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BraMary. - The Farsina (Ivan) carthigquake occurred on the i31h
December 1957, A field investigation earvied oul 16 yvears later shows 1hat
thiz eavthquake eausdd heavy damage within an area of 2,800 =quare Lilo-
melres in which 1,119 people were Killel anil 900 injured. The carthguake,
which il o omngnitwde of 7.1, was Tollowed by wany strong altershoeks which
progressing gradually outward from the epicentral area, enlarged the meizo-
seismal region in a northwest-soutlheast diveetion.  Macroseizmic evidence
snggesis a somewhal more modernle epicentral intensity of VI (XD
over a omueh wider avea than eomparable wmagnitude  carthgquakes have
shown in other parts of Tean. The slwoek was [ell over an area of 18t MK
gquare kilomwetres, mainly 1o the northeast of the epicentral avea, Recenily
re-loeatel foel of the main shoek and of some of ils aftersloeks lic ondside 1he
meizoselstnal region, There is some meonehsive evidencee thal the main
shock or wost probably some of its larger allershocks were associated wilh
ciound deformations of teclonic origin.

Riaszuxto. — Il lerremoto i Farsinaj {Iran), avvenne il 13 Dicembre
1957, Rieerche fatte 16 anni pin tavdi, hanno dimosirate che qnesto terremoto
ha ecausate gravi dannd in wndarea di 284 km?, con 1119 morti ¢ 904 leritd,
Il terremoto di magnitudo 7.1, B seguito da molle e forti repliche vhe, al-
lomtanandosi gradatamente dall’nrea epicentrale, hanno allargalo la zona
meizosismica in divezione NW-B8E. T dafi maerosismici portanc ad mn valorve
dell'intensitiy epicentrale di poco meno del VII1=-(3M) snoun’aren wmolfo pin
vasta i guella interessata da tervemoli di parf magnitndo, avvenuti in altre
parti dell' Tra. La scossa & slata sentita in nn’avea Jdi 180,000 kme, soprat.
tntto in direzione NE della zoua epicentrale. Lin ridisposizione dei fuoelii
della seossa prineipale e di aleune vepliche falta vecentemente, porta questi
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al «i fuori della regione meizosismici. Gli Autori coneludono che ¢’¢ qualcho
pProva, anche se non del futto determinanie, che la sceossa principale o
molto pin probabilmente qualeuna delle vepliche pi forti, siano state as-
soeiate a deflormazioni del terreno i origine tetfonici.

IxTrRoDUCTTON

The Zagrog, perhaps one of the most interesting areas of active
tectonies in Iran, has recently been the subject of intense study., Much
effort has been put and progress made inte the reloeation of hypocen-
tres, the interpretation of source mechanisms and in the mapping
and understanding of regional tectonies.

In contrast, very little progress has been made with the macro-
seismic investigation of earthquukes originating in this part of [ran,
beneath whicl the velocity structure of the crusi is so litfle kiown.
Out of about twenty Luge carthguakes that we know have oceurred
during the present century in the Zagros, only two have been studied
in gome detail in the fleld and five have been summarily reported in
the literature, Thus, in spite of the ciloris made so far in the ingtro-
mental and geologienl stuldy of active tectonies in this part of Tran,
there are siill insulficient. ficld obgervations that could eltectively help
one o resolve ambiguities of source mechanisms awd to control the
relocation ol epicentres.

This paper is the first. of @ series intended to form a rveconl, as
precise 48 possible, ol the muacroseismic study ol the most significant
earthqualkes in the Zagros. [Tt is written with the aim of reporting
solely field observations anid faets relating to particular earthquakes
that are important to the wnlerstanding of the Zagros tectonics. At
this stage no attempt will be made to interpret facts or draw conelu-
gions from flelld observations,

The enrthquake studied in this paper, the Fasinaj Earthquake,
occurred late in December 19457, Early in January 1953 one of the
authors had the opportunity to visit the meizoseismal arvea and prepare
a number of reports (.82, Other suminary reports, based mainly
on newspaper information, were published by Montadon (*) amd Ro-
the (10),  Also, n Jupanese dission which visited the southeast part
ol the meizoseismal region in 14538, published a brief report, which,
apart from an incomplete intensity digtribution map, contains very
little original information (),
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Sixteen years later, in the spring of 1973, the two senior authors
of this paper, having collected and studied almost all reports from the
national and Toeal preess, ax well ag a conglderable nnmber of unpublished
official «documents, visited the region of the TFarsinaj carthquake.
They [ound that press reports were vrey useful for the general assess-
ment of the situation that the earthguake had caused, Dut rather
unreliable sowrees for the estimation of the extent of damage at partie-
wlar sites,  Misspellings and eonfusion of place-names in these reports,
if they luul passed unnoticed, conld have easily distorted the actunal
picture of the distribution of «amage. Unpublished documments com-
piled by welfare societies and lists of damaged villages preprired by the
Red ILion and Sun Organisation were found to give reliable casualty
figures, hut somewhat exaggerated accounts for the damage sustained
Iy some of the more remote villages.  During their field trip, the two
senior authors colleeted interviews with local inhabitants with the dual
object of aseertaining the degree amnd extent of damage hrought ahout
by the main shoek alone, and of elasifying the areal Hinits within which
the main shock and separately its altershocks had been particularly
destruetive; limits within which ground deformations of tectonie
origin assoeinted with these events which might have oceurred in 1957,
were still visible.

THE IFARSINAT {(IRAN) BARTIHQUAKE 0F THE 13711 DECEMBER 19537

The carthguake occurred at & hours 15 minates local time, on the
morning of Friday, 13th December 1957, and cansed serious damage
within g ares of about 2,800 square kilometres in the Zagros mountaing
in Iran. This wrea lies between 1,500 and 2,500 metres ahove sea-
level and administratively it Delongs partly to Laristan and partly
to Kurdistan, Iigure 1.

With the exception of a single foreshock which preceded the main
ewrthquake by about 26 honrs and which was strongly felt at Kangavar,
records of the nearest seismological stations show no trace of impor-
tunt seismic activity in this part of the Zagros during the preceding
fonr months.

Table 1 shows the computed hypocentre by a number of centres
as well as the forus relocated by Nowroozi (8. Wilh the nearest
geismie stations a few degrees, away, his computed focus should be
correet. to within 80 kilomefres. An Intensity attenuation study of
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Fig. 1 — Modified Merealll (M) Inicensily disiribution map of 13th Decem-
ber 1957 carthquake.

the main shock carvied out by the authors suggests a local depth of
ahbont 35 kilometres {4+ 5 ki) and an attennation cocfficient of 0.5°
to the north-east and 2.5%; to the sonthwest of the focus (11, The
magnitude of the shock caleulated by 17 stations varies hetween 6.0
(OBM) and 7.4 (ATH), with an average of 6.9, The standard magnitude
was 7.1 (TTPP).

Figure 2 shows o detailed map of the meizoseismal area.  The
main shock lasted about 10 seconds, and of a population of about
50,000, 1,119 were killed and 900 injured, muaking 15,000 people home-
less. At the time of the emithgualke very few of the villagers had
lelt their homes und the logs of life was considerable.  The carthogualke
also killed more than 20,000 animals wlho were kept indoors hecause
of the intense cold. Many more animals and about 20 people perished
after the enrthgnalke from exposure to temperatures well below [reezing,
particularvly during the snow-storm of the 21st Decemboer,
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The earthquake and its numerons aftershocks destroyed or damagzed
beyorwl repair 5,000 honsing units out of a total of about 9,000, Mot
of the lveal type of dwellings were, and still are, one-storex adobe or
rubble masonry houses set in mud and covered with heavy flat roofs
of tamped earth. Tu the larger villages there were a lew two-storey
adohe howses as well as sonme one-storey brick masonry huildings cov-
ered with Tranian jack-arches or with light roofs of galvanised iron
sheets.  This latter fype of construction was [ound more frequently in
villages on the main road from Hamadan to Kermanshall and in few
ol the larger mountain villages where it was employved in government
buildings., Tn the meizogeismal area there were no modern engineering
structures of any kind.

The worst-hit region was located in small, east-west running
monntain valleys, in the upper reaches of the Nangarshali River,
between INamarah-ITuh and the 3,300-metre high ICub-i-Nakucehai,
Figure 2,

Farginaj, the largest of the villages with a population of about
1,000, way totally destroved and 702 people were killed.  With the
exception of about 30 lhwuses, the walls of which were left standing,
all other man-made structures in the village were razed to the ground,
including the governor’s two-storey brick buiiding, Tolay, the sife
of old Farsinaj is an abandoned heap of ruins and a new village las
growl about one kilometre away on the east side of the road to Songor,

A few Lkilometres to the southwest of Farsinaj, the small settle-
ment of Dehagiyab was also totally destroyved, awl of its 200 inhabi-
tants 34 were killed and 23 injured.  The new site on whieh the village
was rebuilt is sitnated a few handred mefres away, on the west side of
the road to Sougor.

Near-by, the village of Soltantaher was also ruined and two-thirds
of its houses collapsed.  Out of 443 people, 6 were kitled aml ahout 20
injured.  The village was rebuilt almost on the same site, with the
same materialy and methods of construetion as before the carthqualke.

In the immediate vieinity of Famsinaj, other villages, most of
them situnted on thin fan deposils, were also ruineld and quite o few
houses collapsed but without. easualties. Some of the setflements to
the northeast of Farsinaj, particularly those situated along another
castwest running valley, were destroyed.  IKalbikhani, a small village
on thin gravels, was totally destroved and 22 out of ils 168 inhabitants
and all their animals wore killed.  Further up the valley on weathered
rock, the two settlements of Cheqa-Bala and Chega-TPayn, were totally
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ridned with a toss of 63 lves sl 65 iwjored; all their livestock perished
in the rudns or Killed by rockialls in the moantains. A few kilometres
further cast in the same valley, 1he vitlae of Kahriz on thin alhovium
witk completely destroved and 11 of its 201 inhabitants were Killed and
12 injured. Inocontrasty, the villages of Kolar and Aqgbolug further
southeast, on alloviu, sultfered comparatively little dianage naul no
one was Killed or injured. At the extreme eidlge of the valley on thick
alluvinm, Pirvasid aoud also Bitervan sulTered heavy damage; in the
former village 8 out of its 210 inhabitants were killed and in the ladier
one ol of 433, With the exception of Teppeshabrak, 4 mountain
village further cast of IFParsinaj, which was almost totally ruined with
the loss of one life, no other settlement within a rmdios of aboudl 13
kitometres from  [FParsina] sultered exeessive damage or casuadbies.
A Bongor, a few houses cracked bul nothing collapsed.

To the west amd south of Kub-i-Nakuehad, the earthquake eaused
considerable dimmage hal no destruction,  However, further to the
soathy, Saraly Bidsorkh was alimost tolally destroyed amld A6 of its 316
inhabitanty were killed aud 44 injured.  There, the ouly spring of
waler in the region deicd up, and rockfalls from ihe hills to the north
of the village killdd many eattle,  Three Kilometres to Lhe wesl, Lthe
damage at Bidsorth was appreciably less important, most probably
hecause of The helter ty pe ol houses and the use ol light rooling mad erials,
Nevertheless, {hree quarters of the dwellings in the village were ren-
dered nninhabitable, ineluding the gendarmery which was ruined bt
withoot casuallies.

Another locality away from Varsinaj which sultered considerable
dlaanage was Hennmatabad, o small settlement 1 kilometres north of
Salineh, which was totally roined and 1 of ils 280 inhabitanls were
killedd and 24 injured,  In contrast, af Sahneh no one was killed or
injured; only a few olil houses collapsed and about 307, of the dwellings
in the town inchuling the gendarmany buildings were domaged,

To {he east ol Koh-i-Naknehad, damage was comparalively small,
vurying ereatically from place to place but nowhere did the shocek
eanse destruction. Only soullwest of Asadabad, at Dawladabad, 5
people were killed in 7 obd houses that collapsed; the reammaining 34
houses of the village sulfered ouly minor (innage,

Further fo the sontheast of Farsina) and 1o the cast of Kuh-i-
Bazann in the region of Kangavar, damage was widespread but not
serious,  Almost all adobe houses in the region were damaged in
varying degrees bul very lew collapsed, ad althongh guite o few
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area A, more than 509 of all adobe houses destroyed or damaged heyond

repair by main shoek and aftershocks. (1) Epicenire of main shoel; (23 Epi-

centres of altershoeks; (3) Approximate loeations of macroseismic epicentres

of aftershocks. Numbers refer lo events listed o Table 1. Tsoscismals
very approximate.

people were injured, no one was killed. At Kangavar the main shoek
roined a few adobe Louses and old shops in the hazaar, killing two
childven but otherwise better built houses suifered little ilamage.

Villages around Lureh-Kub also suffered some damage and at
Karmanjan and Gaduk a few olil houses, inclunding the gendarmery
at Gaduk, were ruined.

THE FARSINAT [(KERMANSHAH)}) EAKTHGQUAKE 0F 13 DECEMDRER L1957 i85
L1 e 7 i LA
L7 ) L
#Sananda) sii
| , | @ e @
| b i il
il s | ] Z k! 4 {
7 | 3
Vi lurveh LE"I'E |
e R A 08 I
) ’J..--" ‘“"‘--.. I
s/ - | Gl T |
-
i VI JDizeh il ; '
| ,/ Pl - ; o !
L + = ., Aghajan ,r-:, :'—UEEEIJ.LIT‘. : i 350N
I ’ i borareh Y | /
. A~ - Suleppeh : /
1 . Bahar ]
I
' | !
' |
i ] I
! Ha o
-~ =« Asgdabod lian
"o ' I
Y ! i
) 1 ]
\ | e I Jl
o)
N .} k !
1 I
LY A
@i, ) 5
HE __alLISIZII'kEH.‘-
| JJ”ﬁEj?f\ i\ W
A 15D \ Y
| @ 5~ \ \ |
i \ \ \
1 \\ \ { l."
: o
: & el @D Firabed : L
~ ; Ker mansheh ES : 21'. s xCT s h ‘| E
\ 150C | e - gl ] BT e
\\f i ""--.J_E". ~ao S ‘l r-‘ulu-,zr_,.*
T
ghehaven Jf
N g 5
b 1 = %
""""---..____./,
iz, 8 — Intensity disteibution in epicentral region and damage.  Within



HREG N. AMBUHABEYS — A. MOINTAR — T. PERONACI

The region on the northern slopes of Kuh-i-Gilbesar, west ol IXuh-i-
Nakuehai, was badly shaken and a few adobe honses in fhe small
settlements of Dinawar were {otally roined. Damage was exceptio-
nally hight at Zibaju where a few houses lell down killing a ¢hild.  In
the vicinity of Dastjerdeh, Karaj and Karkasar, almost all the houses
were cracked but only aboul 10 eollapsed without casunalties.

Figure 4 shows the disfribufion of damage in the meizoseismal
region deduced from the study of the effects of the main shock anid
its aftershocks on mere than 150 villages (region v in Figure 1)

Qutside this region, the shoek was felt at ILarsin and Kermanshal
with an intensity TV it lasted 4 to 5 seconds.  Aecording to nnanthenti-
cated reporis, the shoek caused minor damage to oll pipes near IKer-
manshaly, most probably <due to dilferential settlement ol their sup-
ports. At ITamaddan, Tuisarkan and XNehavend the earthquake,
which lasteld more than 10 seconils, cansed considerahle panie but no
damage, exeept af Qurvelh where il eaused a few plaster cracks and
the rnin of an olil honse.  The shock was felt with an intensily TV
al Bijar, Sananda] and Malayer; it lasted about 20 seconds ani
cansed greal panic but absolutely no damage.  The limits of the gene-
rally lelt area were [rom Khorramabad to Rasht and from Saqiz to
Araqg, Burujird, Ghazvin sl Mianeh, At Rasht, about 350 kilome-
tres to the north, the shock was strongly felt locally, lusting almosi
one minute, Al Arag a few people were awakened.  The earthquake
was not felt. in Tehran, Qum or Tabriz and it has noi been reporieil
from Kirkulk, Bagdad and IMztul.  Aceording to the Tragi press only
one person on an upper floor in Bagdad felt 1he shoclk.

The area within which the Farsinaj earthgualke was felt, therefore,
is approximately 180,000 square kilometres; it is eccentrie with respect
to the epeentre and 1o the northeast of if.

AFTERSHOCK SEQUENCE 0F THE FARRINAT FBARTIQUALKE

On of the standard guestions we used in our interviews with loeal
inhabitants in ovder to check their memory was vegarding the time of
the day or night at whiel the main shocek ov the most demaging shock
was experienced in their village,  Since the main shoek il falen place
at 05115m local time, we naturally expeeted the interviewee bto reply
“al «lawn® or “hefore the first prayer’”. Most of the subjects we used
were exceedingly informative and well aware of natwral phenemena



THE FARSINAT (KERMANSHAIL} EARTHQUAKE oF I3 peCEMBER U537 87

such as enrthquakes. However, in certain parts of the meizoseismal
region, the answer to this guestion was systematically dilferent from
the one we expected. This, a8 well as the fact that in some eases vil-
Ingers insisted that their homes were destroyed alfter the Farsinaj
sarthquake, nade us suspectl that perhaps some of the reported damage
was in faet dnue Lo strong altershocks.  This suspicion wuas Soon coh-
firmed by the times shown in some press reports for the most damaging
aftershocks, as well ag by the approximate origin times of a number of
shocks we deduced from arvival times al stations within 10 to 20 de-
grees from cenlral Zagros,

Within two months of the main shock, more than 40 comparatively
large aftershoeks were felt.  Some of them were strong enough to cause
additional damage in the epicentral area or to enlarge the meizoseismul
region in o sontheast-northwest direetion. ILalf of these aftershocks
were recorded by near-by seismic stations, but to only 7 of them was
it possible to assing relatively acenrate epicenires, Figures 3, Table 1.

Afterghiocks were being felt intermittently in Farsinaj and 1o the
north of the ruined town for about 22 hours after the main shock. At
about 02830m local time of the following day, a violent aftershoclk,
causing serious damage in the region of Kangavar for the firsi time,
ruined 15 villages, ineluding Aliabad and Surcheh.  The region which
was affected had so far escaped with minor damage; it is located near
the sonlheast extvemily of the picentral arvea, and the shoek of the
11th December killed more than 20 people and injured 50, Figure 3.

Twa hours later, al dawn, another shock ruined many houses in
the region of Najafabad, Dazaj and Ghurvely, a region loeated to the
northwest of Farsinaj at the northwest extremity of the epieentral
region, The main shock of the 13th of December had caused consi-
derable panie there and o few walls eracled bul otherwize there was no
serions damage. The aftershoek of the 14th of December killed once
and mortally wounded 4 people, bringing about the complele ruin of a
numhber of settlements in the Najafabad area,

A few days lader, on the 16th of December, two very strong after-
shoeks in the region sonth of Farsinaj, cansed fresh damage, heavier
than that produced by the main shoeclk, particularly in the rogion of
Javarshinelh, Kharkosh and Sarab. Villagers from Ghasemabad and
Kharkesh were fully aware of Lhe Farsinaj earthquake which a few
days enrlier haid caused greal coneern and some minor damage to their
villages.  They insisted, however, that it way the shock of the 16th
that caused fhe ruin of their homes.
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Damage to villuges in the Fash avea had, up 1o the 18th of Deeer-
ber, been insignilicant. Previous shocks and the mauin shoek had
causeld panie and some minor damage, which on the afternoon ol the
13th was seriously aggravaled by a strong altershock. T ruined many
houses in a number of setilements around Fash, particularly al Shesliye-
kun where 1. people were killed and as many injured,

On the 25th of December; another strong aflershock eansed al-
ditional Mamage in the region between Javarshined amd Sarab Bid-
sorkl, where many ruins collapsed and a few houses were seriously
lamaged.  The shoek was strongly felt at Sahnel and Kangavar where
il eausel minor damage and great panie,

Throughout late December aftershocks of damaging intensity
continned to ocewr and fhese were being strongly felt mainly in the
southeastern extremity of the meizoseismal region. At noon on the
31sl December, a violent aftershock enlarged the damaged area in a
sond leasferly direction. In Wangavar the shock killed 3 people and
ruined a number of houses causing new lamage to some of thuse al-
rendly repairedl. At Dehlinhnel and in the neighbouring villages most.
houses were ruined, amil at Gerdian, Gharareh and Firuzabad many
adobe walls eracked and a few rools eaved in,

Dharing the first two weeks of Janmuary 1933 aftershoeks were being
felt mainly in the region of Firnzaland, angavar and to the southeast
of 1he epicentral area.  There are no reports of damaging aftershocks
from the region of Iarsina] [or that period,

Fignre 3 shows the extent and approximale leeation of 1he region
allfected by the largest affershoeks of the Farsinaj sequence.  Although
i is nod possible with the dala available at the moment to establish
how aftershock actlivity changed with time, there is, however, good
macroseismie evidenee that suggests a progressive expansion of the
aren of aflershock aetivily to the northwesl sl particulaly to the
southeast ol the region of Farsinaj towards Kangavar aaul Firuzabad.

GROUND DEFORMATIONS

A cursory reconnaissance survey, based on information received
from loeal inhabitants, disclosed a fracture helween Kuraj Olia and
Karkasar, probably of Lectonie origin, Figure 1. Villagers Drom Karaj
recall gromd fractures appearing after the Fatsinaj earthquake as a
restlt of whicll the mountain-side (northeast part of the valley) was
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3 a5 36 10 \'inl(-nt_ shock wit)) mage in the region of
Farsinaj,
4 0% 31 12 Farsinaj tolally ruined.,
5 | 2305 L1 Vialent shoek responsible for the wain b agre

in the region of RKangavar and to the soutl-
eust of the town where 15 villages were
ruined and a pumber of people killed:
strongly felt al Malayer,

B 14 001924  34.500_47F 750 04 Very strong shoek rvesponsible Cor the main
damnge al Ghurveh, Dazaj Najafahad and
Ghararel Kolyal: stronely Tell al Ranandaj,
Iamsulan, Kermanshah and (o a0 lesser
extent m Kangavar,

- 911 12 30 Strongy fell at Kangavar,

s 11 58 15 30 Damaging shock ol Bahinel and Kangavar.

] 16 45 20 20 Mild shoek al Kangavar,

10 2201 25 30 Btrong shoek al Kangavar.

Il 15 03 30 07 Sericeg of shocks lusting o fow minules in
Sahueh and Kangavar,

12 08 29 12 Damaging shoek a1 Sabnel.

13 18 20 | 22 More shoeks ai Sahinel,

14 16 17 31 2] Violent shoek responsihle for the main damage

| in 1he rewion between Karkosh ol Javar-
shinell. The wvillage of Ghasemahml was
| ruined.

15 23 05 36 34.330-47 . 670 i1 | 26 Very strong cirlhquake cansing adilitinnal
damage and casnalties at Sarab Bidsork]ly
and Javarshineh,

16 17 | 0419 08 Lung series ol shoeks in the region of Farsinaj,
continuing intermitlently  (hponghout  the
day,

17 18 | 13 22 - L6 B30 Damaging shock in the rvegion southwest of
Asahiglial, in the Fash oarea,

18 21 : 5 20 Three violenl sheeks causing smme damage in
the region to the north of Darsin: strongly
felt,. al Hongoer, Sahineh, Kangavar g
Nahavand.

19 22 16 Strongly felt ot Kangavar,

20) 23 08 Fell throughout the vegion, particulacly at
Kangavar and Kurveh,

21 24 | 12 27 15 50 Strong shoeek, [olloweld by others, felt over a
large arvca, particularely al Sahoel, Songor,
Kangavar, Khan-Jamal amd Glaitas.

a2 25 | 11 26 39 34,35947.720 53 15 10 | New damaging shock in the region of Javia-

shinch  and  Narab Bidsorkl; many miins
collapaed;  strongly  felt at Rahnelh  and

Kangavar.
More damaging shoeks oecurred in the
night.

23 200 44 24 Strong shoeks In the region of Sarab Bid-
sorkh and Farsinaj,

2.4 z < = 08 Strong shocks cansed the eollapse of ruins
at Farsingj, Najofabad amd Sonqor.
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27 31 - 11 35 ;| The most damaging shoek in Kangavar where
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ple. Al Dehkulineh most houses were ruined ;
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31 U9 54 I8 3423047 870 #0 13 Strongly felt thronghont the reglon, partienl-
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32 7 . serivs of violent shocks eanused  additional
damage to villagres o the region of Kangavar

33 8 Numerous shocks al Kangavar withoni da-
mage,

34 9 Two shocks eausing minor damage in the
rewion of Kangavir,

35 13 Series of shocks i the reglon of Sahuel and
Kaneavar, without damage.

36 15 ) Steongly feli ol Kangavar,

serics of wealker shoeks in Kangavar,

37 17 Twa sharp shoeks felt in Kangavar and Gadnk;

38 21 felt in Asabadad and Hamadan,

39 28 L 03 10 04 30 Damaging sheek ol Shahsieh aml Kangavar;
fell in Malayer,

44 Feh, 4 | 1053 14 30 Peli in Kangavar.

41 )2 s o el in Bahneh. i

42 14 - 07 Vielent shoek caused some damage at ]\illl';iil-
var aml Sahoeh: fell in Hamadan, Ker-
manshah and Raqiz. :

43 21 50 Strongly felt in Jlaunadan where at vanse
TR

44 - 23 30 Sh]'nn;_:;ly fell in the region hetween Hamadan
and Asabadad where it caused panic,

40 15 Rirongly felt at Kangavar.

40 17 Series of minor shoeks it Kangavar,
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downthrown by one metre (1),  This fracture, they altest, conll he
lollowed all the way Lo Karkasar. As a matter ol fact, about 900
metres to the northeast of the village, linear topographic features in
the form of terraces and shallow subilles bearing 130005, lo follow 1he
projected trend of fractures alluded to by the villagers.  These frac-
tures, which are muinly in allovium and in oue place in conelomerates,
suggesl, very recent normal faulting aml show no evidence of Interal
motion. There is lif tle (dloubt that these linear features, which northeast
of Karkasar are quite clear, arve in fact on the extension of the ground
fractures referredl to by the inhabitants of Karaj. llowever, move-
ments on this alignement in 1937 are not corroborated by the villagers
of Karkasar, Their impression is that to the sonth ol this Hoeament
the ground settled aml in places opened up over short distances after
the carthgnake of the 215t Sepfember 1955,

Another location where there is some evidence of signilicand ground
fractures is 3.2 kilometres [rom Salineh, on the new road to IFarsinaj
and 0.5 kilometres to the ecast of that point.  Here, villagers trom
Hemmatabal remenibered that the rocks were shatterel over a wile
zome which could be followed in a southeasterly divection o the old
rowd and from there al! the way to Bidsorkh,  Again here the divection
of the alleged [ractiure zone coineides with linear trends across limestone
ridges and small valleys on whielh 16 vears after 1he earthguake no
clenr evidence of recent movements conld be found.

A less convineing ease of gronnd deformations of tectonic origin
was found between Ghasemabad aoul Tushmalan.,  Iere all indications
peint to the oceurrence of roclktalls and slides, although the drying up
of two springs of water awd the “hreaking up of the grownd into steps™
may have some hearing on tle reactivation of 4 loeal Leetonice linemnent.

The following information refers indireetly to fanlting.  Lxtlensive
upheaval of the ground was reported between Kangarshah Olia and
IKargolan with Inndsiides and rockfalls along a zone bearing N-120-1.
Along the same direciion as well as between Soltantahiv and Chomagg-
teppe springs ol water dried up and gromul settlements disrpted
tootpaths for a few Kilometres from Dehasivab all the way up to
IKuli-i- Naleuehai,

Aceording (o Mitehell (3}, near Gahvareh the earthquake hal
wnsed g “faull Lo develope on the mountain-siile’” and at the time
of his wvisitis, in December 1957, o mass of rock, about half o mii-
lion cubic metres, was in the process of escending to the river hy
eravitational creep. Galivareh, on the Ab-i-Zimkan, is more than
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120 kilometres west-southwest of Farsinaj and the shaking there
was very slight, but strong enough fo trigger an ineipient slide,

[MSTRIBUTION 01 [JAMAGE

Although it is not possible to completely sepavate the elfects of
thie main shoek from those of ity aftershoeks, it appears that the region
within which enmmulative damage to the Tranian adobe house was
gerious, did not exeeed about 7,000 square kilometres, a region within
which intensities slionkl have been egual fo or greater than VI (M),
an average intensity above which adobe houses begin to show serions
signs of distress, Fignre 3,

Within this region maximum damage was spread over a large
ares, Figare 3, shown in some defail in Figure 4, but in this area it
was hot possible to assess intenyities nor define precisely parts ol the
region which were affected more by aftershoeks than by the main
shoek, A reevaluation of all available data suggests that the predo-
minant epicentral intensity ol the Farsinaj earthquake did not exceed
VI (MM), i.e. o more moderate surface intensity over a much wider
ares (2,800 square kilometres) than conmparable magnitude earthgualkes
in other parts of Iran. Loeal site conditions and the effect of some
of the aftershocks apparently resulted in heavier damage in places
to whiclh an intensity of VII may be assigned (arcas B and C in
Figure 4).

Of the three zones of relatively Lheavy damage ingtde the generally
affected area, only zone Gy, in the vieinity of Farginaj, should be con-
sidered to be the immediate vegult ol the main shoek. The other two
zones of heavy damage arve most certainly associnted with the combined,
eltects of the main shoek and of its altershoelk., Thus zone Gy, to the
northwest of Farsinaj, depiets the approximate loeation and limits
ol the area primarily damaged by the aftershock of the 14th of December,
while the much larger zone C, and also the extension ol zone A towads
Firnzabad should be considered to be the combined resuit of the alter-
shocks of the 1t6ith, 25th and 31st December 1957,

As ean be seen from Tigures 1 and 4, the highly asymetric distri-
hution of the nucroseismie effects ol the Farsinaj earthquake ahout the
Firuzabad-Sarab-Gharaghaj meizoseismal axis, is indeed remarkable,
Both intensity and damage [all off with distance to the southwest of
the axis almost 20 times fagter than to the northeast.  As a matter of



N. AMBRASEYSR A. Moixrar - F. PeEroNaci

L7°LS i L8O

Lﬁﬁa righaj

53;’51.'::::
/

/)
———————— ——— —— —— I

Pig, 4 - Damage map. Numerals show localion of alfecled villages and degree of damage. (1) 1009, of adobe houses
destroged or damaged heyond repair with wore than 109 casuullies; (2) 1009% destimetion with less than 10Y%, casualties;
{3) 1002, of wdobe houses dumaged beyond repair or destroyed without fatalitics; (1) 50% to 999 of adube houses
destroyed or damaged beyond repair without casualtios; (5) damage less than 509, Dots indicale sites not damnged or
uninbiabited at the time. Arvea marked A — more than 509 of adobe honses ruined; B — all adobe houses destroyed or mined
and subsequently abandoned with small loss of life; (! — total destruction with heavy loss of life. Dashedl lines indieate loealion
and approximale extent of ground deformations most probably associnted with the Parsinaj earihquake and its aftershocks,
Thin daghed lines show main roads.
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fact villages 1o the south of the road between Salineh and Bisitun,
along the Gamasiab river, sulfered absolutely no damage and af Harsin
the main shock was felt with an intensity hanlly greater than IV.

CONCLTBIONS

It has proved perfeetly leasible to carry ouf field investigations
of an earthyuake in Tran which happened 16 years ago.  Both published
and unpublished information as well as interviewees with loeal
inhabitants suggest that the Farsinaj earthguake is larger than any
previously known earthquake in this part of the Zagros.

The main shoek was responsible for widespread but not excessive
damage over a comparatively large area fo the northeast of an axis
aligned in a northwest-soutlieast direetion.  Both damage and inten-
sity distribufion show quite clearly that vibrational energy radiated
awuy bo the norfheast of this axis far more efficiently than to the south-
west of it. The comparalively large size of the meizoseismal region
suggests a focus in the lower portion of the erust,

The main earthquake was followed by a ruther long series of
comparatively large lamaging aftershocks, These shocks not only
aggravated Jdamage buat alse progressively enluged the meizoseismal
region in a southeasterly direction along 4 northwest-southeast frending
axis.,

From Figure 3 it can be scen that the epicentres of the main shoclk
amd of 4 of the 6 aftershocks (3) lie vutside and to the south of the
meizoseismal region; they are aligned in a southwest-northeast direc-
tion, at right angles to the trend of the meizoseismal axis. A similar
alignment of epicentres in the Zagros has been ohservel by (ansser (1),
However, in e present case the accuracy ol the hypocventres of the
Farsinaj sequence and their number are noi sufficient to evaluate the
significance of these ohservations.

There is some evidence that the Farsingj ewrthquake or perhaps
some of its larger aftershocks, were assoeiated with ground deforma-
tions, which in sonwe places aligne with, and elsewhere define stroctural
tremds or coincide with Recent faults.  There is insufficient evidence,
however, to show conclusively that these deformations were of teetonie
origin, Their significance lies in the fact that they have been found
in the vicinity of, or aligned with pronounced struetural trends and
Recent fuults.
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