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SU~DIAIlY. - 'l'II(' :'fimhlnk Valley, sit.uatetl in the ('pirent.ral region 
of t.he Dasht-(· Bayaz (Iran) earth(llwke of 31 August IU68, euntains several 
types uf lHlube villages whirh are tYIlieal uf many otller parts of Iran lllHI 
t.he Mi(l(lle East. After tlle earth(IUake hot.h primary alHI seeontlary grul11HI 
fl'llct.ures Wl'r(' ohserved in the form of large scale surfare fnulting amI 
lurrhing, )[nny of t.he yillages were (lestroye(l, and o\'er 2,500 pflople kille(1 
in tlle Valley alone. Conyentional intensit.y stmlies were fOUJl(\ to be tuo 
suhje('ti\'e antl mislea(\ing for the shuly of (lestroye(1 villages, InsteiHI, the 
(Iestrudion is analysed in terms of t.he tlist.anee uf t.he villages from tlle 
fault.hreak, t.hcir proximit.y tu lur,'h fractures al1(\ the existenre of particular 
loeal sub·soil conditions. 

Russe:\'['o, - :Nella valle tli )[imhlllk, sita nella mgione epieent.rale 
tld terremut.o (leI 31 Agost.o 10GB (li Dasht.-e Rayaz (Irall), molti SOIlO i 
dllaggi ('on ease in mattoni, tipiei tli molte altre parti (ldI'Iran e del )Tetlio 
Oriente. Dopo il t.elTemot.o furonu usservate fratture nel tel'l'eno sia primarie 
ehe seeontlarie sutto furma tli faglie e deyiazioni superficiali molio ben evi· 
tlenti. Sultantu nella Valle furonu <listrut.ti molti villaggi e morirono 2500 
persone, Lo stlltlio dell'int.ensità con metodi eonvl'nzionali Ò risultatu troppo 
soggettivo e t.ale (la ÌI1(lune in errore se apillieato ai villaggi diHtruiti. Al 
cont.rario, la (\istruzione di detti villaggi il stat.a analizzat.a t.enendo conto 
tlella luro (\istanza (Ialla faglia, (Iella vicinanza alle fratture e dell'esist.enza 
di particolari cOlHlizioni de( lo{~a(e sot.tusuolo, 

(*) Eugiueering Seismology, Imperial College, 1..o1Hlon S1\"7. 
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B~' tlle llumhpl' oI }wo]Jle killea 1I1Hlmade homeleKK (alluni ] (),()O() 

nlHL 70,O()(j l'es}l(ldively), tlle lIasIlt-e Bar ar. eal'thquake oI I!W,s 

('ollslillltci! Oll(; ()f l!Je majol' Hill)..!:le llatund eafw,;II'Oll!JeH of tlw laKl 

I[N·alle. In lel'lll~ or thc histol'.\" of Iran, howev\'l', it wai! hy 110 means 
llll ex{,p}ltional eal'thquake. The 19(;~ e~l1'thquake in Bnyin Zal'll (wl'i\j 

of 'l'1·!tl'iln) rlainWIl an H}l}ll'Oximately l'qual llumbel' of victilllK, amI, 

fol' eal'licl' tillWK, th{']'p Ill'(, many l!oeunwlltcll cases of similal'ly (le\'
astating" C'Hl'thquakes. Ilelailcll dO(:lunelltatioll ()f thesp eatast.l'o}l11ie 

('"pllls }ll'Ovilies Hn essential basis fuI' thc minimizatioll of future (Lis

aiitcl'S h~' HU)..!,'I!PStilll! \\'ays of impl'OvinJ..; Ioeal bnihling technique:'\, 

lnyout ami 10f'al.ioll of IIPI\" "illngps. 'l'he Ximbluk Yalley, situated 

ili tlle elli{'entm! region of the J)asht-p Bay nll eartllflnake, liisJllays 
mnlly of the geoJ.,'1'a}lilicnl am! ilnlllan eharaeteristiCH foulll! ill oth('1' 

SPiHlllic parts of 1mll. A lietailed shHly of the efl'eetii of the .1!WH earlh

quake in this restl'i('lel! I·P)..,..-jOll is Iherefore }lel'ti11ent to the country 
n.~ a whole. 

'l'Il(' Dasht.-e Ba~ar. eartlllpwke of'cured at 1()1\4im;~!Js ne'l' 011 

tile :n:'\t Allgusl I!W8 ill a southem region of Khoras,~an kllown as 

tile Qa:ven-Hil'jam! Highlll1u!s (Fig, l), 'l'he ellieent.re (,33.97"N 59.0:!°E) 

was loeatm! ill the Simbluk Yalley, n small elevat.m! doseli basi11 
nOi'th of Qap'll. 'l'ile average nmgnitlLi!e waK i.:! alld the fotal Ile]lth 

about 13 km, lUU! it was felt over an area 01 abonl -100,000 Sf]lllll'l' 

kilometmH, 'fhe eal'thquake wa:'\ assoeiatl'l! with an SO km long iiUl'
faf'e fault whieh ('l'osseI! the nOl'tllem ]1a1t of the ~imhlnk Yalley, 

ll-11(1 shol\"ed maxilllnm relative l!isllla('elllenlK of 450 cm in the hOl'i

wntal (lirectio11. Extensive nOll-/t'('./ollie j.!roll!1(t l!e1ol'lllntions in the 

fOl'll1 of hll'eh fraclUl'es werl' ll.lsO fOn11(l sonth 01 the Kurfaee falùt. 
'l'ile mni11 shock anli the Hlrongest nftl'rshoek (1st Se}lt.mnbel', 

19(;8, l\lagnitude nA) destroye(l Ol' dalllage(1 hOllses withi11 all arl'a 

of about 10,000 Hflu:tn' kilometl'es in n region having a ])()]111latio11 

dellsity of about !J llel'KOllK ]](;1' ,~quare kilometre. The number of 

I)('O}lle kill('(! is not. knuwn }lreciKely ImI is abont. 10,000. Alllll'Oxilll
ately 12,000 llOnHilig n11its i11 ISO villages wel'C (!cstroye(! 01' (lamage(! 

Ilt'yolll! mImir, l'elHlering 70,000 peo}lle homeless. The large,~t Kett

lementii eOlllpletely (lestruyed 01' heavily damageli \"eI'C }<'erdows ("'), 

(*) Fl'nlows was in [ad ai thl' Jimit of tlw arca Ilamagl'11 hy thc maiu 
SllOt'k, bni Il'as sl'I't'n'ly Ilalllagl'll lJy thc aftc1'shock or l;;t Sl'ptemlH'l', IHH8. 
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of the Xilllhluk \'nlley 

Kakhk all<l Da~ht.-c Bay~),z. GOll<l,ba<l, Bcjù~tan lllHl (~aycn W(]j'Cl 
sitllatcd at thc limits of the eal't.hquake are~)" alld sulIered little or no 
(bmage at alI. 

'l'Il(] jll'esÙnt. i!t.wly is restrided to t.1l(] <lanmge which occUlTed in 
the Nimbluk Valley. POI' a mol'ù gelwral al)lmlisal of the eal't.hquake 
and its etl'eds, the l'Cla<ler ii! referred t.o Niazi (1",11), .Ambraseys ~Hld 

'l 'chalenko (3 .•. ~ ), Baycr, }-feuckl'oth alHl Karim (6), Cram]lin (~.~.IO), 
'1'chalcnko alHl ~\lllbrase,\'s ( ~~), Bft.ekhar-l'ejad, Hal,,"lti-]loOI', Davood
'%adch ( ' ~), Pakhdaman ('~), n~),~· and \\'l'ight. (11), Ga,nsscr (13) alld 
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GEOGRAPIlICAL BITUATIOX OF THR :XnIRLUK VALLEY 

'l'he aominant trena nI t.he mnunt.ainrillges in the QaYtm·Bil'jand 
l-lighla.nas is llnrt.hwest. OH a regiOlml scale, and west·northwest to 
wef\t on t.hc more loca,l scale oI the ea,rt.hquake arca. Bot.h rcgional 
and loeal dù'ect.ions al'e det.emUnea uy the geological struet.me, ana 
in }Jal'Uenla.l', uy thc major ffuùt directions (4, ~ ), The earthquake 
l'eflectcd these tlircrtions in a8 mueh as it Wl ... '! associated wit.h an east.
west 8urfaee fracturc having west·nnrt.hwest. bmnches. 'l'hese two 
directionf\ ea,n also be seen in t.he armngement. of the mounta·in el'e8t~ 
whieh divide t.he a,l'ea int.o three distinct.ive 8ub·rcgions or hasins 
(Fig. ~), 'l'he Kfth-e Kalat, KLlh-e Siah and Kuh-e Tun sC}Jarat.e 
t.he Gnnabaa regimI which araim towa,rds t.he nOlt.heast from t.he 
FenIows region which dmins t.owards t.he 8Outhwest. l'or reasons 
of watm' availability lHld dinmte, these t.wo regions are inhauitetl 
only along l,he mount.ain hOl'ael's, the lower IcvPl." being formea by 
t.he salt.·wa.<;t.c desert.s of IIadjiahatl Kavir (I)a.sht-e I~Llt), Bijistan 
Kavir amI naqq-e Hajj-is-Haq (Figs, 1 and 2). The thinl sub·region 
is t.lw Nimuluk Valley, a· sma.!l amI nearly clo8ed endOl'eic lmsin wedged 
in bctween the Kilh-c Tun in the snuLhwest, t.hc KLlh-c Meysùr lHlli 
the Kuh-e 1I-Ieylmy in t.he nort.h, t.he Kuh-e Mahiar in the nOl't.hwest, 
amI t.he Kùh-e \Vanl-z in t.he snut.h. 'l'he sout.hwest.el'll balTiel', with 
the Kuh-e 'T'un eulmina.ting at 2840 m (9327 ft), is the highe8t; the 
nort.hern ana southcrn honlers are mueh 1e8s elevated and l)roYide 
t.he main outlets, towanls Gonabatl in t.he nOl'th atl(l Qayen in thc 
sout.h. 'l'he flonl' oi the Nimuluk Va,Iley yaries in alt.itlllie from 4059.rt 

to 5000 ft. 
'l'aking the 5000 ft. contour 1 ... <; rderenee, the ~haJle of the Kimb

luk Valley is nea.dy a perfect recbngle 15 by 40 km, with the 1argest. 
side in the west.·northwest ail'eeLion. nmina,ge is from tlw honlcring 
l'll-nges, essentia,lly from the snut.Il\\'Pstm-n mount.ains, towanls the 
eentm of tlw uasin amI then towanls the lower southeaste1'1l outlet. 
near Qayen. The genmorJlho10gy is chamcteristic of tmdorcic basins. 
l<'rom the mountainous rim towartls the cenLl'e of the basin one lìnds 
the sueeession nf eont.emJlOl'IH'y and Iossi! outwa·sh fans of coarse 
grayel, a, fla,ttel' region of finer silt.y setliments, antl tlw hwit or salt. 
marshes JlPriodieally flooded dm'ing wintcr, 'l'his sequence shows a 
gl'ea,tm' tleveloJlment. at the wcstern a·ml 8Outhweste1'1l sides of the 
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basin, wlwre the higlwr and more ma~sive monntain~ ])]'ovùlc the 
lllain catchmcllt arca. 

)lost. oI the l)O}mlation oI t.he Ximbluk Yalley was concentn\,ted 
beIol'e the e~\lthquake, in vil!agps and hamlets situated at t.lll' nOlth
west.ern, western and southwestern mal'gins, in the rt'gion of tlll' lowel' 
outwash fH.ns (1<'ig, :3), Here the best quality of watel' is obtained, 
eitlll'r directly through open ehannel~ fell by springs locatmL above 
some oI the highest village~ (J)elw~hk, Benavaj, :Uozdaball), or throngh 
long lines of qallals (nndergronllli tnnnel~) which Cal)ture the wat.er 
at the Ioot oI t.he mountains al1l1 bring il. to the lower viLlages (Dasht-e 
Bay az, Khe!.!l'i, Gerimenj), The northwestern comer, at. the conver
gencc of t.lll' ~\V anll W!';'\V m01111tain r:mges, lmd the highest ]l0lm
lation dcnsity of the Yallcy, due ilO doubt lo t.lw fact that as thc trfUl
sition hetween outwash Ians awl mountain slopes i~ here gentler than 
e!sewlll're, t.he sit.e comhines ali the allvantages oI topogral)hy, water 
awl clima te, Towards the centre of tlw lmsin, the water hecomes 
increasingly chargell in minerai saIL~, buI. ean still be lL~ml for enlt.iva
tion a~ at Chah KhulHlri, .\Iamdasht, Miamllaf\ht, etc. The lle]lth 
oI tlw water t.ahle heLow ground level llecreases fl'Om the edge towanls 
tohe centre oI the baf\in, aJl(1 t.lll' water tahle reaches the surface just 
east oI the villages oI Salayani, L\f\IHlftb:HI, ~oghah, 1-fH.djialmd, These 
last. three viIlages must howevcr rely on qanats for their drinking 
water, Beyonll them start the salt marshes, 

Until thc CJl(1 of the 19th century, thc mountains surroU!Hling 
t.he Valley l)l'Ovidcll protcction from Turkoman all(l othCl' raiden, 
awl comequent.ly somc oI thc villagcs st1Hlied here are of (~onsiderable 
a,gc, nasht-c Bay az, for exanq)lc, is mentioncli by Ibn Ilawkal in 
the 10th centun' A.n. (1'), a~ well a~ t.he ncighb0111'ing ami chief town 
oE t.hc Valley, FarmI, whieh tollar ean no long-er be loeated, )lost 
oI tile villagef\ were eertainly in cxistence in thc ] 9th centltr~· aJl(1 
ha:\'e prolmbly grown slighUy since t.hen ($o), Agrienlhu'c seems alf\o 
to have rcmained lmsically unchanKed, with irl'igatell erops of l'oot 
vegetable, water-melon, lml'ley and saJTron grown aromal the fan 
villagcs, al1l1 non-irrigat.ed spring wheat. ami irrigat.cd sngarbect in 
the J1aUer part.s of the basin, 

(*) Be11ew in lRi..J- rlngnil)CIl nenl'l,v nl1 Uw l'n'-earthqllalw vi11nW's 
al\(I cHtimah'll at 200 thc lHllllllCl' of hOlllWH ill (;(,l'illH'nj an,1 silllilnrly in 
Khczri, HlHl at 300 thof5e in j)asht--(,. Bayaz, Thc eqniynltm! l!H;S ligun'H 
were 180, 550 am1 (;80. 
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A recenl, hyarogcologieal study lms shown that. thc quant.ity oI 
'\'at.er whieh ean be ext.racted I1'om t.he Valley ean only be marginally 
inereased (I1'om HWO to 2500I;s) without cxcee(ling t,lIC rat.e of l'C, 
ehal'ge of the allnvil1m (Il)" 

'l'YPE,'3 OF VILLAGES 

Thc area studied hcre covcrs t.hc ,\'holc oI the ~imbluk Yalley 
,\'ith the exeeption of hHI Tillages alHI t,\'O hamlets for whieh ]lO ma}ls 
01' aeri al }lhotogml)hs were llvailable; t.lwse arn rnsveetivdy Mozdalm(t 
amI BeniLvaj in the extreme northwest, and Khaki amt Alam in the 
extreme sout.lwast (Fig, 2), Ael'ial l)hotograllhs taken on a 1:'i,500 
scale wcrc used t.o analysc damage di~tribution and grouwl fractw"es: 
thesc phot.ogl'aphs were joine(t wit.hout. gl'Ound cont.rol int.o a mosaic 
from whieh thc nUll)~ of Fif,fures 3 an(l 5 wcre traep(t. They werc also 
used t.o examinc syst.cmat.ically alI the villagcs and count. thc mUllber 
of houses which had collall,~e(1 or survivnll in nal'h . 

.AlJart Irom some vcry rare ollicial buiMings n1<ule of kilJdìre(t 
bl"ick, such as the gClHlal'lllC1'ie in Khc3:1'i, all the houses in thc Kimb
luk Va.llcy were m,ule of SUlHlI"ic(1 mwl bl'icks" In most cases, houses 
were singlc floor comtl'uctions, awl, (tue to t.hc searcity of timber in 
the l'cgiml, ncal'ly all roofs '\·crc oI thc dome or balTel vault tnICs 
(Fig. 1). The low I"esist.ance of thesc houscs t.o seismic forccs is t.he 
ma.ìor cau,~c of high casualt.y rat.es in reeent lranian ea-rt.hquakes (1) 
'l'he rcadcr is referrcd t.o WuHT (~~) Ior an exccllcnt (lcscription of 
lmil(ling techniques and stylcs and t.o :Bazani and BchlJOW" (1") for 
a study of thcir behaTiour (turing earthquakes. 

'l'he Nimbluk villagcs diHer ,~igni1ieant:ly following t.hcir geogl'a
phical Ioeation a]J(1 llosit.ioll wit.h I"espect. t.o the t.ol)ograllhy of t1lc 
Yalley. For eonvenicnee of (lescription, t.hey have bcen gl'Oupcd in 
this stwly into ::-'Iount.ain amI u}l}ler fan villages, ],ower fan villa,ges 
amI Yillages of t.he l)lain (l<'ig. :'1). 'l'here are oI eour~e variou,~ tran
sitions and combinations betwecn the,~e t;nws, bnt. each villagc ret.ains 
a markea socia,I awl economie imlividuality whieh ean lwcome a key 
factor in the rcloeation fJ,\l(t relnlil!ting of a community after a cata
St.l'Ollhic eart.llquake. 
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.M Q'Ufltain (lnd UliliM' 1(111 vi11(1!1('11 

The higlte~t ~ettll'mellts in t.hu NimlJluk Valley !lI'e SJllnll villap.'es 
ami II:J.Jlllct.~ situatell !lt about 0,500 ft, un th e 8l01) 1l~ oI the bOl'(ler 
mount.n.ins. Thc)' lire genel'tllly blÙlt. Bcar sll1U-lI s}J1'Ìl1gs which are 
u~e(l f(]l' the i1'l'ign.tion of vegllttlble ga.nleBs, :\8 iII Oolbi ... , Saglmri 
0-1111 D:ulamuk. ~lll'aC'.II , deSCribell in more dctail hU't)lCI' on , il! e.. .... 
C(1)tiona.1 as it ohtains wn.tcr from !~ t)anat., has 1'1':.\Ot,icll lly no g;}.f(lclIS 
aliti livcs mailLly fl'Dm its livcst.ock , IJ:J. rger villages aro [onnd lI-t 
s liglltl:r lower alt.it.udc8, iII the IllUTOW va lIeys of UIC ul.I.I~r fall regiuli 

Fig . .. - lIouiiC tyl'cs in ,·IH) Kimhluk Valloy - Sun ·d ried h rit-k houscs in 
Snh,ya ni. Uomo uml brll'rel ~11 11 Jt mofs llurtially collal'S4!,1 aft.cr fh e eart.i., 
(pl:~k(l. 1 '] lC layeffl o( mml ·sh·aw lU ix aJJ(,J cadi yeal" to Ille rco(s fo r i lli' 
llcn llc ahility grcatJy incrcuso 1l,oii" wei~ht.. l'llOtogr:1plI6 Inkcn Sept. 1\)68, 
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where wat.er HuppIy ii! more abuntlant: l\lozdabad, Bellavaj, Kareshk 
allll BOi!lu'ibil.d in t.lte nort.h, Hoznabad and Deheshk in the ~ollt.h. 

'rhese villages llave aIways been amollfist the m01"{, ]n·oHpenllli! onefl 
of t.he Valley. Boznabad, for ex ampie, wa~ tlw abotle oI the governor 
oI the Province in t.he 19th ellntury ("l), allll Kareshk, deSl)ite its mo
dei!t size, hatl a large mosqlle beIore t.he 1968 earthquake. 'l'he inhab
it.ants have a st.rong i!enfle of indel)ellllenee, and the}' re~isted, in some 
cases sueeessfully, the l)Ost-earthquake eolleetiviza.t.ioll drive of the 
l)laill. 

LOII'Cl" fan vii/agri! 

'l'he largest villages of the NimbIuk Valley a·re sited on t.he Iowest 
~IOl)eS oI the outwash fani! where bot.h water liuppl~' and soil quaIity 
are best. 'Yater is brought by qanat~ whieh originate at the base oI 
tlw mOlUltain ridg('s where t.he water table is free hom minerai ~alt,.~, 

and t.he Hiopes are gentlc cnough to be entireIy cuitivat.cd. 'l'he higher 
villages, Dasht-c Bayaz allll Feyzabad, are Ioeatcd well in t.he Ian 
zone and display a elJa.meteri~tie pattern of irrigated fields around 
them. The Iower villages, Khe~ri, Miam a·ml Gerimenj, are in thc 
region where the Iower Ianfl mergc with the eent.ral plain. 

Filla!JciI of lltc 1J/ain 

A number of ~mall villages and hamlets are loeated near thc 5000 n. 
eontour in t.he we~t.ern a·nd southern parts of tlw Nimblllk Valley 
(Fig. 2). Many oI these Hctt.lmnent.s, and in lJartieuIar those hetween 
Chah Khundri and Sefid Dasht. (Fig. 3), are bllilt around deep water 
wells allll ]Illmping sta.tion~, and vary in size hom a· single house to 
an agglomemtion of fleveral hundred housefl. The Iarg"er settlement~ 
are Chah KhlltHlri, Alamdasht, 1\liauulasllt, Miandasht allll Sefitl 
Dai!ht. In the i!(lllthern Nimbluk, fow· Iarge village~ bonler the Iimit~ 
of thc salt marshes: IIadjilibad ami Asatlabatl, antl the mueh older 
liet.tlmnent~ of Noghab ami SaIayani. Noghab has a compact pIan 
,,·ith narrow Htreetli, wherea~ Salayani has a mllch more o}Jen strueture 
Ilniqlle t.o the Va.!le}'; its behaviour dUl·ing thc earthlluake pre~entetl 
interest.ingpeeuliaritie~ whieh will be seen in detail in a Iater 
~eet.ion_ 
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2552 lleovle ou/:. of a totnl pOlmlation of ]Oiìl0 were killea in 
the Simbluk Valley, nqH'(!senting about l/.. of Uw tot.al easualties 
for alI the arpas aiIeetea by the earthquake. 'l'he majority of ca~ualties 
were in the nOltli, ,,-he1'e the liv(! villages oI Boskabatl, Kareshk, 
J)asht.-(! Bar az, Khe:::TI ana ::'Iliam ac('ounteli for about 85% of all 
the VeoVI(! killeli in t.he Valley (TaNe 1). 

~\s all 11w IUlIls(!s w(!re made oI sun-drietl briek alHl were of the 
Sflme dome or vault t.nw t()]l,~tl'ltet.ioll, eOllllJarison oI the tlamagt! 
eaeh vil1age ,~u~tainetl tluring tlw ellrthqnnke is liireetly relevnnt to 
the assessment oI intensity of groulld movements. Dnnmge variea 
!,.'1'entl~' ('rnbIes J ~'\:' 2): in Daslt1-e Baf az, not. a sillgle stl'Ueture SUl'
viveli, allli the Innxinnllll heigltt oI walli! whil'h l'I'maineli stalHlillg 
tlitl not exee"d ahout. one Inetre, Boskabad alH1 ::'Iliam \\"ere tlestroyl'tl 
nearly to 1lie Rame ex1ent, \\"i1h only a few wall~ remnining at their 
originnl height. Sext in the selle of damage i~ a .f,,'1'OUV of villages in 
whieh the ]lE'l'eellta.ge oI eolla}lsetl tlomes variea bet\\"een 85% ana 
35u~: ::'Ilailllinsht, Kal'eshk, ~IianH1a~lit, Klie~1'i, Salayani, Feyzabiid 
antl Selitl Da~liL ~\nll, fillally, the villages \l'ith less than 38% col
lal1sed domes nlltl \l'ith a "ery small nUInber of, or without any, easu
aI1i(!s: ~1l1'ach, j)eheshk, ,\sntlabaa, Soghnb, Bozllabaa, Haajiabatl 
all<l Gerimenj. 'l'lw dist.l'ibntioll of t.he liitlel'ent liegl'et!s of tlanwge 
seems at iirst uml'lated to tlie geogral1hieal position oI the villageR 
(Fig. 5), and Vl'eyiou~ stlHlies (see the Tnt.roduetion) haye Ilot found 
any signilieant trelllls. These stmlies were how(!ver haRe!l on intem;ity 
assessments wltieli, it has betm shown, ean be very misleatling e·2n), 

Illlieeli, a e()nlJml'i~on of the isoseismnl mav~ Iira\\"ll imh!VClHlenUy 
by tliiIerent autltorR for the J)asht-(~ Hay az ea1'tltquake (Fig, G) shm'-s 
h(m- se1l8itive the methoa iR 10 the im}lressiolls of the ob~el'Y('I' allll 
t.he Ineans lllHI time at his tli~posnl. In eaRes i!ucli a~ the Simbluk, 
it was oI more intel'l!Rt all!l inUlwdiate eonsequellce to enquil'e \\"hy 
eertain villages re~istetl better, 01' worse, thall othel'R. 'l'o do 1hi~ 

reqnil'e<l a d(d,ailed ~tudy oI t.he ]lal'1 ienlar eOlHlitions of eneh -..-illage, 
antl ,,-ben tllis work was nntlerlaken a- eertain vattel'n emerge!l in 
,,-hieh the dominant Iaetors weTe: t.he distanee Irom the Iault ZOlle, 
tIw intluene(\ of Inl'('h fraetnl'es, alHl exeeptiollal Iocal snbsoil cOll<li-
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VALL)<:1', 

\"n. I.Af:F: 

A!iiihiid 
Asn<1iihç([. 
Bmmlllllk 
Beiliivaj 
BoSkiiohii(l. 

Bo~niihad 

BO~iliihiid tcahouse 
1)asht·e navaz 
J)chesllk 
Vey~ahi1,l 

(;l'rillu'nj 
(~olhi)\ 

Iln<1jii1hii,1 
,r a'fari 
Knl'ci<l,k 
1(ellzrI 

.:Iliam 
~\[i a 1ll<1 n sII t 
.:Iliand:u<ht 
lo[o1.(li1hii,1 
)Jogl.ah 
)Jùrnn]l 

:-;aglllll'i 
Slllii~·iini 

:-;dìd llnsllt 

'rOTAI • .KrMB'.UK 

l'Ol'LI. \') JO~ I----J-)-O-"-"-::-;,---I 

KilI"tl l~'~~)~~;, O,Kllletl lc oll,O))f;l'l l ;;~~~,~~ % 

o 
O 
O 

380 
400 

7 
) 

1230 
I , 
O 
O 
O 
O 

13;; 
2:~0 

120 
l 
2 

lO 
O 
O 

20 
8 
O 

I 2,;,>2 

"HI'rh· ,,,,,,th· Colln1l5()(1 
qunkc qunke 

20 
300 
23G 

1800 

000 
GOG , 

1070 
:WS 
10R 

830 
3" 

207 
;') 

070 
1400 

302 
180 
3" 

350 
270 

20 
];;2 

385 
1 ;;0 

10GI0 

O 
O 
O 

21 

67 
I , 

" l 
7 
O 
O 
O 
O 

21 
](j 

"O 
l 
O 

3 
O 

O 
13 

2 
O 

O 

!J3 

"3 

, 
01 

O 
) 

300(e ) 

11" 
HH 

17 

20 , 
::10;')7 

) 

244 
77 

70 
17 

71G 
70 

35 
82!J 

50 

, 
120;J 

42 

600(\' ) 
2(\3 

2705 

378 

20 , 
4667 , 

3H7 
\Il 

870 
G8 

132H 
1\)0 

O 
) ) 

"' (32) 
100 

;'j 

l5 
100 

50(p) 

-13 
2 

(2G) 

100 
SO(p) 

05 
100 

G7 
85 

(2;J) 

S 
30 

(75) 
;J-Jo 

37 

(*) llldienk nel,1 <1sseSSllHmt only; (c) llOt ali Ilomes distillguislwhlc duc to 
heay.,\, ,lanwgc; estimatc on hn~is of aeropholog-l'Ilpll; ! nnmh!'r of (IOllleS 
ilot ),llown ,1np to totul Ilcstruetioil. 

hOllH. 'l'hese fae1:or~ wiU now bc cxamincù scpamte1,y a,ml illuktmted 
with a fcw cXll.lllples. 

Fnult Zone 

'['he fault zOlle a~socia1:cLl with thc nasht-c Ba-yaz eal'Lhqua-kc 
hus uecll l H'cviously LlcscriucLl in Llctll.il (scc rcfcrcnccs quotcLl in In-
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Catalogne Xo. I 
Al'l'l"oxbllate 

IOl"atioll Tot.al lJCfol"e . ('nl1i1pS('ll (~,. Collal'H(~d I eart.hqllalw . u 
-- ; I 1)1)0 33.SSX ;;\UI8E G lO 50 (*) 

010 33.S1 59.01 2 I I;; 13 (*) 
042 n.SD 59.02 O i 3 () 

07G 33.SD 5S.fJS 3 , 5 60 (*) 
OU5 :1::1.110 58.S1 O J O 
III :I:I.UO 58.92 O l O 
l ],5 3:1.\11 58.Ui) l lO lO 
117 3:1.\11 58.% l , 

l' 
llHn 33.!11 58.H7 l 3G 3 
l His 3:1.HI) 58.Di I;; l:; 100 ('") 
18H 33.H2 ::;S.87 l 20 G 
lH8 3:1.H2 58. n 2 , :;0 
202 33.fJ2 .58.Dl 2 2 100 
22H 33.fJ4 58.Sli 2 5 40 
232 33.D4 58.SD O 5 O 
20'i 33.H4 .58.S6 5 12 42 
340 33.HO 5S.85 20 :17 5.5 
40;; 3::UHI ,;S.82 l li lU 
410 33.fJ'i ;;S.SG 00 GO 100 
435 34.00 ;;8.S4 l " Il 
437 34.00 58.S5 GO G5 U;; 
Hl 33.D9 58.S8 30 30 100 
462 3..J..00 5S.82 O , () 

..J.SU :I..J..Ol 58.78 30 30 100 
;;00 :I..J..OI ::;S.84 ;;0 ;;0 100 
;;4S :I..J..03 ::;S.94 j ;, 17 
5S0 :14.03 GS.93 li li 100 
612 34.05 GS.S7 :30 

I 
34 SH 

650 34.(J(j 58.S7 2 lO 20 

('") Tn,li('atcs lrss reliahlc duta. 

t.l'otluction). fts total length wa~ about 80 km alHl it erossetl from 
e~j,st to west. the nOlthern Imrt. ai t.he XimbIuk Yalley (Figs. 1, ~, 5 
and ]8), with a maximllm hOl'izont.al disphH'ement. of 450 cm (Z~). 
'1'1Ic tlistribution of (bmage(L villa.ges wllCn cxam.inctl with l'espcct 
t.o theh distmlCe ±rom t1le fault. prcsent.s some inten,sting l)eeuIial'ities 
(l<\!{. 5). In generaI, hC~j,yiest dama.gc is foullll in viIlagcs nearcst to 
the fault (Dasht-e Ba·Yaz, Boskii,biid, K~Heshk, ~liam) but t.here are 
exeeptions. li'eyznbii.tl, far instanee, sihmtptl about half\\"ay bet.wecn 
t.lw fault alHl Ba.damuk, wa~ (lestroyc(l to ~j,bout 4.'3 %, whCl'ea.s Ba-
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Fil{. li - C()lllpari~()1l or i;.()~dSlll<ll llW]JH for 111(: j),ISllt-(' Bayaz l·arlhqnui;(· ,I) Bay('l', l-h'udnolh ,m,1 K,ll"illl, IfHifl. 
hl l'niv('l";;ity or 'l'dlr,lll, l!liO. (') Eftt'ldlm'-Kl'jn,l, I!agnipoo]", amI Hanll\(!zn,h·h, 1 (l(;H. ,I) l'aklH!,llllnn, l!HiS. cl ~l()illfar, 
!!l()!). Il Gauss!'l", nwn. On\('1" limit i.~ hehl'('('!l i;;oRl'iRlIIal,; Y amI \'1. :--II,HI(',1 an'a io; fro1!l ,"Ill lo IX. Cl'ntral figlln' 

is IlIHxillllllll inl!'IIRity !J]"0l'''S(·,!. (1<' = F(,]"(low;;, G GOl\;lh,],I, K = Kakhk, tl ~ Qn~'l'n, /, = Z,igan). 



(lamuk lo ~;ijO~ ("'). In tltc ea,~c oI Nurach au(1 Kltezrl wlticlt '\'ere 
silual('li ou rithcr sirle oI ll!e Ialùt amI at. approximat.ely cqlml diHt.aJWC 
(:! to .) km) t.o il, ::-;-u\"ael! was destl"Oyed to abont 30 % wherca,,> Khp~ri 

to fifio~. Similurly (iolbir. H1HI Sn.glt lll·i, for whieh how(·n-cr (l:ullagc 

" ."'l f f fHf DF "ufl~CII 

NURACH 

~ppro, «''''<i. J4.0N 5IlIlf 

<uual1i., 01l0 ,0 1. 

Fii{. 7 - NUl"l\eh -l\lonntain villag-c in tllC llul'lh o( \.lw Valle:y_ Pian ~llll\\"illg 
collal'sed dOlIles (hlaek). 

fig1.U·C8 a,re lpss reliahle, were hOOI loea,f,c(l on tllP llorthcm !alùt, hmneh, 
a.nrI ltad respcct.ively, no casualties anrI 15% casnalLips. Isola.ted 
houses a,nd hnnùeÌH a.}so Hhm\"erl jll{:onHiHteney iu da,mage WiUI rcspcet 
to dist.aJH:P hom LIlP fanU: JlorLl! of ,Ta'fari, two hamlets lacing cael! 

(*) 'l'hc pel'ccillage refer;; \.U lite ra\io o( tlte 1111l111w\' of dOl1wS eol_ 
lal';;cd \.0 \.Iw llUllllml" uf dOlIles Rt Hnding HS eOllnted on t.lte enlarge(1 acrial 
pl10l,ogmplts. 
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otlwr ftel'OMl lhc f~HLll, aJl(1 ai, a tlist,n·llce of ahonl :")00 m hom it, showcd 
colla})sctl tlomcs to thc })l'o})()l't,ion of 17 % for onc, aJl(l 100 ~~ for t.he 
othcr. Fm'thcr away, at ahouL lO km from lhc falùL, MianHIasht, had 
85 % of it.s houscs collapscd, whcrc~-.s in a small village about 150 m 
Lo t'w southeast t,here were only 30;,; and about 15 km from thc falùt" 
Delwshk an(1 Boznab~l.tl which WCl'C ollly 500 m n-}mrt Hufl'en'd l'(,HPCC
tively 50% and 5% dcsll'uc1.ion. 

fn somc cascs, il'l'cgularities in damage tlislribution sueh as lhe 
oncs mentionwl a!Jove can be c1a.l'ified to some cxtcnt by a doser 
obseryatioll of thc gl'oUJl(l contlit ions aJl(l village t'rl)e. Numch n·ml 
Khc~rI WCl'C cnt,il'cly tlilIerenl selllcmcn1.s hnill on tlilIcrcn1. fouJl(!a
t,ions matcl'ù-.ls. ~umch was a small moun1.ain yillagc silualcd on a 
S})lU' of relativcly hard nmrls Oll t.hc sout,hern slopes of thc Kuh-e 
)Ieysul'. 'l'he houHes wel'e built, in h\"o widely spaced l'D'n n.Iigned 
along t.he cl'est of t.he slnu'; a qUl1ut arl'iving from the north pl'Ovid('d 
.iust cllough wn.t,er ill sIlrillg for a few sIl1all veget,ahlc ganlens (l<'ig. i). 

Khe~l'i on lhc other haJl(1 was a lowcl' fan village mueh bigger in size, 
built on soft silty elay in the rcgion where thc fan slope gmdcs int.o 
thc ccnt.ral plain. H wa.~ supplicd by several qanatH, and il'l'igation 
of the exhmsive l'ulliya1-ions an)1111d thc villagc was su})})lcmcn1.ctl 
by })lUnIling wclls. Thc village hatl a dense s1.ructul'c wit.h nal'l'OW 
wiJl(ling s1.reets fl'om which cscape during t.hc earthquakc was difficult 
(Fig. 8). 'l'he eompn.riHon of Xural'h alld Khe?l:l'I pl'ovideH a ehal'n{·,tel'
istic exnul})lc of a fail'ly common ohscrvat,ion in Iran, i.c. 1.hat thc 
smallcr scltlcmcn1. lmil1. on lhc hanlcl' mai,crial away from inigatcd 
[iCltls oflcn rcsislctl bettcr tlmn the la,l'gcr and more compact village 
built on soft. soil and SUl'l'OUlu!el! by cult,ivat,ions. 'l'hc somcwha./; 
similar cases of Dehs{'hk, whcrc lhc dcslruc1.ion was tlue mainly to 
walcl'logging, aJl(1 )IùHH}a.shl, whcrc it '\"as due t.o huching, will be 

rellU'netl to fm'thcr on. 
'l'a-killg int.o account. such cases of "cx})lainctl" irl'cglllaritics, ~),lld 

nsing ollly thc villagcs having more 1.han lO domeH, t.hc rc!a1-ion be
twecn nlUllbcr of collapscd domes and dist,n·llces hom thc fault f\hows 
a definite tnmd (Fig. V). 'l'he majority of the tlat,a if\ fol' thc more 
hcavily aJl(l mOI'C light.ly tlamagetl Yillagcs for which it. l'all lw said 
lhat those whcrc n5 ~"'~ to 100 o~ of t]w domes l'ollaIlsctl WCI'C all within 
;) km of t]w fault, and that t.hosc whcl'c lcf\s lhan 15~~ of thc domes 
l'olla})sctl WCl'C fllrthcr 1.han Il km from t.hc fault.. 'l'hcre arc fcwcrs 
villages in 1.he inlel'mcdiary rangc, but as 1-lw tlM,:,\. ob1.ained by the 
method of counting domes on clllargctl aerù-.l photogmphs is con-
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sidered to hc partil',nhrly rl'liable, Lhof\e villagef\ for which tlata is 
lrvai1able l',an be lL~ed with eonfidence. They show that, with the ex" 
eC'ption or Lhe anoma1olL'l caf\ef\ mentioned above, damag\' dcen'ases 
a]l]ll'oximatel,r lineal'ly with distanec from thl' bnùt. IL mniit Ili' 
stressed howeycl', that. this tremI f\hou1tl be conf\itlerell af! f\pepific 
to t.he eaM of Lhe ~imh1uk "alle,)" tlming the J\)(j.'\ carthqllakC', amI 
thaL it tloCf! noL nceef\f\al'ily ho1tl for other l'egions Ol' otlwl' e~llthquakl',~. 
1'he meIlùnef!S or t11c graph prescllted in Fig. !) is thaL it points onl 

[). shf. ~ a o yoz 

I Bo. ~'; l>5d 
I I l<ii . m 

'" ~ SI7-!SOO14 441 '" '" ~, , 
~ ." 

" .. 15 Kor ~ ,h" 

'" , 16/(h· F' , 
~ 

'\ , , . 
" t 

o 
o , 111 F.yz~ b~ d 

" 

, 
~ • 115 

" '" ." l1çn 

" , , ~ 9 IO II Il " " " " " " di".n" Irom 1,",1 zon . 'm 
Fig. !J - He1atioll hc1.wcclI t1amage alll1 distallce frntl! falllt ZOlle .. " ::\11111' 

hel's l'efel' tu Tab!c 2. Fol' flllalysis. !:'ee text a)1(l Fig'. J O. 

the villagl's whieh Iwhll"\'Ctl anumalously and whieh are tlWl'efore 
wOl'thy of f!pecia1 aLtention. For examplt', in tlte eaf!e or XUl'llch amI 
Khezri tlescribed abovc, it showf\ thaL iL waf! Xlll'lH,h whieh showed 
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expe}ltionally ligllt aamagn whereaH KhPZ1'i 'n1S well ,\-ithin the average 
for the earthquake. H alNo voilltH to tlm excelltional behavioul' of 
the SalaY,lIli n'gioII and of Ileheshk whieh wilI 11011' 1m seell ili greater 
110tail. 

LltfCh Pract1tfC,~ 

;\ lIoeket oi UllUNU:llly high 11amag!' \\'ns ob~ervl'd away fl'om the 
hl1l1t zOlle ili the 8alayani region (FigN. ;) :11111 fl). H alrnete11 tlm vi!

lages of Salayalli, ::\Iinmdasht, :Hiall11asht, Sdi11 Dasht imd sovlll'i\l 
small hamleis ili lwtwmm them. The lIeelùial'ity is Illl'ther emphasized 
,,-hen easuaJt,y l'ates are talwlI illto aCCoulIt, The com}l:\l'isoll of cnsu
alt}' to dnlllnge rates for the wholo ValIey HhoWH that peoVlo wel'e 
killo11 whme more than about 30°" of tlw aonws pollaVHea, all11 t.haj, 
casllalties inereasea stoiulily ,,-ith gl'eater destl'UetiollS (Fig. lO), \Yhen 
ali the domes of :1. village colIn}lsed, the easunlties varied lwt"-eell 

" i ~o , 
o . 

5 ___ B 

~ Bozn ob o d 

CbOhl- . Boy o: 

11 &orim onj 

13 H. dj • • U d 

'4 J o" or i 

Fig. lO - Hdntion hetwepll rilSlWIt.y n.lHl dn.mlli-(e l'utes -
FOI n.uuly8is, sell text. 
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40°'0 (i\Iiam) and 74% (lhHht-c Bay az), t,he eXlwt numher devending 
ll!m- on ti\(; severity of the colla1lse. As in t.he cai\C of Fig. 9, t.hc trend 
ShOlÙd be coni\ùlcrcd as specifie to the Kllnbluk Yalley in 19li8. The 
villages which did not COUfOl'lll to the generai ca8ualt.y-dumage tremI 
'vere Hadamuk and Ja'fa.ri in tlw north ami the Salayani gl'OUp in 
tlw sout.h. For tlw8e villa~es the number of pf'ople killed was very 
lllueh sm.aller, aUll fUl'thermol'e seemed unrclatell t{) t.he amount of 
dalllage t.o homlCs. .As all the hou8es were basieally identical, and as 
the 11l'ollOrtion oI the inhabitants \\"hich 'vel'e indoors 'vhen the earth
quake happened (1_[hJ;jm local time) llill not vluT signifieantly hom 
one village to another, the8e abnormally 1011- ea~uaJj;y Iigures llI"f'i\um
ably ill!lieatc that. tlw hOU8C8 collallsed sllfliciently slowl:v t.o allow 
t.he occupant.s to efleape. 'l'1m assumjltions is reinIorced by the ob
servation of Im'ch Iractures in Ja'fari a1\(l eSjleeially in Salayaui, sug
gesting a mOlle of de8knct.ion diJTerent from that \\"hich prevailell 
el~ewhere in tlw Kimbluk YalIey. 'l'he ease oI Salayani is particularly 
instruct.iye. 

Salii.yani was the villagc of the Simbluk Yalley situat.ed nearest 
to the eentre of the lllain where water and elilllate comlitions 'vere 
tlw lem;t. fanmrable, fu pian it showed a very open strllcture unique 
for t.he l'l'giOii (Fig. 11). 'l'he eurthquake eau8ed 5·[% of the ([omes 
to collaJlse, but. the munber of people killf'd (S) \\"as \\"1'1I hehm- the 
average Ior this alllount. oI destrnct.ion. On t.he grouJl(l it coultl be 
observed that the houses collajlsed eS8entially there where grollnd 
fraetul"es of the lurch type crossed the village, A8 these fmetm'es Iw.ve 
not been Ilescribell in an:\, lcngth by llI"evioUH vapcrs on t.he cart.hquakc, 
and because oI the uucertuinty oI their origin Illld t.heh impol't.anee 
to tlw damage, they are giyeTl behm- in some detail. 

Lureh fraetm'eH were generally found grouJled in zones afe\\" 
llletres wide and a Iew tellS oI met.res to several hundred metre8 long, 
Hach zone 'va8 Iormed by up to ahout Olle Ilozen suh-}larallel fraetUl"es 
sho\\"illg Yl'rtieal displael'ml'utfl only. Throws oi alI the Iractllres in 
a zone were in t.he flame sense which, IOI' cm'ved zone8, was usually 
concave side dowIn\"ards. The slabs of 80il between tlw fmetures of 
a zone were often tilt"d t{)\\"lu'llfl thc fraeture searp. 'l'he vertical 
t.hro\\" of a haet.ure eotùd vaT~' hom afe\\" centimet.res to about one 
met.re but. was compensated by this tilting in sueh a manner that 
the net verticul movemeut of one sille of t.he zoue \\"ith reflpcet t.o t.he 
ot.lwr semnl'd to be nil or ini\igniJicant.. fn lllan, lllOSt. zone8 'vere ar
cuate or HinuOllS (Fig. 12), and afe\\" examples 'Hlre fOlLlal of dosell 
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Fig, l:l - J.U\'('h [radu\'l'i< at ;:;aj,l~-iilli ;-:;()lltll\\"('~t t'lllT,l1l('P h. tlll' "illage 
(HI'e plnll, Fig. \ \ l. XOtl' KillllOllS ;llloi oIis('UlltillUOUH tnu'p. Lillt'S ('Onl·pr).!,"Ìnl! 

OH yillage an' ('atth' tTa('h, 

)';OIH'S fOI'llliug ovab; mI'H~U1'ilig H))oul ;:-)1) III in h\1'ge~t (Iiameter aud 
re,~elllhlilIg giallI, roolpI'ilItH. Llll'('h ZOlIt'~ \\"('1'(' oflpn a('(,olllpHnip(1 h~

~ana h1o\\-~ alI(1 ~lllall nnul ~\lHl ~ilt YOh·alIoe~ . 

. \ gTPat llUmhel' of lun'h zonl'~ \H'I'C fOl'luea in thp Halaya.ni ["l'giOII, 
eH]){'('ially to Il](' nOI'lh alId eaHt of tl1l-' villagp (Fig. 1:-)). Th{'iI' Ol'ipn

tatioll iH OlI a,,{'rage lIOI'lh lo llOrtheagl. S{'YNal of theH{' zOlle~ ]lllH~ed 

thl·\JU.ldl the village, ('au~ing Yal"iou.~ (I('gl'ee~ 01" (b\lllag'e to houHe,~. 

FoI' pXilluple, lh{' s{'hoo! at lh{' SO\lI-Il\\"(',~tel'lI {'ulI'am'{' lo Il](' "ill:!ge 

\\"aH ('olllp1ntely de~t\'Oyed. III othe[" ('aseH, ho\\-evel", hO\lSCH whieh 

\\"Ne ('\lt hy !rat'tur{'s ('olla}l~ea only pal"tial1~- 01' en'n no! at al1 (Fig. 1-1). 

On thp ~eal(, o[ thp entin' -:\"imhluk Yallpr, l11l'(·h ZOlIl'H ('oH'I'pd 
IllO,~t of llw ('Plltml]lil1't of the haHin ili ,] hroaa :X\Y-tlB lmn!; 3 lo 

t-ì klll \\-ide, a]}(1 extelHled OYN :!(l km, !rom tlte fault )';OlH' IH'aI' ,Ja'fHI'i 

lo :\oglwh (Fig, 5), The h01'(h'I'~ of 1-his hand folhmed a]lpI'OXilllatel.y 
th{' -IHOI) ft ('onto\lI' Iin{', alId llH' m'l'a ('oyel"l'(1 WHS lhe part or the 

haHiu \\-1]('1'(' tl](' wateI' lahle \\'aH 1e~s than Hhou!:{ m fl'Olll thp gl'oU1Hl 
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EAltTHQCAK}: JH:s'],HuCT10~ 01' AllOBE \"lLLAGES l~ JlLl~ :J8 1 

Vie\\" of tlw ('·atcrnlllost houscs of thc \'i1lnge (lIol'1.h 
of Khaki ro,\\I. sce )llall. }'ii{, Il)_ Lureh fml'tuj"('8 ili 111(' fOTegronnd {'ross 
lllud wn1l8 nnd l!OUS('S with only )lart ial r.ollal'sc of tbc lattcI'. 

sUl'faee. 'fhe most iml)Ol'tant Llet to note i~ tha.t the hll'eh zoues foI
lowed everywhel'e the dil'eetion of tIte ~ul'faee dnlinage_ 'l'her '\-ere 
~\V-SB UOl'lh of Ja'fnri, E-\V sout.h al Jn'Ial'i, K-S to :Nl~-S\V arOlut<1 
tlnlayani amI E-\V near A.~,ldli.hiid ulld Xoghah, 'l'Itis observation 
}ll'ovi(les a clue as to t.Iteil' origino . .\Ii lhe ,lverage slo])e ill t.his pnl't. 
of t.he hasin is of t.he arder oI l o/~, sUl'face drainage of t.Ite fllllih 1l00{t.~ 

in the l'lliny ,~eaWlll (wiut('r) eonfOl'ms ,dth the greut.est slope on t.he 
Iarge seale lmt me,llHlerli eOllHiderabIy in (lela,il. 'l'hi,~ jn'oduees nu-
111('I'OUS very shnIlow ~tr('anùet~, wItieh, beeanlie of Hl(' low gradieut 
lllld uear snrfnee water table, soou Iose tIteir vcloeity amI !lejlo~it 

tIte Iìne material tlmt t.lwy ('ill']')'_ Flll'tlwr mnterinl is dejlosited (luring 
the dry }leriod in tIte fOl'm of WiIHI bIown IiilIHl. ])nl'ing Mlismi(' lihn
kiug, this ver}' loose matNial lilling the tem}lOl',u'y litn',lnùet be{t.~ 

IaiIe(1 by a serieli oi lilwllow slejl-slide,~ and SlnllljlS, jn'ohabIy det.nehed 
at. the level aI tIte gl'Ound 'nltel' tabIe, witIt ejeetion of water, ,~lllld 

aud silt. III this n1H-llner the hl1'eh ZOlles follm\"ed IaithIlùI~' the Ioea,I 
!lrainage (li]'eetioll,~, III jJarti('lùar, tIte oVilI "fool1)]'iut.~" have all 
the geomet.rie elwl'aetel'ist ies of eont.em}lOl'al'y eut-on: meamlen\ foltml 
in t!w regiOlI. 

']'Ite groulHl fl'iletnre~ in tIte eent.l"lI KimbInk Yalley were thus 
illtel'}lreted to he a eOllsequenee of t.he seismie shaking, i.e. the}' '\"el'e 
'non-teetonie' or 'i'H'eondary' fraehu·eli. 'fhis t,y])e of eart.hqlwke pll'eet 
hns heen obsel'ved far other enl'thqunkes, sueh aH t.he 10+8 .\shkhabml 



,I.;;. 'l"CIIAI.I~"I(<) '.::. ". A'Im]{A~EYS 

ellrthqllakl' :llld the lH:""i:! Kcm f'ollnty earthquakc (~~). 'l'he me('hu
nii!lll sllggl'sll'd by their aspect in the Nimbluk YaIle~- iH that they 
wel'e initiated at th{' Ht~\l"t o.f the ~hnking, but, attaille(! Ol('il' full 
deyelollment onl.'" ~ome time (H('('Ollds 01' minutesf) lahol". 'l'his 
'Hmld ('xplain thnt the OC('Ullallts of 11w houHes in tll(' S:ilayani 
l"(\gion hlld time 1'0 {'s('ave lwfOl'C t.heir hOUHes eollup,~cll. 'l'he lUl"('h 
fmetlll'cs \l'l're (~(J1llìnpd to thc centrai p:nt. of t.he ba~in where t,he 
slope gl'adient~ are lowCHt al\(! lhe '\"at.et" tuhle is nc:nl'st t,o tlw 
~urfnc{', Similar geomol'}lholog"ir'al conllitions a,re 111('.1 in mnny llHsin~ 
of ll'an a1H! the .\Iilldle 1':aHt, and tIw mpehanism of seismk hnching 
has illllHJltant enough elTl'('ls on lo('ul cOllstnwt.iollS 1.0 WUlTant .future 
HhHly, 

1,l!('lIl sul)-soil rondiUolis 

,\ very 10eaI chnng{' in ~ub-soil pl'opeltil's ('un han' un important 
influew'l' 011 tlle d('!p'('e of Ilamage, :lllll in this H'HIH'ct, 1H'arly ev('1'~

~itt, ('an lH'esent. i l s o l\' Il l'x('('ptiowd ('(Jll(lition~, HOlne an' howev('I' 
slleei!i(' to a tYllP or \'illngl', am! han' ueen ousenred in othl'l' 8Hl'11I
qIU\kc~; Ior exalnple, t.he v:niatioll of foundn·tion mat.l'l'ial hom 1'iv{'r 
lwll ailuvimn t,o ro('k el\{'ountcrc(! in mlllly uppcr .fan a1l\l mOllnLain 
villagei! built lleal' mountain stn'anl~. 'l'he eXillll}lle ehoHen het"c to 
illustrate (,hiH case is I\a1'l'shk, l'jxeeptional eonllitiolli; may also n·rise 
as a consequence oI man'~ ad,iyity, as wilI be sel'n hy t.hc cxulllpll' 
of watel'-Iogged foun(lation~ in Deheshk. 

K:nl'shk was situattod in a lHUTm\" uPllel' fan valIey betwee11 llills 
of :Keogenl' Inarl. l'he ('entl"p of t.he villnge '\"as lnult 011 riVI'1' gnrv{'I 
Oll eithC1' sille of a ~tre~Ull bell, but 1lll' nOl"thel'n anll fH)1lt1I(~I'n c(lgeH 
of t.hc yillage ell{'roaehe(! 011 the Neogl'nl' hills (Fig. J.5). "\ qanat 
~yStt'lll uni ving Irom t.he nOl'\hwI'st iITigat,ell the eult,ivate(l fields 
downst1'eam oI t,he villn ge Iluring thc summl'l' season WIl('11 t.he sll'l'alll 
dried up, Tlw Pluthqllake kille(l 135 inhabitants and neady ('olllple
tel'y Ill'stroyl'll thc ·village. ,\bout Sooi, of tlw ltouses \\"ere de~tro~-ed 
to sueh an extent t,llat it was illlpO,~sible to idelltify indivi(hml gJ'oulld 

plalls hom tlll' ai!' ; the mmnining :W~iu whieh had not eollaVHed WNe 
situatell at, t,lte n{)\"thcrn and soulhe1'1l e(lges of tlw village, on t he 
Neogl'lIe mal'1, .\.~ no illdieat,ions wel'C fOUlld 1.0 sugW'st tImI lhpsl' 
houHes Wl'rc of beUcr (,olli!tl'1wlion, the UlHWennl'SS in Il:11uage di~-

11'ilmlion must be t,aken to l'l'ilcct the difTel'ellCe ill sub-soil eon(lit,ions, 
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Fig. 15 - Kal'cshk - PIan showing eollal'R(~d (lr.ffills (bln.di:). Thll hOllse8 
that sllnivcLl are 8itllateLl un thc mnrI hilIs, n-way from the Rtren-m b(~(l. 

'1'his dilTerellce would intlumlCP hotlt thc ,~tahility of thc foundat-ion 
ant! thc l'(;spons(; of tItc HtructuI'c to seismic shaking. 

The gcomol'})hological sit.uat.ion of DehcHhk waH similar t~) t.Ita,t 
of Kal'e8hk, t.he vili age lwiug lmilt. on l'i-vcr gmvels in a 'YKW-ESE 
~cogcne yallcy (li'ig. 16). 'V'ateI' was bl'Ought dilw'Uy hy open ehannel 
(01' by q~Hmt, dUl'ing the dI)" sen,,>on} hom onc of Hcvcl'al H]JringH locatctl 
in t.lw hill~ to t.he \VCHt of t.hc 'village. T1'l'igat.ed field8 eOYeJ'ell t.he tiOOl' 
of tIte vallcy and cxtcnded ali t.hc ,nty to thc next villagc of Bozna!Jii.d 
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alld to tll(' :Ximblllk p1ain (Fig. li). Thc ('Clltl"a1llill"t of I)ehcshk \\"ai; 
slighUy 10\\"(ll' than thc rc~t oI t11c Yillagc, Imt lUl1ikc Klll"l'.~hk, thc 
valley \\"ai; wi(!er hl'rl' and aU the how;cs \\"ere built on the river gravel. 
l'hl' ear111quake llaJllage in ])eht'shk was rpllwl"kahle 011 tll'O aeeounts. 
Firlllly, althoug-h thc Iatalities \\"cre minimnl (1 IIl'r~Oll killpd), the 
danm~e waH e.H'l'lItiollally hig-h eomlJared to the other villages of 
tlll' al"ca: in J)eheshk a]}(m1: 50'~~ of thc tiOO domei; eolla}lsed, I\'hcreai; 
in tlw 11ext viIlag-e oI Roznabad le.~~ thall ;)00 m dOI\"(lstl"cam, fe\\"el" 
than 5'~;) ('olhqlsc(l. Seeo1l(lly, the damagc (!illtrilmtion iII J)ch(':'Ihk 
~ho\\"ed a eentl"al Ht'('tioll eom}lletely Ilestroyed, awl lllo~t of the nn
(!amagcll domcs locate(l at thc l'(lges of the villag-e (Fig-. 1 ti, illl;Cl-t). 
Th(' lllulal11ngcd hOlL~CS \\"ere in a gOl)(1 cnon~'h ('owlition jo he I"t'(j('.
eU}lied soon after the eal"lhqu_ake. l'hl' ol"ig-in o[ the unevennei;S oI 
dnmag-e distribulion ,,-aH ht'l"c, hO\\"(lVl'r, dilrel"cnt frOI11 Kal"cshk. 11'
I"igatioll of the tields immediately lqlstrcam of I)elw~hk Ila!1 Ill"o(lll('l'(1 
a sl11all I100ul, ami I"csuIt-ed i11 extensive \\"att'r1ogging in the ecntl"l' 
oI the villaW'. COIl:'ll'q1U'Il1:ly POOI" fOUlHlation conditiollH seeme(! to 
havc been the main ('anHe of exeelltiollally hig-h damage to the houses 
whieh wel"e loeated downstream oI the 110)111. 

COè'iCL1_:nlè'i(;- RE~L\UI,:'; 

'l'he Simhlnk \Tallcy i.~ a sllwll PlldOHl'd elldol"eie baHin Hituated 
in the epiccntra1 area oI the J)ai;ht-c Hayaz clll"thquakl' of HlU8. ,\s 
i11 many othel' pHl'tl> oI I nlll , the hOlL';es in this Valle.)' are m:ule of 

Fig;. 17 - ])c]wslll, - Yirw from llw 80n1h. Tlw lll'Og'E'!H' SlllU' lwhiwl tlle 
villag"e scparatps tlle sulosi,jial'.I" \'allcy floom 11le' Kimhluk plain in tlle haek· 
g"nl1!wl. ~rnximu!J! damag;c OtTnn~(1 o!ireetly helow elnstcl' or tl'ce~ which 
mllrk thc villa).!;!.' pono!. H.ig;ht had,gnl1l!ld, Ho;m;ihiid. 1'IIotol!"raph takcn 

,luly, J !l70. 



sun-dried briek alHI vi1lag-es han' eharaeteristie }llam whieh ehange 
with the aJt.itude and the Hituatioll of tlw setllenWlll with mS}leet 
to tlw geogra}lhieal suhdivisionH of 1he hasill_ 

'l'he PH\'1hqnake kiIkd 2;J52 ]){'oplc in thc Simhluk YaIky alOlw, 
mllm.~pnling ahon1 on(' qu,nter or it~ inlwhitantH. TI wa~ aeeom

llanied h.\' a lllajm falllt-lneak ~\lHI lureh fmetm·eH. The (liH1Tihution 
of damag-e in the Simbluk Yalll'y was ir\'egular, wit.h ~ome vil1a!;e~ 
Inuf'll more, and ot.lwr~ mueh leHs, damHw'd 1han llw HVl'l'age. Sever
theles~, the study of irHlividllal Yilhlgp~ \'evealpd H simuHaneous in
tluml('e of 1he fauH zone, a~ well a~ llllrtiellIa\' Sllh-soil eonditions 
kading to 1lll'l'hing- amI other Sl)eeial Ioumlation Vrohlell1H. I.Jureh 
hact.lueH in partieular seemed to be a~soeiated ,\'ith a much sIowet' 
proeess whidr allmn,d i1w inhahilan1~ to l'M'Hve from t.hei\' eolla}l~ing 
hOUHPS. 1--'IIhliHhed daLa iH howevc\' nceded Lo eomva1'p t.lwsp ohsC'l'
vations lo other eart.ll(llUlke~ in similar environments, 

'l'owanls tIw end of lfJi(), t.he eonstmetioll oi model'll-ty}lC' ki!n
briek Inmgalows was nea\'ing comvlption in five el'·lllTes in the Kimb
luk Valley, The Iaq~e~t oi the uVVet' amI lower fan villagps whieh 
were (lestwye(1 by the ea\'t.hquake '\'ere reconstnlet('(1 ilHlividually 
at their llreviom 10eationH (Fig. i'i). Nl'w ])a~ht-e Ba yaz is sit.uate(1 
behnwll llw oId village and 1he fauH r.0np (Fig. 18); llew Kare~hk 

Fip;. lfl - i\'('W vil1age oi Dasht-c Bayaz In thc rnI'cgmun,l, f1 (radure 
lIi t!w l!)ljfl rault :wne, ,li,;p!:\('iug /kl,l hOlln,la1'Ì('s. Totnl (lisl'lncc!lwnt waR 
Iwm Z70cIIl Idt,Intcra! nn,l 1(j()(~.111 ~lInth si,lc (nhR(~l'Vcr) ,lown. l'hllto-

gl'<ll'h lak(~n ,lllly 1070. 



alld Boskiibiid eal'h oVPI'!ap the fl'illges of the oM settlelllent~. In 
eontrast, lllost of thc village~ of thp lJlaill wel'e gToujwd illtO lwo 
agl'icultural (·o-operative.~. The t-;olLthern XimbhLk Co-olwl'ahvp, bllilt 
half-way bet.wcell Gel'imenj al\(l thc de~tl'oyp!l )lial)(la.~ht, i~ lllade 
of Balayalli, ~Iiall(lasllt, ~Iianl(lasht, Sclid Dasht and lhe i<.lllaller halll
let~ of the l'egion, aH weIl a~ Dehcshk; thel'e seelllS to be some àoubl 
a~ to thc fate or (Jerillleuj, Bozllahaà aud the TillageH mmr Asadii baà 
whieh wel'e IJl'aelieaIly U11damage(1 iu 1tWS. Boon after t11e earlhcI'wke, 
Salayani wa~ eOlllpletely lJllIlàozpd, allà today the site of the fonuel' 
village iR neal'ly ill(listinglli~hable rrom the ~IlITOIlU(lillg fiel(k 'l'hc 
Sorthcrll ~illlb!uk ('o-OlJCrative groups Khe~ri, )limn, Feyzahaà and 
some of t.he HIllaller hamIets; it is situated about 1 klll north or tlle 
àestl'oycd Khe~ l'i ("')_ 

Tlte inllllf'àiate cOnSC(]llclweH of au cal't!)(]lwke {'iII l be mpasllre(1 
in tenns or easualty Jif,'lll'eS an(l statiRtieR of !leHtl'oycd hOll~ing llnits_ 
But fal'-reaehing ehanges have alRo becll brougllt onto tlte pO]Ju!ation 
of thc Vallcy by the {'OIIHtl'uet,ioll of the two big agrieultul'l\l eo-opel'
ahvc,~ whieh l'e]Jhwe lllany of the ,~lllall YÌllage~. The idea of ('cntral

izing HmalI YÌll~1gc~ into large agrieultural units i~ eXIJm~~e(1 after 
neal'iy evel'.v m1t~1stl'Ophie eal't11quake in the ì\!i(l(l!c Bast. The easc 
for eentralizatioll iH lL~ual1y made Oll l'pgiowd e('OIlOmie gl'oullà.~, alld 
iu Illosc termH it iH llearly ahrays a "'el'y strong easc. CClltralization 
l'atioualizc~ the IJl'odllctive ]JI'OeeH,~, alHI henee inerea~eH the agl'ieul
tuntl yiel(l and the wealth of tlle l'egioll. Howevel', tlle possib!e a(lvel'se 
clteet,s on thc iu(lividua! alld Hodal Ipvpls of the ~1l(là('ll imIJOsitioll of 
a eOlleept so Htl'allge to lhc histol'y or a l'egion lllllst also be taken 
into ('ollsidel'atiou. In thc long tel'ln tlte ellange will ouly ~u{'eee(l if 
it bring,~ an illlpl'OVelllent, in tlle quality of life allà taugihle ]Jl'olit. 
t,o eaeh sUl'YivOl' of the eatastl'OIJhc, and ('entralization alone !loe~ 

not aut.mnatieal!y a{'hicve eithcr. 

('") -'lan~' of Ihc 350 n('w hOlliling lInitil illlfIer{'(1 mi!lor (Iamal!:(' aH a 
\'e811lt of a late afterHJlOek O!l 3n\ -'Ian'h, 1070 (.11 = a.2). Yertieal {'nu'.ks 
wc\'c observe(! ut 111(' {'OnH'rH of \lH' hUll.~es, the\'e wher(' lhe inner reinforec(! 
t'onerete pilla\' joinl'(l the bri{'k wilil.~. This after,;hoek \\'1IS aJso [e]t in Kakhk 
all,l GOllakH\ hnt ,loes !lot seem to ltav(' ]Ho,hw{'(\ ,lalll,lge e]sew]wl'p lhan 
in thc Northern Co·operativp. 
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'l'he lield wotk eOIllH'('1:e,1 ,dth thi~ study waH Ht.lIl'te,l in Selltem\}(!\, 
UHj", ,lurin~ thc UXBSCO Hcr'onnaissance :\Iission to the DaHht-e 
BayHz eHrthquake, HIl(l eontinlH',l ,lul'ing ~ub~crlnent Yi~it~ in ,Tnly 
Hl70 Hl\(l JH7:..!. \\'e \\i~h to thank aH the rranian institutioll~ whieh 
hl'llJe,l U~ ili om· ,,"ork. ::\Ir c\. ::\IoiIlfal", ,dlO IIl·lll'l',le,l UH on the Hite 
in 1!lfi8 H\HllleeOIll}lllllie,llls in Hl70 l)\·o\'i,[(',l ill\'alnable rontributions 
to mHIly H~IWd~ of tJw stlHly, an,l )I!- J. TIo~~ein-,Tavaheri nnal:V~G,l 
some oI the ,1aLa at ImpGrial ('olll'ge, Lon,lOll . .:'IIisH J. (+UlT Ill"Ov1,[e,1 
ll.~Hi.~tallee witil all the Ilhotogmvhy involYl'd in this stndy. :Fiehl work 
in 1 !Ii:..!, a.~ wl'lI as the /inal eompilatioll oI the ,lata was don e ,,·ith 
the Jwlll ofaXational EnYil'onlllelital Heseal'eh Conllril gmnt an,l 
IOl'lllK PHl"t 01' a ,Toin1: SeiKmoh'etOllie Pl'Ojed bet","een Imperial ('olll'gf!, 
1j01Hloll, al\(l ::\Ie~lt~l(l Ullivm·~ity, ImIl. Prof(>~8or::\L Xia'l.i'~ ae1·ive 
assi.~tllllee in J!.J7iJ lIlHl 1!l7:..! 'nl~ greatly HllJll'eriah',l. 
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