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ABSTRACT

An evalution of earthquake data with reference to the tectonic character of the
country was carried out. An earthquake hazard map was prepared, based on com-
pilation and interpretation of all available isoseismal maps of Iranian large earth-
quakes and incorporating the distribution of moderate magnitude and historical
shocks for which isoseismal contours were not found. This was done by establishing
appropriate relationships between important earthquake parameters such as mag-
nitude, intensity and fault length.

On the basis of this study an intensity distribution map illustrating the level of
damage experienced in defferent parts of Iran was prepared. A revised map, assuming
movements of the known Quaternary faults, was also prepared for estimation of the
damage distribution in the future. This map delineates several major damage zones
with probable intensities higher than VIII (MMI), which includes most of the large
cities of Iran.

1. INTRODUCTION

It is common practice to carry out detailed seisinotectonic studies of seismically
active regions for the earthquake resistent design of buildings and other structures.
For proper guidance in the design of structures, preparation of seismic risk maps and
the drawing up anti-seismic codes in lran, it is essential to have the fullest possible
understanding of the seismicity and tectonics of the country. The seismicity at a site
is assessed partly by its distance from any fault and partly from the frequency and size
of shocks that have occurred in the past. The zoning of a country depends primarily
on the known seismic history of the region and its tectonic features.
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The earthquake activity in different parts of a country or region is not necessarily
of the same severity. Thus it is necessary to classify it into zones so that the forces fo~
which structures are designed at any site are varied according to the severity of earth-
quakes expected there. At the present time, although we cannot predict the magnitude
and the time of occurrence of future earthquakes, it is possible to indicate to some
extent the zones where earthquakes may occur. For instance, if earthquakes of a cer-
tain character are associated with a certain tectonic zone, it can be assumed that earth-
quakes of the same character may occur at a part of this zone in the future. In parti-
cular, if new data indicates the predicted trend, the reliability of such an assumption
may be increased.

The seismicity of various regions in a country is often described by a seismic
zoning map. Preparation of such a map is an important but difficult step, using data
about past earthquakes and taking into consideration the probability and frequency
of damaging earthquakes. The seismic risk map of a region should be revised frequently,
introducing new data as earthquakes occur and adding more information about the
seismicity of the region as it becomes available.

The seismic risk map is very useful for the design of average structures, but for
important projects, it is necessary to carry out geological and seismological surveys
for the site in question to arrive at more precise design factors for future earthquakes.

In recent years, several attempts were made to prepare a seismic risk map of
Iran, starting with the preparation of seismotectonic maps and seismotectonic provin-
ces. Peronaci (1958) prepared a seismic map for Iran and divided the country into five
zones (class a,b,c,d and e). Abdalian (1963) presented his simplified seismotectonic
map of Iran and divided the country into 17 regions of different seismic activity and
gave the maximum intensities of these regions on the Modified Mercalli Intensity
Scale. (Fig. 1)

The first seismotectonic province map was presented by Tchalenko, Iranmanesh
and Berberian (1973) for the northern part of the country (Fig.2). Berberian (1976 
and c) published the first complete and detailed Seismotectonic Map of Iran, and divided
the country into four major seismotectonic provinces based on detailed tectonic and
seismic history of the country (Fig. 3). He also presented the first documented Fault Map
of Iran, giving a special legend for the recency of fault movement and showing the
genetic classification of Iranian faults (1976 d,e,f and g). Nowroozi (1976) divided
the country into 23 seismotectonic provinces based on very poor and limited tectonic
data. Most of his provinces could be taken as one single province and there is no need
to complicate the matter by increasing the number of provinces, especially when Now-
roozi himself seems to give little credibility to his own boundaries (Fig. 4), (Berberian
1977).

Moazami-Goudarzi (1972), Moazami-Goudarzi and Hossein-Javaheri (1973a,b,
c; and 1974), Moazami-Goudarzi et al. (1972a,b) by giving the fundamental points
of seismic zoning, started to present local seismic zoning maps of different parts of the

Fig. !. (Facing page) Seismotectonic Map of Iran prepared by Abdalian (1963).
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country. They paid attention to earthquake intensities of the twentieth century and

the historical earthquakes (pre-1900), but did not take into consideration of the effects
of the major Quaternary and Earthquake Fault (Figs. 5-12).

Neghabat and I_ iu (1977) on the basis of limited data, gave an earthquake mic-
rozonation analysis of Iran and presented a regional isoseismic contour map in terms
of intensity, with periods from 20 to 1000 years. These authors also failed to consider
the effects of the major Quaternary and Recent active faults of the country. In addition
they used poor seismic data. (Fig. 13)

In this preliminary study an attempt has been made to initiate the "first step"
toward the crucial task of seismic zoning of Iran through preparation of an earthquake
hazard map of the country. This paper presents a deterministic estimate of the maxi-
mum intensity levels to be expected in different parts of lran. It is based primarily
upon the isoseismal maps of large Iranian shocks, the latest information on historical
(pre-1900) shocks, macroseisrnic epicentres and magnitudes of instrumentally located
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Seismotectonic provinces of North Central Iran. Spaced hatching: region where marine
Oligo-Miocene deposits are thicker than 200re.Close hatching :as before, thicker than 1000m.
Black: salt domes (after Tchalenko, Iranmanesh, Berberian 1973, and Tchalenko 1974).
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earthquakes during the past 76 years. Geologic-tectonic data, in particular the dis-
tribution of the Quaternary and Earthquake Faults, their length and probable asso.
ciation with future seismic activity, have been incorporated to complete the gaps in
the intensity distribution of seismic activity.

J ARABIAN PLATE

CASPI AN

Fig. 3. Iranian main seismotcctonic units (after Berberian 1976).
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Fig. 23 Seismotectonic Provinces of Iranas proposed by Nowroozi(1976). Note that the provin-
ces No. 12, 13, 14 and 15 are completely or partly limited by the geographical features
rather than structure or seismicity. Province No. 13 exactly follows the Kavir (desert)
boundary of the Tectonic Map of Iran (St6cklin, Nabavi 1973) and the First Seismotectonic
Map of Iran (Berberian 1976). It should be remarked that there is no difference between the
seismicity and tectonics of province No. 13 and those of adjacent provinces such as No.
12. The boundary between provinces No. 22 and 23 follows precisely the depression of the
Caspian Sea based on the above-mentioned two maps. There is no difference between the
seismicity and structure of those two provinces (comments by Berberian 1977),
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Fig. 5. Simple seismic zoning map of Tabriz region (after Moazami-Goudarzi and Hossein-
Javaheri 1972).
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,Fig. 6. Simple seismic zoning map of Zanjan region (after Moazami-Goudarzi and Hossein-
Javaheri, 1973).
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Fig. 7. Simple seismic zoning map of Mosel region (after Moazami-Goudarzi and Hossein-Java-
heri, 1973).

Fig.

S IMPLE ZONING MAp OF SHAHPUR co,,= u~

Simple seismic zoning map of Shahpur region (after Moazami-Goudarzi and Hosseio-
Javaheri, 1973).
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Fig. 9. Simple seismic zoning map of Rasht region (after Moazami-Goudarzi and Hossein-
Javaeri).
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Fig. 10. Simple seismic zoning map of ~hahrud region (after Moazami-Goudarzi and Hossein-
Javaher, 1973).
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Fig. 13. Earthquake intensity contour map of Iran (after Neghabat and Liu, 1977~.
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Fig. 1 ;. Areas of destructive earthquakes in Iran (4th century B.C. to 1976 A.D.), (after Berberian
1976). The revised and more complete data is given in Tables No. 1 and 2 of report No. 
this volume and Maps No. 1 and 3 of this volume.
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It should be observed that the results of the study depend on the availability of
earthquake data (historical and 20th century) and geologic-tectonic information.
The reliability of the results is only as good as the reliability of the information used.
However, any new information for any one of the steps in the procedure can easily
be included to update the intensity zone maps and the seiemic risk map.

In this study, in order to develop a simplified and working seismic zoning map
of Iran and to facilitate more realistic evaluation of the earthquake risk of important
structures in the country the following processes were carried out successively. All the
basic maps used in this study, and in the other reports of this volume, are published
here as base maps for those who want to follow the procedure of the research carried
out or to prepare another and better seismic risk map of Iran by utilizing different
methods and updating the existing data.

A - Preparation of the Isoseismal Map of Iran

All the existing isoseismal maps of the welt studied Iranian earthquakes have been
gathered and plotted on one map (see the "Isoseisrnal Map ofIran", Berberian 1977
and Report No. 4, this volume). Since this map is the most complete and reliable one,
it has been chosen as the base map for the preparation of the seismic risk map of the
country. On this map, about 52 individual isoseismal maps of 52 different twentieth
century earthquakes have been plotted, based on the Modified Mercalli Intensity Scale.
Unfortunately this number is very low for the earthquakes of the twentieth century
of a large seismic country as Iran. The reason is that scientific study of the seismotec-
tonics of this country is a recent phenomenon; we hope that interest will now increase
so that we may have a better picture of the seismotectonics of the country in the
future.

It is possible to utilise empirical methods for determing the value of MMI from
the magnitude of earthquakes, but caution is necessary because the intensity of the
earthquakes in an area varies considerably, depending upon the local geological
conditions, location of the area with reference to the epicentres, the focal depth and
the type of the building.

B - Historical Seismicity (pre 1900) and historical Intensity Zone Map of Iran

Since it is obvious from the geological point of view that the earthquakes of
such a short period as the twentieth century do not provide an adequate basis for
estimating the seismicity of a region, historical earthquakes are also taken into con-
sideration. In Iran, only scanty data about some major historical shocks are available.
(Fig. 14)Unfortunately the approximate intensity and corresponding magnitude of these
shocks is very difficult to ascertain by our present knowledge because of the deficiency
of the Iranian historical data. For this purpose two maps were prepared by Berberian
(1977, Reports No. 3 & 4), namely the "Historical Seismicity (Pre-1900) Map of Iran"
and the "’Intensity Zone Map of lran (4th century B.C to 1900)" have been used. Ber-
berian collected some reliable data on historical Iranian earthquakes and estimated
their "relative instensities" and prepared the "Historical Seismicity (pre-1900) Map
of/ran." The data and sources are given in Table 1 of report No. 3 (this volume). 
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this table the "approximate macroseismic epicentres" of some of the historical earth-
quakes have been given.

On the "Historical Seismicity (pre-1900) Map of Iran", the major known his-
torical earthquakes of the country are plotted and are divided into two categories:
a) earthquakes with approximate estimated magnitude equal to and greater than 
(on the Richter scale), and b)earthquakes with approximate estimated magnitude
equal to or greater than 6 and smaller than 7. The date of each individual earthquake
is given on their approximate macroseismic epicentre location.

The "Intensity Zone Map of lran (4th century B.C. to 1900 A.D.)" was prepared
by Berberian according to the data cited. On this map the country is divided into five
seismic zones according to the recorded felt and documented seismic data. The zones
are based on the Modified Mercalli Intensity Scale and range from: VIII (and above),
to VII, VI and V. Since it is very difficult at this stage to separate the corresponding
approximate intensity of the historical earthquakes above VIII (MMI), they have been
shown in one zone marked VIII (see Map No.2). The regions of the country for which
there are no data are categorized in a special zone and given the title: "No information
available." The areas included in this zone should not be considered a-seismic; there
are simply insufficient reliable historical data for these remote and unpopulated parts
of the country.

C - 20th century seismicity and Intensity Zone Map of Iran (1900-1977).

The third step is the study of the 20th century seismicity of Iran.For this particular
stage, the First Seismotectonic Map of Iran (Berberian 1976a) and the Epicentre Map
of Iran (Berberian 1976h) (Figs. 15,16,17) were used as the most reliable base maps.
The 20th century seismic data of Iran range from 3.0 to 7.4 in Richter magnitude
and focal depths of 10 km to 150 km.

Since there are frequent discrepancies in the Iranian instrumental epicentre loca-
tion, and the instrumental seismic data is neither accurate nor complete, especially
prior to 1960, great care has been taken by Berberian (1977, see report No. 3,
this volume) to analyze the "Macroseismic Data" and to calculate the "’Macroseismic
Epicentres’" of some of the Iranian earthquakes. Some of his results are presented in
Table 2, report No. 3, this volume, where about 180 macroseismic epicentres are stu-
died and given.

Based on these macroseismic epicentres, Berberian prepared the First "Map of
Maximum Intensity of Earthquakes in Iran (1900-1977)". The maximum intensities
of some of the twentieth century earthquakes are given on this map, based on the
Modified Mercalli Intensity Scale. The collected maximum intensities of the earth-
quakes are divided into six categories ranging from V to X (MMI), (see Map No. 
and reports No. 3 and 4, this volume).

Based on the above-mentioned map, the"Intensity Zone Map of Iran (1900-1977)"
was prepared by Berberian (1977, report No. 4, this volume). According to this map,
the country is divided into eight zones for the 20th century based on the recorded and
felt seismic data. The zones range from X to III on the Modified Mercalli Intensity
Scale.
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Fig. 15. ENcentre Mal9 of Iran (after Berberian 1976).

Fig. 16. Seismotectoni: Map of Iran (after Berberian, 1976).
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