic events 

identified in the first log (log A). Considering the 

evidence of seismic events in Log B and similar units of 

both logs, it can be inferred that the first event in Log B 
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coincided with the first event in Log A and that one 

seismic event was the cause. The second event in Log B 

is distinct from the events specified in Log A and 

occurred between two events I and II in Log A. As a 

result of a single seismic event, seismic evidence is 

observed in each log (Nazari, 2015). 

Thus, during paleoseismological surveys along 

the western wall of the trench, five distinct seismic 

events have been identified. Finally, the total 

displacement values and magnitude of paleoearthquakes 

have been estimated using the magnitude relation of 

Wells & Coppersmith (1994). 

The magnitude of each event is estimated using 

the maximum actual displacement and the assumption of 

causal faulting in the vertical mechanism (normal or 

reverse). Hence, the magnitude of the five    

Paleoearthquakes identified on a branch of the Caspian 

Fault in the trench of the Gohar-tappeh site has been 

estimated about 5.6-0.7 on the MW scale in the period of 

7000 to 1800 years ago (according to the data of the 

Cultural Heritage and Tourism Organization of 

Mazandaran province). According to the period 

determined based on archeological studies, the detected 

events in the study area occurred between 7000-1800 

years ago. Thus, the return period of earthquakes can be 

calculated by assuming a homogeneous distribution of 

events. The mean return period is obtained by dividing 

the number obtained by the difference between the age 

of the first and last event and the interval of the events. 
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As a result, according to calculations, the return period 

on average seismic events is about 1300 years. Carbon 

14 age determination tests are performed to determine 

the exact age of events from different stratigraphic units 

and at the upper and lower boundary of each seismic 

event. By presenting the results, a more accurate return 

period of the earthquakes can be predicted (Nazari, 

2015). 

 

Figure 2: Geophysical section of GPR from the scarp 

observed in the Kaldeh region, red arrows indicate anomaly 

resulting from the faulting with increasing cumulative vertical 

displacement at depth. The image shows the field survey 

method performed in GPR geophysical studies (Nazari et al, 

2013). 

Results 

The Caspian Basin with the maximum depth of 

960 meters across both south and west corners is limited 

to the Caspian and Astara active fault systems. 
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The Caspian Fault as the largest active fault 

system in the northern slope of Alborz, which is 

considered as a progressive fault compression structure 

and has its roots to the north in the northern Alborz fault 

plane, is one of the most important linear sources of 

earthquakes in the southern coastal part of the Caspian 

Sea. 

This fault system according to the geographical 

setting, geometry and mechanism is considered as a 

linear source of earthquakes such as: Gorgan-Gonbad 

Kavous 874 AD (Ms = 6.0, Io = VII), 1498 AD and 1809 

AD, Gorgan 1944 AD (Mb = 5.2, Io-VII) and Gorgan 

952 AD (Mb = 4.7), Sangchal 1967AD (Ms = 6.8), 

Farsinach 1970 AD (Mb = 5.0), Babol Kenar 1971 AD 

(M = 5.2), Aliabad Katoul 1999 AD (Mb = 5.3), Gorgan 

2004 AD (Mw = 5.6), Firoozabad Kojoor 2004 AD (Mw 

= 6.2) and Gorgan 2005 AD (Mw = 5.3)(Ambrasys and 

Mckenzie, 1972; Berberian and Yeats, 1999 & 2001; 

Tatar et al.; Melville, 1982). 

The scattered earth tremors such as earthquakes 

recorded in the north of Anzali (05 Feb. 2012) are also 

evidence of the activity of progressive branches of the 

youngest fault system in the sea floor (Nazari, 2015). 

In the west coast of Southern Caspian, although 

there is no direct indication of the occurrence of 

devastating earthquakes during the last century attributed 

to the activity of one of the progressive branches of the 
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Astara fault system on the land or in the sea, but many 

instrumental earthquakes are recorded in the extent of 

the influence of this fault system. The historical 

earthquakes of 1709 and 1713, which destroyed the 

Rasht area in the 18th century, can be considered as the 

result of the activity of the southern branches of this fault 

system. Geographical proximity and direction of both 

Caspian mobile faults with progressive active branches 

isolated from each of them, which caused deformation, 

folding and sometimes cutting of very young sea floor 

deposits, along with seismic background and movement 

rate of <2.5 mm/y for the Caspian fault and 1.5mm/y> 

for the Astara fault, indicate that the recurrence of an 

earthquake with a magnitude of medium to large (6 <M) 

resulting from the re-movement of one of the active fault 

systems in the Southern Caspian coast or its water body 

is not impossible (Nazari, 2015). 

South or west of the Caspian Sea as a linear 

source of seismicity on land and close to the water body 

or one of the progressive fault branches in the sea floor 

will cause the production and propagation of large 

seismic waves in the crust and then in the water column 

of this deep lake. Propagation of seismic waves due to 

the failure of rock layers at the depth of the crust and 

rupture and surface faulting in the land area and near 

such a deep basin has the ability to produce long and 

large waves of the Seiche type or in case of movement 

and rupture with displacement on one of the branches of 

the sea floor fault in the water body can cause the 
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formation of Tsunami. The generation and Propagation 

of each of the sea waves resulting from earthquake 

events on the land or in the water body arising from the 

re-movement of the Caspian fault system or the Astara 

fault system due to the geometry of the basin, low 

relative width and accumulation of high population on 

the south and west coasts of the Caspian will cause high 

and destructive waves to hit these low shores. And due 

to the extent and slope of the shore compared to the 

geometry of the floor and the depth of the water, the 

possible seismic moment can form waves with a height 

more than 6 m in most parts and can easily crush more 

than 30% of the Iranian Caspian coast (Nazari, 2015) 

(Figure 3). 
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Figure 3: The waves influence zone with a height up to 5 m in the coastal zone of the Southern 

Caspian, yellow arrows indicate the influence line of the waves in the present-day conditions (level of 

26 m) and in case of waves with a height up to 3 m (topographic level of zero meters) in figure a and 

waves with a height of 5 meters (level of 5 meters) in figure b and the damage zone cover is about 

30% of the coastal zone of the Southern Caspian (Nazari et al, 2013). 
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Also, according to the paleoseismological studies 

carried out in Gohar-tappeh, Behshahr, the activity of the 

progressive branches of the Caspian fault can be 

summarized in terms of seismicity as follows: 

considering the morphotectonics and geophysical 

observations made at the prehistoric site of Gohar-

tappeh, it is possible to schematically depict the 

modified pattern of the position of the major Caspian 

fault to the south and its progressive system to the north 

of the site. In this study, it is suggested that a branch has 

advanced from the east-west Caspian fault to the north 

and beneath the study area. At the southern edge of the 

hill, a back-thrust has been active. In the hanging wall of 

the thrust fault, due to the function of maximum 

extension, the erosion has a significant effect. Also, in 

the northern part of the hill, the tension from the impact 

of the thrust fault activity has caused the erosion of the 

northern part of the hill and the activity of farmers and 

their advance towards the hill has intensified the 

destruction of the hill. Then, paleoseismological studies 

were carried out on the western wall of the trench of the 

Gohar-tappeh site. Despite the absence of large-scale 

historical and instrumental earthquakes in the Caspian 

fault zone, the results of paleoseismological studies of 

the Gohar-tappeh trench show evidence of the 

occurrence of ancient earthquakes on the Caspian fault in 

the period of 1800-7000 years ago. Based on the time-

stratigraphic correlation of the units and the 

identification of evidence of Caspian fault movement in 

the trench of the Gohar-tappeh site, at least five 
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paleoearthquake events over the last 7,000 years with a 

magnitude of about 5/6/7 on the moment magnitude 

scale (Mw) have been identified. Archaeologists 

estimate the age of the trench floor at about 7,000 years, 

the upper level of the trench at about 1,800 years, and 

the middle part of the trench at about 3,600 years, based 

on stratigraphic dating. Also, in the middle part of the 

trench, works of several hundred years have been 

observed in creating units and as a result, there is no life 

in this part. However, in the lower parts, evidence of a 

high-magnitude earthquake has been observed. In this 

case, it is argued that the occurrence of two prehistoric 

earthquakes in this region has caused the disappearance 

or migration of people before the history of Gohar-

tappeh, which is consistent with archeological studies in 

the region (Nazari, 2015).  
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