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rvel l  rnnr') ied, of anothel I iuc joining thc extlernit ics oI thesc trvo,
and runniug frou). lloill' Corrro'torvurl.ls Pisa. lf thc origiu of thc
caltirclu:rke rcir,lly rvas of thc natulc of trvo, possibl.y tlrrce, fr:rctrtrcs
or series of fi'actulcs, ib is not conceivablc tlurt tlrey coulcl havc
bccu duc to auy cluse dilectly connected rvith the tccti-rrries of the
sutfacc-r'oclis: for', rvith tho cxception of thc cast-to-rvcst northeltr
liuc, thc.y run lcross-thc stluctulil fctturr:s rs soon on the surfacc.
Ilrrt it is couceiv:tblc thot, if arry gencrll changc of bulli had tu.kcn
placc il thc rrurtclill unclcllying tlrtt portion of thc clust ovcr
rvhich thc ealthcpirl<c rvts fclt, it rniglrt bc thc dcternrining factor'
in plodrtciug fi'actulcs in thc crust, rvhich rvotrltl be unconncctcd
rvith tlic sulfilce tectonics. and in this rvt,v thc isolatecl lrea iu
Ilba, rv)rere iln cn,r'tirclutlic rvas uoticetl iri valious pirlts of the
islitnd, coulcl bc blought iuto reLLtiou u.ith tlre uurirr :rL,:,r, iu a
lnirnncr not othelu'isc casy to expl:riu. 'l'his chauge of bulk ruight
bc of equtl alr:t rvitlr thc calthrlunlic, in rvhich casc it ncr:d lot lie
itt a gtc:r,t depth florn thc sulf:rcc, but so larqc ilu &rca of alntost
unifortn charrge is not clsv to unclerstancl : it bccomcs lrore
intcl l igiblc i f  rve cousit lcl  t l re ol iginal chnuge of bulk to be of
notc rcstrictcd tlirucnsions, antl thc cfrect, inrmediatcl_]' bclorv tlre
solid clust, to bc the tr':ursrnittccl effcct of such clinnuo. 'fhis

trltusmissiou rvould uot be rnelely lertically uprvalds, but rvoulcl
spt'cad outu'at'd.s at a celtain angle l'hich nriqh'|, bc as rnuch as .l5o,
tntl in l,lris clsc til: ultiruato orisil) rvoultl lio l,t n, depth of thc
olcler of 120 rniles if the dirncniiou. 'ttcr" incorrsiilcral.,lc ; but, if
corrsitlenrble, thc clcpt)r rvoulcl be prol-rortionatrrly diurinisheil, tncl
thus fol tn ol igiu lr tving onc-r lunrtel of thc dir leusions of thc
oalthqualic it rvoulcl bccoruc about 90 nriles, ancl 60 uriles for'
one-lialf thc riiruensions. On thc otlrel hancl, the anglc of
spleading of t'hc cffect wouki ploLrably lot be as rnuch ts 45o, aucl,
if onll' 30' (collesponding to an aliicll angle of G0'), the depths
rvoulil be neally one ancl thlee-clualters ls gle&t as those urentiorrecl.

Florn these facts and consiclelatious it rvill be segrr that no vcry
posit ive conclnsiorrs can be dlarvn, nor auy plecise estimate rnacle,
6f ttto tlepth of oligin ; this nrur:lr, l,on'""et, is clear', that the
eartbrlual<c \r'as nlole aliin to those rvhich give gootl distant
lecords, than to the oldiuary typc of local ealthquakc; ancl that
the depth of the ultinrate oriqiu of the shoclis rvas gleat, plo-
btbly of the olcler of about 100 nrilcs or so, below the outer'
sulfacc of the earth. ' l 'his conclusion is of iutclost in i ts irccoldlncc
rvith the dccluctions, r'ccentl.y auuouuccd by l'rof. I-f. H. 'Iulrrcr',

that thc oligius of ttrau.1. of the tlisturbauccs, rvhich givc lisc to
gootl long-tlisLrttce lecoltls, lic at t depth of al-rout 100 liilouretles
(  L2 j  n i les ) .
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-l i tot r -r trl I ) r -rox 0;,.urr -lrr, I,'. Ii.S., 1,'.G. S. (tlcad No'r'crlbcr
S lh ,  l1 ) !2 . )

' I ' r t t t  P:rmir cult lrrpl l ic of t l )c lsth of l fobnurlr '1911, thouiJh of
t lest luct ivc violencc irr tho ceutlul lcgion und giviug l isc to lorrg-
distancc rt ,coLtls, rvoult l  y,rrr l , :r l r l .y hiLvr:;resserl rvi t ' l rout special
noticc lrad i t  lot bccrr fr l  trv,,  Li lcrrnrrt , inces: ol)e, t lurt i i  rvrs
irccourpuuiccl by a hntlsl ip of cxccptionl l  r l i rne nsions, l . l r ich
dtmrrrecl ouc of t lu: pl incipu,l  dlu, innsc-r 'al lcl 's of t l )c lcgion, un<l
ga,vc l isc to a l iclnruncnt lal<o ovcr'  15 rui lcs in lcngth and 900
fe et iu t lcl i t l r  ;  the othcr ' ,  t lurt thc latr:  Pr. iucc l ior. is Gll i tzirr
folntult tccl thc conclusit in fh:rt  this lundsl ip rvas the orisintt irrg
ciruse of thc' crlthqruilic, lrrtl tlrrt this \\'as :ul iutr:r.cstllq urril
runir luc instarrcc of coinciclcucc of opicentre aud I11'p,,ccrrtr.c.
Atterrti<-rn hirs bccn leccntl.t. rhtrvu I oncc nlol'e to this ealtlrrlutlrc,
i l rr t l ,  l l though rnistt l ios in l)r ' iucc Gll i tzin's urathurnatic: l l  mcthotls
lravc bccn lrrr intcd orrt,  t l rc just icc'of Lis conclusion l l ts l lcur
t r t : r i t r t , i r iuc t l ;  bu t  l l r i s  cur rc l r rs io r r  i s  sn  cont r . :u ' . \ ' to  l l l  o thcr .p r .cscr r t
l inos' lot lgc of thc chiu'rrctcl i rurl  bchavioul oi calthclual i tsi t l r ,r t  a
frr l lc l  cr:rrrr iuation o[ '  t ]rc cyidcrrce sccnrcd dcsi l lblc, alr l  as t lr is
is l t i t  gcncl i l l lv : ivui laLlo, bcirrq lrubl ishcd almost exclusivol; '  iu
thc llrrssirlu linrgrutge, it has sccned tlcsillblc tr-r r.ccor.d thc {rrcts,
so fiu' as they irrle avlillblc.

IJeJi l 'c dcal ing rvith t lur Lrcul obscr.vtt ions anrl r .ccor.ds of thc
ealt lrr lur l ie, i t  l ' i l l  be rvel l  to lcfcl  bl icl l .y to I \ ' ince Guli tz. in's
plpel ' . :  His conclu.sions \vcrc blsccl pl irnur. i ly ol the sur.\-ey con-
iluctccl in 1!13 by Cc,l. Slrilko, fi'oru rvlrich it rvas computeit th,rt
thc urass of the LLrrisl ip trrrounted to bctrvccn 7 aud 10 nri l l iar.ds
of rnctlic tous, irntl the hei!r'ht of iirll rvls sonlcwhcrc betrvecrr
jJ00 : lnd 600 ructrcs, f lurn s' lr ich i t  l t ' -rrr l ts t lurt thc arrrount of
rvollr rlnc irr fullirrg, irrrrl sc't flcr: lr.y alrest of flll, lty betrvecn
tho l iur i ts of ! '1 x 10" arrt l  0'0 x 10" elss.

' I i re trcxt step rvas to , , 'sLirrrt tc, fr . ,rnithc scisnroglaphic I 'ecort ls
at Pul l iovo, t l rc rruouut of r lol l i  tnrrrsuri t tct l  lxrst t l r :r t  i t r l iorr,  autl
f lonr t l r is to cotrr lrutc u' lrr t  slroukl havc becrr thc amourrt sot frcc
l, t  l l rc ol igirr.  ' l 'hc rc_sult of his courputrt iorr glve 4.1] X l()"" er.gs,
lu l igulc ahrurst idcnticl l  rvi th thc rrrclLrr |r .obtblc valuc obtrr iuc'r l
froru thc srr lvc.1. of t l rc lurr<isl ip, :rrrt l  l rcucc i t ,  u'as corrclrr(ct l  t l r :r t
thc Llnclsl ip suyc l iso to the ciLlthrlrurl ic.

'l'hc rvholc crlculttion, horvever', is vitiu,tecl bv thc f:rct tlur.t, in

I At a gcophysical discussiorr hcll ir tho r.oorns of the ll,oyal Astronorrrical
Socicty on l\Iarch llrl, 1922. IScc rrlso lI. .Icffrcys, ,'I 'hc Pamir ]Jtrt]rqrrnkc
of 1911, Februuy 18, irr rclatiur to thc Dtlths of )ltrth,luake l.oci'l\Ioirilrly
Not iccs,  I ioy.  Astrorrom. Soc.  t ieophys.  Sup1r1.  vol .  i  (1993) pp,  22 Bl , ]

: 'Sur lo Trernblemcnt rlc 'l 'cna du 18 ftlvricr f0l1 ' 
C. Ii. Add. Sci.

Paris, vol. clx (1915) pp. 810-14,
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cornputing the arnount of rvolli fi.trrsrr.rittcd past Pulkovo, thc
t lclxrttulc of thc seisruogr' :un fr.oru t lrc ruc:rrr l rosi i i , ,rr  rvrrs attr ibutct l
to rr holizontrLl ruovcrnent of thc gr.ound, tire seisruograph bcing
taken to act as a stcacll' point; but it is rvcll esttblisheri-that the
lecold ir the tllilcl pliasc (ol long) rvaves, which l'ere cxclusively
uscd in for:uring the istimaic, is dil to tiltlns nncl not to iner.tir":
conscqucntly tlie- cstirnate, being brtscd o,, rr,"e.ro,t.ous iuter.lrletir-
tiou, is neccssarily in ellor', and thc lcal value at Pulkovo must be
in defcct of the ai loptcd valuc to arr unl<nou,u, nrt l  1l .obabl1. con-
sidcrirblc, cxtcut. llJsides this, sornc firults lrti'c l-rccir roiutitl out
in the ft,r'mulir usr:d fol cornDutation. 'Ihcsc considcrnt'ions undcr'-
rrr inc the basis orr rvhich P' i icc Gll i tziu's coucl.siorr rvts founclct l ,
aud, in nclditiorr, it rnay bc ulgctl- that, in thc prcsent ver.;,
irupclfect st;ltc of oul knorvlcdge of thc natulc ani ph;'sics tri

Strtetch- lta 1t oJ' tlre elti ct,u,t ml n rca'of l ha fr antit' ca t,tlrqua /". c
oJ' ltitlt, Icltruary, 7C71.

these surfacc-Nirves,'o li'al co'clusious cau bc dr..r'' froru the
tuost exact agr.eernent, 'o' fi'our the abso'cc of such ag'ee'rcnt,
betrve^en coruputation and observation. It becornes necessar.-y,
tltelefolc, to exaurine the question florn othel aspects befoi.e
accePting, o' r'ejecti'g-, the aiscrtiorr that the Lrnclslip rvas d.eter-
ruined by the ealtlrrlualrc.

.  The only rccourrt of this shoc)i,  that I  rra'c r-reerr ablc to f ind.

l."i_":ry* ,U1 
CloJ. ltiill<o, .p.ublishctl by thc l.lussian Irrrpclial

ticog'aphrcal societv i' 1914.1 }re rvas pr.i*ra'ily concc"o6d. i,r

_ 
l^'The Panrir Earthquoko of 1gl1 & _its Conscqucnce.: Clronological.Iieferencs.& rioport of the works of thc Militrry Detrchncnt of the pa-mir ,

by Col. Spilko, St,ll Ofliccr & Chief of flre pamiJDetacbrnent, Bull. So;. i;l),li,uss. Giogr, vol.. I (l 91a) pp. 68-94, witb nrap & plate of scctions (in Russian).Un account oI il)o intcrest altacling to this earilrquakc, I bave had a trans-lation .made of Col, Spilko's paporl anri dcposited it in the tib;;;t;i-ilr"
Geological. society of lonclon, lo" thc us" of ilro.o .who rnay bc irrtei'estea i'tho subject.
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t l re cx:r,rnirr ir t iol  ol '  t l rc glctt  l :rrrdsl i l t :Ltt t1 t l tc l t l<c plot lucccl bv i t ,
but irrci t lorrtal l l '  r- l ivcs :t  qe ttet 'al  i rcctrt t tr t  of l l rc et l th<1u:r, l ic dt;r ivcd
florn ol l ic iul r lnt l  othcr lepot ' ts; r 'cfct 'ettcc is nttdc to accounts and
rcpolts iu nclspa.pcls, Lut rtll tlrrlt is itnpt-ttaut, fol the Plesel)t
ptir'pose, sectns to lttve bcctr ittcut'l,t,t'ltccl br' lrirn.' 'I'hc carthqual<c tooh l.,l:tcc t,tt tlic night of thc 5th-Uth l"oblualy,
1911 (O.S.), ihc t ime, as loctr l ly clctolni i t tct l ,  r ' t t 'y irrg f ' rorn 11'15^p.rn.
to 1.20 a.m.l ' f 'hc cc'nt lr t l  legion lay closc to t lru junction of the
'I ' tuirt l l rs rvi t l r  t l rc l ' [ulqhitb, ' 'ot l i l i ' tarrs, t ' ivct ' ,  i t r-about ]at.  38"
l5'  N., l r)rrg. 72" 3t j '  l t . ,  iLtt t l  l tctc t lrc t t t 'sttuct iott '  t tot ol ly. of
villagcs but of loltls, l,r'iclgcs, rrntl iLll trtoatts of couirrttttrictrtiou,
ru,t,s it, cotnplcte tlr:rt trcrrrll.v six s'cclis lrirtl passctl lroforc rrcrvs
cortitl t'cach eithel tho rnilihry lte,ttltlttl,t'tct's tt tlre Parnil l'ost,
or thc civil hclitlquattct's at liholog. 'I'u'o lttcurpts to rcllch the
rlevastatcd l'cgiou \vcl'o nrir,clc : Clrpt. Zrinliin rvas tlcspatchccl dorvu
thc l\fulghab vallc.l', antl rrt Strt'cz fountl fultlrt'I' pr'oglcss_ inpos-
siblc; rv)r i le, f lotu' thc Oxus r ' ;r l ley, t l rc ol l ic ial despatched bv the
Govelttor of l loslulrr forrncl lr is pl 'oqt 'css torvit t t ls Oloshol ' ,  thc
heltlclualters of tho tlistlict, stuppctl b;' ctnlpleto rlestrnction of
thc rtailrvay, at sorDc pl,,"c i n*1i.'"illcd, befulc lte could I'each his
clcst ination. Accolcl ing to Col. Spi l l<o's l lccour)t,  rvl i t tcn trvo
vcats latet'. the tottl loss of life ttrtrountetl to 302 lllen, wolnen'
anrl chilcL'eu ; tlctails tle Eiveu of scpa,r'atc villagcs antl settle-
nrcuts, solne of rvhich I l ru,vc bcer\ unable to f incl ol1 al ly lnap;
but thc eastcrutnost of thosc lhat I hrLvc bccn able to identify is
Salcz, rvhich escapccl nithcl lightll' rvith a loss of sornc houscs and
no deaths, antl tlie rvcstelrrmost I3asitl, rvlticlt rvas almost completely
destroyeci. 'Ihe tlistrnce betrvee'n these ttvo places is about 35 rniies
in a clilect line; but thc lesioD over' 'rvhich the ealthcliutlie reacheil
a tlestructive cleglcc of 

"i,icnce 
evicleltl.y cxccetlctl iltit lirnit, fot'

it is lecoi'clecl tluit thc lirst ucrvs of thc clisastel that rcachecl the
Oxus vllley rvas bt'ouglrt by a plucli.v lrLjil<, a lesiderrt of llasid'
rvlro tlesccritled the lltltir.ng in ir, nlrtivc bott (plobabll'an inflatecl
skin), ancl f lorn this account i t  is cvit lcnt t l rat thc t lcst luct iou of
thc loaclrviry antl intelt'uption of all la,ntl cotnntutticttion exteutled

- for sornc cliitancc l'estl'irt'tls. or dowustrearu, fi'ortr Btrsitl. In this
lcgiou, besidcs t lrc t icst luct ion of bui idirrgs, of lr l idgc,s, antl  . .of_-thc
eaileries by rvliich thc loacls rvet'c cat't'ictl-r'ouucl the faces of cliffs,
iausecl b)i1i1e tlirection of thc eat'thrlrralic, thelc rvere l)ulnelous
lands)ips, l 'hich si l l  bc t lealt  rvi t l r  latcr ' .

1l tir caste lly clircctitn tlrc carl,hqrur,lic n'as stt'otrgll' felt at thc
I'arnir I'ost, rvlrerc it is suicl to lra,ve lirstcd tl'o tttitttites, accolu-
pa.nierl b.1' u sulrten'rrneittr lutttbliug, \vas sevel'e crrortgh to rnalie'"t t  

t tr .  i i rhal, i tants lel,r 'o t l rci l  hoi.cs, i t t t t l  ctupetl  clocl is to stop.
A scconrl shoclt  i tu lrott t ' latcl  is leportet l .  Sortte cl ' lc l is rvel 'c
folnrotl in builciings. At liizil liobrt tlre '*liock rvils fclt in about
the suure tlegt'cc, antl tt Iillngliul antl 1l'ashliulgan (irr Chinese

t Thc ti l ic, trs t lctcrmitrcrl frorl t l istant rccortls, I 'oultl Le rtbout l3h. 41nr.

Grccurvich meltr t ituc, or 23L. 31nr, local t iurc'
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Tulkestan) it rvas uoticed, rs a slight undulution, only by:r ferv
Pcoprc.

Iu l nolthct'ly tlilection it is repotteil thrt the rvatcls of thc
Kara-liul Irrrke sulgecl ovcl tho eustenr, lou'-lyiug, bank fol u,
distrncc of about half a velsb (1750 fect) lea,vinq a b:ruli of ice
behind on theil letilernent. In ihe AIai distlir:t it was feebly f,:lt,
in aborrt the sunc dcslec as at Tashkureau.

Westrvalds the shodk w&s seve re.l,ud jluscd slcat ulirlrn thloush-
cut thc districts of Shignau tnrl Lloslxr,u. 

"At 
l(lroroq ,', rib-

tct'tanelu lurubling rvas rioticed, glcat ululrn rvrs cnuscd', bub uo
tlatuage r'opol'tcd. At Ishkashirrr the eartlrtlulllte rvas scver'e, tl)d

Tll"Xr":t 
intelvrls by fceblel oncs. No tliunirgc to builtlirrgs

'Ihe seismic alea of this shocli :nust have extcntlccl into Afshru
tcrritoly, across the Oxus, but uo recolds ou rvhich any lclitn"e
cau bc pllccd ale avuihble. Col. Spilho rluotos repolts thtt 300
houses rvele destroyecl nnd 460 pcople killccl in liubul, G0 houses
and 2d0 derths lt liala-i-Yavun, 7O houscs ancl 2 delths nt
Konabrid, and a fcrv houses (but no cleaths) lt l,':lisabad. 'Ihe

first-nlrnecl of thcsc,.unless somc pltce rvbich I cannot itlentify rs
tneant, obviously cilnnot lefcl to tlris carblrquahe. tlhe other
repotts, if acceptcil, rnust refel to a diffclent calthrlualre, or elsc
iudicate that this, like sornc <if the Ctlrbiau shocks, httl trvo
clistinct centles of greatcst interrsitv; urole plobrbiy, horvever', thc
repolts cle eiblrcl' gleatiy exaggerrted, ol rvholl;'imaginar';'.

'Ihesc accounts allorv of the forrnatiou of an apploxirnitte
estimate of the uagnitude of tle eftrthqu&ke. 'lhe centlc of
gleatcst intcrrsity lu,y uot fal florn Oroshor', thc headrlualtels of the
district of thc s:trno llilrr)e, or bctrveerr it antl tLc iunction of
thc Tanirnas aud nlrrlghaLr valle.ys. 'I'he central alea, over rvlriclr
the intensitl' rvas at letsb YIII. Il.l,'.,1 extcudecl frour abr-,ut Salcz
on the cast to beyond Bir.sitl on the-rvcst, the dirncusion in tltis
ilirection beilg lt least 40 rniles; in tirc trausverse dilection t,hc
dirnension is indeterrninlble, as population aud cornrnur:ica,tions
ale confined to thc vallcys. 'l'lre outcl liurit of the alca ovel rvhich
thc shocli rvrs at all scnsible catr br: frrilll' rvell tixed in au eastcrly
di lect ion at tbout 150 rni les f luur the cerrt le; iu a southel ly
ditection thc lirrrit t'as plobrbly al-rout thc suure ; or) thc rrest tlre
distance u'ould lle l,bout 220 nriles florn tlre ccutlc, if thc eal'th-
qutlie rvas leally fclt at lionabatl ( I(hanabtd). As lras bccn poiutetl
out, horvever, all thc lelxrlts frorn Afghrn tellitory ale v{,'ry ul)-
coltaiu, and tlrc tutherrtic lccords suggest tlurt thc liruit in tlris
di lect iou rvas lcss t l tan on thc east, possibly uot rnolc than 100
uri les; on thc nolth tho l iur i t  sccnrs to htvc bcen uruch thc sarrre,
or &bout 100 rni lcs. ' I 'he actual cl imcnsiorrs r-rf  the leqiou in-
cluded b;' tlrc IIo ll.[,'. isoseist rnay be put at about 250 srlutrc

I Col. Spillio givcs the intcnsity as VIIIo over tho rvhoio of this rcgion ; but
the accounts roproducctl by hirn urd thc description by Sir Aurcl Stoil (rluol,erl
later) shorv that over the grcater parl of it tho inteusity must Lavo rauged
higher, and reacLed at lcast X".
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nriles, arntl thosc of the rLrca' includcd by the \rlllo isoscist bcing

al.rout 40. thc latio bctrvcen thc trvo is about 6 to 1. 'I'he colle-

sDorltliug r.rltio in thc casc t'f othc| tlestruclive culthrlnalics rvollis
oirt at lir.r'ious vulucs. Lctn'ccu tlto extt'etncs of I:l to 1 l.rrd 3 to 1,

thc rrsu:rl valuc bcing about 5 or 6 to 1. Il this lesllct-t, thc.r'efolc,

thc utlthrlull<c shcivs no iillrtoltttalif', antl- thei'c is nothing to

suugcst l i'tclical tlifl'ct'crrr:c in ol'igin froln othr:r' eartlrclutlies.-A"rrotLcr 
fcttut'c rvltiolt tttlrt'lis tlris crerthrpillic lts of the rtsruil

type antl  origirr,  is t l tc occttt ' rcttcc of l t f telshocl is, I"t 'otu t l tc

ccntrrr.l r',:gion-\'c h;rve tro eet'tltirr t'ocol'tls, but, both at thc ltilrtri|
I 'ost lrncl* Isl iashirtr,  subsorlucut sl tocl is rt le t lcl ini tcl l '  I 'epoltecl.

Glcitt ctltlrcluiilios utrrt' cxtlernelf in thc rruurbcr of tftct'sltoclis

:urcl thc clui:r,tion of the pt'r'ic,d cover',:tl b1' thcrn I in somc cases

thc uftelshoolis lilc fcrr',,ttii soc,t, oYcL, iD othcls thcyrll'e llulllel'ous

lurrt[ 1rr'olougctl, rurl tlrr:r'o is no tlcfinitc r.clation bc^trvecn t1rc rmrgni-

tu<lc^ of tiic calthqualic :rtrtl thc ttutnbct' of aftelsh<-rclis. In a
gcrrr:t'itl rv,rl', lu,rveii:r, tlrc clctttor elrrtbrlrrillies trl'c follolveil by

,"rro., ,rt,u,"-r',,rts llftt'r'shoclis lh&rr thc stltallct', ir,Dtl thc l'ltrnit oDc

of I , 'cblualy 1911, t l touglr i t  nrr.rst bc cl lssod-rvith thc glctt  rvol ld-

sh:r'l<inq ca"r'tlt.1,.,,l,lics, rvas. itt lealitl', :r srtlall onc of its cllss' 'Io

this rlust bc itlttotl thlrt thr: nattu'c of the courrtry ancl its in-

lrll..riL:iuts plecludes the possibilit.v of tnl'thiug lilie a -couililete
lccort l ' l ieir ig obtrLined. ' I 'hc publ ishctl  lcports ale sulf icient to

shoiv thnt tirolc rverc irt lcrrst .*orne' lftelshoolis, and tirat il tliis

lespect thc cartlrtltalie rvas of nolrnirl tl'pe.

So fal notltiug has bccn saitl of thc la-ndslips, these havirrg been

rescrvccl fol sctx.-rra,tc consitlelation. Of thc ltlgest of thern rve

l lrvc fui l lv ful l l ru' t ictrhls, iu t l rc descript ion iutcl sulvcY lnadc bY

Cul. Spi l l ,o's cxlrccl i t iol .  This sl ip fe-l l  f lon the tuourttains rtorth
r-, f  t l tc Mru'shni) val lol ' ,  iu.t  r i l ,ove t lrc vi l l lgc c' f  Usoi (Usaid of
the Int l ian'*r,rrry,t t i ipi l ,  rvlr icl t  t : ts t ,r 'c l ivhciruetl  antl  l l l  the
inhtbitants clestlot-ed, c.rccpt t'rvu, 'tvlto rvcte :rwlrJ' on thc night-of
the ealtliqualic. 'Ihc cl6bi'is 

',-,f 
tlre slip fonrrcd a heap in .the

val lev, measuling about 11).0()0 fcet in lcr igt lr . .  along the becl of
the ral lo.r,  al,ouf 12,500 fcct in rvidt lr  act 'oss t lrc vt l lcr ' ,  aucl vel 'y
l i t l le sh-olt  of l i00 fcct irr  ntaxit t t t t t t t  dcpth, thc totrt l  bul l<
l.rein!: about 100,000,000,001) ctrbic fcr:t, irntl tlrc rveiglrt about

7.;0i i ,000,000 tous. ' l 'hesr: l igulc's at 'c t tuccsstt i l l '  rpploriutatc, rts

i t  is rrot Possible to t leterrrr ir ic, TIoni thc' trr i tP, the cxrrct l i t rr i t  of
the sl ip, r iol  is t l re ol igirr lLl  cotrturt l  of t l re -gt 'otrnt l  l inorr ' l t '  Thc
ball ier i  fol tuccl b.y thcl l ip, gar-c l isb to ir  l :r l ic t 'hich, rr. t  t l rc t inic

of C,r l .  Spi l l io 's r i i . t . ' . ' ,  l " i . l  i t tairrct l  :r  length.of 26 vclsts (alrcut

l7 rui les) 'ancl rt  r t t i txi tntrtn t lclr t l r  of l i l l  stslr i l  (917 fcct) ;  .r , t
thc t inre'of his yi-. i t  the rvirtcr '- ie\-cl  rvrrs st i l l  r isirrs, but t l r is rvas

ulobablv scas,.,ttal, fol tl'o reltt's l:rtel Sil Aulcl StciIr, tt'tvcl'sins{

i l l "  rui, .  r 'oute, t 'st irnttc, i  t l te lcngth at 15 rni lcs'  As the

ul)l)ol' cn(l of thc llrlic \\'ils Yorl' llfll'fo\\', rnclcl.l' lr llootlecl. r'iver'-

cl ' , i rrr" l ,  * ' l rc '  sut 'r ,oJ'c, l  l r .1'  ()ol. 'Spi l l<o, rvi t icl .y t i i { Ie. ir ,g cst i tr tatcs

of lcrrgt)r nriglrt  eisih'  have beeir urade by t l i f felent obscrvet 's I
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l'ol'oo\rer, thc .r''r'.rv 1la't rr.ould bc r,:rlridly lillctl up by 'ivcr,_
tleposits, so th.b the csti'ratc of trrc l,,tcrj,bJc.vcr is irisu[stantial
agt'cernert 'rvith the survoy of_ ilre ca'lier', a'cl tlu: pe'rnaneut
Icngth of thc. lal ic 

t l t ,  b, pLced tt  about l i i  rui les.'r tre l f l rrdsl l l ,  r tsclt  rvas of the ort l i rrarl ,  tylrc of .  rnouutt iu-sl ip;
i t  rv*s a t los'r iu.*rr l  'ush of r l rr f tss of . icfr1. i1-, ' rovi 'g , , ,o.,  ur^,,
lluitl ruass than a.s r,'ithcr_a slitlo,-o.a f.lt, of ,c1r^rntJf;;;;;;;;
canf i'g r,rr its stnfaco, a_ud er'bccldett in it, lruge'u'b'ol<en"rrrur.a,
ol 'ocl i  rrrc*su' irrg .hu'd' . :ds of c.r.r ic foet i ' "bulk. lvhe'c this
uovlr)g, ruass irupingccl_ on- the oppositc sidc of ilre vallcy its
uronrenturu * 'as checked,.t l rc u1,y, ir :  sultucr, sur.gct l  uP alcl]  rrot
l,lyi:rg srrllicicrrt fluitlitl, to rctui.ir, rvus lcft l,a,,i'tctl ,,i,",i,iri' tt,"
hi l ls ide, folruirrq , l  birr.r ' icr '  :rcloss trr.o rrr inor tr . ihutir l ics"f lurrr t l rc
south' rn onc of rvhirh a srnal l  lal tclet,was fou'crl .  ' r l r is r,uch is
y,"id.nl f lonr Col. . Spillio's sulvc,1. arrcl tlcscr.iption, fr.onr rvhiclr
rt  ls also evrdc't  t l rut thc.greab-sl ip at Ust-r i  *as by'o r 'ca,sthe
only onc_ fourrcd at thc tirire of ilL earth,lul,lic. " 

Upst***, fii.
survcy,sh.rvs sevc.al s'ralle' Iudslips i' tiie cli'cctidn of sa.ez,
plolably thosc that blocked C.rpt. Zainrkin's pr.oglcss in Aplii
191.1.; arrd, cvcn fi'oru thc accouirts collected 1,1, C6t. Spilko, i't is
s.utli-ciently evident th',t the'e r'nst have bce' 'uDre.ous oilrers
tarthe' dorvu tlrc vallcl', in the dist'icts rvhicrr *.cre .ot visitetl l_r.y
lrirn. Thc infonnatiori, horvcver, rvoultl havc been very scantv but
for the fir_ct tlrat, abo.t trvo yca's rater', sir A.r'ol'Sliirt lr"l"rr.,i
dorv'thc 1':rrrirrras vallu;'to its-junctiu,, ',rjiilr thc 1\{ur.grr:rb, aud ilre'
up ulat valley. lnst thc^ gr.ett slip aud thc laltc of Sillcz, tntl his
gl?i)luc, ttcsclrptiorr.l of thc contlition of thc coultr.y, four yells
aitcr, thc eartlrq.rurkr:.a.tl l:rnclsli|, th'orvs ru.ch li$lit o' ivhat
rvoult l  ot lrr :rrvisc lr lvu becn obscri lc-uncl doubtful.  

'

He states th*t *h'erdf ir-r thc,I'uuiruuqv.,lic;. ho hacl co're upol.r
hug-c-'rasses of rl6b'isl rvirich lratl frllc' fr,irn the slopcs of ihe

,t]alkinS 
spurs, lud sprcad. for. scver.al ruilcs acloss thc olicu vl,lley-

bottolu' on,tu..i'g up the l\fur'rrlrab vallcy, pr.oq'ess iu^its 'a.r'ciw
8!t,8f Pt'uvett ver'1' tllrrrg,.orving^to tlrc lesults of lhc ciu,tbquuhc,
rvluclr hu([ t 'ausfo. 'red t]rc su.f.cc of thc ruou'tain-regi. ir  i 'a
st.ilii,g fhshio'. r. these. dcfilcs rruge landsriiles had cliokcrl uP,
ir, t  uta..v lr laccs, the rvlrole ' ivcr '-P,r".ngf, arrt l  <lcstr.ovctl  the {r ircl is.' I ' l ro blg l ivcr ' ,  oucc r ivrr l l i rrg in roluurc tLe Ab_i_I) lrr , i rr ,  hacl
altogethe' ceasetl to llorv, auri."st'i'ss of irllrine ta..s rracl .ipt".oa
it. It tooli th.oe cl.,vs' |.rr.cl t'avelliig, :ilorig tho srcep sPr,is ancl
r 'vcL vast slo|cs rf  t l i 'b. is, t ,r  rrct to t lrc 1,oi. t .  rrc*r ' t l ic r lroutlr  of
t lrc slrcd:ru l : l tcr ' :r l  vrr l lc.y, * ' l rc*.r t l rc I l l l  o ' t  a rvhoic rrrourrLrirr h:t t l
co'r lr lctr: ly blorkcd t lrc 'r ' i 'cr,  arr l  couver.tecl thc salcz parnir into
lr lahe ruole t lr l rr  l5 rni l trs.Iulg, st i l l  sPlcarl ins uP the va)lo-r. .
Enolruous rnassos of locl i  l rrd'Lccrr 1,uri ,e. l ,  bi l ' t t , ' .  iur l letus ir f
the landslip, up thc steep spu.s Il.i'riing'ilrl slredau^ uott*ri

I  'arhird Jo*r.cyof Exprrrat io. i 'ccntral Asia, rgrg-16, Gc.gr. Jou'r,rul. rlviii, 1916. TLe passagcs rcfcue<l to il tbo teri obouo u"u o'r, pp, ii+eL seqq.

fol ' rrr ing I huqe bulr lgc s, lr ich socrrrct l  to l ise 1100 fcet above
the l :vul of t l ic lul<o.

sourc i t lcu of the r l i l l iculL.y of tLis jr .r .r ' rrc1'rrr i l l 'bc fo' ' rcd fr.or.
the flct tlnt thc tlisturcc, rvlriclt it tololi thrlce tlir-s to cover,. is less
than 15 rni les; rvhi lc thc srL'rc t i istanec, . l -ro'o'  thc balt icr.  rvus
covr , r ' ( , r1  .  i r r  o r r , ,  r la ; ' .  a l t . l ro r r * l r  t l r c  go i rg  u .as  s t i l l  b l t l  : r r rd  o r r l1 .
pluct ieirblc orr foot, u,ut l  l rv r l lL 'r) i lccustuluetl  to urountrr. in-cl inrbiug.'I'hc fo.cgoi,g ar:courrt slro*.s tlr.t tho g'cut larrtlsliI of Usoi rvfr-s
not . t)rc on11. oncl lr : i t  tgr:onrl ,rrrr ict l  l [ is urtr. t | ,1u11<c; i t  rvns by fal
t l re lu'gest, but t l rc 'c * 'cr.e i i rrurrrcr..blc oi ire r.s, r ' , ,r i1, of rvlr icf i  cu'
o' ly l-re rcgu'r lod us slral l  i rr  -co'rpu' iso'rvi th thc r:xccptio'ui l ; 'Llrge
otte, ; tut l  t l te r iccorrnts lcpr '61lugc,1 111' Col. Spi l l io s|oiv t lyl t ,  tcsid"es
thosc secrr b.1' Slr '  r to."t  Ste irr,  l rr 'dsl i |s occu'r 'c,1, or ir  sinri lal  scir lc,
l t  lc l ist ts f l r  t lorvust 'eu'r f .o'r  t l rr :  iLrnction of thc'r 'auiruas anti
n{u'glrrtb. .  I  rr  1'r . t ,  this_ cxte rrsive t lcve |rprrrc' t  of lu.dsl ips r 'ust
bo ascl i l rerl  to t lrc unstiLblc, crr sorrr isttble, contl i t ion of t l ic stc'u
slopos on eirch sit lc of t l rc r lecp-cut vr l lc. l ' thr.ough a loft j ,
ruouutt in-region. Lu"ntlsl i |s. in f lct.  ,u' . .  [ ,y rro urerns inltnown i ir
tLis *r'giorr, ...t1 clolo'cl sPillio ,1trotes, rrrtl- rlccopts, rirc st*tcurerrt
th^t thc Yashil  l tul ,  i .  thc_(l lr ' . t  vr i l l t .r .(soutl iof thc nlur.gl ' rb),
rvrs crmsetl  by iur uucierrt  l trrdsl ip of g|c.t  sizc; 1,et thc i i rnui-
t tncous occul 'Lol)cc of .s,,  rnarr.y lurrt l .sl i l 's oyc) 'so larlgc rn lu,oa,: ls
too l i  P l : t ce  o r r  l l re  n ig l r t  o f  l l re  lS t l r  , , f  l ' e l , r ' r r ^ r . f  lg . t l .  r . c .u i 'es
solne colrul)on dotclrrr irr iurJ oiruso, rvlr ich is tr ,  l ru fouud ir i  tho
scvcrc calLhclrr:Ll<c, I iuos'u tr> lr irvc coiucidcrl  l ' i t l r  thc fu, l l  of i l rcsc
l. tndsl ips.

' I 'hr:r 'c I 'enrr ins, horvelcr. t l re p,rssibi l i t ; .  t lurt thc srcat sl ip :rt
ust-, i  r ' igir t  hrvo lrcen tL_e_;.,r ' i rr*r l .v c,, , ,*" , f  t)rc clr ' t l r t j i ral . . ,  

"r, i ,r , 'uof the..othor Irr,nrlsl ips. ' l l r is. ru1,1,,Lsit iur is nc{.t ivocl bv t lrc frct
that tho g'ott  sl iP is rr,r t  sihri i tct l  rr t ,  or '  , ," , , , : l  t l , .  cent"r.c, but ol
t l r c  ex t .c rno  l i r ' i t , f  t l ru  . r 'q iu r r , f  r r . c : t t r ' s t  t l cs t .uc t i ' , .  ' f l re
t i r r t u  o f  u c \ , * l ' t . o t r u c  , f  : r  l u l r , l s l i l ,  r r ' r y  L t .  t l c t c r r ' i r r t . t l  b r .  : r r r
e l r ' l J r ,1 r r :L l i c .  l , r r l  l l r c  r r .g . r r  i  t  r r , l r .  . i s -  vc ' r "  l i L t le  i r r r rucr rc t , r r  L i .  i t  ;
i '  thc clse .f  t l rrs. l :rrrt lsl ips, rvlr iclr  c* ' i ,rr11. ire .cgi l . t lct l  

"r 
, , tr ,ul i

rvhc'.  co'r}r.ot l  rvi t l r  t l re '*n.srral urirgri i trcic . f  thc us.i  sl i1i ,  i t
ur l t ' l ;c t 'al t t ,u as cclt t i rr  t l r :r t  sl i |s ' ' 'c-r.c irr  l rr .cl) iui i t ion, a,rt l  i l , , . t
sooncr'of LLter t l rc.r.  l .urr l , l  Iurvc f:r l l r ,rr  i rr  i ' " , .1, 11r,,"1, i l re stnrrr
tuu t :g t t i t t r tL ' ,  i r  r r r i rg r i i t r r , l , .  t l c t r l ru i r r , : t l  1 ,1 -  thosc  i , , i t ; * f - . , . , , . f . ,  , r , i i J ,
rv l r i c l r  sqch, r r rour rLu i r r -s l i l r s  ( ' ( ) l r r l r r . l l ( , r , .  "  

[ ' ] r ' c r r  t l r c  g l .c r r t  U"o i  s l i l r
.htrt  pl 'oblblJ' l rr 'err rn P'c1'r, t ' iLt ion, i ' t l re s*rrrc rva,v, a'd wouli l
hrt 'c cor'cr tkrr 'rr  i rr  drrc c,rr 'sc,f  t i r 'c,;  i ts sizc, i l re.efo.c, t loes n.t
indicate ..  g.tr*te '  r ' i ' le ' .cc of .  cr ' thqrur, l ic. ' f l re 

Posit ior of thc
usoi sl ip is, corrsr:t1uc'th-, qrr i tc corisistrrt  * ' i th ' the co.clusiru
that i t ,  t , t l  l lL the othel olTccts, * 'e.e t luc to thc e*ri l rclul l ic as ir
corunron cuuse: i t  is nut consistc' t  rvi th the suPPosit ioir f l rat thc
sl ip rvas t irc ctuse of t l rc ctr, thrlualtc.

,  
Bcsir les t lrc l i rr ' t ic*)rr ' rL'q'rrr 'c,t  f 'orrr i l rc lxrsit ior of.  the usoi

h..tsl i I , ,  r ' i f l r 'e:.rr*d to the a'ei l  o'er rvhicrr tr ic ear.t lrrru*l<e

e
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Ieacheil lr ilestr.uctivc deglee of violoncc, there ale sornc gettcl'al

considerlrtio.s p'inti'g tJ tlie sar'c conclusior. It, is linorvn that

i' so're cases carthc1,ilhcs, of g.t:ut violc'ce in tle ccuttnl arca,

wer.e o'iv scnsible io" o 
'.oro1i*r'*tivcly 

sho't dista'ce fro*r ib.
,flr. .1,.."i" ir.rst*ncc of tlris las€-n'nud iypc is thc Isclian crtltir-

uu*t, .  of l38l i .  r t l r ich lcvcl led c,rs,urr icciol,r  \vi t l r  lhc g|ortt t t l ,  r trrd

cirusctl  1U00 t lcir tLs irr t lut torvlr i t l , - , t te, bttb \vfts olt lY felt  b.t 'a futv

Dclsons at Na,ules, rr,rt rnolc tha,n 20 trlilcs arvlll" 'I'his lcstliction

Ii  i i*  .* i . ,rr iJ , ,r*, ,  i . '  courrrrorly rrf l r . ib*tr ' , I ,  r i rr , l  sccrrr irrql.y si t l r

iust ice. to ir  srt tr t l l  t lctrt l r  of origin, I"ss t lrrr l  l rnlf- l ' rni le irr  the

irchi,rr i  cru.t lr t tual ie, , t l i i lc t l ro noie extcutlct l 's lrocl is ol igirrtr t , :  t t  : t

*ttlt':i.t':j''tjior. 
tt,. extcnt of t5e f ir'ri' r:ar'flrrlLulic 'f 1911 *'it1

t lre-Is"i , l"n'of tSSg, bot5 being of about t l ic sir ' ro dcs.co of

rnaxir'urn violcnce, \\,e tr'e facerf tvitl vc'.y diffet'e't c,udibions;

&lthough in both cflscs thc nnxinrurn clcgrec of violcucc lvirs tlot
-'.,,y,1i11.."r.t, t5e area over' rvhic5 t5c oirc 'cachctl a dcst.uctivc

.legree of violcrrcc tvas ls gr.cat irs tlrc _wlr(ile rl'ca ovcl' rvhiclr thc

oi jL, 
"oul. l  

l -rc fult  at :r l l .  "  Ihe glcrrt  devulolrrnctt -o[_ landsl ips in

the lrarnir.s rvas tlue to the acciilJntrl coinciclcucc of the cpiccnt|til

or*" *itt, a leqion rviret'e the calving of deep, uatlow, ancl stecp'

,i1.,1 tiu.*nrlficys, tlrr',,ru91 Ioft.v riruu-ntlini, 1ad,, givc', risc, ttr

uDstablc contl i t ior ls of thc hi l ls idcs; but, apat ' t '  t lorrt  t l r ls '  t ' l rc

ea'tSqualie cliffcr.etl irr rro rnlte'ial 'cs1,ccb f'o'i t;c gerrc'tl t'tttt of

grcat 'car.t lululkcs, rvlr iclr  give gootl  lccords at lol lg dist lnccs tt 'ott t

the olisilr.----Oi-a-ir[u*unccs 
huo*'u to have origi'atecl o' thc su.facc, we

f,"t. f*a, in tlrc last ferv ycars, c.rplosions of glett rnagnitude-and

"i"f.r"r, 
rvhicl glrve r.isc to sur.ficc-rvaves c.,pablc of _t'eco'd by

rrir-o.gi*pftt ;r.t"a tlistance; but, in all cascs' thcse -ltave-beon
rnar.kei LV tl,c vcr.y rcstlictcil alca ovel rvhich the tiistulbrncc

i*nt ."n"iontly gtclt to cause turterirri datnage : rvithirr a disimcc

r;;;;.;*lri; in' jl"".lr, tl*rtt^,gc, cli.ccily duo-to vib'rttio' of thc

;;;"; ,1, ;at l  cdlrsc, l , 'a ' ,1 ' ,r) i t5i" t t  vct 'y ferv rrr i lcs at tuost t to

?ilr;;ii;r,;;l,l l_,e fcit, evcrr Lr.y tlvrsc *'1o rvc'c slrccirLlly firv.rr'4b11'

sitrr l tet l .  I i ' r .Orrr t l resc ir t l l t luqics I ' r .r  I t ta.Y-Conclut lc t l tat '  CvclI  l f  t l l0
"f;ii';i;i,- 

Uroi tnua*iip .oui,l i,"r'. 1,r'oduce.i-rr shock suffic.ic'tly

n..ul to cause il'rnagc,'t5is rrould;ai'c becn lir'ited to t5e irnrnc-

ii"t i*i-irfro.r'hor,l", an1 t5e eartSquahe rvoultl 5,ve ceascd to

fr"""*",r:,iritle befor.e thc limits of tire rcgior.r in rvhich tlrutagc

rvas &ctu&lly doue rvet'e lcached..

The frcts hno.rvD or this calthclurlic show that it canuot lt&ve

b;';f ,;.';f;cc origi', Lut rnustililie otle' sirnilar shocks, h.ve

tro.t ' t  r ' f . .p-.r: l tct l  
"origirr,  l rot t tccess:rt ' i l1 '- t l ro 1200 ol '  evctr t l te

;i;0 ki;;il.t, ,ttti.t, i^tl. bccn chirneil for sotnc of thc rvolld-

Jruf.iits."ttltqiralics, but, at any latc of the ortlcl of 50 liilornetlcs

"r. 
6ii',""fi"1. 

- 
lftr*t it coultl nol have l-recn drrc to thc fall of thc

i;reii;-i;;"idcnt; the l*nilslip rvas dote.ni'cd by t5c eartSquake

;;J. .; fi'' as ths tirne of oc^cutrencc is concet'tred, Nls a corl-

sequence, not:r cluse'

pru't  3] t ,r . l  nt r,)Alt . t 'uerr.\ l iu or..  t f l l ] rrrr: !n\.  lg1l.  Z4S

-Yet i t  is lrossi l-r ic t l r . t  thc ir .Pact of thc g'ett  Usrr i  lani lsl ip, u,nd
ot  . t l re  r r ra r ; 'o t l r r : r 'g ' ca t  s l iPs ,  * ' l r i c l r ' ccor r rPa ' i cd  t l r i s  ea ' t r iq r ra l i c
rud p.ecipiL:rte,t l  vlst l l lassus .f  r 'oclt  i rr to t lrc v: l l lcy-botto*,r. ' rn.u
havc l*cl thci* clTect in sctt iug up su'f*cc,vibr.t ions, rncl sta' t i '1.
sulfilce-rvaves, l'hiclr rvcr.,: pr.o|aglrted afirr, urtl left ilreir: imtlleJs
on- distant st, isr 'uq'urrs. I '  tho coursc of thc cl isc.ssiorr,  ,"hiol,
lct l  to this i 'vestigrt ion, \{r. .  J. J. Shurv statcd t lur,t  i l rc ieismo-
glarn obtaiucd rt lVcst lJlornx'ich shou,cd thc thilcl-phasc (ol
Iorrg) tvutcs, :rs rutusui l l l . l '  lur.qo irr prul, ,rrLiurr to l l ro l l rcl i rrr irurlv
tro'ro.s, rvlr iclr  rvclc of I ' rr t  srnlr l l  t l i rncusious. '1. 'his incaus f lr :r t
tlrc su'f'cc-r'ir'cs rvcl'c 'f ''usual sizc fo' a tlist.r'b.rcc of flrc
ruagnitudc indicltcd b.r' thc rnirss-\vl,\'cs t.alsnritted ilrr.ough flre
cllth, :urtl this gleltcl tlcvolopnrcut of srrrlacc-tvavcs ruav .)rot
i'rp.obabl.y h.vc -bccu duc to the co'rbiuutio,n of .rvave-r*otior,
sLr.tcrl, ili'uctl1 

1't' .t\: c^r'tlrrf irlie, rvith other sur.f^ce-l"uuo.j
olrgu)l I t({t  D-} '  l ; l tc lal t( tsl l l )s.
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