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SUMMARY. - Macroscismic data based on fielil work and hiblio-
graphieal rescarelr iz given for six little-known destruetive earthguakes
which ovenrred in the Central Albors, Ivan, during the 20ih Century. They
are: Ah-Moharakalbad 1030, Alborz 1935, Garmsar 1845, Musha 1055,
Sangechal 1237 and Babol-Kenar 1971, The loeations of the two largest
of these carthguakes (1934, and 1957) were fortunately at some distance
from the deunsgely populaled regions of Tehran and the coastal towns of the
Caspian Sea,

RrassunTo. -— HBono stati raccolti dati macrosismicl, mediante rieerehe
in loco e hibliografiche, relutivi u sei lerremoti distruitivi poco conoseiuti
che sono avvenuti nel XX sceolo nella regione dell’Alhorz centrale (Iran).
Localiti ed annl sono 1 seguenti: Al-Bobarakabad, 1930; Alborz, 1935;
Garmsar, 1945; Musha, 1855; Sangechal, 1957; Balhol-Kenar, 1971, T pin
forti di questi terremoll (1935 1957) avvennero fortnnaiamente ad una
certa distanza dalle zone pin densamente popolate di Teheran e delle eiita
costiere del Mar Caspio.

1. - INTRODUCTION

The study of the seismicity of the Central Alborz mountains in
Iran is of particular importance hecausc the region is bordered by
two of the most populated areas of the country, i.e. the Telran agglo-
meration in the south, and the coastal towns of the Caspian Sea in

{*) Engineering Scismology, Imperial College, London swi.
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the north. Yet, due to a lack of reliable published macroseismice
data, very little is known of these cvents, even of the more recent
destruetive ones whieh took place less than two decades ago. After
about 1960, instrumental determinations of enrfliquakes ave increased
in aceuracy, and new mieroseismic techniques are being applied to
the study of the seismicity of the Middle Kast (22182617 but the
uncertitude in epicenfral, depth and magnitwle determinations for
Iran, especially for the earlier periods, makes it inereasingly important
to aequire accwrate macroseismic information, at least for the larger
destructive events.

The present note collates the information available on 6 destruc-
tive earthquakes which occwrred this century in the Central Alborz
region of North-central Iran. It is not an exhaustive compilation,
as more (lata will no doubt be obtained from a systemutic study of
the Persian press and literature, and from further lield investigations,
It is hoped however that this note may constitute a starting point for
future research on the problem.

2, — BOTURCEY CONSTULTED

Most of the existing maeroseismic data on the earthquakes de-
scribed here is contained in earthguake eatalogues (1820222 which
were usually found to be too general for the present study. Further
information was obtained [rom various published and unpublished
reports, from Persinn and ewropean press reports, and from interviews
of survivors conducted by tlhe author in 1971 with the help of H. Tran-
manesh aml A, Mohajer-Ashjal. The main sources used in addition
to the carthquake catalogues are as follows: 7930 carthquake, Field
Mission (1971) and Ktela’at (3 Oet. 1930); 18353 earthquakes, Field
Mission (1971), British Embassy reports and Etela’at (20 April 1935);
1945 earthquake, Bozorgnia (*) and BTtela’at (12 May 10435); 7955
carthquale, Field Mission (1971), Bozorgnia (3) and Etela’at (25 Nov,
1956); 1957 earthquake, Vrolyk (2¢), Suvage (21) and Field Mission (1971);
1371 carthquake, Tehalenko, Tranmanesh and Mohajer-Ashjai (24),

The instrumentally determined parameters of the earthquakes
are given in Tuble 1 and the locations aml ureas covered by the large
seale maps are shown in Fig. 1,
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Alborz, — L. Regions ahove 1300 . — 2. Instrumental  epicentre, -

3. Principal river. — 4. Major road, — 5, Railroad. Inserts vefer to

maps given in the text.

3. — DESTRUCTIVE EARTIIQUAKLS

3.1, — Ak-Mobarakabad Earthquake, 1930

The earthquake oceurred on 22nd October, 1930 at 15133m125 GMT,
The instrumental epicentre was determined by ISS at 35.8°N, 5210

10
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and the magnitude estimated to be ahove 5 (Table 1), A few villages
in the Al-Ali valley (Fig, 2 and Pl I} were partly destroyed: in A,
2% houses collapsedd anil one person was killed; in Sarpurak most
lLouses collapsed and two persons were killed, and in Mobarakabad
(I’L. I1) a fow houses collapsed and many others were severely damaged.
Further away from the epicentre, the walls of some houses in Tramavand
al Drashi-e dazar were fissured; and in Tehran, some ganats were
damaged. CGround fractures, probably of landslide origin, were
reported in the mountaing north-east of Mobarakabud. Bome further
dunmage wus caused to the villages mentioned ubove by two aftershocks
which ocewrred at about 5 minutes interval on Tth October, 1930,
and which were felt in Tehran, Firnzkul;, ashan and Nantaaz.

Despite its low magnitude and the relatively small amount of
damage caused, the carthquake is important beeanse of ils proximity
to Tehran and its loeation on the Musha-1fasham faull zone, a branch
of which, the Nortl Teliran Ifault, passes througlh the noréliern suburbs
of the capital (23),

PLT - Ap-Arl Variey - - 8 = Sarpurak; A = AL, The large building
with the white roof is the Ab-All easino.  Looking south (see Fig. 2).
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3.2, — Atborz Eurthguakes, Mareh and Aprit 1935

Very little is known of the two earthquakes which occurred in
the Alborz mountaing east ol the Talar 1tud and cansed destruction
in the Shahi and Barl administrative districts. The lirst shoek which
took place on the s Marel £333 at 10026m37s GAMT was located at
36.2oN 53.0°10 and had a maguifwde of less than 6 (Table 1), The
Persinn press and the British Embassy in Tehran stated that 27 villages
were afleeted and that over 60 people lost their lives. The second
and more severe earthquake, on the Jhk April, 1935 af 23914md9s,
was located at 36.3°N, 33.5°T70 and had a magnitude of about 6%,
(Table 1),  About 300 people were killed in this earthquake, many
mountain villages were destroyed and buildings were damaged in
SBari and Bandar S8hali.  The railway line east of Sari was also slightly
damaged and a large rockfall was reported at the confluence of the

BL 11 — MoBaraxanrasn — The village of Mobarakabad is at 1he head of the

Al-AlQ valley whicl erosses {he pleture from left to right. The subsidlay

valley in the left background marks the trace of the Musha.Fasham fault
zone.  Looking west {see Pig, 2}
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Table 1 — INSTRUMENTAL PARAMETERS FOR THE DESTRUCIIVE EARTHQUAKES IN 1THE CENTRAL ALBURZ

. Thne Lpicentre L Tacal Depth :
Earthgnuake Trate (G];\[I'l‘) - - Magnitude o P source
Ah-Moharakalad 2 Oet. 1930 15 33 12 3a.8 a2,1 B =h, (%) T3k (11
15 33 — 35.8 52.1 5 oeP )
Albory 4 Mar, 1035 10 26 37 36.2 53,0 51/,—5, (*) [85 (1)
10 26 35 361, 53, 6 GR (%)
1 26 37 36.2 53,0 e cer @
10 26 — 37 h3 9% BOIS (M
Alborz 11 Apr. 1935 23 14 49 36.3 33.5 158 (i
23 14 43 361/, 533, 63/, GR (")
23 14 43 36,1 53.5 Gy () L
23 14 49 37 53 6.3 BUIS (1)
Garwsar 11 May 1945 20 17 28 348 52.1 4370 (%) I85 (1
20 17 38 36 21, BCLS ()
sangechal 2 Jul. 1057 00 42 23 36.14 52.7 average 10 Nowroozi (18)
00 42 23 36.21 52.72 magnitude 0 IS8 (1)
00 42 23 36 53 7.3 USCG (%)
a0 42 24 36.1 52.3 BCIR M
Babol Kenar 9 Ang, 1971 02 54 36 36.2 52,7 5.2 27 ISCGH (25)

For fowree abbreviations see Referenees.
{*) After Nabavi (1972).
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Farim Hud and Saidabad Rwd.  This earthguake was followed by
many attershocks, one of which cecwrred dnring the 3rd week in April
and caused further damage to the huildings in Sad,

At least one of the 1935 earthquakes was strongly fell in Babol
Kenar, the epicentral region of the 1971 earthgnake. Tt would appear
that the 1933 and 1971 earthquake concerned ilhe northern foothills
of the Alborz below about 1500 (Fig. 1), whereas the 1957 earthquake
wus mainly confined to the mountainous regions further south (see
algo section 3.5).

3.3, = Garmsar Earthguale, 1945

The earthquake oceurred on the 11 May 1945 in the afternoon
and eaused heavy damuage in the Goarmsar vegion (Fig, 3).  The instru-
mental data for Tean on that day indicates an earthoquale al 20017028s
and of magnitude about 44, hut loeated 50 km southwest of Garmsar
{Table 1). As the «data is generally poor for the Middle last dnring
the 2nd World Wuar years, it is not known whether this epicentre is
very inaceurate or whether it refers Lo a different event. From the
Persian press we know that Barameh, Garmsar, Bonkul and Qeshlag
were damaged (Fig. 3). Tn Garmsar nenrvly all the houses were <es-
troyed, in Qeshlag 60 lhouses collapsed, and in Bonlnh the railway
station was damaged and two persons were thrown down.  Allogether,
the reports state that a total of about 2,000 houses were severely
damaged, but they vary as to the number of persons killed (between
8§ and 20} aud injured (beltween 17 and 80).

Ground fractures of nnknown origin, and landslides, were reported
at Bonlul.

The main event was felt as three distinetive shocks and contintous
shaking Iasted for about one howr. Aftershoeks continued for about
one week.  Approximately one month later on 19th June 1945,
another shoek caused slight damage in Garmsar,

The epicentral location of this earthqnake seems to be the same
as that of the earthguale of 743 AD. mentioned by Ambraseys (3).

3.4, — Musha Earthquake, 1955

On 2dih November 1955 o small shoek damaged most of the
houses in Musha, a village loeated north of Damavand village (Fig. 2).
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There is no instrumental data for this event which was presumably
in the mugnituwle 4 range. In 1971 e villagers confirmed that
there had not been any casualtios even thongh one house eollapsed
and most of the others were (issured.

Musha is built on the Musha-Fasham fault zone which, west of
the village, can be seen o truncaie Quaternarvy alluvial terraces
(P, I101). This earthquake, together with the Al-Mobarakabad
arthguake of 1430, suggests that the fault and its branches, such as
the North Teliran Fault (29, should be considerad as seismically active,

3.5, — Nangechal Kavthquake, 14957

GGeneral

The earthguake ocenvred on 2 JIoly 1937 at 00m2e28s GMT.
The most rvecent of the various epicentral determinations (Table 1)
locates the shoek at 36.11sX 5270412 with o focal depth of 10 km.
The average magnitwle from several stations was 7.3,

The epiceniral region covered an area of the Alborz moeuntains
north of the median drainage divide and approximately contained,

L ITT - MU=ia-FASnam ¥AGLT 2088 XEak Musita - The ridge in the righi,
foreground is the trace of {he fanlt threngh Quarternary fan or terrace ma-
terial ecemented by traveriine. Looking wesl from Musha,
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between the Haraz Bud amnd Talar Buwl Valleys (Fig. 4). Even under
normal cireumstanees, parts of this region are of extremely diflicull
aceess, and affer the earthquake the situation was aggravated by
numerous rocktalls which blocked all the main acress routes, In

mental epicentre, — 2, Approximate lnils of the region of total destrue.
tion. — 3. Median Alborz drainage divide. — 4. Major rowd. — 5. Railroad, —
G.  Principal river. = 7. P damaged bridge or 1mmel: Lo landslide;
R = rockfall; F = gronnd fracture.  Ouly villages and lowns for which
mavroscismic data is available are showu on the map.
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consequence, the macroseismic data is often incomplete and, for some
regions, lacking entirely.

The total number of people killed was varicusly estimated at
180 (19}, over 1000 (Pergian press) and more than 1200 (19.20.2%6) The
informution colleeted here for 50 towns and villages shows that the
total number of fatalities exceeded 970 (Table 2).

teliel was organised by the Red Lion and Sun and the military
forces, awl coordinated in Telwan for the southern part of the region,
al in Babol and Shahi for the northern part,

Fpicentral region

The only published aceount of the carthquale (1%:20) places the
macroseismic epicentre near the villige of Ab-e Garm and considers
the epicentral rvegion to be “eiremlar, with a rading of 100 km and
centre approximately at the Damavand Volacno. The infermation
on whicl this account was based is a report by Vrolyk () who was
impressed by the damage to the new hotel in Ab-e Garm. The hotel
Ligwever was a1 untypical case (gee further on) and the region of severe
destruction was loeated further north and east of Ab-e Garm.
ITagiwara amd Naite (19), without actually entering the area, estimated
correctly that the highest intensities ceccurred about &0 km soeuth
of Babol and 30 km west of Zirab., As already mentioned, the destrue-
tion of the main access roads made it difficult fo enter the epicentral
region after the earthquake.

The unpublished reports of C. Savage (1) constitnte the only
reliable infermation on the situation in the epieentral region after
the earthquake. Savage vigsited the Haraz Rud and Kaselian Rud
valleys abont one month after tlhe event and veported in detail on Lis
observations. A few speeial points were alse investigated by the
present anthor on the occasion of a study of the Babel Kenar earth-
aquake of 1971 (#). It is mainly on these two sonrces that the follow-
ing notes are based.

Despite the unevenness of population distributien, and the paucity
of reliable information, the limits of the region of maximunm destrue-
tion ean be established with reasonable confidence. Maximum destine-
tion oceurred between the Haraz Rud valley in the west, the Talar
Rud valley in the east, the Caspian foothills in the north (above 1500 m)
and the median Alborz dreainage divide in the south (Fig. 4). The

acroseismic information is summarized in Table 2,
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Table 2 — CASUALTIES AND DAMAGE OF THE SANGRECIUAL 1937
EARTHQUAKE
Yillage Killed REMARKS

Ab-e Garm 0 Ilotel nnder construetion partly destroyed.

Agha 24

Alhansar 3

Alasht Bevere damage.

Aliahad 0 One house only: badly damaged.

Amol 0 Tobacer warchouse dawmagal.

Atu Worrt danage of Kaselian Valley, Some
houses collapaeidl,  Casualties?

Iiabol 0 Dawmage to water tower and 100 year old
trec.

Baijan 10 Nearly all houses (well hnilt} collapsed,
Bridge damaged. ¢ injured,

Chigar Location unknown. Badly damaged?

Deraz Kola i} No damage. Weaker than 19335 cartliguale,

I¥nan 63 Buried hy rockfalls.

Emarat 0 All ten louses (badly  built} damaged.
1 injured.

Gazanak 0

HNaftavan 3 15 houscs destroyed.

Hajidela A

IMuareh G

Kangarash 43

Kelpasha 15

Khushedbar 0 Slicht damage,

Korcha 0 ITavdly any damage.

Korf 12

Kubh Rud 12 5 or G houses desivoyed hut other part of
villagge not collapsed,

Lajim 0 No damage to houses or 11th ¢, AD tower,

Mangal 1} Badly built yet very little damage.

Nandel Gd

Nowsar 13

Nal 4

Pajurupan b Bally damaged, & houses collapsed.

Pahndar Casnalties? Cracks in ground?

Pardameh 84

Pasha Casualties?  Badly damaged.

Pasha Kaola & Iouses well built, sowe partial collapse.

ol sefid {60} Quite hadly damaged,
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Villagre Killed REMARKRS
Polur {30} Great damage?
Resket Casnaltics? Badly damaged?
Sangechal 180 All houses destroyed. Landslides.  Ground
fractures?
Sari 0
Shahandasht 13 Immamezadelh badly damaged.
Hhahi {) Only 2 buildings damagel.
Shahrabad Cowpletely ruined.
Shahsavar ( Many buildings ruined.
Bhale Zaid G Yery bad dawage to well built houses.
Ground fractures?
Shangoldeh 30 Very bad damage nearly enlirely by rockfalls,
Shemiran {} No damage.
Siahbisheh 5 All 14 houses (well buill) destroyed. Animals
killeil.
Blurguh Less damage than Alu.
Tuares Complelely ruined.
Tiar 3 Damage less than Sangechal. Landslides,
Tera 28
Vannch ¢ Immamzadeh damaged but  village only
slightly.
Vavidar Casualties?  Ground fractures?
Zardband il All 20 houses {badly built) destroyed. Much
damage by rockialls.
Airah {200)
Toial 270
Figures gshown in ) indieate that numbers refer to unidentified

ncarhy villages,

In the Haraz Ruwl Valley, the following willages were totally
destroyed and suffered a large number of casualties: Agha, Baijan,
Dinan, Kangarash, Haji Dela, Kelpasha (?), Kort, Nandel, Nowsar
Pardameh, Sangechal, Shah Zaid, Shangoldeh, Sial Bisheh, Tineh (1)
and Zardband. In Baijan, for example, where the houses were rela-
tively well built, all the buildings inclulding the police post, lour mill
and publie baths collapsed, killing 10 people and injuring 6. An 80 m
long bridge north of the hamlet was damaged. Some of the villages,
particularly Shangoldeh, Dinan and Zardband were at least ag mmch
damaged by rockfalls as by the shaking, Nextin the degree of destiuc-
tion was a group of villages which were also very severely damaged
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but which generally had only a few futal casualties: Ahansar, Aliabad,
Haftanan, Harelh, Kuhrud, Nal, Pagha, S8hahandasht, Tiar and Vanneh.
In Kuhrud, for example, where 5 or § houses collapsed, killing 12 people,
part of the village was still standing after the earthgquake. The severe
destruction in the Haraz Rud Valley deecreasced appreciably near
Emarat and Mangol in the north, and Polur and Ab-e Garmn in the
south, In Ab-e Gurm, the reinforced concrete liotel deseribed by
Vrolyk (%) as completely destroyed, ... had never been completed
and many of the slabs were still resting on their shuttering. .. one had
to wonder if it would have stood up even if it hud been completed. . .
the main trouble seemns to huve been the too heavy roof/floor slabs
on too slender columns’’ {21),

A very great number of landslides and rockfulls were eaused by
the earthquake, both in the Haraz Rud and in its tributary vallexs,
Many villages were damaged or destroyed by roclfalls and the Tehran-
Amol road was blocked at several points {*). The largest roclkfall
occurred on the east bank of the Haraz, about 3 km south of the Xur
Valley confluence. About 10,000 13 of rock fell from a 500 m elifl,
blocking the walley, forming a dam about 20 m high and ereating a
regservoir about 1 km long and 100 m wide,

The Talar Rud Valley at the eastern limit of the epicentral region
is less well docunented than the Ilaraz Rud. The Persian press
reported more than 200 people killed in Zirab, and 60 in Pol-c Sefid,
but in both cases there are indications that these easualties ocewrred
in faet in the mountain settlements west of these two villages, Alasht
and Shahsawar were seriously damaged but seciningly without fatal
casmalties.

Further east in the Kaselian Bud and Tejen Rud Valleys some
villages such us Aftn, Pajurupan, Pasha Kola and Resket were partially
naged and a few houses collapsed in each. Blight damage was
observed in Khushedbar, Pahndar and Vavilar, but Lajim and Koreha
were hardly damaged at all.

In the north the destruetion did not extend into the Caspian
foothills helow about 1500 m. Shirgah and the Babol Kenar villuges
around Deraz Kola were nnaifected {(**). Bome isolated cases of light
damage did however occur in the towns of the plain: the fobacco

(*} Bce also Figs. 8 and ¢ in Fookes and Knill (1968}
(**) The Sangechal earthquake was felt here less strongly than the
1935 carthguukes.
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warehouses in Shahi, Sari (?7) and Amol (*), and the water tower
in Babol were slightly damaged.

In the south, Bhaliabad and Tares near Firuzkul were danaged
but without reported casualties. None of the villiges on the Polur-
Tehran road seemed to be serlously affected. The shock was strongly
felt, in Tehran (8) and in Bhemiran but did not produce any visible
damage to buildings.

The question of foulting

Rothe (1#.20) states that a fanlt-break was observed to cross the
half-destroyed hotel at Ab-e Garm, his information being baged on
the following remark by Vrolyk 78): YT ajoute {car J"ai un péelié mignon,
celui d'étre radiesthesiste) que le pendule m'a permis de reconnajlre
sur place une faille. ... In fact, photographs of the hotel talken by

PLIV - Asmir ravee zoNg — The fault zone in the [oregronud is a steep
south dipping reverse fanlt in thin-bedded limestone. Left-bank of the
Maraz Rud. Looking soutli-cast.
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Bavage suggest that the fracture in question was due to slumping or
incipient sliding, and a recent geological map of the region contirms
the absence of a funlt in the vicinilty of Ab-e Garm (7).

Bome fault movement seems however to have taken place along
the Amir Fault zone which ig leeated along the Amir Rud, a small
eastern tributary which joints the Haraz al Mangol. The geological
fanlt is well known here even though not mapped in deladl: it is a steep
south dipping reverse fanlt with a shear zone about 25 m wide there
where it crosses the Inraz valley (1. IV). In 1957 after the earth-
quake it was noted that “a small fault was seen beside the road with
fresh  cracks’ (). There were also unconfirmed reports of Iarge
ground [issures, several kilometlers long, in the mountains north of
Sangechal, one of the most severely damaged villages of the earthguake
(1’1, V). Bangechal is situated on a steep hill showing numerous

Pl ¥V - llovsk iy Saspucial — The large amount of Gimber used in the walls

15 an inngvation after the 1857 carthguake. The roof is {as in 1837 of

wood shingle. The mound and garden in the lefl foreground mark the

fonndations of a house which was destroyed in the 1957 curthguake, 180

people out of a population of abont 4000 were Ikilled by the carthquake
in Sangechal.
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lnndslide sewrps (P VI3 these landslides are oceasionally reactived,
as after the Babol Kenar earthguake in 1971, and this probably ex-
plaing the growul fissures observed in 1937, Both the 1laraz and its
tributary valleys are very prone to landslides and rockfulls, and these
can he triggered-ofl by earthquakes or other natural causes.

Pi. V1 .. WESTERY ENTRANCE TO HANGECUAL — The path on the
right is loeated aloug one of many uld landslide sceurps.

3.6. — Bahol-Kenar Earthquake, 1971

The Babol-Kenar eavthquake of magnitivle 5.2 oceurreid on
Oth August 1971 af 020343647 GMT; the instrumental epicentre was
loeatied at 362X, 5207, Le. slightly north of the 1957 earthquake,
About 400 houwses in 42 villnges suffered light damage and one person
died and 39 were injured. The epicenfral region was situated along
the northern foothills of the Albhorz (Fig, 5), with the severest damage
aroani Dernz lola.  Dapmage did not extend into the mountains
above about 1500 m in the region of the 19537 earthquake.

Dietails of the worst hit cegion have been previously reported (34),
Some lLurther information ebtained recently on the villages in the
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gouthwest and east enables a clearer pieture to be (rawn of the aren
over which the shoel eaused damage (Fig, 3).

4., — PoPUTLATION DISTRIBUTION AND EPICENTHKAL RECGLON

The amount of damage and the number of casualties resulting
from an earthquake is, to a large extent, dependant on the population
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population 500,000, — 5. Urhan population 250,000, — 6. Urban popnla-
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to 5,000. — 13.  Rural population 1,000,  After the 1966 population census
published by the Statistical Cenire of Lran.
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density in the epicentral region. Fig. 6 shows the population distribu-
tion in North-central Iran. The 1937 epicentral region covers one
of the least populated arcas of this part of the country; had the earth-
quake occurred [urther north near Babol or further south-west near
Techran, & catastrophe of muech greater proportions may have resulted.
Bimilarly, the earthquales of March and April 1935, even though less
precisely located, also ccewrred in regions of low population density.
Research into earthquakes prior to 1900 does however show that
this had not always been the cage, as both Tehran (Shahr Rey) and the
Cagpian coastal towns lhave been destroyed a number of times in
the past (22). It is one of the reasons why the stwly of smaller events
located near the population eentres, such as Al-Mobarakabad 1930,
Musha 1955, and Babol-Kenar 1971, are of vilal importance to the
agsessment of the seismic hazard of the region.
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