
'l'he Seismieity of Iran 

Tlle Farsinaj (Kermanshah) earllHluake 

of 13 Decemher 1957 

H('I'pi"",1 "II (j,·toh,·1' ]!)(h. I!I'i3 

Th(' Fal'~iJlUj (Iran) (';ll'tll'llIUI,(' ''''l'(U']'I',I OlI Ih,' I:llh 
])('('('ml)('1' Hl,i'i. ,\ H"ld in"(';;1ig:,dion ('ani(',1 oul Iti .Y(·'H." lah'l' ~Iwws Ihal 
lhi~ l·al'lhIPlak(, 1',111-,,(·,1 IH'a"y ,Iamag(' within aH an"1 "f :1,iWO .~qlUH(· kilo­
m('(n's iII Wlli,.]l 1,IIH l><'''pl(' W('n' kill(',l an,l BO{l inj111'(·']. 'l'Ili' ('udh'luak(', 
whil'll ha,l;l Illaguitudeor 'i.I, \l'aH follo\I'I',1 h,v lt<allY "tl'OHg af((·r ... ho('kK II'loil'll 
progl'('H"iug gra,llwlly 011twal',1 fl'Oll< th,' "pi""ull'al an'a, ('u],Hgt'd tlH' lll,'iz", 
Kl'Ì~llIal r('gioH iH a nOl'lhwl'~t-S«11tll('a~1 din·diOll . . 'lm'l'o~l'i~l1<ÌI· ('\"Ì,I('Jl('(' 
sl1gg('~I)< a )<O!ll('\\'hnt !ll"n' mOlleral(' ('pi('('lItl'al inlp11Kil,v or \'11 (.ìl~l) 

0\' ('1' a Illu('h widl'l' Hl'I'a than <èoll<panlhl,> ll<a,l!llil11,le ('al'lh'luab'H ha\'(' 
~hOW11 i11 "tlll'l' pal'L~ of Il'an. Th,· "h,,,·I, \l'as fIolt 0\'('1' :1Jl ,H('a of ISO,OOO 
S'(11<1I'1' liilolll('(J"('K, !llainl.y to th(' HOl'tlll'a~t or Ih,' ('1IÌI'('ntral ilI">'I. nl'(">l1lly 
1"('·I'<I'al<·,1 rod of (h(' 1ll:lÌll Hho('k ,md or ~Ollll' of il.", aftl'l'.~h",·kK li(' ol1tsi,k IJl(' 
ll<l'iz"sl'ÌslIIal l'('gi"l1. Thl'rc is -"011<1' ill1'on('hl"h,(, ('vid('!l{'(' thut IJl(' llulÌu 
SlllH'l, or 1ll0~t pl'ohahly SOIll(' or it~ lal'g('1' a((('r)<h'H'k~ W('n' a".~"l'iatl·d wi(h 
gl'Ol1lld ,ll'forlll<ltio11~ of tl'dOllil' ol'Ìgiu. 

n.IAS.~U"'I"(). - 11 lenemoto ,Ii ]i'ar"illaj (lran). '1\"\""111)(' il 13 Dil'l'mh1'(' 
l Hi)7. Rie,('l'dlC ral1.e I (i anll i più I ardi, hml1lo ,li lllOHI ralo ('1](\ 1j1\1'~tO h'!Temot" 
hu ('au."a(o ~!>T:l\' i dauui iH 11H'an'a ,Ii 2g{l klll~, l'on III!! lllorti ,. HO{l fIorit.i, 
Il 11'1'1'Bll<O(O ,li ll<agllH.u,lo 'i.I, fn "<è)..(nito da lll"lte e rodi repli"]l(' "llI', al-
1'<1ltanan,I"si gl'a,latil11lcntl' ,Iall'ar"a el,k(·Ilt.l'alt·, Ilanno allargalo ],1 ~0l1,1 

m('iw8i~JlIÌ('a iu dir{'ziou(l X'Y-SE. l,lati lll'\<'l'O.'isllli,·i portallo :1<11111 "al,,\'(· 
,lcll'inh'nKit:\ e11Ìl'l'ldl',lie ,li }II)('" lllellO ,leI VIl - -(:\l.\l) ~n 1Il1'ar"U molt" l'iii 
"a~la ,li (J1wlla illt"n>s~ahl ,la fI'ITl'1110ti ,li pari lllagnitudo. ,n'\,('nuti iu altn· 
parti d,·ll'lraH. La s,'o~s:t i~ slal,a ""ll1it;t in nll'arpa ,li ISO.OOO km~, H011I'a!.· 
!.ntto in dil"('7.ill1w N E ,Iella ZOllU epil'elllnd(·. La ri,1i-"l'o~iziolle ,h'i rno,.]ti 
della ""O"Ha l'l'inl'ÌpaIt- c oli :d('lUle J'el'liell(' f,llta r(·(·(·nlt·llll·llt(', porla '[ll(·~ti 

" 

("') Illll'('l'ial ('oll(·I!:I· or :-\"i('I](,(', Lowlon 
(*"') Plau awl Bu,I,!!:1'1 Ol'g:llli~atioll. '1'I'hr:lll 
(***) {;l'oph~',,il'al In,,1itnl~>, Hrlllll' 



nso 

al di hlO!'i til'lla !'egiOlll' llleizo~i~lllka_ Gli Autori ('ollchu10110 <'1te ("è qualtho 
proyn, HIl<'llD HO 1l01l ad tutto (1oj('rmillmtle, ('he la .~('o~~a IJl'ilU'ilJaln o 
lllOItO Ili!l prllhnhilnH'ut!· {jUalnllla {Ielle rppli('he piìl f"rti, ~iallo stnio a~­
s"l'iate n deformn;"iolli (h·l t('r["('IIO ai "ri!-(iIlC tcttolli('a_ 

I.:'-i'l'HonllC'l'TO.:'-i 

'l'hl' 'l::agl"Of\, perhapf\ one of the mOf\t. illt.el·I'f;1illg an'as of adive 
t.e('/onil·f\ in Iran, Iws reeently been the subjed. of iutellf;(~ f>tll!ly. ::'Ilm'h 
eiTort has be('n pllt. a11(l prog-r{'ss ma(le into tlH' reloeation of hY11O('(m­
tl"es, the intel"}Jretatioll or 8011\"('(, meehanisllls alHl in the ma1lpillg 
aIHI IllHlerst.all!lillg" of regiollal tectol1ies. 

In C"ont.mst, veTy lit.t.lp prOgJ"1'8S has heel1 nllHle with the mac-l"O­
sei8lni(' illvef;t.igat.iol1 of l'~u-thqllakef; origillaj,il1g ill 1his lJal"t of Inlll, 
bmwath whieh t.he veloC'ity f>tl"U('/me of the l·rust. if> HO liUle kl10Wll. 
Out of about twenty hll".f.(e earthquakes that. wc know havl~ oC'eurred 
dming the pl"Csent. ('enttll'~- in the Zagl"Os, onl." two have be('n stmlie(1 
in some !letai! ill the tieW all(1 live have heel1 sllmmarily J"e}Jorte!l il1 
the lit.eTat.m·p. '1'1111f>, il1 f;pit.e of t.lw l~lT01-tf; made so far ill tlm illSt.]"](­
nH'lltal alld g{'ologieal si udy of ~wtive t.ed.ollieH il1 this part of Iran, 
tlmre are still inwjfieient. 1ie](1 obHC\"vat.iom t.hat. ('ou](1 eHeetively help 
one 1.0 re~olve ambigui ti es or 801IH'e mechanl~ms allli to cOllt.l"ol the 
I"e!oeation or epieent.l"es. 

'l'his pa}Jer is t.he Hrst. of a· f;l~rief; il1telldpd 1.0 form a re{'ord, aH 
Vr{'l·ise as pOf\~ibh~, or the nlaero~eismi{' ~t!((ly or the most. sig-Ililic-ant. 
earthquakes in t.he lI,ag-ros. It. Is w1"Ìt.t.en with the aim of rl~110l·til1g 

f>oll'ly fielll oh~el·vat.iolls alld faets l'datillg to part.iC'uhn eart-hquakeH 
t.haL are imvort.allt to t.lw Hnderstallliing of the lI,ilg-ros t.eC"t.onies. At, 
t,his ~tag-e no attempt '\'ill he m~Hle to illt.el'}JI'ef, faetf; 01' dm\\" ('Oll('[ll­
sions from lield oUfwl'Yat.iolls, 

'l'1m earthqllake Htu!lie!l in t,hiH papel", tlte Pal"sinaj Eart,hqllake, 
oeellne(1 late in DeeembC\" .l!J;j7, Ea1'ly ill JH.llUHTY .l!)58 OlW or t.lte 
alltho1'8 llHd tlle OV1)(lrt.lll1it.y 1.0 vif;it. Uw nmizoseiHlllal area alH(1)\'epare 
a nll111ber or rep01ts (li.l,8,0). Ot.her sumlmny reports, Imsed Illai1l1y 
on newspapel' illfol'IWttioll, \\'Ne pnhlif>hed hy )!Ollt.adoll (.') and Ho­
t,h(i ('O), Alf>o, a ,JavalHwl )!if;f\ioll whieh visi1ml the Houtltcast, part 
or tltc meizo~ei8mal reg-ion in .l!J;j8, pllblishe(1 a brief l'eport., whil'h, 
apal't. from H·ll iIH'OIll]llet.l~ illt.mlf\ity dif\t.l'ilmtioll map, eontains vel'}' 
litUe originai infol'lllat.ion (2), 



Sixtecn ~·{'an\ latel', in thc sprini<" o[ 1U,;;, t1H' !-wo scnior allthol's 
of thifl paper, having- ('ol1e('ted alHl stlHlie(1 almoKt alll'pports [rom the 
national illHllo('al pl'l'fI~, as wl'll as a consillemble nllllllH'1' of nllpnhli~lled 
oJIieial doennH'nt,~, visited the l'pgioll of the Fal'sinaj (';uthquake, 
'rhcy [oulHl tlwt prcss ]'el)()l'ts werp vre)" usdnl for tlle i<"l'n{'J'al aSH{'S,~­

mcnt o[ thc ,~ituation that the eal'thqnakl' had ('anHed, but ratll('l' 
ull1'cliablc SOUl'{'C,~ fol' thc PKtimation o[ the extl'nt of dalllagp at parti('­
uhu' ,~itCK, )Iissj)('llings alllt {'onfusion o[ plaN'-lHllllCS in thesl' l'PPOI't.~, 
if thp~· had llaSM~d llnnoti('pd, ('OHld haYc casil~- distort('d th(' aelnal 
pidllre of thc (listTibution of dalllagp, Un]Jnhlishe(1 do{'nlll('nts com­

piled br wclfarc soeictics and lists of dalllagcd villagp~ ]J!'(']Jal'l'd h~- Ow 
nCII T~ion alHl Sun Ol'ganisation 'H'n' [o\llHI to i<"ivc l'eliablc ('asnalt,\" 
HgUl'es, hut. ~olllewllHt exagg-eratpd ,\{'('OlwtS f()1' thc (lalllage sustailH'd 
hy ,\Ollle of llw lllorel'elilOte villagcs_ Dm-ing- theil' fìpld h'ip, the two 
selliOl' anthOl'fI ('olle('tI.'d intel'views with lo('al inhahilalltN with 111(' dnal 
objl'('t. of aflecrtaining thc d('grec and cxtcnt o[ (lamage broup:llt about 
by thc Illain shoek alone, and of elasifying the anmllilllits withill whi('h 
tllc main shock ali!! fle]Jamtel,\" its a[tel-slll)('kK Ilad hl'cn ]Jarlil'nlarl,\" 
dest.nwtive; lilllit.~ within whi('h grollnd dpfol'lnatiom o[ t('('lonie 
Ol'igin as~o('ia1ed with tllcse cn'llts whi('h Illight IlaYc ()('cIllTPd in !tIri" 
wcrc Htill visible, 

'l'm>: ]"ARRg.U (I1U:-» K\lI'l'IlQLiAl\E Oli nm l:;nr ])F,CF,\IBF,H ID5, 

'l'llc eal'thquake O{'('UlTPd at [) hOlll'S 1" miullt('S 10('al time, on the 
momiug o[ Frillay, l;Hh Lkecmbcr!u;j'j, alill ('an_~cd ~e1'ioUH dallwgp 
wit.hin an area of abont ~,800 square kilollletTP,~ in the Zag]'(),~ Il]()(lll1ailis 
in 1l'au. 'l'his arca lies h{'/weell 1,;)()O alHl ~,50() llH'tn's abovc Kea­
levcl aUII adlllinistmlivply it !)('10Ilgs pa1'11~· to Ln1'istall alld partl~· 

to KUl'Ilis!;l1l, 1<'igmc 1. 
\Vith lhc cxecption of a singlc [on'Kho('k ,,"hkh pn'('p!l('11 thp main 

cartllquakc by ahout ~() hom,~ alHI whit-h 'nlS fltTougl,\" felt atKaui<"avar, 
l-e('{mls of thc Ul'arcst ~ei,~lllolog-i('al slalions _~how 110 tl'a('p of illq)()l'­
hlnt SeiSlllie a('livity in this llart o[ the 'l.iagl"OK Ilming 111(' pn~('pding­

f011l· Illonths. 
'rablc 1 ~how~ lhc ('omputed hypoecnlre by a nUlllhpl' of ('enh'{'H 

a~ well a~ thc [O('US l'l'lo('atcd by SO\\Toozi ("). \Villl thc nean'Kl 
scismic station.~ a fcw Ilegrces, awar, hi,~ eOlllputed fOCUK should be 
('01Ted to withill ;;0 kilollll'tres .... \.u Int(,llSity attelillatioli stud.r or 
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Fig'. J - :llodific(! :l1t'l'ealli ODI) Intt'nsi/y lli~trihll(ion maJl of 1:1t11 [)('l'('m-

1)('1' In,ii <',ll'tlHl'l:lke, 

thc mai n shork l'arried Ollt by the allthors Sllg"g'{'st,'1 a Ioral deplh of 
nhout:. 35 kilomelTef; (± fi klll) alul all nl.ll'lllln_tioll coeffieient oI O.Go~ 
to thc 1l000t:.h-cnst aJl(1 ~.fi% t.o tllC sonthwcsl. of t.hc fl)('llH (Il). 'l'hl' 
ma!{nitllde oi t.lle shock cnlclllat.{'d by 17 st.atiolls varics between ILO 
(OB~I) and 7.4- (A'I'I-I), wil-h an n-ycragc of 6.n. 'l'hl' st~Ulllnnlnmgnitllde 
was 7.1 (UI'P). 

Fig-lue ~ sho1\'s no Ilctnilcll mnp oi t.hc mcizoseislllai arca. 'l'hl' 
main sho('k lasll'd a!JIlllt lO secolllls, and of a llOllUlatioll 01 abollt 
ilO,OOO, 1,11 n were killcd alld noo inj lIl'l'd, nmki ng 1 !I,OOO lwollie home­
lesf;. ~\t the timc oi t.hc earthqmlkl! Y(llT few of the Yillagl'rf; had 
leIt. thci!" homcs n_llfl thc loss of lite was C'onsirlcrahle. 'l'hl' earthqllakC' 
n-Iso killcd morC thall :W,OOO animals who were kept infloors hccausc 
or the intcnf;{' C'old. l\lany more anillllllf; anrl a!JIlllt 20 lIeolile lIl'risheri 
aftm' thc eal'1hqllake fro1tl exposure t.o telllllcrat:.llres well bclm\' lrcezing-, 
par1i('lllarly dlll'ing t.hc Hllow-storm of tbe 21st ])eccmbcr. 



Tlllè 1·'An~JXA,T (KER)'AN,';IIAII) EARTIIQ[;AKE 01' 13 lllèClè)IIIlèR IH5, lìK:l 

'l'lw eUl'thquake al\(l it.~ lInnWl'ons aftel'~ho('ks destl'o~·ed ()J' damagl'd 
1){'~-0l111 l'epail' ;\000 hOllSillg ullit~ olll of U loh\1 of ahollt U,(HJO. :;\Io~t 

of the ll)('al 1.ype of dwellings wel'e, alld fi1.ill al'e, OlH'-slol'e~- udobe ()J' 

l'uhhle mafiOlll'y houses spj, in lllud and covl'l'l'd with Iwu,,~- nal l'oofs 
of tamped eal'th, III the lal'gel' villages lhel'e 'H'l'l' a Il'w two-MOl'I'~­

adohe 1I01l~es as well aR Wllle olll'-slol'ey bl'il'k mnsonl'y hllildillgB {'ov" 
l'l'ed \dlh lmninn ja('k-al'f'hes 01' with lighl l'Oof~ of gulvanised il'On 
slll'etR, 'j'hiR laltel' l~'lle oI ('onBtl'llPlion \UIS Ioulld mOl'l' fref[nenl1~- in 
"illagl's 011 tlle lllaill l'oad hom Hamudan to ]"::el'lllanBhah allli in Iew 
oI tlle lal'gm moulltaill "illages Whl'l'l' it wns elllployl'd ili gove\'11melll 
lmildings, In the meizoseislllal area thel'e wel'e ilO lllOderll ellginl'el'ing 
stl'udm'es oI an~- kind, 

'l'he wOl's1.-hil, n'gion '\'as lo('aled in small, east-west l'unninl--( 
monlltaill "alle~-R, ill 1111' UTJ]H'I' l'euI'lws of 1111' Kangal'~hahi Hi"m', 
betwl'ell Kanml'all-Kuh alll1 the 3,:100-metl'e high Kuh-i·};aknt'hai, 
Figm'e :!, 

Fal'sinaj, lhe lal'W'st. of tlll' villages ,dlh a }lopulntion of nhout 
] ,l\lO, was lo1.all~· desll'o~-ed alld 70:! people wel'e killed, \\'ilh tlle 
expeption oI abont 30 honses, tlle walls oI whiplI Wl'l'l' leIt standing, 
ali otllel' man-llullie stnwtUl'es in the village wel'l' l'nzed to t.he gl'ound, 
im'ludinl--( tlle goVe\'11Ol'),~ h\'o-storey l)1'i('k huiltlillg, 'l'oday, 1111' sile 
of old Fal'sinaj is :1I1 allHJI(lolled heap of 1'l1im al\(l a Ilew village lws 
gl'OWIl abOlll one kilometl'e away on the east side of lhe road to Sonq01', 

A lew kilol11etl'es to tlle sou1.hwest of Fal'sin:\j, 1.111' sm:dl SI\t1le­
ment oI Dehasiyab '\'as nl~o t~)tallr desll'oyed, alld oI i1~ :!(H) illhabi-
1.ants 3-1 Wl'l'e killl'd alH1 :!3 illjnred, Thl' new sitl' on whieh the villnge 
\U1S l'l'bnill i~ silnated all'W hllnt!l'ed mell'es :nnly, on l1w '\'est side of 

the l'oad to SOllIlOI'. 
Xl'al'-h~-, the villuge of Sollantaher waR a lso l'llilll'd alld two-thil'd,~ 

oI it~ hou~es l'olla]lsell. Out 01 -1-13 }leo}lle, lì ,n~n' killed and ul!oul.:W 
injnred, 'l'Ili' "illage was l'elmilt a!Jllo,~1 Oli the sallle si te, with the 
same matl'rial~ and mldhods 01 ('ollstnH'tion a~ l)('f01'e lIw l'al'thquukl'. 

JlI lhe imllwlliatl' "if'illit~- of Fal'~inu.i, 01 hl'l' "illages, most of 
them sitnaled Oll thin Iall deposits, WI'l'e alw l'uilled alld quile u fm\' 
1I0mes polla]lsl'd but ,dt.ltoul f'asualtil's. 1::\0n1l' of lhe ,~I\1til'menls to 
tlte nOl'tl!l'ast of Fal',~illaj, pal'ticula1'ly tllO.~l\ ,~il{[ul('d along anothel' 
eu~twl'sl l'llnnillg "alle,)', Wl'l'e t!esll'o~·I'11. Kalbiklwni, a smull viliagl' 
on thill gl':l"elR, was totally de,~t['{)~'ed alld 2:! out of il~ HiH inhahitallts 
and ali thl'il' animal.~ ,n\l'e killl'd. }'UI'Oll'l' H]l the "alley 011 weutlll'l'et! 
rock, the two setth'lllClIts oI Clleqa-Bala allli Cheqa-Payn, \\' l'l'l' totali,\' 
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1'lIilll'd willr a IO:-ls of I,:l livI's alld I,i! illjlll"l'd; ali Ilfl'il' live:-;lot'k ll(lf'i:-;lrf'd 

iII 1]l!' f'lIill:-; 01' kilh·d h.v J'()('kfall.~ ili llu' mOlllllaill:-;. ,\ few kilolllell'e:-; 

fUI'IIr('I' f'a:-;1 ill llH' :-;amp vallp.v, l Il(' vilhl~p ofKalll'iz Oli thill allilvium 

wa:-; (·I)fupl('I!'I.\" d('.~ll'o,\"('d alldl I ot' iI:-; ::01 ilrllahitalr1s W(']"('· killpd li fili 

1:2 illjllJ'('rl. Ili ('olllrasl, 1111' villagpi"I of ]\oLal' nlld .\t!holat! fu1"1hl'l' 

i"lollUH'asl, Oli allllvillllf, :-;uHt'l"t'd l'IHlJpar-al;ivply liUle dalltage anr[ 110 

Ofll'· was kill('d or injlln'd. ,\1011' l'Xll'l'llfl' l'dj.,W of lhe valli'.\' Oli thi('k 

alluviullI, l'il·.Vlli"lllj' antl ali"lo Bill'I'Vllll .~IlITI'md heavy tlalllllW'; in lhe 

fOl'lIlI'l' vilblgl"'1 olll of iL~ :2,10 ilrlrahilHllli"1 In,m killpd alld ill l Ili' lallel' 

onl' 0111 of -Li:l. \\'ilh lhl' l'x('!'pliOll or Tl'll])('fllwllf'ak, a lll()lflr1ain 

villngl' rUI'lhpl" l'ai"ll or l''af'sillllj, whi('h Il'as almosl lotally I"\lifll'.d Il'iUl 

11ft' 1lJ:';K 01' Olll' lifl', 110 ol·llpf· i"l1'1l Il'lIlI'lll Il'ilhill a f'adilli"l 01' ahoul In 
l-;ilOI1H'II'(':-I frolli Fal'sinaj Kult'l'I"t'd I~X('I~Ksive damagl' 01' (·a:-;ualtie:-; . 

.. \1 HOfH!Or, a l'l'W hOll.~I'i"I ('!'a('kl'd hul nolhillg (:olla-!lfIed. 

'l'o !Ili' In'.~t alld sOllth oj'Kuh-i-'XlIk\wlfl\i, 1lll' elll'thquake ('lIusI'd 

('Oll:-;idl'r-ahll' dalllagl' 11111 ilO 111'i"lll"\fdiOll. IIO\I'P\'(,I', flll'lhl'l' lo 1111' 

:-Iollllf, Nal'ah BillKol'kh wa.~ alll!osl lolally dl'.~ll'oyl'd allli ·10 of il:-; :Hf; 

illhahilanls \\'1'1"1' killt'd lIlld -II illjlll'l'd. 'l'here, 0((' onl.\' Kpl'inj.( of 

wal('1' iII 1111' l'l'gioll dl'il'll up, alld f·tH"krall.~ j'rolll llw Ifill.~ lo 111e flOlth 

of IIII~ villngl' l-;ill('11 lIlan.\' l'nll11'. Thl'w, kilo1Jleln~s lo l·hp In~sl, lite 

dalllH~l' al Bil!:-Iol'lh was appl'I'('iahly h's:-; imllOl'lalll, IIllml pl'ohahly 

1H'I'a u.~p or I Ili' IH'11 l'l' ly /11' or hou.~I'.~ a nd 11l\' liSI' or I i~lll ]"()ol i 1I~ IWll el'ia ls. 

~lwt'1"l;lft'lps:-;, llm'l' t!ual'll'f·.~ or t:he IlwldlingK iii llfe village wen~ 1'(,1\-

111']"('I[ ullinlrahilahl(', iJ(("lullillg l Ili' 1-i1'llllamwl'Y wltieh was l'\lilll'd hlll 

wil hOlll l'asuall il'K. 

AflOlhm' l()('a!ily all'ay fl'om Fal"i"lillaj Wllit'h :-;un:en,d ('OIIKidl,rahle 

dall!age was 11t'lImwlahlld, li .~1Jlall setUI'llwnt -I kilol1l1't:l'I's llot"1h or 

Hahlll'h, \\'lli('h waK lotall.\' l"llifll'd alld ,I or ils :280 illhahilanls Il'1'l'e 

killpd alld :2·1 illjul·l'd. In ('onlJ"asl, al Halllll'h IlO OIH' waK kilkd IH' 

illjlll·t'd; 011 l.\" a fl'w olilhoUSI's t'olblpi"ll'd and ahouI50"" 01' lhe dw('lIings 

iii 1111' towll i)ll'lllllilig l·hp gpllllal"lllany !Juildillgi"l WI'.!'p dnlwlged. 

'l'o 1111' l,asi or l\lIh-i-:\aklll'llai, dallmgl' was l'OllllJaI'alive!y fllllall, 

varyillg pl'I'lIli('ally rl'Om phwI' lo llla('I' hul Ilowllt'l'e did lhe sho('k 

('nu:-;I' dl'.~tl'l!(·lioll. ()nly i"lou1hwl':-It of ,\sarla!Jarl, al; ])nwlalaIHld, ti 

]lI'Ollk WI'n, kiJJI,d ill '7 old IlOlISl'i"I OHl1 ("ollll\1sl'd; j;!tl' l'I'lllaillillg ;ll 

hO\lsI'S or 1 hl' dllagt' sl\l1'I'I'('d olll.\" millol' dalllagl'. 

\<'1\1'1111'1' t.o 1!t1' .~o1l11I1'n:-;1 01' FlIl'sillaj alll[ lo the ea:-;l· o[ 1\1IJr-i­

BlIlIfllll! in Lll\' n'giOII of l\angaval", dnlllagl' wns wid('i"lpl'l'nd h\lt I!ol; 

Sl'I"io\li"l. ..\lmosl nll nllolw hO\lsl'i"I iii j,llI' l'l'giol! WI'I'I' Ilalllagl~rl iii 

va!".)"illg dl'gl't'l's 1)](1 vt'IT [l'W ('o[]apsl'd, and al1llOligh Ijllite a fl'w 
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'IV --
Fig. 3 - rlltell.~it.y ,1istrihutioll in epkenb-nl ]'(\g-ion am] Il:llnng-c. Wit,hill 
iln\n A, moJ'(\ thnn ,i()% or nll :ulohc hOllses ,1csb-0ycI] Ol' l]aml1gPI] IIl\}'o1H] 
repail' by main ~ho~k nm] nfterHhockH. (I) EIJieclltre oI lllaill sho('k ; (2) Epi. 
'Tllt.r e.;; or arkrshocks; (:J) Appl'oximat.e Io~ntions of m;l('I'OH('iKlllie ('piCClIlrcH 
of 11ft.mHhockH. ~\llllh"r.~ rder to ('ITIlI..;; lisk(l in Tahlc l, fsoscismnIs 

v('.l')' n.p]Jroxillwte. 

vcov]c wcrc Ìll jmcd, no one was kille(l. AL Kangaval' the main ~hoek 
rllined ,. fcw ~H1obc house~ amI 01<1 ~hOp8 in t.he baza,ar, killillg t.wo 
ehi1l11'en but, ot.hel"wi~e bet,t.el' built houi>es 1>uilered little dllmage. 

Villages aroulld Lareh-Kllh also SllHered somc damagc ,1\111 at, 
Ka.l'm,mjall alld Ga.dllk a fcw old hOllSCS, indl1lling tolte gendarmery 
at, G~H1uk, \Vcrc ruinc(l. 
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'fhe region on t.he nort·hern ~Iopes of l\uh-i-GiluesH-r, west. oI Kuh-i­
:Xakuchai, wa·~ undly ~haken and a few :ulobe homws in t·lte ~mall 
HPHltmlPIl1s of l JilHnnu' WP!"e 10tall~' ruilled. nalllagp was pxeelltio­
Ilally highL a1 Zibaju whcrc a fel\" honsps IPiI (!own killing a ehild. In 
thc vif'inity oI lJa~t.ien\('h, Karuj ,UH\ Karkasar, allllo~t. ali thc houi-lcS 

'\"ere enwked but. onIy auout lO colla11Se(\ without casuaJt,ies. 
I<'ignre ..J. shows t.he (li~t·1"ihutioll of dnmage ill the meizoseismal 

regimI dp(lll('p(! hom tlw S1lH!y of t.he p{Teds of j,he main shoek H·lld 

iL~ nH.ershoeks on morc thall ][)O "illagcH (rcgion A in Figure J). 

Outf;idc Lhis mg'ion, the f\hoek wa~ feH al, IIar~in and Kerlllamhah 

with <In intpmity TY: it. h\Htpr\..J. t.o!) SPC'01H!S. .\ceon\ing t.o lllla·llt.hent.i­
paLe(! l'el'Ol-1f\, t.hc Hho('k eau~e(! minm damag'e to oil ]li]lPS Ileal' Ket­

nmmhah, most lll"Obably dlle to (!iIIerentia·1 seUlclllent. oI their sul'­
!lOl"ts. ..At IIamadan, 'l'uisal'kan an<l :XehaveIH! t·he earthquakc, 
whieh lasted mOl'e Llmn 1 U seeollds, e,HlSe(! eonsi(!pmhle !lanie uut. no 
dallmge, pxeellj, al, Qm'veh whel"(\ i1 cnnsp(! a few plastel' el"H·ck.~ H-IH! 
Llw r11in of all old housc. T!w ~h()('k was feH wHh an illtensi1y TV 
al Bijar, Sallandaj and MalayN; il lasl('(! about. :W s('('()]u!s lllld 
eause(! gl'pa1 ]lanip buI.. ahf\oluLely no (!amage. '['hl' limi1s of the gene­
rally Iclt. area I\"ere IumI Khonamabad to Haf\ht and hom Saqiz 1,0 
Al"aq, HUl"u.ii)"(\, Gha7.vin H·lld :MiH-llch. At Hasht, auout :1fiO kilollle­
I..res to t·!l(' nort.h, t.he shoek was st.l"Ongly feH. loeally, 1H-i;t.ing almosl 
OIlP minuLe. "H· .\mq a fpw ]lPol'lc I\"prp al\"akPlwd. Tlw parthquakp 
wa~ noI.. fdt. ill Tchran, Qum or Tabriz and it. haf\ no1 bt\pn rPl)()r1cd 

fl"Om Kirkuk, Bagd:u! and Dizful. Aeeou\ing Lo thc Imqi ]lref\~ only 
one pCl"son on an up]ler Jloor in Bagd:u\ feJt. 1hc ~hoek. 

T!w H·l·ea wil:hin whieh t.hc F:u1'linaj earthqnake wa~ feU, t.hel·efore, 
is a]l]ll"Oximat.ply 180,OUO square kilomehes; it. is eecpnt·ri(' with resllee1-
to Lhe el'ieentrp alu! 10 lIw nor1heasl of if.. 

Oll of thc staIH!an! (tll('~tions wc use(\ in alli" intendcws ,\"it.h lo('al 
inhabiLall1H ill ordPl' to cheek tlwir memory "'as regarding 1Il(' t.ime of 
thc (!ay Ol" nig'h1 al.. I\"hieh Llw main shoek or tlw mos1 dplllaging shoek 
was cxpericnecd in j,heil' villagp. Silu'p Uw maill f\hoek h:u!1aken vlaep 
at. O;jhl;jm loeal time, Wl' naturally cX]lPl:j,cd Llw intervicwpp Lo ]"(~Vl'y 

"at. dawll" m' "hefol'e t!w fil'st !lraycr". l\Iost oI the suu.ieet.s wc use(! 
were cxecedingly informat.iyp H·!H\ '\"ell aware of natllnt-l phenomena 



sudi w,> e:ulhqnakes. Ho\\"evCl", in cm·tain p~HIs of t.lle nll'iZof\eiHmal 
region, 1hc anf\\\'cr to this question 'vas ~~-stenl:lti('all.\" ailrcrent 1rom 
thc one \\·c expecte(l. '[,his, a.'l 'veli a~ I h(' LH"t that in some caseH vil­
hwers insistelI t.hat. their llOmes \\"ere def\tl"Oyea aIter tlw FarHinaj 
eal"thquake, nmde u~ snslwe/'· tlmt perha]lH some of t.he l·epOl·ted dalllage 
wa.'l ili faet dlle 10 stl"Qllg aIter~hoekR. 'l'hi.~ Huspieioll Inu,> Hoon ("on­
lirmea by thc t·ime..~ sho\l'n in some lJl'ess relJOI·t.S for I-hc nlO,~t (lanmging: 
aIter~hocks, ~~s well as h:v t.lw alJlJ1'oxiulHte origin I-imc~ 01 <lo numhel' of 
shocks Wl' deduced fmm alTivnl t.illle~ al- ~tations \\'ithill lO to 20 de­
gTeeH hom ("en Lra I lI,agros, 

\fiLhin 1wo mOllths of the nmin Nho('k, more than -lO eOlllparaLi\·pIy 
large aIter~hoekH \\"ere IeI/.. Some oI t.hem were st1"Ong enollgh lo ("a me 
a·aaitiom.I aama,g:e in I-hc e]liecnt.mI al'ea or t.o enb.l·ge Lhe mcizoseiNmal 
l"egion in a· sontheast-nOl"th\\"cs1 (lirection. IIalf oI theHe after,~llO("ks 

\\'erc reconlea hy near-h.y seismic stn.t.iollS, hut to onl)' '7 oI them was 
it lJOSHihle to aSHing: l'elatively 'H'.cm·M.e epieenlreH, Pigures 3, 'l'nble ]. 

Aftel'shoeks 'vere being felt. ililerllliUenLIy in Pm'sinaj alld 10 the 
north of 1he rnined t{IIVn fOl' nbonl- 2:! honl"~ aftcr thc mai n Hhoek. ~H 

~,hont 02 h30 m 10c~,1 I-imc oI Lhc Iollowing (lay, ~\ violent nHersllOek, 
causing serious (lanmge in thc regiOlI oI Kallgavar for 1hc lìrs1 time, 
ruilled 15 vitlageH, inclmlillg Aliabad alld Sureheli. 'l'he regiOlI W11i("h 
'va~ atTeeted Imd so far eSealJed ,\'ith minO!' dnmage; il. iH Iocatellnear 
1he sonLhenM ex11'emity of t he piee1l1ral arca, alHl the shoek of I-he 
l·Hh Decemher killed more tlmn :!O peoplc amI injme(l 50, Figme :·L 

Two hOllrH h,ter, al. (1a\\"n, another shock rnine(l many hOU8('S in 
the rcgiOlI oI ~~~jaIabn.<1, DWoIaj aIHl GllUl"Yeh, a regiO!I 10enLed 1-0 ('he 
Il00thweHt. of FarHinaj at. the nO!t.lnvest ext.relllit.y of 1he epicentml 
n'giOII, 'l'he maill ~llOel;: of the l:3t.h of ])eeellllwr had eamc(l ('on8i­
derabll' ]lnnie th('l'e :111d a few \\":1I1.~ erackea lm1 othendse t.1tel·e was IlO 
scrions (Iamage. 'l'he a1tCl"Hho(:k oI thc I·H.h of Deeembel' killed one 
aIHImorta11.y WOUlHIe(l -1 pcople, bl"ing:illg about. t.he eOl1lpleLe rnin oI a 
numbCl' of set.t-Iement-s ili t.he Najafu.bad aren. 

A few days later, on lile ltit·h of Deeemlwr, L\\"(J ver.y strollg aft.el·­
shock.~ in tlw rcgiOlI H(J11th oI Far~inaj, canse(1 frcsh (lamage, henvier 
t.han t.1mt pl"Oancea by t.hc mn.in shock, lJart.icularly in tlw region oi 
Javarshineh, Klmrkosh an(l Sarab. "illageTH hom Ghasenmba(1 ~,IHl 

Kharkosh 'vere fully awal'e of Lhe Farsillaj enrlllqlwke \\"hich ~~ few 
days enTlieT Imd ('a1!sed gn~at. (:oncern allll some minO!" (lnmage t.o Illei1" 
villages. 'l'her illHiHte(l, ho\\"evcr, that it. wns tlw sho(,k of t.he 10th 
tlmt ca.nse<1 the ruin of theil' homes, 



ti8S N. A\IIlHA.9EY.9 - A. 1fOIKI·'AR - F. rEI\OXACI 

Dalllage tu villagcs in t·hc Fn·sh lIl'ea had, 1l}l10 UlI' 18th of Derl'lll­
lJ1'I', lX'l'n imignilìrant. 1'I"evions shoeks and llw lllain sll()('k had 
(',l1!scd panif' and sunw lllinoi' dalllnw', whieh on lhc ,1f1cl"noun or tlw 
J8th was ,~(,l'iol1Hly aggnl"\'all'd hy a sl],{Jllg artcl"sho('k, rt 1'Ilined lllan~T 

IlOllses in nllllllllJl'l' of sl'lllcmcnts al'ollnd Fn,sh, llH1'tielllal'ly al Sheshye­
kan whcl'{, l.J pcoplc W('I"C killell and a.s many injlln'd, 

On Uw :!5th uf ])l'remlwl', n,nothel' ,~II'ong aHI'l'shoek ('allsed ad· 
ditiunal Ilama/.re in tlw l'egion hetlHl{'n .Tayal"shincd and :-;,Irah Bid· 
,~ol"kh, \\'he1'l' Illnny 1'Ilins eollapsed alld a fl'w houses W('l"e H('I"iol\.~I~T 

IlnlllH,!.!;I'11. '1"1w shof'k was Hll"ung:ly felt at ::)Hlllleh and 1\1\llgnvHI' Whl'l'e 
iL ('allHl'd minur danul.,!.!;e n,nel ,!.!;l'eHt }lani!', 

'l'hl·Oll,!.!;huut late ])l'celllhel' aftel'sho('ks of dalllnging illLl'nsi(y 
('ont·inlled to O('CIlI' and llw,~(, wm'(, lwing stl'ongly fclt· mainl,y in (Iw 

sontheastL'l'n ext1'l'lllity of tlll' Il!l'izosciSlllal I"cgion, .At noon on t-he 
;31s( D{'('mnhl'l', a violcn( ,1ft,cl'Hhork cnlal"gl'd the damil.w'd an,n in a 
sOlllhcaslml.y dil"c(·lion. In Kangavar thl' Hhoek killell .) ]l(,o]lli' and 

I"Uilll'd a nlllllhel' of hOIlSl'S eallsing IWW damagc tu Homc of thus(' al­
l't'ndy nllmin'll. Al, ]){'hkllhnch and in thc neil2;hhuurin,!.!; vilIaW's lllos1, 

hOllSI'·S WI'1"I' l'llincd, and at· Gel"dian, Ghlll'il.l'eh and Fi1'lll\nllHd Illan,y 
adolX' \\'allf! Na('kcd and a [l'W I"uofs cav('11 in, 

])min,!.!; the fil'st t.wo \\'el'k~ of Jalllllll'Y lH,")8 ,tfLl'l'~ho('kH \\"('I"C hein,!.!; 
f(,lt lllninl~T in llw l'l',!.!;ion of Fil'llzahad, Kangal'al' and tu the ,~olltlwHSt 
of l Il(' (,pieenlnd ,Inm.. 'l'hcl'e al'c no I"CpUl"t.s of Ilamaging aftel',~hoekf! 
frOIll (.]1(' I"cgion of Fn,l"sinaj fOI" that pel"iod, 

Figlll"e:3 shows the extl,nt n·nd nlll))'oxilllH(I' lo!'alion of (1)(' l'l'gion 
alTectL'd h~T t,hl' b\1'W,.~1 aft('l'shoeks of tI li' Fal'f!inaj seqllcnCl'. c\lthOlll.OI 
il is noI llof!sihle wil h (hl' data av,lilnhle at the mUlllent to (,,~tahlish 
how a[tel"Hhork artivity elwnged with tinw, thNe is, howevl'1', g-ood 
marl"osl'isllli(' evidl'nce tlwt suggest,~ a 1I1'og-I'es,~ive l'xpansion of I.hl' 
Hl'ea of aHel',~ho{'k adivil,y to tlw IlOl'1,Il\\'cf!( and pal"tielllarl,v to the 
sOllthl'ast or lhe l'egiUlI of l<';ll"sinaj towal"ds Kangava1' and Finll\nhad. 

(;HOl':\J) DEl-·()10IATlO.?\t-\ 

,\ ('IU'HOl'y I"e('onnaissanrc SllI"VCy, ha,~t'd on infol'lllnlion l'l'(,l'ived 
fl"Om lu('n,l inlUlhitant,~, disdoSl'd n fl'lll'1I11'I' lX'1 \Hll'n Kal"Hj Oli,1 and 
I\:ll'k:l.~al', l))'olmhly of (1'l'(onÌ(' ol'ig-in, Piglll"e -l. Yillag('l"s Il"um Ka1'aj 
!'l'('all gl'ullnd fr,\('II11'I'S appeal'ing aftel" the Fn,tsinaj l'<\lthqllakL' as n 
1'eHult o[ which the mountain-sille (nOl'thl'a.~t 1IH1'1. of tlw vHlley) was 
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FOI'<·~II<l{'k. ~11'O!lgl~' (l'h al Knllg:I\·,H. 
:\]nill ~11{l<'k. X"'\I'oozi (1 Oi l) 

l"'l"<lllm'i (IHijO) 
Il ( I." 
1.":-> 

lhll.l\nl7il\).!" ~IH)('k in 111(' n'gioll Ilmlh or I,'ar­
.. ~llIaJ; slnnl).:-I.\" fl'h al :->ollq<ll' nllt! :->an;lndnj. 

\ lolPllI ~II{H'k wIII, ,1;lII,n"l' in tll" l'{'''ion of 
F"I'~in"j. " " 

F;lI'~inaj IOlall.\" l'uin",1. 
\'ioll'nl gl"H'k r{'~l'0ll~ihl,· rol' Ih(' Hl:lin ,lalllil:2;l' 

in Ih{· l"l'gion of \\nllgavnr '1I1011o Ihl' ~ol1lh. 
pa~1 of Ihl' lown \\1,,·1'(' 15 \'illng{'~ \\'''l'l' 
1"11111('d alld ;I llllllOlwr or p'·opl,. killl'd; 
~Irollgl.\· fl'lI al .'lnlan'r. 

\,pr.\' ;;.ll'Olig ~ho{'k l"l"~I;OIl~ihll' rol' Ihl' m'lin 
daIlHlg(' al (:lllll'\'(·h. D;I;wj Xaj;If;lh;ld alld 
(,lliIl';lI\'\1 Kol.vni: sl!"Ollgl.\" r"ll :il :->al1<mdaj, 
JJallla,lan, K('nl\'ln~llah an,l lo a 1"S~I'1' 
l'xl l'ili ili Kall).!"avar. 

~ll'Ong-l.v f..]1 at \\allga\·al'. 
[)ama).(ill).!" ~llO{'k nl, :->nhlll'h ,md K:1l1).!":lVar. 
:\]ild ~h",'k nl K:ml!:!\';lr. 
~llong- ~Il<l{'k nt l\allgnv:II·. 
S"ri,'" of SllO{'k~ la~lillg a f{·w milllli<'~ iII 

:->ahlll'h :md Kan).(;!\';lr. 
\)amnging ~h",'k nl ~alllll'h. 
}!o]"(' .~h'l<'k~ al :->nllll<'ll. 
\'illlt-nl ~hll('k l'l'~l)(>ll~ihll' for Ih,' lltain damng" 

in Ihl' n':2;ioll 1,,·twp{·1l Karko~h all,I,lav;lr. 
~hilll'h. 'i'l,,· \'Ìllng" or GhaHI' mnl,,"1 \I<IH 
rlli'll',I. 

\,pr,\' ,4lroll).( ":II·lh'pwi;(· ("lll~ing- addilionnl 
damagp antl (·aHlIa!ti{·~ nl ~al'nll Bid~orldl 
all,l .l'I\·nn;hill(·h. 

Long f".ril·~ or ~lllWkH in Ih{· l'('l!i'lll of Fnl'~illaj, 
('olllililling illh·rlllilll'IlII.l' Ihl'()l1gholll Il,,' 
tln \'. 

\)nlllilgillg- ,4hod, III Ih!' n'gi()ll soulhw!'HI o( 
Almhada,l, III Ih" FaHh an'n. 

'l'hn'{' ViO!t·lll. KIlO('k~ {'allsinl! Hom,· ,Inmag,' III 
IIH' n'glllil lo Il,,, llorlh or I lal'~lIl; ~II'OIl"lv 
ft-h. al ~()nqor, :->allll<'h, Kanga\'al' :~I;l 
):1nhn\'nnd. 

:->Irollgly fpll al Kan)!avnr. 
Fpll Ihroughoul Illl' ]"(')!ion, Ilarli"111;lr!y al 

Kangaval' alld KIII"\'l'h. 
:->Inlllg ,4h{)('k, rollo\\"{',1 h,y olllO'I'~, fpll. 0\,('1':1 

Inl'gr nl'On, pnrli"III:II'I,v nl :->nhlll'h, :->onl]ol', 
Kuugnvnl', KIUln·.1nlllul alld 1;ltaila~. 

Nc\\' o!nllln).(ing ~I"",k in III<' n').(i<lll or ,Jav:ll" 
.~hill<'i, 'Ind :->arnh Bio!s()rkh; Il,nn\' 1'111U~ 
,'ollapsl'o!; slron)!l.v f,,11 al :->'lhll;'ll uno! 
1\allgavar. 
}!ol'p dalllagillg ,4ho{'kR O('{'lIlTI'd iII Ih{' 
Iligh!. 

:->Iroll).( KIlll{'kK in 111<' 1'l').(iOll of ~nl'nh lIid· 
,4orkll and Fal'~inaj. 

~Iron).( Sll(wks ealls!',1 Ih" ('ollallsp of l'UillH 
nl Fal'Hillaj, Kajafahad mul :->OIlI]Or. 

'Ypak('r ~ho{'ks ("h iII Ih{· Far~illaj l'('gion 
Ihrougholll Ih{· ,la,Y. 

Thn'" ~Irollg- 1i1"H'kK nl FnrHinaj. 
TI,,· IllOKI ,Iallln)!iu).( KI"",k in 1\allgnvilr Wlll'I'(' 

a lllllil h!'1' o( IlOl1H"H ('ollap~l'd killillg :1 1'''0-
piI'. Al.\h·hkllhlwh mosl hOU~l'K w"n' nlÌlll'd; 
millor dall"I)!" al (ial'al'l'h. (ilwrdian :llld 
FiI"llza ha ,I Ilo);ol'gh. 

:-<lnlll"ly f(·]j. al Kall":I\,al'; IlIilllll' d:lIlla).('· al 
A1i~lino! an,l 1"il'll;;,had. 

Yioh'nl 'II ]\nllganll' wilh Illinor dnlltag{'; 
slnm"l\, f .. lt nl A~ahadud, :\' .. ha\'I'1lI1 allll 
llnlll~,iall. 

Fp!t al ~ahll,,11. 
:->II'OIl).(I.v r,,]t Ihroll).(hollt Ihl' n'gion, pal'li'·lll. 

nd.v al :->ahll<'h, lIal'~ill alld 'Inla,\'''r. 'Iillor 
,Iamag" nl ]\'Illga\'al' all,I Fil'llzah;t,I. 

:->''l'il's of violt'lll HIl<H'h eall~l'd ;ldo!iliollUI 
damugp lo vi1lag-p~ ili 111(' n'l!iou or Kallg-a\'al' 

KllIlll'roliR ShOl'k.~ al ]\allg-:l\';tl' wilholll ,Ia-
1l1ngl', 

'1'11'0 ~hoek~ ("llI~ing llIinor daIllng!' ill 11l<' 
r!'gloll or I\angnval'. 

~,·ri(·.~ or ,4ho('kH ill 11l<' n'glOu of :->ahll<'ll nlld 
I\all).(nnll', \\ilholll dnllt:lg". 

:->ll'ollgly (,,]t nt. ]\angavur. 
:->('l'i,'~ of \\"'nkt'r ~hoek~ in Knngavnr. 
Two shn l'p Hh",' kH fl'll. iII 1\ :lIlgu \'ar nllli (:adll k; 

f!'11 ill A~ahadnd und llamaduu. 
])nlllu).(in).( ~h{l('k nl :->lwlllkh all,l K:lll).(nvnr; 

({,]t. in ,\Ialnv,·r. 
Fp!t ill I\nn).(n'\'nr. 
F"II ili :->alllll·h. 
\'iol{'1l1 .~Ill)('k ('nIlR"o! SOIlH' dall,agp.d ]\.lIlg:l' 

val' an,l :->ahll{.h; fl'h in ]1:l1l""I.IIl, ]\,r 
Ill:lIl.<hah nllli ~al]i);. 

~ll'on>:l'y fpll in llalllnd:lll wh{'n' il ,'nll~{'d 
paul<' . 

:->Irollgly ("II III tlll' ]"('gion 1)('lw!'I'1l Il:1.'llndall 
allli Asahn,lu,1 whpl'(' il {'auH{',1 II:lIll{'. 

f.;ll'onl!ly fplt nl Knll).«lval'. 
~pl'i{'s ,;( minor Iill<H'ks al ]\nu).(:lvnr. 
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downLltnlW1I hy Oll{' md1'{' (!). Thi~ fmdul"e, llley attesi, 1'011111 II(' 
rollowed ali UH' way lo l\nl'knsal', "\s a mattl'l' or fad, aholll DO() 

Illl'1Tes to t1le nOl'tlll'ai!l, of liti' \-illagl', lim'a1' tOllogmlllti(, h'atlll'l'K in 
Illl' fOl'ln of tl'lTa('('s an!! s1lallow s~lIlllles bt'a1'illg l:{()~E, Ilo fullu\l' lhl' 
])1'oj{'('lpd tI'{'11i1 uf fmdUl'l's all\llll'd to by Uw \'illagt'I'.~.TIII'st, ft'al'-
11I1"l'S, \l'hil'll nl'p mainly in allnyium and in one ])Ial'e in ('ondolllp1'all's, 
sllg'ges1. Y{,l'y n'('l'1I1 nOl'lIm.1 fnullillg alld SIIO\\' ilO eyidelll'e uf Inll'ml 
Illot iO]L '['ltere is li I Lle dOH ht I ha 1:. tllpsl' lill{'a l' fl'a tun's, w il idi nOI'1 Iteas l 
uf ,Kal"kasal" al"e qHitl' dl'ar, :lI'l' iII fnel Oli 1.1[(' ('xlpnsiOIl of thl' gToU\\l1 
fractures rl'felTl'll to by lite inlm,hilallls of l\nmj, [[o\\,(,Yl'I', IllUYl'­

lllt'lltS 011 t,llisalig-nl'ml'nt in \\):)/ al'l' noi l'OIT01J1Jl'atl'll by III(' "illaw'l's 
ofl\nl'kasal', 'l'h!'il' imlll"l'~siun is tlmt to 1111' wlllh of Ihis lilll'aIl[(,1I1 
litI' gl'(llllld :wl1l{'d alld ill ll!aces upened IIIJ o\-er slto!"1 disbulI'es aftel" 
t1le l'art1lljlJake of Ull' ~lsl S{'pll'Ill]){'1' Hl,)~, 

_Anoj:.]ll'l' lo('atioll Wh1'1'1' Illl'I'{, i,~ SOIll{' ('yidpll('I' of sigllilicalll g-1'OHlld 
fmd,w'ei> is :~,~ kilolllel1'e.~ f1'Olll Saltlll'h, Oli th{' IIPI\' l'oad to Fal'sillaj 
nlld O,') kilomelTl's lo thl' l'ast of IltaL ])oiIlL. HI'1'1', yillngp1's fl'OIll 
[[pllunalab:\l1 1'l'1lH'lllbl'\'l'd tltat 1111' ]'(wks \\'l'l'l' .~lmllt'l'l'd on'1' a wide 
lIonl' whi(,h l'o111d ])(' follow{'I! iII a S!Hllhl'asll'rly llirl'etion lo t1ll' uld 
wall and frOlll IIl{'n' nllllll' way lo Bidsol'kh, "\gain 1I('1'l' 11Il' llin'dion 
of t he alleged fml'lm'e ZOlle l'oilll'idl',~ w i 1 h l i IlI,nl' l n'I[(!.~ ael'uss li llll'S 101ll' 
l'idg-es al\ll slllaU nllll'.\·S un Wllil'il \() ,\'l'al".~ afll'r Ih{' l'al'lhqHakl' 110 
dl'al' eyidence uf l'l'('l'nt, llloyeml'nL~ l'OH Id hl' fOHnd. 

"\ less ('on\'iJl(,illg ('ase of g'I'Ollnd ddol'malioll.~ or 1!'('(onie Ol'igill 
was funllli lJl't\l'('l'n GltasE'lllahad allli TnsllluahuL J[t'l'l' ali indil'atilllls 
pOillt, lo tlt{, U('CIl\TI'IIC{' of l'uckfalls aliti slilles, altllllllg'h Illl' dl'ying IIp 
of I\HI S]Il'illgS of wal{'r nlld I hl' "lll'{'akillg HP of tlll' g-1'UIIIlII into slells" 
ma,\' han' SOlllt' 11('al'ing on lite l'eadi,,alioll or a loeal I{'('tollie li!H'allll'IIL 

l'hl' followillg infol"llwtiunl"l'fl'l's indil'el'tly lo faHltillg. Bx1.ensin' 
lI11lll'nval of thl' gl'onllli \l'as 1'l'pm't-l'll lwtwl'en .Kangal"slwh ()li:~ al\ll 
Kargolall \l'ilh lalldslid('s alld roddall.~ alolll--( n mlll' 1X'al'illg i'-1~0-E. 
"\lllng- tlte sallle di]'('(,1 ion as \l'('1l as 1}('1 \\'l'PII Soltantaltil' allli ChOll!Hll­
l'l'll]ll' s}Jl'ingH of watel" dl"il'll np and gl'Olllltl sdll('lllt'llis tliSl'lIjJ1l't! 
footpatll~ fUI' a few kilollletl'es fnlln Delwsiyah alI Ih!' way np lo 
K llh -i- \'"n kuella i. 

,\('cortling lo )Iilchl'lI C'), IlI'a1' (L.hn1l'l'h lite l'HI'lhllnake hall 
l'H,l1SI'd a "faull t~1 111'\,plo])1' Oli tl[(' ]llonnb~in-sille" ant! at thl' j-.jllll' 
of lti,~ visitis, in llPeplllht'l' 1!1:1', n lnass of l'(wk, about haH ~ l. lllil­
lilln enbic meLI'es, \l':~S in tlte }JI'oepss of tll'scl'ntling t.o 1111' l'i,,!'1' hy 
gnnitatiow~1 ereep. G~l.hv:weh, on tltl' ,\h-i-Zilllk:m, is mOl'{' LltH,1l 
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l:!() kilolllctrcs wcst.-wuthwest. of l<'ar~iuaj allli t.hc shaking- thcre 
,n.s vcry sIight, but sb·ong ellough 10 triggel· an incipicnt Hli(lc . 

..:.\Hhongh it is noto possible to (~omplct;cly .~eVarat.c the cHects of 
the main shock from lhose of it.s :1ftel .. ~I](wk~, it ~ql1JCars tlmt thc n'gioII 
wit.hin ,dlieh !'nmmlliativc damugc to thc TnHlùm udobe house wa.~ 

sel·ious, (li(1 not l'xcee(1 about 7,000 squlHe kilometl·es, a n'gioII within 
whi(~h inlcmit.icK shoul(1 Imvc bcen equal to 01· greater lhan VI (l\lì\I), 
an avera.gc intemit.y ahovc whieh a.(lo!>e homc~ begin to show sel"ious 
signs of (listrcss, Vigme :'1. 

\-Vit,hill 1.hi.~ regiou maximum (lamage ,nt8 sprcu(l over a· la.rge 
arca, Figure 3, Hhown in Home (]ct~til in Figure -l, bu1. iu thi.~ area it 
was noto pOHsiblc to asscss intcmities nOI· detillc 1Jl·eciselyparts oI the 
region whieh wel·e H·ITeeted more by aftcr~l\()eks tlmn by thc nmin 
shock. ,\ !"ccvalna1.iou of alI avaihtble (Iat~l. Kuggests t.llat 1.he IU·I·do­
minall1. eviccntral intcllHity oI t.he Farsinaj eH.J"thepmke did uot excce(l 
VI PDI), Le. H· morc mO(lel·H·te snd:wc illtensity ovc!" a mueh wi(lcr 
areH· (2,800 squarc kilomcto\"{'s) tllall c01ll1Jarabic magnitu(]e earthquakcs 
in othcr }mrts of Inlll. Local ~itc eon(litions an(1 t.he eHee1. of Mlllle 
of 1.he aHersh(wks ~1]J]Ja!"cntly rcsult.c(! in heavicr (Iamage iII 1llaCCH 
10 whieh an intcmit.y oI VII may be aHsignc(1 (areH.,> 13 ami U in 
Fignre -il. 

Of tlle lhnw zones of relative!y heavy (lamagc illHi(]c the generally 
aHee/.e(l ~u·ea, only zonc 0 1 , in 1.hc vieinit.y oI Fa!"sinaj, shoul(1 he eon­
si(lere(l t.o bc thc immc(liat.e rcsult oI the mai n sl](wk. 'l'hc othel· two 
zoncs of heavy damagc are most eeT1.aillly aswciate(l with t.hc combine(l, 
elleet.s of t.he maill shoek an(] oi iL~ aItcrshoek. Thm ZOIW C't, hl t.llC 
1I0r1.hwesL oI Fa!"sinaj, (lcpiets the H.pproximate loeatioll aw1 Iimits 
oI thc ,ueH· }lrimH.1"Ìly (lamage(1 hy the aft.er.~hock oI the luh oI Dcecmbel·, 
while tlw mueh Ia.rgel· ZOIlC Cl awl aho the extcmion oI zonc A t.owanls 
I<'irnzaba(l shoul<1 be consi(lcre(1 to bc t.he eombined \"{'sllit. of thc a[t.cr­
shockH of t.hc Hìth, 2:")th H·u(1 31s1 ])eeclllher 19:")7. 

As ean be seeu from FigU\"c.~ 1 awl '1, thc high!y asymcb·ie (listl·i­
hntioll of thc lllIWl·o~cismie eJTceh; oI the Fa!"sinaj cal'thquake ahollt 1JJC 
Firllzalm(1-Sarab-Gharaglmj meizoseislllai axis, is ill(lce(l rClllarkable. 
Both illt.l'nsity au(1 (la.Jllage Ian Oll wit.h (li~tn.ncc t.o t.lIc soutlnnl~t oi 
1.hc axi.~ a !lllost. 20 times fa.stcr than to the nOlthcHst. As a llmtt.el· oi 



Fig. -1. - Daml1-gc mal'. )fumerals show 10l'alioll or lli!cckd villagcll I1.nd dC,!l,'r(',c of ,lamagl·. (1) 100 ';.;, of adol)!" J'"Il ~I''' 

tlCSll'oycll or dl1.mage.,l bcyontl rep air wij,h 1II0l'e tlwlI 10% ('Ils\udlics; (2) 100 % dcst rnet.ion wHh leSi> than IO';i.. (,';\lHtnl!i!\~; 

(3) 100% or lI. uo!J (>: hO ll.!le~ l[lI.Ilwged beyond H'p:li r or llt!dl'oyOiol WHllOut fa taliti,,;; ; Ul :,0'% to !J!) % or nd"l,c hO \\S (l~ 

d()~tl'(lyC l] o!' ,]umagnd bcyon,] r('pail' WiUlOllt casnaltiM; (:'l) ,] nlll!\).(() I (>:s~ than 50%. Dot8 indicate Sitl'S l\o t da nlll ;,;ol [ (lI' 
nn inhabit,cd at t hc tim c. Arpa ma1'k('(} A - 11101' (>: tlmll 50% or adobe hO Il ~es r uhw,}; .13 - ali :I,}oh(' h()ll~eS ,]cstr"'y(!d 01' rn innl! 
al\tI s llbseCjucnlls abal\,lol\('.d wi t h smnllloss of lire; C _ to lal d c~tl'\l(,lion with 11('11.",)' 10,,"<; of life. Da~l1(), l li!les in ,li rntn locu l ion 
an ,[u(\I)I'uximu,w (':<L(!n t. or gl'o\lwl ,lcformations most pl'obuloly uSi!ot'intcl! wi1h t. he Farsinaj eilrj)H[nake aml i t ~ aftr:l'shot'k il. 

'l'hin ,1a shc,1 lincI' "ho\\, 1l1" in l"oaols. 



fa('t. villll/rl'f! lo tllt' south of tlll' rOHd hetwel'n :-lalllll'1I alld BisihulI, 
along Ihl' (:,\]IIH~i:lh 1"iv('l', SllJl:l'l'l'11 ,lhf!olllldy 110 dalllag'c aud al llarsill 
the lllain slJ()('k Inls l'l'l1- 'vith au intl'lIf!ity IIm'dlr gn>ah>r than l\', 

ft. lIaf! pl'oY('d }wdef'll,\' Il'af!ihlp to ('alTy ou1- /il'hl invl'f!ligaliolls 
of ali l'art hlju,lkl' ili Il'all wlli('h hallllencd 10 yl'al'~ HgO. Both publisltc(l 
alld 1l1l}Hlhlishl'll iufol'1lwlioll HS '\"l'II af! iutl'l'1'il'we('f! lIilli Il)('al 
illh,lhilallt,~ suggt'f;1- tltat thl' l<'Hl,,~illaj l'Hl'thquHke if! hll'gl'l" Ihall all~' 

111'I'violl,~lr ],:llOII'1I t'al'lllqnak{' iu tltif! pal'I of tlle Z'lp'OS. 
'l'ltc lllain sltor'],: wai! n'sllomible fol' Willcf!pl'ead but lIot eX('t'sf!iv{' 

IIHlllagl' O1'CI' a ('OmlJ;lnltivdr Inl'ge Hl'('a 1-0 tlle uorlhcast of ali axi,~ 

aligllt'd ili a 1l01"tllWest'f!outhe,lsI dirl'<"1ioll, Both dalllage HlHl intl'n, 
~ily dislTihlllioli ~IIOI\' quitl' ('Iparly tlwt "ibra1ional l'Ill'I'g~' mdiate<1 
awar to tlte nOl'tlll'as1- of 1-11i~ Hxi~ fal'lllOl'e effieiently Ihan tu thl' wll1-II, 
wef!1 of iL Thl' ('ollljl,u"alivpl,," lal'gl~ f!iz(' of Ilw meizos('if!lllai l'l'giou 
sugge,~ts a foeus in thc lol\'cl' llol'tion of thl' ('l'UHt. 

'l'lIl' lllaili eal'tllquakt' 'va,~ folltnvell by ,I 1"1ltlll'l' IOllg ~('I'ies oI 
('Ollljl,II",llivl'lr lal'gl' Ibull,lging ,lflel'~I«)('kf;" 'rhe,~e sho('ks not onlr 
ag'gl',lvated Ilalll,lgc but alf!o lll'ogl'ef!sivcly enhll'gl'd Ilw llleizusl'if!lll,tl 
n'g"ion in a f!Out,heHsterl~' llil't'dion along a nOl'tlt\\l'f!I'f!Ollllleaf!t tJ'('IHlillg 
axis. 

FI'()]ll Figure 3 it ('HII hl' f!IWII tlla1- tlte ejliet'lltn',~ of tlle lllain shl)('k 
alld of ..J. of 1-lw H aftl'l"sltol'kf! (5) lic uulside aud 1-0 1-lw SOlltll of tlle 
lllL'izof!cif!lllal l'l'g"ion; Ihey are aligm'll in a soutlnvcst,nOl'tlteas1- dil'I'('­
tiUIl, at l'ight HlIgIl'S to file tI'elid of tlw nwizo~eiSlllHI axi.~, :\ simihll' 
,dig-llllll'lI1- of ('pi('ml1l'{'~ iII Ihe ZagTOf! Il;\~ hl'l'n Ohf!I'I'I'I'd hy O//!l8,W'f (l). 

Huwevl'r, ili litI' 1ll'PSl'nt ('asI' th(' aC'(,HI'Hey or 1-Ite ItYllo('{'ntl'cf! of llw 
Fal'siu,lj SCqU{,UN' antl theil' nlllllJwr HI'(' noI f!llffieit'llt to t'yahwtl' lite 
~ignifkHnee ol' Il1l'sl' ohf!(~l"vatiolJs" 

'['111.'1'(' i~ somc cvid{'\I('e j-]wt tlle l<'HI,,~inHj eHl'tllqnake UI' ll(']'hap~ 

f!OIllC of it~ 1,ll'W'l' aitt'I'i!lIo('k~, Wl'!"l' af!s(}{'iated Il'il h gl'OlllH! dpfOl'llla­
tiun,~, ,,'lIieli iII SOllll' jlh\('l'8 align{' ,,'itll, allll elf!{'I\'IJ{'l'c dcfine ~tl'lld ural 
tJ'ends or toilleille with [{e('ell!, fHlllt.~" 'l'hel'e i~ ill~l1ffi('Ìl'n1- evid('1l('e, 
ItOIlCV(']', tu f!lloW elJlll'lll,~ivl'lr tlt,lt tlwse ddonuations Wl'!"e of tl'<"1oni(' 
lJI'igili. '['lIei1' sig'nifi('anee lie~ in tlw fael 111,11 Ilier h,1Yl' hel'n l'o\lllli 
in tlw vi('inity uf, 01' Hliglll'd I\'itlt pl'onoU\well f!tnH~tUI',tl tl"l'lHlf! and 
He('ent fanlts. 
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r]'hallk~ are exh'IH1('([ to 1.11(' gh\Jl' of the ']'('('hui('al H,('s('al'('h aIHl 

Ht:lll1bl1'1]~ Bnn'aH of tlle Pia Il alld B1Hlg-l't OI'A'HllizHtioll in ']'('Imm alHl 

iII partil'Hlnl' lo H. Pnllaziall, Ilil'!'!"tol' of 11m Plallllillg" Bnn'all ill ]-IH-
1Il:II]all, fol' I])('il' fl~HiHlalll'e ill lield ()1)(,J"ali()lI.~. \r!' am illdBhtBd to 

::\h ,I. l,nUi, -,\H~istnnl Fal'lIlalldal' of ] [:I111adall, alli] to Ihp Lihl'al'iall 

oj' lite J[anuH1a.n Heminal'y fo\' thei\' aHsislan('e iu l11e l'etricval of news­

lH1JlN 1'l'110l't~ aUll ot11el' nn}lllhli~hell ([ol'nllll'uts 1'l'[atillA' to thi~ l'Hl'th­
quake. 

']'hiH wOl'k waH Wllll()I'Led hy Ili!' ~al!ll'al ElI\'il'onlllenl Hescal'eh 
COlludI, I,oullou ~I1Hl thl' l'hm alli] ])1!I]gd ()l'ganizatioll, '['ehm n, 
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