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'lrtt C,r,usri,lxt-l Crr-rtrrlcrnlr o-F Jl,urtttrlt'Ltits.

'I'hc stuti.r of calthqtuilies hitliuq'alrvl;'s bceu lctrogrizcd as ole
of thc dcpaltrncnts of Gcologr' ,  r)o crcuso is ueecled fol t levoting
rnyatl th'css, ou this oceusiorr,  to r lcviery of t)rc plescnt st lr tc of our
)irrou'letlgc of the cause arrrl rrhu'lctul o{ calthrlualies, r.rsing tlrat
rvot 'd in t lrc lest l icfet l ,  arrr l  ol iginal,  -scrr.sc of t l re t l istulbance of
t lrc grountl  rv ')r ir :h is scusibL: to lrurrt irn fccl ings, rvl i ic l i  clusos
aliulr u,utl tlcsttuctiou, lutl is pt't>pcll't' that seisrn of thc nncieut

Gleel is, f loni rvhich oulmoclclu tclur sci.sniology is r lcl ived. ' l 'his

explanation is necessarl ' ,  for ' ,  of )atc .1'eals, soisrrrology has becn

cxfendr:r l  to thc stut l ; 'of a pherroruenon of t l i l felert chalactct ' ,  t i re

It-rng-r'listance leoolds of tlistulbluccs, onl;. to bc tlctcctccl by ver,r'

seusit ive irrstt 'utuetrts of .spr:cial coustluct ion ; iu sorlc crsos thesc

iu'e clcrrl;' courrcctccl u'itli glert car'flxlualics-as the rvold is l:ele

tusccl-rutl b)' irrfclcnce havc bccrr plcsuutctl to be so in all cases,

evcu u' lrcrr thclo is uo iut lo'pc'rrt lcut cr idcnco of the cir l thquir l ic

pl'opel'. 'Ihc lccolcls, r'egultlctl as lccoltls of thc p'oglessivc cu-

fr,r:Llcrucnt of tlrc lulgr:r tiistut'l-llitrcu of thc tluc clu'tlrclurlic, rvoultl

lcplcscnt thc cr '1-ptoseisnr, or unfcl l  car ' l l rr lna)ie, arrt l  l ;c col lcct l l '

tlesclibetl iu thc obsclvatorv lecoltls as calthrlualies. That thel'

altt eollectl;' so tlcsclil,retl is intlispLrtrrlilc, if tlrc u'or'd is talicn in its

l i tcr lr l  intcrplctrr, t ion as a r luult irrg, lrot 'ever'{ceblc, of the caltL;
bui,  i t  t ,hc inrpl icat ion is l t l t ler l  that t .hc1 halc thr 's:rurc ol igin as

ttrc grcatcl t l isturbirncc, t l rc con'c.r-tuess of thc t- lcscl ipt ion bccornes
doubtful. In prcsentinq to I't)u, st-rlnc rlozeu J,L'als lgo, thc lcsults

of l strrclr of thc t'ccoltls of thc Crrlifonriar calthqual<cr of 190G, I

pointot l  otrt  that, although t lrc irnnrecl iatc ol igin of the calthqualie
plopel rniglrt be tracctl to occrrlleuccs l'hich tooli placc in thc

outolurosb pu'ts of thc lialth's clust, thc.sc rvclc lbLrt thc secoucll.r';'

lcsult  of a t leep-scatct l  ol igin, or lnthlseisrn, l 'hich gavc l isc, at

the saurc t iurc, to thc t l istulb:rnce l 'hiclr rvls lccolt lcr l  at lou.g

tt istt lces b; 'suitaLlc instrurnonts. 'Latcl rvorl i  luxl lcsealch hls

ruolo i tut l  rnolc confi lnrcd boih t lre col lcctrrcss of this intelpleta-

t iou tucl t l ic conch-rsion t luLt thc ploximato causc of gleat aucl

dcstluct ivc eurt lug:r l ics is r l ist inct frorrr thut of thc loug-distatrce

rccolcls, although t ire tr-t .r  origins irre conneeted n' i th cach othel as

cffcot trrcl clusc.
In thc plesont strtc of our ignolducc of tho natulc of the

bl,th1'seisrn, it is clitlicLrlt to give :r clcl,r' ancl piccisr' r.lefinition

.., i1"" 
anuounciug thc clection of Oll iccrs, ,rc r.*ti. i 'g l)r.esiclcut
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'1'rvo ycars lrave rr' iv clapsctl si 'cc;',u elcctcri 'rc to t.c orricc .ff)r'csidc,t; t'ey ,ra'e r.,cc,r et"ntfur ye*r.s-i' thc .ist'r.;- of tresociety' whcn r .ssur'ctl ofti"" 1'oui' corrncil r'as filced *,itir avcry se'ious statc of ufhri.s b.oughi alrout I-,y,re wilr., cx'euses hLtrgreatly iuc'easod, rvhire incorne .c.raiuecl but titile altcr.cd, *nd italrrrost scernetl trrat rvc srroultl h.ve to firce tr,c urtcr.',.tivc of eitrerabludoning our Lib,:rJl or of suspcucling. our. Joulnal. It rv:rslrecessary to ovcr.haul thc u,holc <rf ilie aJfirir.s of tf," Soriq,, iuirnlrose certain ad.itiouar cha,r'ges u,r tr,. iirttorvs ilrcl to'estrictsorut' of the l_renolits.rvlich thcy had bcen enjoyirrc, beforc tlr:rtcq,i l ibriurn bot*'cc, irrco,rc ,,,, i  crp"r,. i i t,,rc co,,rci r.rc cstablis'ca,rvit lrout rvhicli our.contirruccl .*irtr,,". us a Socict;" u,oultl bci'rpossible'' As . r'csurt, rvc 'avc rr..r ^rri, to co'tiuuc t'o t*.crurost irn'ortarrt furrctirns o{ trrc society, ,r* .,,ri.tcuirucc of :rl'olliirg libraly, and tlrc pul_,licatiou of i."..lurrt.,, 6oug1 rvc lir'cbce' co'rpellcd to .est'ict tu. activiticsl, 
",,". 

tlirections. l\fuc'h':r. 
l..r,r_ 

donc, ;.cr ilrc rasli i. ,r"t ;;;,pi;;; flrc axc has bec,'rvielded' r thiur< sufl icicnty, but,rcrr i, i irr*orr, for.trre pru,irrs'ooli o' r ' i 'o. cconor'ics,"irrsig'ir i",,tr i.. i"rr,*r;, but corrr-,otivcrvapPleciablc. Of ilris y-our. OJlicers.,rre fullt. n*o.., ur,,,l .1,ou ruay bccourident t'at 're r'*tter u'ill be bor'c i. r,rir,,r 
"u,i 

attc'clcd to.rt. is rot to be c'xpcctccl t 'at all ,," a"tirrn .rir i"rr ,.ou.. cou'cir 'rrstalicn during flre lrrst tl,o;,cars shoultl r.cccivc ubrrt, talien.rl * rrlrorc, r rr,inr. ,rat rve ,"", ,"Jri-ltirtjtffiJ,1],ill;',jit i re lecord:  i t is  not  the.rvoi l i  o t , , , r1 ,or , .  1r ,1," , , |  |as onl ; .  becppossiblc b;' t'e co-opc..tion of ',. ,,,,i,ri;;;f; ot tt," Ofticer.s arrtlCouucil, of flrc I,'cllou.s a,t lurg;c, ancl of ilre pellrrncnt sta,ff. f nol.hr'd ovc' 'rc ca'c of t'o iriie,rcrtr;f 
';l;"';;","r, 

,o & succcsso'rv'o rvil l  r 'aiutaiu its 'ouou. a.cl . ig' itv, u'. i '  reri 'quis' irrg oriccf rvish to rendel my ilranl<s to all t'irose lui_ ,io.r"g ilrc past tu.o;'enrs lurvc helped r'e i' rvlrat .as bec' 
"" "r*inur; 

arr. r.es'o'siblc,but lar frurn tlulnliless. trsli.
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of the co'nexior bctrvcer it antl the ea'thqunlic pr.oper.: thc
subject is a' inte'esti'g one, a'tl a 'cvierv ol ilru evi.rence, to-
gether rvith thc deiluctions rvhicrr ca' be trrarv' fi'or' it, rvoukr
flIl tLe tirne avnilrblc ; b't it is not rny intc'tio' to cro r'ore trra'
to atternpt, by arur,loey, to illustlate antl explain the natur.e of
thc cou'exio' of tLc bathyscis'r rviilr its trvo i'tlepc'dcut resurts.

Not rrl,uy yeals llrvt' pussed siucc, iu trre soutrr-eastcln cor.uer
of !'uglard, 'u'c hc.r'd *'lr:rt rvc'e riuou'' as tha gu.s of ila.clc's ;
:rnd thc description *'as co'r'ect. Thc souriri-it *'as r'orc a scnsa-
tion tha' r s.r'rucl-rvhich rvas rrcartr in rient ancl sussex n,as
u'do'btedly pr.'duceil b.1' thr: r.cPor.t of g'eat g,ns, by flre expiosion,
that is, ,f tlie cha'gc in thc gun itself ; b-ut, haa ilre cxrrrosio'
done uo r.o'e tLa' give 'isc to trrc souuil-lvaves .rvhich t'',veileti
f.r' i' eve'y di.ectio', it rvo.rcl rravc iitile t'oubrccr the ererny.
Siu.rlta'cously, horvevor, rvith 1,hc procluctio' of the 'epor.t, aritl
by tlic sarue explosi,,, . irrojectile .rvas seut 1lyi'r thr.ough flrc
*ir, a.d, aftcr a t..jcctor.y of s.r'c 'iilcs, itsclf expio,l",l, ."o.,ring
the d.rriage rvhich rvils the PurPose of its clespatcrr. Trrc effcct of
tiris scco.d exl,losiou \v*s sevel'e btrt local, arr,r at a shor.t clist..ce
alva1' rreithel sountl rol shocli rvas scnsible.

Here.rvc have a very courplcte anillog;,, the cxplosion o{ t)re gurr
i'ep'cscnts the b*thyseis'r ; thc 'epo't l'd ,ouual-ruluc.s, traveil]rrs.
afar, cor.r'csPo'tl to the disturli rce rvhiclr, p'opagatecl flrrougi,
the subst*..ce of the Jla'ilr, gives 'ise to ilre rong-distuce l'..o.,r", ;
the cxplosion of the shell to those dislocations in flre outer crust
rvhich plotluce the destructive ealthquakc; anrl tho trrr,jectory to
thc co'nexior, of r'hicrr flre crra.acteiis ',s yet ,'rknorvn, betlvee'
the bathyseisrn tnd the surfacc-shock

If tbis interpretatiou be acccptecl, it becorncs cvidcnt that ilre
distant rcco.ds rep.csent soruethiug ''liich is cristirct fi.orn ilro
eu.tfl,lyake, as originally uuderstoocl, aucl that ilre stutly of theur,
rvith the decluctions charv' fi'orn that st,ily, Irave riftle or 'o
beariug on the ploblems oI geolog;,, as wc usually lirnit ilrc scopr:
of that science. It is othelrvise rvith ilre etrthquaL, prop",,;
originatiug i', antl affccti'g, ,re o*te.urost erust of tl,. l".tir, ii
has-loug,,a'cl 'ightly, bee' r'ega.decl as one of flrc depa.trnents of
geology,^both as r.egar.ds cause ancl cha.acter, and it is rvith this
aspcct of the subject alone that f shall deal.

'rlic cha.acter of ea.thrluakes is rinorv'to a. cxteut sufficie't
for ury purpose; they are elastic rvaves, transrnitted ilnough ilre
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substance of the Uu'tlt, uot, lts \\'ils ou(:e srtpposetl, tttct'cly 'tvtves of

elast ic cornplessiou, but of nrost corupl icatccl cl t i t t 'n<;tet ' ,  aud iu al l

but a, small urinr-ility of orses nothirig but tlris vibll,tot';' lttovc-

rnent, the olchr:sis, cnn be t 'ecognizct l .  Occttsiouti l ; ' ,  l to ' tvevcr' ,

arrd onl. ,v in the citse of sottre cl l thqtrt l ies of dt 'stmctivc violcnce,

thci 'e is also a br-,t l i l1. u.ut l  Pct ' t tuLtrr:rrt  t l isPl l tccttrent of thc sol i i l

grouutl ,  untl  this nl i lss, ol l t tolat ' ,  I t tovctttct l t  l ta's )rccrt t l ist irrguislrct l

:rs the rnoclt lcusis of t l re ct l thqrta)ie, as cl ist inct f lorn thc elast ' ic

r l is lr lacoruortt , ;rccottt l tnrt ic ' t l  l r l  rctt t ln to thc ol iginal posit iotr,

rvhioh consti tutos t lre orclrcsis. Norv, t l rc elrtst ic rvavcs can ouly

l- lc irr i t i l , ter l  b,r 'sotuc sutl t lc,t i  iurpulse ot '  t l istul lr i tr tcL. '  st lch as rnight

bc plotlucctl bl l,ltc fractulc of I'ocli I ittttl ls, in thoso ealthqualies

rvhele nocir lcusis can be locogrt izet i ,  thele is usually cviclcncc of

suildcn rndvernertt alottg sottte pt'e -cristcnt fault-planc, r-rl of le nding

irncl lissuling of the solicl locli, ftultinq ot' fi'rctulitrg hirs conte t<r

bc lcg:u'dccl as the cause florrr u'lrich the t'ibratory tlisturbancc

orig ir t tes.
' I 'his couclusiort is suppoltr:d b.v t lrc f i rcf t l rat t l re pt 'oximltc

oligin of thc shoclt can llluost rrlrvat's be pllctctl rt it urodet'rte

t lcpth f i 'om t lre sulface. I t  is, rurfortunatel; ' ,  iurpossible to givc

irny plecise l ignles, f t- ,r '  nolc of the methotls l 'hich h:rve bcel

sugscsterl for clctelnriniug thc t'lcptlr of tlre ot'igil citrt bc tt'ustecl,

soruc beclluso they tlcpentl on irs-*utnPtiorrs rvhich the 1-rt'ilglcss of

linos'leclge hlLs shos'n to bc clt'otteous, otltels bcc:lusc thcy clemand

rlata rvliicli clnuot bc supplictl l'ith tirc lerlr.risitc plocision, if at

rll; but there is anotltcl rvay in rvhicli sotnc itlcl, of tlie delrth of

oligin m.ry bc reachcd, basctl ort tltc ftct tlurt tltclc is ahnost

invaliabll' l, rveli-dc{inetl ut'ea of tnaxituttut irrtcrrsitl' of slrocii,

sunountlcd b; '  r 'egions of t l i rninislr i lq intensitr ' ,  as the cl istartcc

flom fhe centt'll tte;r ittcLcrtst's. Since the violcncc of tlre dis-

turbancc r,ill tlccletse rvith the ittclcasc of tlistlncc flom the

oligin, it follorvs tlrat the trc:rt'cl tlie oligin lics to the sulface,

the ruolc closcl.r tloes the lli'ilrtion of surflce'tlistance flotn thc

cpicentre approxirnlte to thc ltliatiou in nctual distancc florn the

origin; lience it is evitlent tlurt thc latc of vtliittiou of inteusitv

of the cl istulbanceli l l  givc soutc notion of thc clepth of theol igin'

ln this rvly, rluitc apalt flottr ttry trutttelictl cstirrratcs rvhich h:rve

becn nrade, i t  bccorles clelr thtt ,  cxclut l i lE tr slul l l  ur irrol ' ib '  qf

earthrlualies rvLich l'ill be lefelretl to )tter', the origirr lies at a

vcry rnoderate delith bcLrrv tlre sulfnco, plobab)y selclottr ovcr' 10

nriles, and usually less. 'I'his plnces the oligin rvithin the liruits of
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be a certain iucletneut rvliich rvill |:atl to flacture, calbhrlualie,
rund 1laltial lelief ; thcn rvith a fulthct' incrcmcnt tlre proccss rvill
l rc lcpeatcd, irnt l  so rvc lcach t lrc concel;t  of a rnean st lain-
intclval fol each shock, rvhicir ru&v bc lcgl l t led rs constunt, on
tlrc alclage, for ar;. given legion, pr'<n'icled thlt thc average is
trkcn ovel long cnough a pcl iod. I f ,  thcu, rvc i l iv i t lc the rnean
inclcttreut of st l l in in l l  unit  pel iot l  of t i rnc b.-v t lrc rucit l  nurultct '
of shor: l<s tx:ctrr ' ' iug irr t l re sluuc y,cl iot l ,  rvo obtt in a, fract ion rv)r ich
lcplcscuts tLc rncln st lcss-intolvi l l  fol  cnclr shoclt ,  a f l tct ion rvhich

shoult l  lcurl iu constlrrt  in t l rc logiou utrt lcl  consit len,t ion ; aurl  f lon
tlris it losults that :Lrr1' r'ariatiou in thc lute of glorvth o{ str':rin
rnust be acorltnptuietl bl a con'cspondiugvalirtion iu the fi'cqucnc;'
of calthqutltes. Wc have, tlretr, foul rplntitics so inter'-r'elilted
rvilh cacL othcr thn,t, if thlco r-,f tlrern l'crc l<nou'n, thc fourth cuu
be detcrrnined. 'Ivo of thcsc. urlncl)', the nrcun flcrlucur":t. aucl thc
vlrirtion frorl tlrat ntctu in tny choscu pcliotl, can bc ol-rtlinerl
flonr obselvntion; tlil, if the raliation floru the urcan illtc of
gro\\'th of strain is also linorvn fol thc sclectcd poltion of the
rvhole pcliod, that urerln rate, l'hich is 1.lre oliject of scalch can be
obtlincd by a sirnplc lulc-of-threc sun.I

'I'he flequuncy of calthqual<c,s is l<uorvu to be subiect to gr:eat
valiirtion florn tiurc to tirne, irnrl this lariatiol intlicatr:s :I col'l'e-
sponaiirrg cirauge iu tbe r':rtc of glorvth of stlaiu. In thc nrlin,
this clrange rnay, aucl probal-,ly rnust, bc attributed to cu,uscs acting
rvitliiu thc Earth, aucl dilectly lelttecl to tbc changes or processcs
by rvhich thc strnin is ploduced; but it is evideut tlrnt, if thele
lvorc any extetual cruse, rvlrich acted puriodically and altr:r'natel;.
in incrcase ancl dccrcase of tho late of grol'th of stlnin, and if it
rverc possiblc to disentangle the valiatious due to ihis florn thosc
duc to othcl causes, rvc should llosscss tlrc mcaus of flarnilg a
luurerical estirnate oI thc gonelal ratc of glorvtlr of strail.

One such cause of peliodic vl,r'iafior.r is to be found in thc titlc-

I Thc argumcnt may be put in a differcnt forur, simplcr and more easily
iutelligible to some. If S reprcsent tLo mean iucremcnt of strnin in a giverr

1;eriod anC N tho mear number of earthcluakcs rccordcd in thc samc period,
thcn S/N is the fraction reprcsenting the rncan strain.iuterval corrcsponding
to an earfhquake. If tho variation of tho grorvth of strairr in any particular
pcriod is rcpresented by o aud tbat of the number of earthquakes by rl., we
get the equntiou

rvhcro

S+N :  (S fo)+(N+rz)

cI:  ulS

whenco rve obtain the simple ratio
r I : N : : u : S .

par t  1 ]  , tN l l \ ' l t l t s ' \ l tY  \ l ) l l l t l ' l ss  o l " f t t l l  l l 'ESI I ) I iNT '
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Plotlucirrg stl'esses sot tt1.r b;' tltc sr'ttt tucl tltc Itrootr' lt' is bltte
tth^t 

r,t,r,r'ty attonrpts ltt"'t bttu tnttlc itt cli{letent tirncs tr-r dctcct

solrrc coullcxio[ bet\.ecn tLc f|e<lucncr' of Cllrthqu:rl<es lrrtcl- thc

posit ion of the t l toou, antl  t lurb t 'o 'ot l t  cottt tuxiotr l i l ts Yot Loctr

ostl.blishetl, lrut thcsc rrttcmpts iltvc all llc'eu Lrlscd' ott vet'3' ittt-

f..f..t lccot'tls. Iu tirne it rual', pclltitps' 
'l-rc. 

possiblc tu 'rpply to

: r t t o l t r t l r r l r t l l l i c t e c t ' r t l l l r r r ' l r r r c { ' l r o t l t ' l ' l t l t t ' l r r t ' t r i t ' l t r u t l y s i s $ ' l l i c h . l u t s

1,r'ur'..t s,-, Ict'tilo itl llri: clLstl o[ tlttr occrt'tt tittcs' but tirc tLLy is lorrg

tlisttnl, s,h,-:n t leeortt t-rf sullicicnt cotuplCtCttc-*s rvill bc rLvttilrrblc'

l ' lc irnivl t i lc, thet 'o l , tc sotl tc sirtrplcr '  t ' : lat io" ' '  of rvlr i ih iL t l issttssiotr

is fertsiblc, arltl thc 
"'ott l''n"'i'iug c'f thcst' sceuts to tlcpcutl on

tlc frct thlt thc ,lot'ttt''n'i' 1'tt"tt':' is glcttcst tt tlic time n'hen

tlic trttntctiug boclf is o" tl'c'holizon' antl lcrtst s'hen it is ori thc

lnelitliitl). If, thcn, rvc tlivitlc irtl crll'thclu[]ie r:ccoltl into tivo

g.,, , t1,r,  <tt tc cottt i t i t r i trg i t l l  slrocl is s' l r ich 
.occrr l  

rvi thin six lrouls

bcfotc it utelitliatl 1'""tig", iurtl the otLcl all.-tlrlt lrtlrpcnetl rvithin

six lt,tttt's aftcr', tlie tilst-ol thc tu'o glorrps rviil coYol rt pe liotl tlu|ing

rr''ic' t'e tlr>rvtr*'ll'tl Pl'ossul'o is, ., thc lr\'D.irgL" i'c'clrsi'g' rvhil':

tirc oth,:r' rvill covcl rr pcliotl tluling rvhicli it is tlccletsing' As

tltc iitnc-runt oI tlic clurni': so iutlotlrroctl is ]inotvrr' rvit]r suf]icir:rb

:rcculilu)' fol thr: 1"*""'i''1""1.'osc' antl^lts it nust' orr thc hypothcsis

bciug r.tsctl, illluence tlre {r'ec1ut'ncy o{ calthrlr-urlics' it follorl's that

ivo lllvu hclc:l trtetlrocl rvhicll shoLrltl cttrltbl: lts to trtlrlic au cstituirte

of thc lrrtc of glorvth of l'lre stlirin to rvhich ftltctut'e is duc'

Althotrgh si inple in principle, the nrcthocl is t l i t i iculb iu alrpl i-

cittion. iu ir.giu rvith, t lecoltl is lcquirctl' of strtlicicnt extcnt

",-..i "o,,tiuuit,y1o 
girc a tr.ustrvot.th.). uycl'ago, Dot nrer'cly of the

s;tt..-r f...1,,in.y, tut also .{ thc f'ct1uo'ct' i. erch of the trvcr

s c o t i o r r s i r r t o r v l r i o l r i t i s t l i v i t l e t l ; t n c l t l r i s t r t t l a t t s t } t i r t t l r e r . e c o r d
rrrr,rst cotttllitt at lcast' tl'o thousltlttl sltoclis tutl ouglrt tu contir'in

,i".ii" 1,tr", qunbcl or rlrorc. 'I'hen it nlttst bc lcasontbiy

tccutilte rs to tiues rtttcl corultletc as to oecttLlol)cos' ol' rtt lcast

','u.t r," flirly uuifr'rt'Dr irl itl 
ll":::l]:t::::::;":;iH 

\\;ll 
Hl

invcstigtted. 
'1'hcl'g 2tl'c' ltot utllttl ' re cttt'tt

p l inrat 'v  leqt t i t 'e tuct t ts ,  br ' r t  therc is  l l t rot l ier ' -cYol l  lnoro iurpol t iur t '

Irr all t'ccoltls Lhclc is lr' notiecirblc ltliittion itl fl 'etltrcttcl' at

<liiTelcnt t,irrres of tlto tlitl '; ll lor0oVcl" the tlrtulc of this tliurrrnl

vlrirltioD lrtrs br:cu tr.ruutl to v,tly itt tliltcl'elt l 'cgious' bttt lppears

to be constutr t  i l r l t l  chi l t 'actor is t io i r r  c tch rcgiot t  ovt ' r ' t l l ' :  pcr iot l  ot

L r : co t ' t l . ' I ' l t r : c i l r t s co f l h i spc r i o t l i c i t ; - u r i t ybo l ' r : i r sou l r b l ' y i t t t l ' i bu te t l

to sor l lc  r : l lcct ,  t t rc tcbt 'o iugic" l  ot '  o ' l to l ' '  cr t t tncctet l  u ' i t l r  t l r r :  tLLi l "v

cot t tse oI  t l te st t t t  ;  l ' r r t  I ts  t t t t t r r t t ' '  t t t t  Iuss t 'h: rn i ts  v: r l i t rb i l i [  '
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shorvs thab it ca''ot bc attributetl to qr.rrvitational at1,r.action.
It is oul.y, tliolcfor.e, by c convcr.rirr-r of thc recolcl floui
sol.r' to luuar tiucs that the i'llue.ces of thcsc oflicr. cffccts
cur be climinatod, antl the gr::r,vitational attlaction of tlrc rnoon
bc tlctectcd a'ri estiuru,tcd, .utl, fbr thc satisfactory applicatio'
of this r'ctlrod, it is ucccssury that thc .eco'cl shoulti cover, :r
coruliletc luual c1'clc, or' :l peliod of rrinotcen yeals. ,I,here ale
ouly trvo leoolds extaut, i lncl avai l tblc, rvhiclr fulf i l  i l r is leclui leneut,
irncl of t l iese lhe rt tr i iarr is rrot only thc rnost cornPlctc art l  acculzite,
l .rut is tbc only orre to rvlr ich t l i r :  conver.sir_,n iuto lunl l  t imcs lras'bcou 

a,pplictl.

A surruuury of thc ligulcs obtaiucd hus br;eu publis)ietl il our.
Quru'te'ly Jou'*1,1 *ud f'oru this rvc li'tl tlurt i' thc six hou.s
plccetliug ir rner.irlirrrr plssage there rvere tliSi)7 slroclis, uncl in flre
six hotu's sucgceding onl;. ts?70, giviu6l a rncau dopri.tur.e, flour flrc
qcnclirl rlvcril"gc fol six lunar'hour.s, of ll;1.ii, or alrrrost exlcil.y 1 pel
ccnt. of lhc ructn. t jo srunl l  t  val ir t iorr fr .oru 1>orfcct cquali [ ,  i5 q1,e1
r'ithiu tlie liuit o{ *'hrit r.iglrt .eilsorrably bc exPectecl, if it *,e.c
P.r'cl,y fo'tuitous ard tho st.cssc.s sct .p Ly ilre .ltr.*ction of ilre
tuoou lurd 'o cffect rvh.tovcr' .  ' r ' l r is poiut * ' i l l  bc .ctur..ccl to
l i l tc. ou, brrt  i t  r ' i l l  bc usoful to st,e ivhiLt c. 'relusi ' 's ' ra; '  bc
th'urvrr if tlrr: vir,r'iltirrr is acccPtcd as leal, and tiue to thc causc
undcl consit lo*rt ion. lhe l i lst of thcse is t l l r t  thc rn: l in strcss, to
l'hieh tbc stl.,irr is tl'c, is of a comPlcssir.c uuttu'c, cousctl.cut on
rur iuc.ctsc of clorvnrvalcl Pr'ossurc, ol l r.r:urov:rl of suPport fi.orn
bclurv. 'lhtl scco'tl is tlr.,t thc vo.ticll corupo'c't of ilrc generll
i 'c 'casc of strui '  .*ounts to just 100 t irnes tho variat iou of thc
c,'rcspondi.g courPoucut of tLe g.avitationul sfrcss sr:t up by flrc
rrroou. rt has boen cstablishcd by 'iaflrcrnaticia's flrrt thc
lruxiruurl u.Prvald stress set np by thc Droou, rt thc points on tire
sr,'frrcc of thc l!-a'th *'hc.e it is in thr: zc,ith o. nadir', a'rounts
to 1/8,450,000 of thc llar.th's fo'cc of gr.avit;,, :rud *,her.c it is o'
thc ho'izo' the'e is a clorv'*'ard stress of -iust one rrarf of this:
thc totul vu'iu,t,io. of clo*'uwu'cl p'cssul'c is, thcr.cfor.c, crluiv'.lc't
to *, chn.ge of abo*t 1i5,030,000 of tlur,t clru: to tcr.r.cstrial gra'i_
trrtio', as bctrvcen thc poiuts a'cl tirncs rvhe. thc r*oo, is * ttr.
ho.izou, o'at thc ze.i th o' ' rdir.  But thc r 'oou coulcr .ever. bc
directly overhc:rcl i. .'y p''t of rtaly, antl r cor'putatio. of the
rrclrn llugc of vl,r'iatiou, over thc rvhole pcliod antl thc rylrole rrcl
concclrretl, rcduces this fr.tction to n,l:out 1/9,.tr00,000. As tlic
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goucl i l l  i lc lcnsu of st.r 'ess is 100 t irrres tLis l igrr lc r lc get l}ro rcsulb

ilrat thc nrtc of itrci'ertse of stt'lirt is ctpivrrlcnt tt-r tllrrt rvbiclr

.voulcl be pl'otlrtcctl 
'bY 

lttt ittct'easo of c'los'ttu'aLtl pLessrttc' ol' il

t,or'r'erpontlir',11 I'ccluction in thc suppolt c'f tlrc cl'ust' at thc lirtc of

1/9-1,000 of it,^t cluc to glirvit;', in elch ltcliotl .of 
six hout's'

1t htts lone becu cst:rbl isl ' t t l  t l" t t  thc st l t-nsth of thc clrrst is fal

f , 'om lrei, tg,r i t"  tu rvi thst l ' l t l  tho clushirrg st lairrs rvhicl i  rvoult l  be

,.t  
"p 

fry' ."uoval of srrppolt f lour 
-belou" 

i tncl t l te.cst irn"tt t '  
I l : ] : l l

lurr" '1,. . ] t t  i r t t lelrclrt lcrrt l . l '  I rr l t t le bJ' dif fclcnt i t tvcst igit tot 's '  col lcul ' l t )

f" ,r i ,rg tho l inr i t .r f  the r. . .rDovul of supprlt ,  rvlr ich rvoult l  lcsult  iD

cr . r . t s l r i t lg , r r , l r cLc l r t t i l r .e : [c ( ) l r } l ) i t i ' i t l l ]e r r ' i t l r l t t l l . i sc t l t t co t . t l cc l , l l t r rc r t
,r tur. t l t , ,n about 1/-100 t ' f  the lolce of glnvitr ' '  l f  l l t is I l  lct iorr

is tlivitletl b,y tlltt obtainetl irr the pt'cvior'rs pat'arritl'rlr rvr: get thc

|csult t lurt, 'st i t l t i t tg frotn rt  coDtl i t iol l  of nr-r st lain'  f l l rctut 'c rvoult l

e'r .c ^l-r,rut 1ftor. an irrtclvir l  of l : l i  pct ' iot ls of six lrouls, ol '  r tot

t l u i t c i l ) t h 1 ' s . ' I ' l r e t t r l l c u L L t i o t t , t l t c t e f c ' l ' c ' i n t l i c r r t c s t l r a t t h c l i l t c
, t * , * . . , " ' t f t  u f  . t r " in  in  l ta l1 ' l r : t s  l rce t t '  o t t - t l r c  l rYc l rge '  s t tch  tha t

t lrc lr lel , l i ing poirrt  rvorr l t l  bc l t ' ' rclr ' : t l  i l r  abotrt ts '<-r t t torrths f i 'ott t

s t l r l . t , l r ' i t l l , . . * i a , r ' a r ' i l r t i t r t t o r t e . i t . I r c r ' s i t l r : . S o l t r e o t l r c r . l . e l l r t i o n s
l le t t r .ce t t t i te f r t t l t rcnc . t .o fc l r r . t l r t l r r i t l l c ' s l t , t t t l t l r c t l i t r r . r ra l . r ' l t r i l t t i< - r r r

of thc t i t l t r l  sbr:ssos rniqtrt  bc, artt l  l t r t le bcett '  iuvcstiglrtct l  I  t tr iuc

o t t l r e n r s c o l l l s o " p l ' ' t ' 1 ' - ' i ^ t " r r s t l r r t t r v l r i c h l u r s b o c u t l o t a i l t r c l ' l l r r t l
. l l  gi 'c f^i . l .y coui i . ' rato'v 'csuits, t l rc l . 'gcst ,e' iot l  i . t l ic:rtet l '

r . ,  i . ,1. ir .a i , ,r '  tr , ,cl t i t tg t lre )r lcal i i rrg st lairr '  bcinq just l tbout

1\ {cilr.

I t  nrust  not  1-rc s ' . t |pt ts ' : t l  tht t  val t ro ct t r  l re rLt t tc l rct l  to t l rc

plcc isc f igt r lcs.  . \s  is  i r r la l i r tb ly thc c i tse '  i t t  i t l l  c : r lculat io ls

rJ.,g"r,lit,g:1rlt1'sics of thc 1!rl'th, rllirD.l'cottsitl:r'atit.rtts aIc itrvt-rll 'ctl of

, r ,  i , . ry  , in." r . t^ i , ,  rur t*r .e i  1^r t  gre r .easouirrg t l .cs s l ro* '  l1* t  t l rc

i . , ' " , " . , , " o f s | r . i r i r r t r r t r s t l u r r , c t i r l t c ' r l p l l t c c l t t s r t c l t l t r . l l t c t . l r i L t t l r e

llr.cii.li ing lroilrt rvas r.caclrecl in lr, lrcr'i.rtl trre:t-.ttt.lrlllc at lrlost br'

ltrotrtlls' 
,Iltt'y pr.ovo concltrsir.cl;. t]rrrt tlrc pcr'ir-rtl corrltl rrot ltavc

l l r : c r r o f s t r c l r } c r r g t , l r l r s t o l . r e t l r e l t s r r r . i t l l l eLv l - ca r . so r ' r l e r ca t l c s , . f o r . ,

lrrrtl this becn tlrc cusc, ihc tlisp',ll ' it"y tlcllt rvith s'oulcl ltilYc bec'tr

trtttclt grcirLel tLltn thlt irctu:rlly foulltl '

lfbe surr-rc couclusion ]}rtv bc t'cltchctt irt lnotLct' rvry' Thc

lsh'es5-ilifftrl 'ctrce lequit'ctl to plotlucc fi' irctttc in llvellgc llll ltl roclis'

t s L h e y n l c l n c t l ' i t h : t t ' L l r r : s u l f : r c c ' i s t ' o t ' r t r t l l t b o u t l ' 0 0 0 ' 0 0 0

ur,rtrlttia, 1>ct' ccritirlrctl'o s(ltli-tlc' ultl ' ltllorviug fol' thc grctltcr'

Itr.rlgtl, ai dopi' rv'ic' is iirtlicrtl':tl 'v L'c cxpc'i're'ts of P'of'

A t l a n r a n < l t h c c o t l t p u t a t i o u s o f P r o f ' l 3 u t ' i ' e l l ' \ \ e l ] r r l y p r ' r t t l r t r

ir""r,l"g st'ergth of llie E:u.t''s cr.nst at abo*L t'lo*5le of t5is, so

6

+
I  Yol .  lxxvi i  (1921) p.  2.
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that, in olclcr to leacir this point in onc year fi'oru stalting, the
stlain rvoulcl havc to incleasc at the late of about 1400 glarnmes pel
ccntitnetle srluale in each cluartel of a cla;'. Accolding to tire lnte
Sir George Dalrvin the stlcss-cliffor'ences sct up b). tlre moon in tho
latitucie of Italy rvoulcl aurount to about 20 glunrncs pcl ceutitnetrc
scpare in itn incornpressible trlalth, ancl in a cornpressible Xalth rvith
rn incornplcssible clust-a condition rnuch ruorc aliin to rvh:rt rvc
huve tctson to supposc is thc leulifu'-thc stless-diffelences rvoulcl
bc ullny tines this Iigule I ; bnt cvcn the lorvel arnount is ncarll'
lj pel cent. of the grorvth lequiletl to leach bleaiting point in onc
ycar', it rvoulcl be closc on 15 pcr cent. if the pcliocl is inclcasetl
to ten years, and, rvith anything apliloaching this pr.opoltion, a
pcliodicity rvoultl lcsult, rvhich couLl not have escaperl clctection
l.lcfore uou'.

'lhe {igulcs, thelofolc, give us a, lorvcr liniit of the ratc of
gtorvth of sturin, it must hlvc becn sorncthing fastcl than that
needed to reach the breaking point in onc 1'ealfrorn startiug, if the
differenccs on rvhich tlie algurnent is bascd arc le:rl. Ilut are thcv
lcll ? 'I'lrc actual 

"rrrouut 
of tliffcrcricc, l-,alely 1 pcl ccrrt. of

thc ureirn, is so sruall that it mty well bc foltuitous, and the truc
intcr'1x'etation rnriJ' bc that tiic glavitational stlesses, aud thc
stless-cliffelerrccs ploduccd by tlrem, have no effect rvhatevel irr

dctenuinilg tirc tirne of occulrercc of an calthclualte. If this be
so, tlen the rate of glorvth of stlain bccornes inliuite, ourl erclr
c'arbhclunlre becomes the result of a lapid developurer-rt of strain,
al<in to iur explosion in its suddenuess.

'Ihc tluth lnry lie anyrvhelc and rnust lie sotnervhcre bctsrrcn
thcse extrernes, and so rvc lcach thc conclusion that thele is n,r
support for the cornrnonly-accelitod notiol of a coutinuous, slorv
glorvth of stll,in, extentling over )'eftrs, decacles, ot:.evell centulies,

bcfole the bleahing poiut is leacltecl. On the contr'&ry, it appeuls

t l iat the causo of ealthquakes is t  lapid glorvth of strain. This

stlain caunot be developed rvithout sorne d.cfomration, but the

rnagnitude of this lurs rro lelation to the flcqucttcvot'rnagnitude of

the calthqual<c ; if chunge of foltn is slorv aud plolongeil, r'elief

rn:ry be plovided br- gladual yielding, if rapid, a ver'1' small aruount

of tlistoltion ulal lerld to fi'actule, rncl on the extent, fonu, anrl

positiou of this flrctulc rvill depend tlie charactel of the lesultiug

e irfthqulrke,

' I 'his stuct l 'of thc grorvth of st lain lcat ls ou to thc question,

I Sir G. H. Darrvin, Scientilic Papors, r.ol. ii (1008) p. 502; antl Phil. Trans.
Iioy, Soc, vol. clxxiii (1882) pp. 219 et seqt1.
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rvhic l r  is  the lcal l . f  i r lpot ' t i rnt  onc iu i ts  bcal i r rg ot t  geolrg\ ' ,  of  hotv

tho st l l , in  is  p lot lucr :c1.  I t  c l ,n hal t l l ; 'bo tho lesul t  of  those

tectonic p l 'ocosscs rvhic l r  lcsul t  iu fo l t l iug,  fo l  thesc ruu'st  ncccsst t ' i ly

bc slos' in tLcil actiorr l thr: clrtrtige of folnr irtt'crlvccl in the

beltliug of solitl r'ttck ft'otn its oligiual slrapo iuto complicirtctl

fo l t ls .  rv i t l rout  b lc i rc l r  of  cotr t inrr i t r ' ,  crr t t  ot t l .1-  l t l tve bcctr  l t  -s lorv ot te,

ancl ,  ts  s 'e lu lvc scert ,  t l te t lc lo l r r rnt i t . l t  lh ich plodtrcos ei r t ' thqual<cs

u rus t  l r c  i l  l i l l i i t l  , , t t o .  \ \ ' i t l r  l r t r t l t s  t l t c  t t r t s r :  i s  r l i l l ' r : r ' cn t  i  l l l i t , l l y

t l t l thqual ics lu o l inorvtr  to l r l rve l l t :c t t  : iccr l t t t l l l t t t i t rd l r .y  tuovetuct t t

a lousl  1r t 'e-er is t inr l  f :Lt r l t - l t l t t tcs,  i t t  ot l rc l 's  t l rc  or ig in cvi t lcnt lv  aglees

in  l ns i t i o r r  r v i l l t  l t r r o r l t t  f i t r r l t s .  r t r t d  i t r  a l l  o f  t l r c se  t l r c  t l i s t l i b r r t i t r n  o f

thc intensi t t '  of  d istn lb i r r rcc is  c loscl .v col lc l i t tc t l  u ' i l l r  thc faul ts '

L.rc inc glc: r test  in p loxi r r r i t .v  to l l tet t r  at t t l  dcct 'cr ts i t tg as t l rc  t l is tancc

bccorr tes qt 'e: l tot ' .  So tutrcb is  i r r t l isptr ta l r lc ,  .1 'c t ,  t lespi te i l  gol tet ' l l

accoptaucc of  t l rc  t 'xpl r r r r r r t iorr ,  th i t t  t l tc  e i t i ' thqrut l ie rv i ls  l l  lcsul t

of  t l re sutr tc l ) r1)ccss l ts  t l r i t t  rv l r ic l t  q i tvc l isc to t l re l 'o lnurt iot t  of

the f :Lul t ,  i t  l rnrs l  l ro lccor l t t izet l  t ln t  t l rc  l ' r 'oof  is  r r t ' t  logicnl l .v

cort rPlctc,  for '  i t  nr ig l r t  l ro t l r i t t  t , l tc  t ' : t t tsc i t t t t l  Ptoccsses lv)r ic l r  gtvc

l ise to t l re cr l l t l r r1rr i t l io  s 'c |c t ! l r t t l l t '  d i lTeIcDt f t 'o t t r ,  : t t t t l  i r r t lc l>errdeDt

of ,  th l , t  iv l t ich Ploducer l  t l r t  f : r t t l t ,  tLe onl"v cot t t tcx iot t  being that '

thc Ncirlitress, t'csultirrg ft'onr the f:rult-ft'l lctr.u'e, ser.Yctl to loc:rlizc

t i re f  iek l iug,  at t t l  s t ,  cotr t t 'o l lc t l  thc t l is t l ibut ion : tut l  i r r tunsi t l '  o f  thc

cul thr lunl<c.  I  r t  i t  s t r t t l l '  o f  the Ll l l i fo I ' r t i i t t t  er t l tht l t r : r l<e of  1906,

rvhclc t l rc  q le i r tcst  i r r terrs i t l '  o I  t l is t t r lb i t l rce l i t lgcd i r long thc l i lc

of  the Sirr l  At tdt 'c i rs f : r t r l t '  : t r l t i  \ \ ' i ts  aocol l l l ) l l r l ie t l  l r l  corrs i t lcr i t l l le

disp) i rcr : ruent  aDd t l is t<_r l t ion , r f  t l re sru ' fuce t lorrg thc f : ru l t - l iDe,  I

rvlrs ablo to shoN. thtt the ultirniltc ctuso of thc clltlrrlrrllie $'its

rluitc distiilcb froDr thitt $'lricir |r'otlucerl tlrr: f&ult, lriltl llrat the

f i lu l t  rv ts Dot t l rc  c i tuse of  t l rc  eal tht l r i i t l ie  .  ut . r r . '  thc et l thquakc rrn

iuci t lcr t  in t l re fo l rnr t t iorr  of  the f : ru l t .

lu sr.rppolt of thc suppositit.rn lhrrt eru'thtlttrtlies ilt'c ttob pt'otlttcctl

by,  o l  l r t  i tn.1 'Lr l tc  r t rc t rot  t tccessl t t ' i l ; ' the p|ot luet  of ,  thc tectoi l ic

} l .ocessos NhioL l rnvo qivcrr  r . isc to t 'ho displaccnreuts i i l  f i tu i ts ,  t t ray

be, irrstrurcecl the f[ct t]rilt iD sonrc c:r$os c,f ruiDtir' cilr'tlr<iLrakcs,

. r r ,hclc i t  l r l rs  bccD possib le to f ix  t ] re Posi t io l  of  thr :  cPiccDt|c rv i th

.a c losc app|oi tch to r le l in i tcrrcss,  i t  lurs bcen l0uut l  that  sur l i rcc

cxiurr i r rat iorr  g ivcrs r ro iDr l ic t t iorr  of  thc Plescucc 0f  l r  f i [ r l t .  
' I 'h is ,

horr 'ever ' ,  is  r rot  concl t rs i t 'e ,  f r , , t '  t l rc le rn ight  l t tvc bcet t  r l  c lecp-

sci r tcc l ,  iDciPicDt,  f i lu l t  NIr ich hi r r l  not .1 'ct  tx teDt ler l  t , ,  t l rc  sul ' f i lcc,

rur l  s , . . r  coul t l  r tot  bc tccoqt t izct l  b-v qt 'o logic i r l  s t t t \ 'oY.

l luch Inot 'e rvt ig l r t i  : t ld  st rggcst ive cvi t lot lcc is  to btr  t lc l ivct l

r i ' o t .  L \ \ \ ' l l l .  c

lxv
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lxvi LRocrlrDrNos ol '  ' r ' l rr j  ot. ;or,oGrc,\r,  socrury. Ivol.  lxxvi i i ,

f i 'oru the gloirt  et l t l r t l rurl ics rvhiclr har'e becn strrdiet l  in dctrr i l .
Ilefcleuce lurs th'ctrll ber:n uratlc to the Oalitonrian curtlrrluulic
<-rf 190ti, uutl the conclusion rh'll'u iu tlurt ctsc is rrrolc frrlll-
c-tcurpl i l ict l  bv t lrc Iudiurr calt lr t l tur l ic of l ! i1)7. l{crc t lrclc \ \ ' i ts r}r}
singlc lc:rrt ing ftrr l t  l rrcl  z-orte of u.r irxi l l rulrr intcnsit ; '  of slurcl i ,  l rrrt i t
cotnlr l icu"tcr l  ncts'or ' l i  oI l iucs ol.  cxlt 'e rrro t lust,r ' trcl ivcucss, r ' :rrni l ' . r ' i rrg
ovcl '  i rr l  iu 'elr utrL rrruclr t l i l . i . r , ' r 'out f lotu thit t  of l l rr !al:rrrd, urrt l  cx-
ttrut l i rrs r ight ireluss l  sef ios of glrt t  tcctorr iu fot lulcs, ucloss thc
gl 'r ' i l t  l r lol l()Lrl i trc of t l rr :  sottt l tct ' r t  f t tcc oI t l rr :  , , \ss:Lrrr l iu)gc, lrcl 'oss
tllrt ll,uqc itse lli, tcr',rss t,hc :tllulil l plrrirr of the 13r'ahruir,putt':r
Yl l lc, l ' ,  t i rc glctt  )rorurr ' l ; l l r ' - faults of t l rc l- l i rr t l l i l , r 'as, autl  plobublv
e yetl  i rcl 'oss thc rrraiu u-xis of cler,at iorr of thc langc.

A st i l l  ruoi 'e instt 'uct ivc i trst iLuce is thc Chrrl | , ,ston eru'tht lual ir :
of 1Sti6. I- lelo, in i l  Legiou as t levoi, l  of iLrrv gleut st luctulal
f t 'atulo, eithcl of folt l ing ol f iLult irrg, antl  as I i t t lo sulr ject to erLrt lr-
tlurlies, :ls c<lultL be fourrtl itr our otvn t'or.urtr'-r-, ther.'c sudrtcrrli-
occult 'et l  u grcat cirf t l l (1.rnl(e, of desh'trct ivc violcrrce iu t lro r:e rrt lul
:ttcil :rtxl fcit <-rvcr' :ul lu'eir lrrclsuriug tbout 1i00 nilus trcloss. LL
\\l\s lur calthtlualic of lirst-cltss nnguitutlc, l'LuLhel u'e legtlcl tho
rurxirnuur violcncc of sllocli ol bhe extelt c,f aleil tllcctecl, yet
thelc is lrothil)g iu thc stluctulr: of llre sur'fitce-r'oclis to suguest

tlurt its origirr rvas tluc to any teotc'rtic proL:oss, antl cqulill.y
notiring l'liich eotrltl L:ltl to its classilicatiou as vcrlciluic ; lurrl,
i f  wc accopt the corrclusions of Cul. l l i l lbr ic, r 'cqaldirg thc
chlr l i tctel l l rd c' \ tol)t  of el l tht luiLl io ot ' igins, thc abscucr: of urry
corrncxiol),  betrr-ecn the ol igi l  of t l rc calthcpit l ic aurl  t l rc tcctouies
of thc sulfacc-r'ochs, bect-lncs tbsolute, for', accoltling to tlris
irrtclpt 'ctat ir .rrr,  thc ol igin bcconrcs l l tuost co-cxteusivc s' i th the
soisuic: lr ' ( ' : r ,  l l l ( [  t ]rc cl irrr iuutiou of violcncc iu thc otrtcr 'polt i t .rns
is rot solc, lJl  t luc to eufceblcntent, r 'usult iug f lorrr t l rc elust ic }r 'oPii-
gutiol of tlro crlth,lturlic \vir,\'o, but vclv ltlgell' to t tiirlirutiou

lr]  l )) irgl) i tu( lo 0f lhc ol ' is iDal iDg im1>ulsc.
\\rLct l l :r '  tLis e-xlr l l , rutt iotr Lc acccptedol rrot,  i trrrust bo corrcct locl

tirat, rrs reg:u'ds tlrc t,rvo caltlrtlualics pulticullll;' r'cfe1r'ec[ to, of
Ohil l lcston in 1SS0 untl  Iudia in 1f i l )7, ( lol .  Hti 'bi ic 's conclusious
xr'o llot ol)1,\' srU)lDl'tod l-ry tlre pitlticulul fucts orr rvhich thc,y l'er.r:
blsct l ,  but alc in bettcl  rcct l t ' t l  tvi th a rrunrboL .of pccul iar. i t ics in
thc locrr l  vlr i i r t iort of vi t .r lctrce oI t ,hc slroch, urrd of other pheuornerxr
rccolded, l l r tn is t l tc cut 'r 'errt  trot ion of l  ccutlrr i  focus of colrU)rr. i l -

t ivcl l '  r 'est l ictcd dirrrensiotrs. I t  i rccolds ir lso rvith t lroso gr.ott
cu'tlr(furlies rvhich, lilic thc C'irlirbliarr cu'-tltrlturlies t-,{ tlrr: Plcscnt
cetrtur',\', htrl rlolc tlritu ottc ccntt'c of tlaxinmtrr intcnsiL.r', oou-
l)cctc(l bl lcsior)s of L:-ss violcnce of shocli.

pal t  l ]  , rNl i lvDlas-\ laY - \ l )u l ( l ' is : ' j  ( ) l " f  l t l t  l ' ' l lusI I )u: i  f '  Ixv i i

, I ' l r esc  i r r . c  sou lo  ( ) f  t l t e  t o t r s i r l c t ' a t i o t t s  r v l l i c l r  l r l ve  l ed  t t r e  t o  bc l i o i ' c

t l u t t  C , i l .  I l l l ' b i i c ' s  i r l t c t ' 1 r r t ' t r L t i o r r  i s '  i r r  l l r o  l t t : r ' i t t '  so l l  f ou r r t l ed '  i t u t l

i t i t l l c t l u r : t h t t " , r r t h t l t t ' r ' l i t ' * o t : g t ' c r t l ' o \ t t l l t i t l ' e t t u c ' t o s t ' - t t e l t r s o t

t r ' ' , " t u r , ' ,  ( ) l ' i t l t i t l ( t go t l r  t l i s t t t t l " r " " t : '  l i r t t r i l ' i t l q  r t ' t t "  l t t t t l  ' r ' l r c t i c l l l l l '

c o -ex t c t t s i v c  r r i t l r ,  t l r c  sc i s t r r i c  i \ l ( ' l t s  ( ) f  t l t e  t ' l t t  t l r t l t r i L l i c s '  t l r l t t  i s '  ove r '

: r f t ' : t s , r f  l l r i t ' l r  i l r t :  r l i t t t ' ' t l t i t ' t t s  i t l  l t l r ' \ ' t l i t t ' c t i o t r  1 1 1 ; 1 1 ' l t t l  t t t t r i t s t t f c t l

i t t  l t t r t r t l l ' , : , l s  t ' l t  t r r i l c s '  i 1 '  l ' t ' t t " t t t us  t t t 0L t l  ( l t l t t t  c \ ' t ' r  l l u c t ' s s i t f ' ) '  t o

l e t ' og t t i z t  t l r l r t  l l t u  t ' i t t t l l r l t t : t l i t '  " t ' i g i r l s . t ' l t t i l t r , t t  
bu  l hc  t ' ' * r r l l  g {

1 , r , , , . : r . , ' *  , , t t , l  
t l i s l ' l " t  t ' r r t t : r ' t t '  l t ' t : o t r l t : r l '  l t t l t l  i r r t l i r : l t c t l '  I ' r '  l l r r '

t c c t t l t r i t ' s o I l ] r e s t t t ' l l t c t r - t 1 l r ' l i t ' ' ' l l l r c t ' e l l : r l t t l t t l t i t t t a t c o t ' i g i t t t r r t t s t

bc  t t t o t ' c  t l ee l t - s c i t t c r l ,  l t t t r i  i t t v t r ' l ve  e i t l r e l  r  t l i s l ' l l t c r : t r t c l t t  o f '  0 t ' i t

" 1 , ' , , , * "  
r . , f  r . , , 1 , , , , t t '  i t t ,  t l r e  t t t l t t t ' t ' i : r l  r r r r t l t ' r ' l l i r r g  t l t c  r r t t t c t '  c l t t s t '

i l , l r i s  i s  l ) o  oec : l s i o l r  1 .  t , 1 t c ;  i u t , r  t l c t r r i l .  i t t t t l  so  I  l t l t v c  t t t e t e i . r '

i r r i l i c l r t c t l  t l r c  qc r t c l ' : t l  c ' l t l t t : t c t t ' t ' o l  l l r c  s t r r t l i e s  u ' l l i c l r  l l l t r c  g t ' i L t l t u r l l l

f u , , a , , , 1 , , , "  1 ,  t l r r - , c r . r . . l r r s i l t t  t l r l t t  g l t ' i r l  c l t t ' t l t r l t l i t l i t s ,  i l l ) ( l  l t l s0  t o  : t

g , a . , t  a * t a t , t  t l t o sc  l t ' s se l '  o t r cs  l v l t i c l r  l l f ( '  e ( ) l l l l l l o t l l l '  t ' l l t s scc l  i t s

t cc l r - , n i c ,  t [ r t  t t t t t  o r v i l  t l r e i l  t ' r ' i q i r r  t o  t l r r :  t c t : t o r r i t : s  o f  t l r t ' t i r r t c r '

c l t ' .s t ,  bt t t  to p l 'occsscs l r t l t l  t : l tutq 'cs u 'h ic l r  t t l i t l  f  i l tcc in t l rc  [ t l t te l i i r l

5r lo iv i t .  , , i1r , ,5 1|r t rsc I ' rotes ' \ t 's  I l l i \ \ '  l )c  \ re c l t l l l lo t  l inorv '  s ' i th t l rc

cc l ' t l t i r l | r , r r , l t i c I t c t , t r l c s l r . . , r , r . l i r ' " e I o l l s c t . r ' l l | i t l t r , 1 t ' r . s r t c ] r l ; n< - r r v l c t l ge

, , r , t " t l , i , t l , r ' t ' e l l l r v e e t ) l l l r s f r o l l l i r l l ' c l ' e l t c c ' t l c t l u c t i o n ' i t t r t l ' t o

so l l l o  o \ t o l l t '  s i l l t l t l c  l t s s t t t t t p l i ' r n ;  l n r t  s t r ggcs t i o t r s  havo  bcc t l  r t l l r t l o

. , r i , i " l , 'p , , r r " . t  l l  c , r* i t l t r ' t r ' l 'Le t legt 'ee t>f  1. , ' . ) ' r5 i l i l ' l '  - \ t t l , t rg t l resc '

, , , r , 1  
" r 1 , , , " i , , 11 . \ '  

l t ppos i l u  t o  l r t esc t t l ;  co l r s i r l c t i t l i o t t s '  t l l l L ' \ '  l ' o  p l t t t t ' c l

l ) r , .  I r .  I r .  l f e r . r r I {D "s  s t r r t l i t ' s , , l t l ' "  
" l , " t t q t ' s  

i l t  t t t i t t c l i t l  r t gg t ' cg i t l i o t t

rv l r ic l r  t t t l t .v  t r t l lc  p l : t t 'e  i l  t l rc  sol i t l i l icr r t i t r r r  of  l t  t t t ; tgt t t i t ;  l rc  has

- * r r q g c s t c t l | l r i t t t l r c t l c t . . r . r r r i r r i r r g l . l t c t t r t . i r r t l e c i t l i r r g t ] r o f t r r ' r r r i r r

. r t i i t ,  t t , "  roel i  l i . . l l '  s , l id i l ics,  is  t l r .  i r r ter ' - r 'e l r t t i . .  . t  ' t 'csst t rc

at t t l  t t ' t t r l r t ' t i r t , t t " ,  t t t t t l  l l l ts  s l tos ' t r  t l rat  t l rc  c l t i t l tge t ' f  Yol t t t r tc '

" r t t  " ,1, t " t , l  
or}  t l lc  c l - r l t t lqe 1l 'o l l r  t ' l to  t t t t l i l t '  t ( ) - l t t lo t l tc t ' '  t t t l r t ' i t l t tout t t

t o  , r i ,  ! 0  l r c r ' " t " t '  i "  i J \ t r t l l l c  c : IS ( ' s '  l l r "  \ \ ' '  l l '  Goo t l ch i l c t

I t i ts  l t lso str r t l ie t l  t l rc  sul ' . i t " :b ILort r  l t t t " l ] tcr '  lx t i l r l  of  r icrr"  i t t td

sng'qcstct l  t l l i t t  srr t t t t - l  t ' l  t l ' "  
" l t " "g"s '  

ls1 ' tc i t l l r .  t l ro scpl i l i t t io l  of

,u i , t , r , t t i "  sul l ,h i t les,  t r t ) i ' r  p l : tcr :  l ' i th  gr t ' l t '  cvcr t  cx l r los i le '  r ' iLpid i t r "

I  t t t l t . t ' l l o i t r t  t l t r b  t l t l r t  t ve  i t l t ve '  r t i t l l i t t  t l r ' t t ' o ( ) l l I l l I o l l  c v r : t 'Y t1 i t ' \ '

( ] * p . , i . ' i l " " . I l r r r r i l i i r r ' l r t t i l l r l q i c s t t i | ] r r r see ' l r i t t t gcs r r , . l r i c l r i t r ' c l r t . c s t t r r t e t l

tn ' t ' ,1 
"  1, l , t "c i t t  t l t r :  nut tcI i : r l  l reLrrv thc t ' r r t tc t '  c t  t ts t '  l ' lvcr) '  t ' i ruc

t l u . t , , ' c  l i t c : t "  g t t t t ,  t l t c  i t t t | : L t ' t  o f  t hc  h i t t u t t r e r l ' s t a t t s  l t  c l t l t r qc '  L ' ) '

* . i r ic '1,  t5o c, Ie1, i . , ,1 . '1 . t t , l . . r , t ' ,  l i r l rn ing t l rc  I r t : t tet ' i r t l  of  t l rc  c l r l t 'g t"

1 , ' r " . - f t ' , t t t t < t t t c t t t t ' t l t r o f t ' ' i t l l l r i t t i t t i ' ; 1 1 { 1 1 ; l t t l r t l t o I i n r v l r i c l r t l r c f '' ra"uU, '  
l t  v l ts t l l  g lc l tcr  s l ' r lc("  i t r l ( [  i r l  so-  t lo i t rS g ' ive l iso to t |c

t"" .J , ; t "  
l ' ; :  t ' l ' i " l '  thc } l r ' ' r j t 'c t i le '  \ ' l rc t l rc I  l ' r t l l  o I  s l ' . r t '  is  l lo l ;c l lc t l '

1i
1i

.,i

1
\

I

\ ,
t 1 '(

I

i : i
! 1

t{it,

r l
I



l xv i i i 'Roc l t i lu t ) i ( ; s  o ' r i l ' . l i o t ,oGrca l  secr ' : r , r .  [ vo l . l xxv i i i .
'fhc fruliliar. lcctul'e exPcliuents of su}clsltuliltccl s<_rlutions, rvhich
rcr ' . i '  l iquid . , t i l  soruc distu'bi lrce , or the iutr.ocluct i<r. uf foreign
rrrrl'ter, causcs a *qlitl.sr,'litlific:rti,rr, accoruParriccl by,', 

"i,^ug."ofbulk, ol'fer.il'otlrrr. .rutl'g;-.; ^rul.ir. ilrirtl. g.uup uf p,r"siblc. 
"t,,i,g",is rcp.cserrtecl b.y t lrose a|ot.oPic'altc.*t iuns *.r i l r  rvrr ich \\ .c i ' .c

f:r ,rrr i l i . r ' ,  of rvlr ich the . l tcr. tro'  , f  arag.rr i tc iuto calcito r 'ay
bc 11u<-rtcd :rs tu cxrnrl l lc,

1t is ,ot i'rP.obuirre thilt, irr dre rrratei'iar berreailr ilrc outcr
t,r 'ust,  chtnges, t) lol .o ul less lrr:r logt.rus to ouc or. oi lrcl  of these
tJ'r)os, *l'o t*liiug pl.oc, sur*c sl,rv uutr gr.:rrru.l, otrre's 'ror.c '.,Pid
arrd sudtleu, but all ucoornlxruied lrr- a q.r.c:lte1 or. less c|1nge of
bul l t ,  ci t i re. of irrc 'easo ' '  r lec'r:as.,;  . ' ,1, i f  t l r is be acceptccl,  rvJ r int l
. , '  expl ir ,nntion, rr, t ;  o. ly of trrc fo' .s n' tr  ,r ' iqirr of 

-ear.brrr|r i l i ies,

but of ruany ' ther phcrro'rcr*, u,rr icrr: tr .u t l i f f icuit  uf .rpr*r,rt iu,,  o, ' ,
:pry lrypothcsis of corrtr. tct iorr l ,rrd corulr lcssion alorrs. On f lrc onc
hautl ,  slorv r 'o'cr.cuts ' f  cre r, :Lt io. suclr as f lurt of i l rc .o.tho'r
Sci lrrt l ina,vian lcgion ruay bc l t tr . ibutet l  to slou, i trrd gnrcluit l  change
i 'volvi 'g t l re rvhole b.r l i  , f  l*rge 'r .sses, t l rr- '  rcssJ. c.r. i l rquri .r i is
'uiy be r luc to ' ' r 'e .apicr crrarrgcs i 'sru, l ler por.t iorrs, f l rr :  gr.clrte'
t ,  trarsfo' ' i l t io 's invrlviug i l  lar.gc. bul l i  of ' ratc. ial ,  a'cl  trossiblv
r lro'c ab'upt clrirrgc of cor'bi'.,tio' .utl cle'si[. ; ,r,tr;t. ttr".
g'catest ea'thclurrkes, ,f fi'st-cl:Lss 'r.grrit*tle, result fr:'rrr si'rilur.
cluruges irv,lvirrg il la.ge bullt of 'r.ter.ial, thc dilfer.c,ce betrvr:cu
the oligin of snrall irnrl glult clr.tlrrlualics beirrg altlo.s.ous tn flre
diffclcuce irr thc cffc'ct of the e.xplosir_rrr in u, slrt_rt-gu1, :lrr{ flrat of
tlrc Virn.y rnines, ol tlrr: r.ccent lurr,oc :rt Opp:ru.

'r'o ellbo.ate thosc co'sidc'atio's for.,rs u, Pa.b .f lru, p'l.Posc;
euough has been slitl to shorv tlrat, crcn iu oul r.ery f.rrg:,1ro,,t^ry
)tlowledge of wlllt !{oes on rvitllil tlrc substlrrco of 

'tl,,_, 
i,l.gr, rri

Itilvc meaus <-rf explainirrg lrrcl itrter.plciirrg t|c qr.entur. ,m.t of thc
ftrcts kuorv, to us 'ega.di 'g thc cha'.ctcr.uf eui. t i r ,1ur, l  

-es. 
I  slral l ,

thc.cfo.e, cud rrr) '  . tkL'css by sur, 'r iug uP t lro co.clnsi,rrs rvhiclr
I*rvc bccu put fo.rr':u'tl, as t, o'igi, irrrtl cirusu. ,r'lrese iu.e, lirst.
thlt  elrr. thqualies t lc uot due to urr, t 's lou.acting pr.gces, , f  ,c.ulo"
thrratio., but to a rapitl, pr-rssibl;. iustarrt*ucrus, tlcvcloDruent .f
strairr,  a, conclusiorr rvlr ich I bcl ieve to bc t lue <,f t l iu Sr.cat,:r  ] , i t1t,
at lc.,st, of thosc e.r'thclualtcs usuall;' classetl. as tccto'ic, nnil of
all tlrosc of qlenb rutgrritrulc I antl, secontlll,, t|at t|e deyclopurelt
<.rf  st ' . , in is .ot t l re'os. l t  of Processos rvhiclr huve pr.ot luccd t lrc
tcctt-rrr ic st. .cturcs.ecogrizcrl  by su.l i rcc ,bsc'vatiorr,  but to
chirrgos a'd disyrluec'rc' ts iu the rrrattc. rvhiclr l ics belo*, t l ic
cooied irrd. sol id outcl cmst.
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part 2] lBocEEDrNos oF Tun oneLocrcdrJ socumr, lxir

Ircbr.uuy 22nd, 1922.

I'rof. ,\. C. Survrnu, Sc.D., 1,'.11.S., Prcsident,
in t l ie 'Chair.

I renc Ilelen Iro rvc, l\f . Sc., E grcrrront, l\{tnolgtte lload, I{in gston
Ilill (Sulrcy), ancl 'I'revor' llughcs St<;rrehousc, Irownswoo(t l-Iousc',
llill Grove (Jlcscent, I(idclelminster', wer.e elected l,'eilorvs of the
Socicty.

The Irist of Donations to thc Librrrry t'as r.ettl.

'Ihe follorving corurnunicatious were read. :-

1. 'Descliption of a Nerv Plesiosaul flom the Weald Clay of
Berrvick (Sussex). '  3y Charlcs Wil l iarn Anclrervs, 8.A., D.Sc.,
F.II .S,, F.G.S,

2. ' 'Ihc Carbonifelous lioclts of the Decr'-Lakc District of
Newfoundlrncl.' By'Ilroruas L:urdcll-l\Iills, I,'.G.S., Althul Sruith
lMoodlrrcl,  LL.D., F. l t .S., I ' r 'es. l .S., F.G.S., and. r\ lbert Gil l igan,
D.Sc . ,  B .Sc . ,  F .G.S.

Specirnens, rnicloscope-slicles, lilntern-slid.es, and rnaps \yele
exhibited in illustmtion of the lbove-ruentionecl l)al)ers,

lllu'ch Stlr, 1922.

llr. lt. D. O-r,urr,rrr, l...ll.S., Yicc-Presitlent,
in the Chair.

Cecil Stcvensou Gaructt, 25 Clornpton Stleet, Derby ; Gcolge
Johnston, lioloil, Iielharl, Nou'lrl< (Noltingharnshirc) ; Wiilil,ur
I luss, B.Sc., Assistrnt Geologist,  Goologicl l  Sulvey of Northcln
Nigelia; anil Cccil lldsru''I'ille)', B_.Sc., A.I'C., -Etntrrattucl Collegc,
Cainblitige, rvelc eloctcd I''eilott's of thc Society.

The List of Donations to the Librat'y'was read.

I)r'. A. Srn'L'tr Woonl',tno clcscribecl ccrtaiu photographs
(natur t l  s izc )  o f  Dcsnos l .y lus  toe t l t  f ro rn  t l i c  Lorve l  n { ioce le
S lnr ls t ,one o f  Sout i ie r :n  Y i rncouvcr  Is Ian t l  (8 .C ' )  cxh ib i te t l
bv In,L E. Cotxrv,lr,r,. Ii'.G.S.

"l'lre cxlribitol s,roto tlrrr,t thosu Dcsntoslylus tcetL arc stightty
diffelent florn an.)' found in cithcl Cllifoluia ot Japan, ns they
shorv a rvell-developcrl cingululr. 'I'hey rnay be florr atr oidel
spccies tlrir,n Dcsriaoitulu.s /tcsDcrtrs, rts Lccetit lcsealch lllrs slrown
tirat thc folrnalion iir rvhich*thcy rvcto founcl is at lctlst Lorvel
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