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Abstract

Statistics of human losses and financial casualties in Guilan province as one of the most populated and strategic areas in
the north of Iran have doubled the importance of having knowledge about earthquake and strategies toefdcice its

In order to investigate seismic hazard analysis, earthquake records along with selecting the proper distance of intended
locations were gathered to make Poissonian catalogs. The earthquake catalogs cover the geographical area limited to
35.0%39.3N, 47.152.2°E and include around 4,000 earthquake events between the years of 855 to 2016. An extensive
amount of efforts and times are required to eliminate duplicated events, to unify the magnitude scales and to cluster the
earthquake sequences withrigle windows in time and location domains to remove aftershocks and foreshocks. The
Final homogenous catalog consists of around 110 events for each region. Magnitude of completeness in different time
intervals is reported for Guilan region. Seismicitygraeters were achieved using GuteniRighter method by Zmap

and Kijko-Sellovell approaches for important cities of Guilan including Rasht, Anzali, Rudbar, and Lahijan. Comparative
analysis of the results from Zmap and Kij8ellovell approaches shows gboonsistency in the estimation of seismic
parameters with the result of literature
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1. Introduction

Some of the most tragic disasters of the world have been caused by an earthquake. According to United States
Geological Survey earthquake facts and statistics, more than 100 earthquakes with magnitude of 6 or greater, and 10
earthquakes of magnitude 7 aegter happen each year. An earthquake measuring magnitude 6 on the Richter scale or
greater, can threat many people around the world.

Iran as one of the most seismic active countries in the Middle East located over the HiAglagismic belt. Oil
fields, trade routes, geography and terrain, all contribute to the strategic importance of this region in the Middle East.
Therefore, it seems crucial to investigate the activity of tectonics and seismicity of Iran. Hessami and Jamali (2006)
have shown thahe activity of tectonic in Iran is a significant sign of active crustal deformation, which is due to the
convergence between Arabia and Eurasia plates, estimated arothf @m/year [1]. In 1999, Tavakoli and Ghafory
divided Iran into several seismotentc subdivisions and reported seismicity parameters for each subdivision from
earthquake catalog [2]. The Span of time for their investigation consisted of the limited range of time and not included
historical events. During several past years, great atmolefforts were made in all of regions to improve the
earthquake catalog features such as quality and quantity of data, completeness interval in time domain, unification of
magnitude scales, and accurate determination of time and location of eartageatse Therefore, presentation of an
updated and homogeneous earthquake catalog of Guilan regions, a densely populated province in the north of Iran, was
chosen as one of the primary aim of the study.
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Guilan province is located in southwest of the Casfiaa in the mountainous area which is surrounded by several
active faults including ManjiRudbar, Talesh, Fouman, North Alborz, and etc. Industrial, economic and social
development of Guilan province due to the moderate climate, appropriate situati@wgidoltural activities, and
possibility of shipping, makethis region one of the most populated areas in the north of Iran. Therefore, the
occurrence of an earthquake in such a densely populated province may cause severe consequences. During the last
several decades, thousands of the people lost their lives, and severe economic impacts and social damages were
experienced in this provincd=or instance, at 21 PM on June 1990 a destructive earthquake occurred in Guilan
province in Rudbar city with momentagnitude of 7.4 Richter scale which induced more than 40,000 people lost their
lives, more than 500,000 became homeless, nearly 100,000 buildings were destroyed and 700 villages were

demolished [34]. Each earthquake event can highlight the poor perfocmaf structures, lack of knowledge about
earthquake hazards and sometimes inefficiency of building codes.

Numerous active faults and earthquake occurrences in mentioned province show the high probability of seismic
events, and highlight the significanokseismic hazard evaluation for the cities of Guilan province. Hence the study of
probabilistic seismic hazard analysis (PSHA) as a tool for predictions of future ground motion seems crucial. Some of
more recent and comprehensive studies can be foundyvinddifferent regions all over the world {b7]. Seismic
studies such as PSHA highly depended on accuracy of preparing earthquake catalog by selecting the proper radius of
the intended location. Since the data were collected from different databasgsffoes are required to eliminate
duplicated events, to unify the magnitude scales and to cluster the earthquake sequences with variable windows in time
and location domains to remove aftershocks and foreshocks. After compiling the earthquake caiatogstys
parameters of four important cities of Guilan province, including Rasht, Anzali, Rudbar, and Lahijan were evaluated as

the other primary aim of the studg@onsequently the relationships between the annual rates of exceedance against
earthquake gnitude are presented for each.city

2. Tectonic Framework

Earthquake events are the phenomena induced by tectonic activates. Therefore, having knowledge of the tectonic
situation and recent movements are vital. Structural province subdivisions are basiedlantype and trend of
tectonic deformation. Guilan province situated in southwest of Caspian Sea (Alborz region) with a high density of
active faults is depicted in Figure 1. This region is situated in the northern part of HimAlpyhelt, which is
surrounded in south by active thrust belt of Alborz Mountain, in east by Kbpgh with strike slip faults form
conjugate shear faults and in west by north west region trendinglatgldal strike slip fault as seen in Figure 2.
Talebian and Jackson [[L8nd Hessami and Jamali [1] stated that the slip vector of structural province subdivisions
shows convergence into pure strike slip motion and pure thrust faulting. Geological and seismological data indicate
that there are many active faults in differgatts of Guilan Province. Table ihdicates some of the most important
active faults affecting the result of research on seismicity parameters of Guilan province. Jackson et al. (2002)

estimated the motions of the Caspian basin to be aroudd 3n/yr toSW to Iran and around 80 mm/yr to the NW
[19].
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Figure 1. (a) Guilan Province and location of study regiongb) Active Faults of Guilan Province
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Figure 2. Tectonic setting of Iran and its subdivisions

Table 1. Active fault of Guilan Province

Faults Length (km)
Manijil-Rudbar 152
North Alborz 300
Talesh 75
Lahijan 51
Masouleh 60
Khazar 600
Bonan 66
North Qazvin 60
Fouman 60

3. Earthquake Catalog and Catalog Features

Gathering and interpreting data are a critical effort for a PSHA investigation. Seisitlies extremely depend on
earthquake records as the basic data. Therefore, to minimize the uncertainties of earthquake records such as
magnitude, epicenter and hypocenter location, and so on, earthquake events data should be collected from prestigious
references, and an extensive amount of effort and time are required to combine the databases to eliminate possible
errors. In the first step, earthquake records of Iran were collected from literatures, including the International Institute
of Earthquake Erigeering and Seismology (IIEES) [20], Geological Survey Institute (GSI) [21], and Iranian
Seismological Center (ISC) [22] and other earthquake institute in the country. Then for each city of Guilan province,
which has experienced or expected to have seiantivities, the earthquake events recorded in the geographical study
area were extruded with a proper distance (200 km) from Iran records. Fighe8 the flowchart of preparation of
an updated, homogenous earthquake catalog.

The study of earthqualground motions, associated earthquake hazards and risk mitigation plays an important role
in the sustainable development of countries like Iran, where devastating earthquakes have occurred repeatedly. The
general approach to seismic hazard evaluatiosusally directed towards reducing the uncertainties at various stages
of the earthquake catalog process by collecting a sufficient amount of reliable and relevant data. There is generally a
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tradeoff between the effort needed to compile an earthquake gadald the degree of uncertainty that should be
taken into account at each step of the process. More detailed description of each step is presented in the next sections.

By preparing the earthquake catalog, seismic studies such as probabilistic Baizanicanalysis (PSHA) can be
done for the intended location. PSHA provides a framework in which these uncertainties can be identified, quantitated
and combined in a rational manner to provide a more complete picture of the seismic hazard. Also, theupebk G
acceleration (PGA) over the bedrock can be estimated by probabilistic approach and presented through PGA zonation
maps. Besides, seismic hazard maps of the studied area based on PGA over bedrock for 2 and 10 percent probability
of exceedance in a difcycle of 50 years, which were used to design resistance building against earthquake (equivalent
to recurrence period of 475 and 2475 years, respectively) can be produced. Hopefully, estimation of seismicity
parameters will provide a basis for evaluatiogg term earthquake potential, maximum expected earthquake, rate of
recurrence of earthquake and etc. In addition, the result of this paper can be used by National Building Regulations
Committee researchers to modify the Iranian Seismic Code of Pra@tide 0. 2800) for Guilan region

3.1 Earthquake Catalog Database

ltéds worth noting that earthquake records are <c¢l as
instrumental) and instrumental earthquake records. Historical earthquake reeareferaing to the events happened
before 1900 while instrumental records, sort chronologically in two bifurcations including before and after the
establishment of the global seismic network in 1964 all around the world. Obviously the quality and adiantity
earthquake records during modern instrumental era is more than the early instrumental era.

Study of historical earthquakes provides significant signs of possible future events. Thus, determination of fault
activity history is reasonable. Clearly, thistorical Iranian earthquake catalogs are incomplete, especially for small to
medium magnitude of the earthquake. The completeness and accuracy of available information about earthquakes
have evolved with time. Large magnitude earthquake with long pefioeicurrence time, which are generally rare
were only reported for historical events. Therefore, it is important to expand the seismic catalogs as far as possible
back in time. Table.Zhows resources of historical earthquake records of Iran amontethtulies
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Figure 3. Flowchart of preparing earthquake catalog for a region
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Table 2. Historical seismic database sources for Iran earthquake catalog

Catalog database Remarks

Wilson (1930) [23] Highly inaccurate (old style of reporting events)
Ambraseys (1968) [24] North central Iran

Berberian(1976) [25]

Nabavi (1978]26] Include duplicates, errors & dubious events

Poirier & Taher (1980) [27] Events between 528760

Ambraseys & Melville (1982) [28]  Simplified intensity scale

Berberian (1994) [29] Natural hazards and the first earthquake catalog of Ir
IIEES [20], GSI [21], ISC [22] The main references of Iran earthquake events

Generally, the historical Iranian earthquake records are incomplete for:
= Small to medium magnitude earthquakes
= Large magnitude in rural, sparsely populated

Meanwhile the question of how these records obtained, interpreted and proof of their reliability are needed to be
answered to achieve a catalog benefited from propedity and homogeneity. Figuré shows tle historical
earthquake map of Iran presented by Ambraseys & Melville [28]. As seen in Figure 4, many historical earthquakes
occurred in the north and northwest of Iran.
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Figure 4. Historical earthquake Map of Iran

Seismicity of Iran has gained attention of many domestic and foreign researchers among several decades. There are
also frequent discrepancies in the epicenter location, magnitude, depth and time of earthquakes reported by different
researchers. With regatd the promotion of qualitative and quantitative seismic instruments in the world, earthquake
seismologists divided instrumental earthquake era into two major categories:

2 The early instrumental era (190063)
= The modern instrumental era (19&4p to now

Seismicity for a period of 1900 to 1963, before the establishment of the global seismic network, is still poorly
understood due to the limitation in the distribution of instruments, response characteristics, and converting intensity to
magnitude. Iran'first seismograplstations werestablished in the Geophysics institute at Tehran University in 1958.
Over the time, other stations were situated in Shiraz, Tabriz, Mashhad, Semnan, Isfahan, Yazd and etc. For the period
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up to 1963, the number of earthquslke Iran, which magnitude is reliably known is small and for almost all smaller
shocks, magnitudes remain unknown. The modern instrumental era is the time span covered by a global seismic
network assigning a body wave magnitude (mb) or surface wave magriis) for all the events. A major problem

for global seismicity data in the modern era is reporting magnitude by the different size of descriptor for each
earthquake. Table. 3hows some of the most reliable resources of instrumental earthquake oéddoadsamong the
literatures.

Table 3. Instrumental seismic database sources for Iran earthquake catalog

Catalog database Remarks

Karnik (1969) [30] Databases of NW events of Iran

Nowroozi (1976) [31]

Nabavi (1978) [26] Include duplicates, errors & dubious events
Ambraseys & Melville (1982) [28] The main resourced earthquake events for 190063
Raid & Meyers (1985) [32] Events between 1960983

Ambraseys (1988) [33, 34]

Moinfar et al. (1994) [35] Historical and instrumental record of Iran catalog
Mirzaei et al. (1997) [36]

IIEES [20], GSI [21], ISC [22] The main references of Iran earthquake events

United States Geological Survey [37] Scientific agency for natural sciences, including earth science and biol

Figure 5 shows records of instrumental earthquake events and their distribution in Iran. As seen in this figure,
numerous events happened in north and northwest of Iran.
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Figure 5. Instrumental earthquake Map of Iran

3.2 Earthquake Catalog of Intended Cities

Seleced areas of Guilan Province show tectonic activities with surface deformation during past and present time.
The earthquake catalog of each city should be extruded from Iran records. In this project, the study area of each
region was limited to the 200 kfnom the center of the city. For instance, quadrangle limitations for Rasht are
35.478°N to 39.078°N and 47.321°E to 51.885°E and a total area of approximately 160°00am4 and Figure
6. show the range of latitude and longitude of the cities and the epicenter of earthquake records in these regions
respectively
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Table 4. The range of latitude and longitude of Rasht, Anzali, Rudbar, and Lahijan

City Latitude Latitude Range, °N Longitude Longitude Range ° E
Rasht 37.278 35.47839.078 49.588 47.32151.885
Anzali 37.473 35.67339.273 49.468 47.20151.735
Rudbar 36.823 35.023 38.623 49.426 47.17851.674
Lahijan 37.201 35.40%39.001 50.007 47.75152.263

The numbers of earthqualevents at this step in the instrumental era3@22, 3745, 3868, and 4019 for Rasht,
Anzali, Rudbar, and Lahijan respectively. Undoubtedly, duplicated records, foreshocks and aftersisbaeksong
these earthquake records that should be compiled to reach final earthquake catalog. The procedure to find duplicated
events was based on two criteria, including epicenter distance and time differences of events from different databases
[38].

37

c d
Figure 6. Earthquake recorded in the region of a) Rasht b) Anzali ¢) Rudbar d) Lahijan

3.3 Earthquake Magnitude Scales andConversion toSurface M agnitude

Various magnitude scales were assigned to the earthquake events by different databases. Hence converting
different scales to an appropriate scale seems to be essential. The Magnitudes of historical earthquakes in Iran are
equivalent to surface wave magmituscale assigned by Ambraseys and Melville in 1982 [28]. The surface wave
magnitude (Ms) is a worldwide scale of magnitude based on the amplitude of Rayleigh waves with a period of time
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