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(N.B. 1be ttulioa ure not t~lnc'o but mine L~A ~ O . ) 

ilne, or ooaruo, vubooqueHtly r:todif1ot1 thia view but 

it io .horc ouotod. na ov5.,dcnco of tllO OJJ.inion of t 

c:wt omincut eaiar.1olo£-,1Ert at thct dht..,. 

'tllc voloEt.nic theory 1~u now gonarc..:.lly nbni'l 

tuc o41cf or ovon uQ a vory itJportmit oauoo 

quul:ea , tnouc.-:.h. it to . of' oouroc. ndnitted f.n anccir.:l 

~cones . :.,~o.mo,. !lowovor,. otil.l a.cnter·o t.c., tho volcn!li 

rooognit~t'd &s beint~ of tectonic 

ln opinion rulo been brout:llt 

tho labou:r·. .. . fl. do ltontcnouo de B~llore and t LlO 1 
908 

tblfll'd Gut.:· • ->th t.tleno nutHoritica hove dc:..on.ot.rt~t 

tue intimate rolntiono botwcm1 line 

nP.sa «J'ld tllo ,difJ tributi·on of' eurtbq,uclre .foei , 

U. do Ilontoaaus de l~nllo1·o hno attuccot'! ttle problem on 
' ren:l fJcule tu.k1nc the "'wr~4 .ror Ilia prov1nctt. 

;..n.to.ov baa pto.:rtiot.t.lnr1ood and t!ar.tonotrv.tnd tno t""clntion 
sob 90c 

:for such cliot:rf.c·to· o.n, t1:10 L.urg Lino, C£:.lt.,'Lr1n .Md ot•l" r 

oontl.'\; ..... . 

out vtriklnn dcnonntr{!tionu or tlltt truth () 

the toctQntc t ... wor.v woro [.;.ff.ordod by Wio Hurf. 

d<wplu.Ce..'>!lante t.<.lonc fHtll t linos clu.ri•lc tho l1ino .... 
3t 33 

0\Vn.ri , t11o J.aoe- Mtl tlle IJtin b"rnncioco lbrtw ... H i .. \71'..1 . 



74J 74~ 
Jr(l~ct c: ny ot jlfb" JO.:~.:ttr.D ,, u.~Orl{;b t. .cd.OQ ;pel•.ut rn I I.JGO:t•i 

10, /Da,b,c,d. 
nrl lX~viaon u.re nre-c:Jinent . hi. vo 1Jince irivccti(L tod th 

relE1t1on ·Of cu.rt!lquul:o centrotJ to 1'£..ult plnncw rwd t. 

tocton1c orh:1n o! eurthaua.J:cu lJrtlf now be retwrdod t 

1H31fl!~ fi rely 

Al tllounh th 

ttJ.)l.1nbcu. . 

rit:ae cutwe of ct:rtha-ut:.kco t .o no 

UCll r ina to bo r~ono . Cne of' tho ch1uf .inot,lltiv to 

tll tu of ot:.rth tl 1 ouc:1b111ty or nredtctin 

tue1.r occurx·enc". 

t 

lin~ loau of lifn ct utruct• 

iv rthnuru· t "'YlJ~iHllY of {tll uw! n 

1r~orGti ve cltJ.lJt'nd. on .oeintlolocioto to di.caovor vm,yo 

c. of r.n1 tlgt..tint; their diouotrour.s eftocte . 
ra 

:ou.v1eon lmo ·oor.apiled otLtist1co on t~lct death rr .. to or 
rthourut:eo t!.nd hif! "NJ.pet~. l'ecordn no los a tlln:1 1 . E49 , ;.l9 

(6 
dent due to de.etl .. uct1 vo ahocko. Drt cor J.nil 

nucber, 1,4-JO•. ooo fro 10 reool"dS o!' Chi alone. Only 

iQll rthau kin eu-rthqunl:ca of 1731 A, u . 1iOH 

c~uoed lOO, CiOU dea.tha 11! cot..L<on t-o bet vinon'n 

t a liota, t~o)thut more tb.nn t~:o and ht.:.lt roillioJ 

people nro ltlloTfn to llu\.· the reault or tll-

quul<:ca . Loot ·of tlla liv 

collupoc or ctwollin 
t~e. 

en 

Ji#~,v 

th 

11 loot tllrounlw tll• 

1 l~ioonnont nd oru 

of~ unro.rtum;.tu vict1 benoc.th the ruino . In , uy Cc.....• 
I 

ortr@.lity 1 ery h1ctl , often x:cocdin 

opulv.ticn . J\or aro t!lo ~oro rocert 

difJ o or tLlo hid1est 

thA oin n 

of 1915 in wh1cil 65 rnd 96 r cent of 11 

popult:d1on r1oll.cd. 

!f 

r 
I 

no 

lt 0 

r t~£" u 

ct1vo 

1.ont:.l 1 of r rc!l 1n connection ;:ri t 

t 

Ol" 
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iOi .• "lolor.y ll'31J Lceu r'H-0(~~16ed by t~w ~Jovernmc· t or ,runan 

1ich iu 1092 cotnl>llt..>llc6. the I.t::.peribl 

Invest1U't..t1on Cunni ttcc o:f Jq::on . tno worl: o~ t:.hia inati r. 

ution iY'C '-~one r..:u-cll to etlVc ~luc ou.r knowltHlt. ~c of.· 'G• 1, :· :Jlogy. 
~6 

ThE~ olij ec't~ ullioll 1 t tJCulro 1;111.' \i rk:t. fo.rtn cc follo· :t~ :-

""n tnc firnt lilneo to 1nventlt.J;~o wnet.nor tnc.n.~a rrc • 119 

oc.ruJ oi" prcu_ictine c,:,rtllqutLlr.ee,; CQ.d in. tltc c.econ< 

to 1nveoti.;utc , ,.~._nt c~::.~l bo l\Onc to l~oduce tuu diol: •otrou 

ffcc:to o! e&J•t.h.t-llv·~e ohoc~o to , , o1n1r:lJI.'; , ty t __ Q ~c~1oic ,, 
o.t: propel! utructu~~el-$, r.:Etcrir:.lr. • poa! tion. otc • .• 

Ol~ J}UCOtaOn .il crowno<l tn no 

it is now poeoible to d 

tJt11ld6.m:u nhi'm o.r lly rtl oof'. net in 

th.lo l"k t pn1n~ of ao1sn1c or 

·011, rts ot' L . d on'tcnouo 

r 

lOa 
vi. 

j ot:tc r 

ell or 

ctont1 

tloW 

OtJU:l: .. ~,;•:l."J'l to 1lldi,cLt tl ·~orf~ ®nrrc 

icn:.; ~ J, \j'w '-'·P tw~ 1 coo tli: nn,1orlty o 

in c:r::.:t~thquo..:rc oouutr..ieo ntill live in hou 

1~omb• l.ti tl>c evant of th<l oocurronoo ot 

rtJ1(1Unke : und. aiuco 1 t iu not noaLi ble dcntoi. .~ct1v 

to oat people to null ~omt tHeir. nd rot:uild. 

tnia \lill undoubtod..ly l: n \, Li 

fo 

0 

lt 1o t on tno f:trot otjcct .or t th.~u 

Invcatil":ction Committ t oucn p .y ir 

ho or ic tho future lfi thout auch hono . ll'or t'.X 1 

llryec end !tl.wflon : ·:r • ·Uctod '"i 'tll 100 ucceoc t11e xicr\n 

S3 
• 

RO 
.nrthqut:ke of /907 : nn nradi ·ction 

- 40 
ot tho Valpc.ruiao and vorr1o 

rr~l vuy, .it nny 'be poeetul 

·-s no~1 . in 

1 tn.in rut i 

very 

lirJ1t 



'· 
t.• auproxirate beth the time lillcl place or cu1 ~a.>.'"tll.QUll~e. · 

76 
e, nloo ;po1ntec1 out tnut. irt a nw:J'be.r o:r oaaaa tuere l 

illc:reeaa ln ueiardo a:..otlvit; precedin~ f.t ,.Jlb•atrouo suwc; 

ao trlht thll utudv ot inutrur;,.ont~;:.l aei~r ... uloL.:..'l mr..y cout.ribut 

1 ta aw~ro to t.ilu nol\lt.ion .of thw Droblen or tue v.redio 

ot"ea.rthQU•!Cea. 
20 

CUlbert ho.a wr1ten on this oubjoct 'but, nltbou~=h lHlr.~itti. 

tbtt fealiblllt.v of en:rt nre(liot1on, he io t. 

uut t1'ie vull.le o!' auoa a J)rcdict1on •ll0\1ld 1 t 
I I 

practioa.ble. lie l:l&.numoa tuut ••-••"~•· ••••lt• tile pre,.tl•n 

could never be preciee and tlwt 1 t would. result in keep in 
tn 

eoule ""On p. fft.ute o1" W\Oertll:int.Y and bir.u ne1·vou• t.~nalon 

tor oonfJi ,lerli.blft por1oda of tine. TtJi& , however, would aoaroet 

'be th" ccuae •r the tlme or tlut event could ta 1-)J'etU<rt 

recision. Wld its occurrence with " hi~n de.:ree of' orobllLi 

t .ty. 
ss 

ohuster too 1e 1Jlol1necl to d.oullt tno vt.lun or eil.rr:n .. 

u.&Xe prodJDt:ktn, but .for ethel~ renuona . It. ie "tn.e t 

c.re"tinu. lj&nics \Jy Drematllre f'orecuata" tllh.t ne conceive• 

to be the ·li!tllaul ty. lle lf"-YS •even 1f our knuwlcus,~ ... aHoul 

,.Gllow us in tile rut.u.re to rom predictions or eqliaU certain)" 

(tt> those ot ~teorolot;i& pr .. diot1on L.A. C.) \he dwlhera 

ccor;manytnc auoh pred.1ct1ons '1/JI.J..Y overbttlunce ita bene!it.a•. 

acn u view H.unokrA undu.~ peaa1rdst1o. It 1s baa~;d n~~e.in~ 

Oil the DOB~Jibl8 dl8lOOat1on of trade UllU Of t.lltit f1Wllle.r 1 

1nanclal intereotu ni.,;:nt be tsreottlcl. TJ\es 

oons1derat1ona, no~ever . D.l'e ourely of u1nor 1MPO 

oontrasted \11tu loes ot lite anct nh.vaictj.l uu.f!'erin.;. un 

tat:.n:tet1 t.o think, 
s 

frou tne .ri<thttr ll'llfle\:lFcn,&a "'-•'\tiruc in 

·ut did not 1 



?. 
to be tt..kcn too oer1oucly. 

14-
v1von, too., ilU.i dif;cu~;~eed tHe mJ.l)J oct of eu.-t 

prod1 ct1on. llo eono.a.o:...rD "CI.J.:.. t ~ to nc 

ota the t1r:Jo una ~110 pl.uoo o 

rodictod \!1 tll n.ccurncy .. nn rm!nr 11.1."• 

.. oule!tl in one 01 : rr1~1 : 1.~ 1.r ?ln.rt:..• 

c.nce untl t~tfitea "ito oolution \70U.lcl po 

untold \<~'lue for the ct."Jelleru in oeicr.11a 

tl1C·t ~ t doco oecn f10l·tll ~lhilo to 

tlm t hnn boon LjlJ. tlC :f.u tho llopo t 

lodJ~C tmd ··r-ca Lei" mmerien.co rJDJI in t 

loa~ uo to the dco11~ed ~ucl "· .L roo lliu conu1 

• or tim l1l"'ocrcoo Lb~cn (:Y n&de I.£viaon 

tllc cnief' n.oue unncr .. rc to/ lie in 't.' lO rr.odt.x ·uict·. l 

ten1Qtt"'G;.'Io1oll ot -.oi~e pnunoncnt· 

cnrtnnlthl:o anoaJca .. LUOai ~OCni.!.UiOLll 

icn.l 

luvdin!! to otru.1n , 

record1ne l:.c:tunJ. novcr:on"" ... u 11 ~. v~ .. •..:uu- . 

lt io ooneci Vtl'ble that t11e t·omar 

Ylolded 1r1l)ortn.';)t 1oi"orr;c,tion wi t 1"1 r 

o1oco er.rtJ1qat..:.~c of 1906. ~'n 

a oubuooncntly 1tlvent1ct:.tod by ~v1 

clOt4rly luwo indict:. ted Ulo 1_;rolmt 1 

tll.o riri1no- Or·tv.J.•1 cnrtu.oitL~to of lo'll CJJcl nu o 1 

ooeibl -~ 
4-1 

1.h , 1L1U. 

r 

1 l. ~) ( 
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110 ul le tn t or ll t r (;n 

o, nnd t ttonnt 1 i!J'V e-cn 0 L·~ 

worl,oro in tH.lo c:ountr,f to co.rrclt te truwc oecu.rreslooa 

1 tu ot!ter \10ll r.kocl n11turc1 •• ' I 

tL11ul: • ,~,. r od £ tt!Jnpt in i!.o dirocti • 

Al)il1 t.:v to ~1ernltl tno ll.l)pro&ch of t!.LCO<t c.ml~1 ti 

,_,auld unquootlom::.'tly bo 1neuti le boon t 1 

10 dwell tn ctJ..rtnquu.Jce r~iw:'.ttcn count:ri cu , Uld t 

t.t t1 wJ1ict1 .tltt,vo boen de botu here fJnd in ot 

ltoco L~:r xtl7cr.;Qly luutk.'blcn . 

ordn ·su.o.i c.u tnEao fro " t.utu• of L'.IO der n 

oo!.s.r;:;olorur are m1 inon1rat1on to ti10uo f:,.i.o lt.o.Lour 1 

th1tJ fi(~ld of reum:;.roh. 

Tile J)l'O\.ll. C_! of' rtnquuke nrodiotioh 1·n1cc -
1e toly tl:u.:. t of ear tnt c fl'*:equ.ency nnd porio~1c1 t.". 

In the ao~>i.l"Ch for uuoll 'Ol1ouo one i t. ly 

led to tho oondt.llH"ution of th.e ioclici t.'i o t_~(H' 

natu:rul .i.UG ue .iiv.vc t.il<.'l rioc t'rJrl o 
a o 

the ·t.idl'r. . ~ "-:~ vrtri, ... tiono of te .perature, · \ .·\ ·.DGtPic 
wiV\cl and 

rcoouro , ~ ·rcloci ty ond f.Urection ,9! rc .. lnf'Lll .• 

o&n c:a.ll of t.lcn be r"la'te(l 'to tu ffiOVOT.,'!CiltS Of the 

cu1 .. tn 't1it~t re:ura. to tl.1.0 uu.n : or of t~.w C:)Oll • \;1 

rcr.o.rd to the eEl~th . li c1ront onny c2.1t.;;t1n:~u1ohcd 

nc.S.ontif'ic oen haves 1.nvcstigu.tcd t:noeo cuest10JlG 

re utill enr:u ... ed :in ao doi1:tg;; end t1un:c J r; li.ttla 

oub1. t llt...t. Ct;:.Ch of tL.e above meut1ono1~ t'~~lonor:-:ena '""'· ..... , 

in eueciul cLoea at locot. c.ontr1tutod u& clc;::- ent 

ffoo t.1n;: evrthG1..1UH~ rrcauency. 

etore nrcecnt1rv: nin a·ln contribution to tni 

in te!'oo tin~ 1nveo t.ir:£• t:i uu . tho cu:ttwr nro~'ofJce to . ·.tv 



' 

·~np-o<,l opu ~o '+t uJ uo '+'tnod t1~ \U o .td on pue 

•6 



1-.~. 

' 

- 'i Lnd lL2!lUDICl .. ,, ,. 
-

to tjui Liddle o.r t._,c ninoteanta c 

110 vcu•y oor.lprcllouuivo cwrtaQUGt~e CLtc·l _ 

fo:r ntucty . The rowu1ut.1om.~ fol: c lltut1oc1ocl 

1nVC8 tltm.tion Of nurtilqur..d.~Ctf frf'QU 

36 
tlre l.c.tours ot l)erro¥ und L:..llot :in t 

1an. t.no.1 prc:tpt'.rou dutio.~ t a.o uur1od l~il-O•lcot~. C:u .. !i• 

ork llll.H cinoe l1een Ct::.l~r1ed ' on ty L . do t:.ont 

lloro, e11no, onor1 t~~d nun_" otuerl-1. 

oat of' t.!lo reoo.rdo aurltcr tn.u1 tHo l 

nnoteentll ccntur.Y uore not 1nu t.rWJentc,ll 

reco:rdoct • c :ruct .·;flicll cnl.lllr.:.u1B9K t.ha rwn1 

or r:tode.rn 0(!~ c. olocy. 

to:.;pto W:we t;oen wdc to cor.a;•el 

nt,turul 

tne oiu.cr o1roreo 1;C1H: ·. :tnoluacd unaor 01 

the tol;Lo-.1111~: • 
. 
l. • AUl.'"O rr,l ;di uplHJf3 Wld ~ l 

2. t.uou~tia end cloutr1·o•1l. d1otul'DLn 

• llruatcry 1u ..... "'-='""''"'~· 
I 

I'&-. ....... ··--~- •" • 
c: ;J .• 

G .• 1,;Ct'OL'lC'tl.'10 l"'X'OUlltU:' 

1• ~1n1 \cloclt~ 
(I ~ olLr offvo 

- - ~ 

• IU).oi.U .. U.1.4 D.Jl 

9· Cansonul 1;oriodi.oi t 

10. Dinrnul nol'.i odioi t 

ll. 

12. ;,~il"th ti 
u 6!' 

\3. 0-\"~ \" <\'~X\ oo\.,c, \;,c"> 



• 
a. Jlll .. iltl.e relaU•-' ........,_. wit.ll \1M 

. -to 
.,.. .. 11u 'Mea ti•-••4 ~J' IUlne, 1dle appana$J, 

.... u\ an&ell ... h a1pl~1aanoe \a tAe ft&Maee .. 

tar a'ftilul•• Al--u a •~•r of •'~1~ -.1 .. 

·fd tJae a'-ltaa ..... Hftl'l'eaoe-' aa aueft wltll-

eartaquate ue naoru4, •~'• ex\ade4 a\&Wti-.J. , ...... ,, len t.U. •• .lli'hena beu -d• -• 

.. si.I'Ule. tb.e _., .. ..,rehelln~•"' a\a,ta,toal lAYMt-

lp\loa uaa-Uken •• tu appeara to be \bat. ef 
3 

lleu oe.p»lslq •• for the pal'lacl 18)4 t.e 1&6?. & 

J'eeer• b \!Us lAt•nal 417 eu~•• ... )fl 

Dotis• at au•ra• oa 48 eo ... lou an ~Yah 

aa &uJ"en Hnr.-. ea t,jw -- *"71 ... )0 ., , ..... 

eooulona a"l"exs.-••1¥ A\ \u .... t-1 .. 1 e.Ade 

..... 1 ... &'& \bs .... M\ll' ef \Ae da¥• 1'.bla 

et oe1ao1daa•• la DSrba••• suaaea\&Ye bw' .... ne\ 
' 

Jt•lla' U a '¥C7 la'illat.e J'elat.l.a ,......,.. \be •••••• 
62. 

... Jleat•sua .. Jaallol'e laUt- cliaouaH tw. relalM 

-' Ml'\blluakea aa4 lUIIinowa p~atm-.na. Be ·,.oln'• •• 

'ba\ ataah 'Dbea•.,. baYs 'b ... •-••rn4 eft \he .. -

ot a!Htu\ 100 -.rUMN&k••• and \hat. ~•• Jla'Ye -•'b 
b ...... , ... , .... •n~Un&ak••· Aa 41.)6 ... u..,,.. ' 
eu~• ••• Mea neor4e4 \7 llUa 

~latlaa .... ~ ~·• el eolnot• 

•• Ule .... 
•••• e1 •••ena la aet.. sblld.aa. ..__...,, la ...,. 

...... .. ,. .,. . c:a.lll eNUWI~• ef .._., 16taa. 

1906, •• ,.I'll 
he laiaeu 

••• ,..., ... wltA ~ ...... -- " •. ,. ' 
l' u •' 1••• eiaitl ' \lak' iA t. 

~aa •• 
,_,y 



1, •• 

na oJ.tl.liora to catc~oloauoo of tnu Cn1u 

~t!COl'lit:d. 

llore conaludca ue followa :M 

rcoont nte!~C.: of oa.r olwerv 

cir.mtif1c or rntic>nnl oitncr to cS'fi:~~n or deny t 

nee of lucinouu eurthqunko phono~ontt : but r.~.ll 

' 
- ur:1enta ruld t~cto at our aor~:.nd bear ,Jo out 

1n u non~.ti ve ·concluaion- • 

ynchron1.0!!.I of' cartJlouW.mo with rnuunet1c t: 

leotrlcu.l dioturbt~tlceo has nronucntly 

io nrotfib1o tru,.t tu.~ pllanonenn uro intorrcln ted. lt 

f,t1Lt.Oibl C , nowov(;r , tut, t Bll<;H oi 

lcctrim:.'l 

alinnin~ or t1.to rocLto nlonc a fanl t - ! 
t.iu:h tlmt tllcy ilaJ/9'C a .h influence in 

~- ~-

10 
• 1 u.u '-P-\'I.JOJ \oA vu uu.-, ''";vJ'1 di0CU0900; l.J] r..f . 

tlu~t nuoh d1 u turbuiCOP ere oorc !1kcly to 

c.uuoo of curtnq~t.>.eo • 

• 
e 
\ J ·-;-!'- v..nalyo1ng Fcn·oy ' n cntclot:ue of c~-.l1 t11-.. 

u.ukoo crbruciu;: tilo uoriod l750 to 1E.42 row1 

or ouxir.Jll. fol• oc:rt.,qutu~o frequ.oucy ~oCL10.r'lcit.iG 1n l·t:; 
f 

ld 17S9 ronpoctivoly, ~ :;ACb i:IDViJlL D lJOriort Of 

out ~ l2 ycu o. Tlulnc E~roune llo vtu.tcc co1noida -ui t 

tioes 'Jl.ten Suoi ter 1o 1u ?6$° Cf:lt! 1)5° cclooti 

, .... u .... '"'"'"' ~''"'u.., ... u,~ ·t~u·ounJ' r.!ot·co:r otrcrJLn in 

l' 

ihhi~ i~ouns of IJl~Y.it::e. ou:1mfincin:·: iu lY:A> Lnd 17 

rnat1r:cti volv. cn.ch lu.:.vin~; L po.rio(l of 28 ycLru . 

.'t.'l!D.n:I J 
---

~ ~ - - -- - ~ - - ·-- -- -



1 1 0 

cy. -.i."~li. 

v 0 

t 



• 

.rr ncy o ... t o bY ut:t .. atn .u 

ct 0 u.r 

.ff.eotu only t r U ' or t tbf 

crunt. 

J~ nu:::ucr or ea1orno1:oe1oto uta. otnoru lmvo oo 

of aunvpot 

o o e ·: .j c t;.r'~hq uaLre / ~ 
40 

VO l16Cn c!1SCUaOGd t>y .. 11•·'· ! 0 r•r.f'n...,'l"nA t 

tllc wor~o ·of J:uur..-:r.:.lll1,, uonn1dt, iJOl.f . ~ \.4£-g" t.~l v. •. V<:;.Y • 

1 d not l"Cl4.Cll t ! l'eoul t :fcvouri 

n 

1! c~ppu.t·entlv conoidorn tlw-t uor1 

xiou ·cOialc.i de w1 tu tho eo o:f .cunopotu . 

o tilGr h£;~,nd. ~cume to tuc oonclus1. 

't:.hLt. tll(j r-..nxi.r.L of cnrtllr:uu}:.e frequencY c.:o1nc1 

tllo oun- FJr)ot r~init~a. 
I 

-ocy,. nac111. frou en ~J.m_~.tion of tl:LU ou.~t 

o'f uox1.oo un6 tao Antillce .otnted tHc.t Cbrt. , 
reoucncy wt-.:.s u.t u tn.-1~dmur. for the ncriod ·of l)O'tH 

Xt'taln 

t G~oupn of reoordu una foun<l tl.tLt acvor~t.ou 

t tl1o mt.x1mun o.u<i GtWC!ttocn 

or uu.n-opot .rre~uouoy . 'i.ue :reuu1n1nc . J. o ~r t.:r. .. vupo :ro 

io.:~~· to tne .r.ul""-• 
9 1 

noluaod tlt~. t both volct~nic Ulft {)oitU;i!c c..ct1 

t"ehCllCif l: Elt'oX:i r .:.tf] t.:,t 110l'10d0 Ot '-''-U•- •n ~ u ,.,,._,._,., ..... .-.u""w'--' :1 

in.tcun l t t-,crind.a ·Of cun-Oj~ot ~iXinu~ lk l.!~ ·t 

ficd tutn vi ew l.m(l conoltulec1. ttu~.-t tue rc.;tct1 

CL..:•\.C r..:_ , t.ll~T' 't..-t .. u :ro1· uoinrJ.·c oot1.v1t .. • 



ro 1 o however otll'll' cvi don co ot' c. ·collutorl->.1 

na·ttU.-e i!llliC:il r~:.y poooilJl:v Ju...vo uone lHKrinr: on 

ut;j oct. lrl un oorli.cr nurt of' ti11f 

.UJtey 1nd1cuted t :. rat.ldJ.1UIJ ,of eoic:~ .... c :r:requcnc~r I 
oo1nc1de.ut w1tn the pct•1ocllc revolution uf ... ru;Jitcr 

un .. Mt.l t~lia var1ocl of f.Jl;out 11 

--~iucidcu 11v1 t£. "' ... L"' L '..o. lol ~ l~ IUUJl-UUV II 1.:.;{~ .. !,_"..:. • 

lne l..l.UG 1ntlicn~ed L; r~erio·~ of 11}3 y 

for tna c.:ni~thc~ut;>ku fr&!;u.oncy of' Ja"3un t•:;-~tc . , : ._in~. ov 

1 fror.'l 666 I\ . n •. to 1800 A. D. Uuch t uc:riod '''-''ll 



16. 

coincide \71 t~• tare~ cyol,:o of L~.-u•~~· • .;ot ~.ct1 v1 t~~. 

111 h1• .11r~on lLJ..tor ti.&Or@ iD t)ono evidence of 

relot! on 'lJetweon rt~.infcll t.;.rid O{~.rttiouw:e rrerpcnoy, 
r . . 

1 f t:hio be tnc ct:.oo ttlc lJruokfJ.A'\."" l!vt!l n of rt"iHfLll 

1nc cloooly equal to tnr.oo oyolev ·Of oun-o'Oot . 
y llb.VC rJOnc boarinc on tuo eubjoct • 

. nt preoont tno tWidenvn to not concluot vo uut 

ocrtninly euf:f'1·oicnt;.ly sus"outivo to nnrrnnt furrtlwr 

1nvooti~o.t1cw. 

\ 

\ 



1 

tnen t.i.lo ,ooucoptbn of c tluid llilcl 

for tile ourth donitw.tod {;colocic tnouutt 1 t ,-:;-c..c VG'?y 

r1nturn.l tt.u~t E'.fl on~uiry into t ,lc effect 

\.>r.lroont:r·io pretmm~o in 1~ulnt1on to oc~.:rtnqu 

ottld luwc \)con rat:.de . )loth l '&rroy v.nd :t.:c~llut <'Xu.- 1n 

vtden o nnd tllo !'orn or connected I:t..:,.xir'iu_~: oe1PI't1C1 

1 th n inir:urJ bnronotric nl~oonuro (~cccmnnnictJ by n n4x.i 

rcngo o ~o~etric ooclllution. 
40 

r:L~. , _J eu..rly no 1Uj4 potntod ont thnt tuor 

11 o.nnuul llO l 0 d of cu..t·thqut.Jco frequoncy. 

llc:t i.nvcs t1 c:L>tod the tro~uencv of ourthour.l• . .::ea in 

to the rine un ·1 fall ot the bcroootor end con• 

eluded tlU.._t tt1e t'renucncy rmo al.~<elut tho fUl.!J£ .. in ct>,c 

,cnso. 

~1~11ev 1nvouts c~t1ono ure diucuooed bY Cll 
40 

i J.t 

in .moot of t.hcoo ct:.Roa huvc betm too 

tall u.oy rclbll1lo cQnolutJ1on . 

he prol,len lw.u houovor 'Lccn ~nvor.;tiGt~·. 'tetl oiuoo t;y 

tJOt:lG or tJHj uoct emiuont tH~teraol~i~ioto , und :in t;~ 1 ·tc 01 

tho relro t1 vcly OnLll foroeu invol vod in nz.;.1~onot.r1c 

f'luotuntionu t1lero a.oca nnpmw to be r:ood rccnon t',or-

lloving tillit in a nur.~lJcl~ of: ,caoeu (iUOh Ct>.{ -•,ccn 1~ 

1butoc!l towardu tlle rrec1n1 tt.tic \ 

n c.:.::..:·tuqu~ko. 

s t tHtv i ntt ,'1lUlo~O fl"CQilOOC 
~s 

ind1 ":a tecl Ln( -~--toyed lly Mr :. _ i lCt~6. He pointed out 
, 

tuLt o oi _t:lC ~ ·lll'!:t~ti.m.!.l nroaecu oould l:Hi uood to 

cce.1tunto tuo ft·eot1t.1l1CY of unY ili.vcn noriod ny 

ui tu'bl<t cuoieo c! t~.l'~Ju-r ,inn end t~Vt~ref ·1ur ·. t 1.lG :rc.'Uh~ uu. 





l:1o 

i•WUlU(\l I!ll.1~1 nun dur1ilt3 tlte lt~o t . .t'ortn.f.r~~' t of 

JaJlUlJl'Y WHl July. on tlle otiu~r hn.nd .in t.tr. cuH; Ol, . .., 

uoti ve curtnqurJ.J::OO tho r.~.nnur.l.l ma.xir:u.rj tell 1 

lnst fortn1cut of Junut~ry t:'Jld tho eef.li .. umucl 

TCd durine ~Jl~ lco'l~ fortnight of ifobr 
. 

1"t c.ppo~:.ro tht:.t the LWlU"-1 titlJ{.i 

ligll't and atr.ong ,ohocko nrc oppoo!'te in nlll~f'le : t:u. t t 

ls not the cr..ao !or olicrrt shock ... . 
I 

In trw secorH1 pu1•t of' ll1o invuotict ·tion no d.ir~tincti 

io ou<ic l.et\7Cen tho elil;llt antl etroh~ -: oh.ocke • but t 

.re cono1 a ore a .ll.n G'l'oupo t:..ccord1nt·: to 

real diotr1'Lut1on • . ~ Altm~etilor 62 ooiouic r 

ro consideracl .. 45' troa the nortner 

bemion!loro . 'i'lto r.ouuinirH ; 1 rclr~to to eaut.torilh \ 
~ 

(JO . l"1le tmulyoi:a oi1ot1ocl ;t;hu. t mll.y 

1J~ty-twc- rcool~do fnil~}d to axllibit u. \7Cll c __ - -~ ~ 

I 
nnucl :pcr,!-od, .e.nd in oLea ot tho utot:ulouo c 

ilure wao ~conoidored to be nroLubly dU 

1n tne .rocol"du •. Da.vioon l"u::tJ.rlm t~J.i; t thaoo rcoul 
I 

"'"''"rO!lClY m.t:pport tnG V1tKI tlln.t tl~t: t:.LXit:!..ID of t 

Jtouul poriod oco ·1l~o durina tho loct;,l winto:r in CtAJl4 

I • 

'o:f tu.o 62 recQrdo exnmined, only ·th.roe f£1-il to 
I 

fnirlv well rau.r.iced .soni•urulual ncriod, ntioely. 

'(i\lcha) • lipnin E .. nd Pol"tuaul (l "errO)f) u.ucl Caili . 

~lJ tlue to lncounletH• 

r tr.e a~1nn1 c. r 

or tone l;.llJ£ . 

- . - ' 
Jld aemi-unual oeriod• JA\&8\ b&l.ve en\1~•1 



, 

diffel'CW t tU"'il \iii I:) • 

n iocuuaion duulin itn the o ll or t.n nuLl 

e1nnio Period vioon reco1~UitJco 

jor:tty o ra occ by til 

or f•mlt .. ,, tnt •••••·U·IIII'*l lv rio<Uc 

11'1 y uxt orm~l co.UI~ oa,. t 

tll tiou io o eueonul cl r. 

it iv nrtoot by e bnrometric st;ur~. 

n tAG CE.~OO 01' ]l Of tile districtO dcnlt ':Ji th in 

his po.ncr cotmarieon be opochD of tho soiool 

nd buro:ootric OLtl \)() Df.Hie . In .10 or 
dis·trioto 1u nn U-J)prox1ra&to op1Dt-:1<1onoo ill t 

or tnc in tho oelooic 

:rollo tho l>uro rio X1l'l tm: i.ntetwnl or on 

ontn ; Jld in 4 

ontno. ln t.tla r 

c1rcw!lll tnnc 

•COllClUd' thet" 

se1 i.e . ·:xif:~,u it 

Ohl"O t c um, 

OGOIJ :ftor on 1ntcrvt.l ot' t 

1111n :iatriota tllcr ro eo ttl 

uc lGtioa. vioon 

noral rul·e • tllo 

r coincide 

01~ follo 

i tl: 
":f 

it b,l{ 

ooh ,of t 

or t 

0 t:-.to ... 

cut toot i.e preocure chnnot cf'foot 

tile froauo.twY ubor.:.rino ev..rth.cu B tllB l>l"G&Gul~ 

or 
:ao N.... ·!,ill bo a.uu1.l.terP-d ow1 to ._ 

t n tcrp under ouon prooouro; I IUH 

h lL.ino the nnoncJ.l1 1n tho c of inaultt 

E 3\lOAl Jl Ull<i 

fl1e ecmi- d r 1n unsolved tlr 

for vioo to t oriL,in t 

-z~nnuul 1od , I r t unt\lJlc to of'f 

u 

t 



• ~ 

~ 
he u1BCUtU110sl on tru~ lJGDi-t:lll)U~.l IH~riod will be COJlu 

1 dero<1 lt .. tel~ under the ouoU.otl doc lin;- w1 t1~ t1 

o. 
S9 

1dl in 1095 v.ttncl~ud t.no nroblrm rrot!l n difter 

pot.nt of view. He prepurcd c tb.l)l• 

rocuency of LUJ."OJ}O for tn.o pel~iod 306 .... ~~,~. 
' 

to lU42 A. D. llo f.uno found tl1o avernno cont&lly diotl'1 

utton of attloanllorio pr•ecouro 'but ina tond of oo.rnn.~i 

th1o .11·tll tlle uontnly ·aartbflUU.ko trccAl1Cnoy 
- J 

1trcrm1t llOtllocl. lU.o !1lan ~n.o to culcul 

nt fo1• oncll r.:onth u,no to coapa::re tfl1 

lfi tll tho C!li.l'thaltu.kc frequency. ho cxy)romJod t 

ro~etric ,-;:rncU not in toroo of cillinetren JH~r 2 

ilooetroo rult~ ._ .JoLuturod. frorJ tho continent towt~r 
. 

Atlm1tic c:cann. ·t.llo tn'hlo Riven 'by hitt 1 o "uot 

low. ~Tan . I?e\. \ r.nr. April [ _:,y ~un 

s 14'1· 7 130.6 11,9.4 lU4 .• 6 94•7 '9S · 
ro.d1e.nt 12.6 u .. o 4.2 1 .• 0 -CJ. 2 r o,.b 

v. me. 
J!Z 13~· 

x·udicnt 0 .4 1.5' 5.~ 9.2 b.O 9· 
-

In v~e\1 of tho t;ano.•ts of eo.rthqtu1.. :os by dialoe~"tiono o 

tho cmrth' e cruut, th.ia net hod ot ana.lyoJ n .iu t1or 

rat1om.:J. them thnt wbicil. conoiders only lwromctric 

• for tho oonaido:rct1on or bcrorjctr1·c 
' 

.rn.d1ent 1r:pl1 C.H:l or nu..r irJPlY d1ffc:rcnth .. l rrtrcvoeo on 

onpoaito oidcv ot tile :rcult Plnnc lJld.olJ. '-ivoc 'bi,rth to 

t 
2. 

rot~l.eL nuc neen f'urttler cohnidurod by .Becke 1 



r1011 2l,.til (;..otobcn~ ta 25tn 

nfl t•repno to rcvrr:u.ont tho uvcrtc!~e d!.~il,_ 

trio p:rcneu.ro tmd uloo tne dntl.,~ et~x·tn"-u&J!c 

frccucnoy ,, cru1 concluded tlllit ·t.llero wcw no ol>vio 

relation between thone plu~no.r.atnu. Tlw lir:Jitetl nr.turc of 

·tho d.nvoDtigntlon , h.o11evor , rutllcr d.,~tro.ctu 

. 
vslu 

Omori, ~he !ororlOBt of the ,Jnnanoo 

l .ao directed hi ttention 

c.rthtmr.:.kc .fr 
7{ 

ltmcy,. l!o too1c .llo bu.ni D o Uocuas-

1cm locn.te ot 18. 279 onrthqu £~ obtnin ro 6 

tio ) or1 t.r of' :rcccr rit 

0 !lr llY obocrvocl. cot;.nioinr. ttu;;t til 

ti tr1 t t Oll%:'20 fo:t• the who.l 

of n J1c aubrlividac land into two .norc m.· 

nctura.l tl1v1Gio • first of tnoao co if t 

nrt t7h1oh trends in ii;Onor~l .nort.h. un out ct1o n 

hd t second t11: lic1l trends nbout l~ 30° n li 

-
·00 tho cout!1orn yo1•tion of t J 

lle concluded thnt t'o.t~ tho n·ort 

nnu vt:..riution ot t :selim:ttc ncy 

of' burornetl:'lc nrcouurc" .; mnd thut for weotern 

"the rumunJ. Wl~!p.tion of the uoinmic f~ 

.pir~ .• 

t 

reve~Rc .or tlult ot tho baromctr1.c pro.nouro on t.ut> o~.t.ulu .. 

In the snr1e illV~o·t1.gr.,t1on 

cUu.rnnl vurit~t:f..one .in ue1ac:1o t1Cti vi ty. ll.e roun 

to v1:.ry very conoidornlJly with different Dtl'.tiona tm 

rron~od the otutions into nr ~ unv olmruoteriuod by 

12 I a tmd 6 hour ]1Rriodt/of rroquonoy :Jt(J3poct1 vely .• 

next difJOUtWcd tlle diW.'l'JC,i.l VHl"it~U.Oll£, of bt:ronetric 

teT'%£, 2:z=tt: ; . ?& iifl§1M 



• 

wnoy UOH lJLr 1 • 

It ould be point out iurn'--'1 

o~otric nrooauro in very oon nt for tn~ different 

R conoidored nnd io ctuit norcnl in cfioruct~~ . 

rcoecbl.in~ thu't wh1.clt oht1rnctor1 a roost :mcteorolocicel 

stat1cme. On tho other }Ulnd t iomic frequency 

vnr1co conuidorot)J.y in 1 taot>och. for diffe1•ent diutric:t 

It would oppon.r thor of oro tlmt Ooori t rs conoluolo.r.e 

ith I' rd to t!'le correOJ)ondonc<~ of tbe d1 urnnl 

burox.1otri,c £m6 rthqunko frequency ur ourcei.y 

jU£Jtif1e<l by t1 v1dencu. 
76 

eix yonro lo.ter , in 1908, Or.o in too~ up 

tllo auootion or cnnunl vur.iution in oc!or11o .:fr.oquency, 

rost1"1ct1Mt 111o invcet1r:ut1on to th 

Tolcyo nnd l~oto~ lle uhowod thnt tb 

occurr t dif:f'orcnt epoa for l.nr 

unkeo and concluded follow.o :-

c of 

inrnic it; 

lld ll r•tn ... . 

"L'rorn the .f'oroao1nr: 1t 1o evident tl tro::.·t 
-lUll und lnrar.! rthguo.k in tho diecuaai 

ot coiam1o f'roquenoy ni.th respect to ~\v ntoonpheric 
c 

presnuro, the position of the moon, l tl. 
' 

In ano !. •• puper ·On tho 6 6econdt!,ry Cnuaea of 
78 

rthquu~e~i" t 1ori deul·v rnoro ftll.ly wi tl'l. tl.l.C oubj eot. 

He rr1v·tH3 o. tn.ble allowinR tlle hourly diotr1butio11 of 

2, 208 aa.rthqullkcn 1notrunontolly ollsorved ~t.Toeyo 

dur.lnn ·t11e 24 yeo.r.e 1876 .. 1899· 1 ... cu.rvc plotted to 

i .llustrti.te the diUrnul en:rtll.ouuko .fl'cauoncy nJ1owo 1'our 

i~n . ~ho diurnul ba.romotric curve woo uloo plott 

ti.il'OW8 o. clone oorroopond.enco in the t1rnca or 1 tn tuo 

xit:n and t~o mitlitw wi tll tne ti1.1<JB of the four sci 

.. 



24 . 

~111ot21er curvo 1e ilruwn uhovtina the o frequency 

1"or 3 hour.ly periodn und th1G !ollo-rro olouely ·the 

ln1.rumctr1c curve. lienee Onori concluders thut 8 f)he 

orciinu.:ry (non-doatructi vo) ctu•·thquakea fol·t 1n Tokyo 

happen more :t'1·uqu~tly wi tll the hieh bnrooetor thL.:n '\:71 tll 
. l ' . 1\ t 10 low. 

Another ·piooe of cv.idonce ·1o furniahe·rl by an 

exru:~1.nut1on ot the :recordo of tne gonornl uth.c:r. oond:i'io 

tone nooooiatod w.i th tho 18 dootruotivc enrtnque.kcu 

t~acol:'~1od .ln .1u)lllJ1 from 1361 to 1891 A •. n. Th co.ther 

oond1t1on.c for thone nrc o.a f'ollouB : • 

lt1a.1r or .a lear wen thor •••••••• 12 rthqunkeo 

Cloudy . . . . ~ . . . . . . . . . 2 rthquuk 

nu1ny Ol" .Snotty ~ • • • • • • • .• • • • • • • 3 .. 
i,ny and \7iney • • • • • • • .• • • • .. • • l 

7ot nnd Oul try • • • • .• • .• • • • • • • . • 0 " 
Onori conclud from th1o 1nvoot1Ra.tion thut the eront 

jori ty .or dosi~ructive ~mrthqua.kao .upp~nr to have boon 

osoc1a.ted ui tll fine clco:r tllor ... nnt.1cyolonic 

condi tiona involving increnDod. baro~otrio }>reaf.lure. 

It night , perhnpo, vo been f!orth wll1le to VC 

cor:mu.red thcuc .fieureo ui.th tllo rneteoltit.o~iov.l do,t 

1 v1ng tlla uvernge nunbe-- o:f .fino , ,cloudy, rainy, ~etc . 

IS 
~mather tor .JfA.,PM ; but t t'- .mori doec not appear to lw • ve 

oone1 dered. 
d 

He aha maJ..~ )..n oxu.minnt:ton of tllc at%onaer rtllQlU:Jt froo tl 

Izu X!Jlund zone. .Fourteen ouol .rthquuke ere co·n-

i ~dored nnd. Ooor1 ••,..•1•4•.! ·concludes thut of' tnece 

twel vP. ore clonely rcluted .in t1 to the t't1o cuxi 



25. 
nd two Jniil1t.::t1, of the d.iurnu.l bax-onotrio wcvv. 

Tho recent r;;tront; P.m.·thQualco~; ·Of •rol:yo wore Llso 

ex.ruJ1nod. 'l'heua bl"a 'fouteen in nu.rnbcr . Omol'1 f1ndL tn.at 

<:1cht ·o! th.-~na eu.rtllqua~oo ·vro:ro O.<lCor.lpn.nied by l':!arkcd 
. 

barmuctri·c doprcauiono rHnginH oDly f'.l."on .,r,.l . !) to"' 

'754. 7 mrn. 1 \7h1.le n ninth uqa acconpanicd. by ,a:, vory llic.n 

bnroootric J>l~aoourro of '174 llml. lie d.oot~ not 1n th1o tmoe 

di.Gcuoa the rolati on of thvnc ont·thqunlco:l to the c11urno.l 

barc:nnetrio wave . An ox:at:iino.t.1on of the tlatn inc1ioutoo 

that there 1 corraopondclloo wi t'il the- diurnal burooct-

ric wu·va iti only nix of tho !ot:lteoa CE!'Tthqt.u:ure.J • 

. Agaill• ir:t cone.idering the ob:teen onrthQLtn.kea or 
ooGotul .und f.H1br.w....:r1nc oriHirl in tho neirdtbourhood of 

~okyo ·Omori pointu out tlm'l.; these coeur oxoluoi vely 

lwtv1oan 6 aa:.c1 12 :p.r.:1. He tr,.Jces tho .averuco tioc o:f 

occurrence or thQ cu.rthquttl:co to'r cuch of tneae eroupa 

nd f .indo thea e 'tirnco to oor:reupond wi t:1 tho of tllc 

barot:u~tr1o m..~iJ:.iu. An , l10\7Cvor. u con:-:~.~.- -_..,:ble rt.;. ! 

'<er"{ . f 
or 'thne is involved i1l nnch oaoe. it - ~ ~ .. !btful .' ~ tucll 

method is ''l'ul.id. 

In hi.o bo ~~. ..,Tllc l':'ihyE;1ca of rillrthqunlco l'hononcnr '" 
. . ' 31 

(1908) Knott •·t~c1r1 returilO to U1e problo1:1 of ca:r'thqueke 

frequency and 'bo.ror.Jot:r·1c prcsouro. Ho :~.·c~iewo hia oun 

·curlier r1ork nnd tho loter pnp~r'; of:' G.r"'or.1 und .via on. 

llo points o:lt thc.t both the~e neim:::oloniata corJ.·eJ.ut 

eartllQU~l~o :frequency with boro:Jotric rJO.Xima ll.Ud m1.tliwu. 

lliu own view io that t.tle bur.omotr1c Gt•adiebt 1D .t.lol~( 

likoly to be the deter.oinina 1't:~.ctor nnd he inter}lrote 

th.a rooul to oX ·tne 1nvtuJ ·t1t;ntiono in tnt t l .ignt. He 
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poitlto out tlt!1.t tll~ diff'o:rcncon 1n l>l.~oJ?or~otric J)roseure 

in n q .ntee]l l>&l'OJ:~utr1o fErcJ.diont a:~ny die.turb the 

i ·ooo t nt1c liJalt~no llcl DO t;i VC rioc t·O f3(l .X'tll<~iUl"i.:ea f ilOn 

tho mur.rd f'lS or tlle COtltinentt! . Ut1doul1 t cdly tnia Yiew 1s 

:tJoro in l:eoping wi tll ·our l~nowledge o1· tnc phyaicR of 

eartllrtuo.ko p.hcn<)l!H!Inl:ri r1.G it may 1nvol ve tro co ... 

opartl't1nc u1. 'th t.Ll.c prh.1o for.ooe ei v1n,1 rise to an (n•~rth• 

quru::a . lt ia , ,on the other dlf£icult to nee how th. 

mere lnorr.u~a~ ol.· dot:l'CU o:r . ]ll"ent;u.t~e uni:f.'IJrt:ly dio trib· 

u'tod. o.croao th et\ could produce ouc 

renult . 

ln ltie !i1U1l ounr..~ary, howcvOl'i l~ott upne&r 

to thinl~ tna t 'Vitlenc~ v.t pxoaont cvv.ilal>le .indicate 

toot enrthquv.ke fro(auc:mcy depend& very oliglltly, if t;,t 

11, upon aueh in!'lucnc:cs an bu.romntric ph.orwnent.Jo. 

Tlln non rcll for auo11 u. :reln t 1 on hun not 1 however , -
been nl.nlndol'lod , end t'ftO ittcry .it:~portrJJ'llt contributi.ona ·On 

thia oubj ect huvc bean rnudo oinco Knot·t 1 u boo 

publiLUlod. 
16 

Tho first of theoc .ie pu.pcr. by Dr. Q [I tha un.rtll-

{~UCJ;ea ot Chitm. T.h.o author of tbiu pt:.por lw..B prepnrod 

u cntulorrue of 523 deutructivo ·Ot~rthqm.uces ext<wdin~t ov~er 

the lt' ot 4000 yet~:t·o . Of' thc:oo $05 v~ ocour1·c.d dur1n6 

the C11~1ot1nn J:.ru . 'lnoac are c;rounod 1n .u duol .:f'u.ohion 

ocord1n~c~ to dit! tt·ictn nnd aoco1'd1nt~ to their oont,hly 

:frequency. A ul 1ve; 
lo~e. 

f:.;;.·cr.uency :for dilJf .. r1 ct. k':~ rth 

l' .t 

Douth of thu.t\ river tJld 

nhouin~~ Phe .r.wn.th.ly 

cf the Yumc•te,e-ltiumt, to the 

hole of ChiJlC . 

curvcw l"UiYC essentit.<.lly the tmno fcaturou in ~ Jl 

~ 

11 

I~ 

j 
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cor.l!llon. ~lle moat prorJinent fcuture i.o tlle vory lL.r. ·a 

.x!z.ltl1:1 !or .July ,~ud Ausust . ~llG mu.xit.'l ill f'-:r too 

larRe to be expllunod by u chn.nce diatribut.ion of 

nrthqunko froqu.oncy.. :l'l tudy of th ct·aoroloP:i eLl 

data dinclouoa tho ft~t:t that tlle <ioruinant fcmturo tor 

outh Chinn is tl nnuo.l reaurrenoo of the t;ur..mer 

onsoon . L)p inc of ·tlleoe lll• :a11ya PTlla typhoono or 

vur.zocr t.Jonsoona oooe durir.g nut~nor t.m(l 13v.:rly .. full; tnt;V 

utr1ka tho r;o 1th r.~nd uou·th-enut cou.ot of China. , l'i!Ol" 

towarcln the .no:t·t.bweot &nd .north. nnd aru.dunlly los 

or c o a they JlUOfJ ovor Chi.• r procodad by thoy . , 
1J1tensc hea.t 'f·or aoverul .yo v.nd u :f'u.l 'linl{ tnror:~otcr 

hou.vy rui.nn UHd u .rioing bn1•anotr\ er 

tho lir•~4!:s'614•hveihr1at1ou dur1nt..t tho otoro io ·often 

·over 'two inolleo. .Cpon.lcing ~of the typhoonu ot' 6outhua•n 

China llillinron .onyv the bc.ronotor .not in!'raqu<mtly fullo 

below 28 1nchea. Tht .ro~.:.t vur,iv.tlon .in the uir 'Dl~cvsu re 

app11on nore. eopen1ully to .n. hUndred mile \71do at:rip 

'1.lonn ·tlle south count of Chinv. . Tho typhoons n:ra 

prncticull,y confined to Ju.ly, August o.nd ~optcober . Wld 

uro Homewhnt r:~ore cor.nnon u.na verc durinH Auguct un 

o])tcmbcr" . 

liorthorn Chino. on th~.- otnor ht:Jld :io principolly 

!fecteu by the uinter monooon wltich occuro durin, 

i7illter &nd cc-rly Dprina. 

It \7ould tnere:t'o1·c nu turully bo expect ad tl.ul t. L~-

r I:!o....'l(,bue of rt.ll'1ul.Jj{c fltcquancy wculd b 0 

rl:ed in the cuae of' f..loutil Chino. truu1 hortl;. ~h.t.IL .... . 

Tile contra.ry
1
• hor1evcr • .1 

I 
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Dl'llko records l.mt doec not o.mw~ to 1 nni r,o,.ed t.~.U.s 

l\ll()!!lllly. no o llo11cvor coneid.orou otl'JO of tbo 

pro'bler!! of eurthqu !'l"equency m1(~ tn:; ill 

.oubuooucntly d1a.ausuod. \/1 til rogurG. to barooetl"'i c 
. 

·Cim.ngea howovar he coucluden 11'tlle rupi d r".nd. stron 

tmoaphari,c vtu•1utiono , aooietoa ·t;.o oor.Jc oxtent by rv1n, 

re tllc :forocu 2:1oot cf''fuct1''la in the .final iitl>.r,u o 

eurthquwco ncti vi ty•' . 

\1'11 econd pn.per refor.rod to ubove in t b f!"' · ' 91 
~.o y :.&:alh· ,. 

doal1ne with tuc r ·thquo l-:ea of tltc Clu~rlee ·ton diotrict. 

'Tll.ia 1nveot1E£: .. tion 1s pro'bnbly tllc noet complete enquiry 

into ern~thqu.ul:c .frtHlucnoy tll.ll·t Jmo ovor lJccn r.i£\ cle :for 

inelo diatrict . ny pacta of tuo quectiou in 

rela1irm to otl1er nu. t.u1~ul llllcnorJOrlu .nre ·CXUL1ill'Cd and uo.t'l 

of tllorw will be conui dared in ·othu:.."" ucctioua ot tb1 

J>UlH~r . A_: th1a ntu .. ce hone,ICl."' only tho (1Ue:Jtion of 

bo.rornet.r.i·c ~riat·.i. onn o.nd earthqunltc f1•equuncy d.ll h 

d1GCUt)OC\l . 

·rubc1· , purtly !ron eeoloaioal en a rtly :frol':l 

c1amoloeicw.l evidence hu.o indicated tho poo1t.1o.n of u 

l~rge fa.ul t trondirH! i n en~xal ncr th- cac te1·n 

direction t.l.nf't paeoing l>etr.fec.;h ·t t~l1 .. orville 

nd. 0.\'w.rlcutou. no rt·c o . llisoa ·tr.Li.t i:f bul·oootric 
e 

varlutiona ur l~ ~ff uctivc 1n prouOtinv: olll~th!1Ut1l: 

f.requoncy u. ro.lv.tion z:,;11u t; b~ aouc;ht w.i tll th~ bul~orJc tri·C 

gra.l1iont rotllor ttlli.n with tho r:;nxiour.: End .mi111ou.o 

.rometric pl;-oosu.roo . An exo.r.1im::.ti.on ttnfJ r:J.l' de of the 

ato.te o! the uurome'l.:l4 1c gradient fo1· 75 cru•thqunJ:c 

recorded. in the period 1U90-1,9l) . llo .fuWl<l t~tLtlA3 of 

lj 

I:! 
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tlle rtnou s 'o"cu:rrod on dnys ~hen tho b£1.roootrio 

•rv.dient deoreaacd :from .north- wcet to ooutll- cwnt ; rb-· 

t ·ecn uhocko occurred r."llcn t11e Bl"Udion't e l oped 1n t ... 

opposi to d11~ect1o.n ; nud on tht; rcu!l.J.illilll~ oevanteon 

occaoions the \)N:omet;dc srn(\ient -r:av al1~.;ht or inctcter• 

C11Ult6 . 'l'. meteorological racord for t yoerel6lJ6 .. 

1097 mt.o not fully nvu.il tl.l)lc ond could be ouccrta111 

for only twunty ... eigh.t +lttl.'thquu.kea . l1'0l" ·theao ttle bnr­

ooet:ri t! gradi ~llt sloped .f'ro::1 nortll- ueut to uoutll.-eo.ct 

or1 t~Hmty aeven OlHH~niono and wau only in the o;ppoa1 to 

direction on onu oocnolon. 

Taber uleo found tllut for tl1a poriod 1&98- 1913 11tll 

u.tmOD'j>hori c proauure on a ... ., ,.., . ~..- - ,. -·"'"'"' o.o above 

norn!nl tor !iB per cont of tho dnyo u..nd belo\1 ~1orw:tl 

for 41 per cent; ncl noriJE!.l tor ono per cent. Durino 

·the pori ad 1086- 1897 the pcl'Ot;)tltUROfJ wero ubovo norl:lul 

61 , bol.<t,;t noruo.l 37 .mtd norrw.l 2" . !rh.tr; o1t~r1't o.t fi1•ot 

aecm to :fti.VOtlr u :rolutiori betuoen ear'tllquulte :t'requoncy 

and the t1rnca of ma.ximuo burocetric protmurc ; but. Tu.ber 

round ·tllut. 'by tuk1nn ccttcorol,o.Ldccll dn.tt. oxtendimt ovor 

four yeuro , tho bnrotlotric pre>c.sure wa'~ t:l>ovo norottl fol 

!)!) J)e:r cent uud bclo't1 .nornal for 43 por cont or tho ti 

'rhis tbcn lcavoG but r_;. very aoull excco:s ·of eti.rthounke 

frcqt.toncy c.t 'tho tirneH of' burorJetri,c tll~ximn . 

It ohould ba rmnnrked tha.t, tho direction of tb. 

down·throw-ll of the o.tnur.xe(i f'nul t in relnt:1on t.o tne 

baroootric erndient agroeo uith thnt 1ndiopted by otner 

col lo. teral. evi dorlce . 

1.! 

3 

n 
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:.rhl! .t:oro&ointt rev.icw llll.B ind.iottt.od tno d1:t•oot1ono in 

which a.ttempto ;-un·a 'fH~en ~11.10 to co:t'rolu.tc oul~·thntu:.~:e 

:freqtwncy tdtll lmrunotri.c prmHntrCJ.. ~.hu .rocul te a1'e not , 

pcrllnpe , concl1HJivo ; but they do .u.ppet.l.r to render it 

hinllly j)robuole taut tl~ tate of tlte bn:rCHlCtz·ic ern(l• 

iont exoroise ouo influence on eurthquuke frequency 

.or, e:t;; the very lecst , tb.u:t \;oth tllcse oc;te of phP.tlO• 

r:~enu. nre influeneed by oo:roe oot:.lllon cn:.tec . It .see~o very 

deuiruble tb.f:. t tL.e invoe·tightion should be cnrried 

fu.rthar ... particularly for sohll diotrict.e .1n w,11c11 th 

:fault £.one givinu rioe to tllo loco.l ccrtnutt~ca ia 

dcfini tel.v loan.ted by c;aolof':icul ovi.dcnc:e. 

Durin toro:J aocoopt::.nicd by high wind, Vtll.oc1 ty tho 

ind Pl'Csuux·e in often con"&iuorcl..·lc r .. nd it 

t~d tiu.l.t aucfl r~n .1ncrc in proscn 

i r e . Ut) ft \7el'e ., tJle aa.rthtluako ,::un. ~~11. 

tllc pooLible roluti on of ca.rtll tretwra t).flti 

,r;...D 'be __ _ 
C~lllpe~evd­

' y \ ~ v ') ); 

4-\ 
~._.., ... 

incl velocity 

nd there lippeura tu be u body of ~cviclenco i .n nupport 

of iiUCll rolv.t1oJl. Ha .er;ya, hJ?or cxtl111JJlf], ill 1887 

tro111~ wind.tJ wore blO\dnt~ in Cout.rnl Juptm a.i.t;hty ... oix 

tiues , us1d it wao only in nix of thcsa r.anoa thut 

t:re:core were not obuorved. On t'ilc ccmtrnry, ·when 1 t 

~cnltJ in Ocnh•ul Jo.pan, only cxtrooely ocal·l trenore were 

notod, tUlll even this tvl1D of ro..re occurrence . Irn unalypi 

of 'tlle t:t"oDotnotri·c recorda from l:~orno ohowed tbu t for 

o1xty-thrue 1nercnuao tmd. decronueo in microeeisrnic 

1nt·cnni ty, t:nere d been forty .... ci>:: inc.reu.uos c.n 

doorecaen in the inten::Jit f tne nrind ; td 

~ 



) ... .. 
corrcopondint; uat&bcrr; :fo1• Hocoo de .lJr~pr.. bcin 

four uu.! :fol:'ty ... vix" .• 

1xty .. 

If f;UC;l u. l"el t.tion cxiDtn f·Ol~ t)ei·tll t'l.'er!lol~u i t wz-.y 

well be 'thnt wiud voioc1 ty contri1>'-'t,, cotl)Jonont to 

n.rthrJunke fl'"CHHJ.Oncy . 'l'h1n queotion !u holtOVt'r onl y orw 

pllCDf: of' the ponoiblo rolution of curtllf•lu:..',;c i'requency 

lll'.l bul't;Diltric: p:terwurc ; for ~:;;t11Cp burot:wtr1. a t;rndiento 

nrc unott.."blc :uid. muut ine-vitably e;1ve 1'1 t.o utron 

ttinds. It oay >7Gll 'be , of courn(~· . tlmt tl!e rnoncntuo 

·Of 'lcr~c l1cdy o tile tmoaph 
' 
~.._ uutldcn.l y urrco t~ eel 

would contril"mtt: art sddi'tj.onu.J 'fc.ot•c>r t u t1Aii.t of tll 

tc:~.ti c prc:u~ur¢ l".u.r- to a.• rm-1totrj_ o i~ri..diou't .• 
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fr"ou.ency. 

In countries uhoro murthqt~altc re of frequen·t oocurr .. 

ence it ie nttturul thnt r.mny opeoulnti·ona no to tllo cnu 

of oarthqunko 1oUld ur1ao. Tho coincidence of tor,.J, 

n opproni vo duy ot'c . wi t,ll nn en.rthqu&kc 1 uffioicnt 

to ootublinh in oc .. ny untruined ~indu a. ~cnuanl rclntion 

between ·two ouch ovcnto . Conaoquoutly many por.oono hrw 

believed thut curtbqunl r~ nsoooiuted with certu1n 

typee of wco.thor-co.rthquo.Jco ueut.llcr - ns it 1a deocribod. 
:ll 

ilno in .1981 vtntee that u relu.t1on between ·the rain-

fnll rmd. eorthqunkec of .Jv..pnn e been nought but nith r1o 

ontiofactory roault . llio 0\711 conception o:f euoh relation 

ua, nt Umt t ·trne , otrongly coloured. l)y hio belief in 

the volounic oriain ·of en:rthqua.koo . Ho aaya: .. 

"It dooa not :seem to b 1 together beyond tllo pu.le or 
ponaibilit.y tht::.t tllo rnin whioh f'ellu upon volcnnic 

c ~ountry r:ny -llnva v.n 1nf'luencc oi ttler in :no&kinr, downvmrds 

nd bocooinrr converted into ut , or in sinply looaen1J 

tho ,g .ro\Uld'" . llo :r~c)rdo tlw.t he Jlll:D noted thnt "m1·cro• 

phon eo 'burtti cd 111 pi te durine t:l. hcuvy ahowc1~ of rain u,re 

ometimae very ncti ve" . Al tnouall uooo coinci ,dcncc tween 

rninf'r~ll and eo.rthqunke :frcqUOllOY bon been noted r.:11ne 

thouaht tht:at thio boins dnpandent on te.mperatl.lro . bt~rol:''· 1.'t, rtc 

pressure , etc . in '"consruer1t c.f.fcot -or ctor ncrol 

onuocs' . 
ZtO 

...nott L·:,·eer nn invontinetion on annunl riodioity 

BUGscsted unowtull na pouuiblo tuotor in dotcrminin 

rt.hqun1cc frequency . After le.pac .of 'twonty•two ycttra 

i n a conprehcnoivc review of tao uubject of eert11q 

, 
j 

~ 



33 

periodicity hrtott 

fnll lllf).)" plo.y 60· 

i.n :.sur.J.!eoto t t rainf, 
f 

tho vr 
l nd unow-

"'rt 

ther 

hs co.ll 

t 1o'rt in nrreoti11 of 

llortly tcr t.hi 

ppeLred a very 1mpor 
(I 

.. ucon~ry tlftUIS,f.Uf of 

opinion ho.d been (l~r 
b~ 

~er.1oir .t>Q Omori on w: 
,,7e 

rthqunlcoe . This ,oontain 

probably et thut ticc the nout 'ti o sno\11ry 

into rnin!l\ll o.nd aarthqub.ko periodicity , and indned into 

aecont11 cnuoee in L!Cnc:r,nl. ori ~e,-:tmined t :recor.ds c 

oa.rtnqun..Jteo which were inotruruu\to.lly rec~Jrded ~1.t ~oky'o 

or ttlO p(JJ"iOd lo76•1907e Ha :fOWld. thut t •.• rthqUEk 

frt!quenoy nt 1'·okyo bora "no to 

tbnt of the tlLUUnt ot p~eoipitr~tion"/ ,•t Tokyo 1tael~ . 

"in tho otl1cr· ~w.nd when tile ru.infv.ll curve for tnc 

tllu :1 ly 'Pr,rbipi tn·tio:\ at Akita nnd JU.i.rnt 

for tnc period lS82-l9<''/ (no em.•li Ol' :reco1:·< 

ined 

thore tm.za :found tc 'be l~ 3~:!'1.k1ala de.area o'! currcopondonc 

tween the Cl\i'VOa illue'tru.tinc )tenrly eu.r·t..ttQUfi.ke .troquen17 

.u,nd pr.er.1:p~. tution . ~~hll o1. ty o! lfi:!.~ut:c. :!c c.'bout 260 1:11 

Dctre:s nol~th lfaot , und 'tt1.at of: Jud tn ie u.bol1t ,44() Jd'lo• 

cetrea nortn of' Tokyo . Onori concludes ttu:.t '11Tnia eo1ncin· 

nee in probnbly not nnd" thct Y.t-.:rin.t1on ,of 

the y'er.tt-ly nu~bel" c.~. rthqtmkon felt in ~okyo Jt. bo 

tnkon ua a~pproxirm:.tely proportic~l to th rmnt o 

roo1p1 tat1on nlong tha nortll WB»t4trn fli~._, of tMlH.l ooin 
• iHl&nd • 

1!. de J!ontoe~auu de .kmllore in 1(,12 WH1~ n:11 ttnquiry •to 

poaa1blo rc:l(:.t1on between eartnquuke froQue.ncy Mfl lc 
58 

period variation• ~Br\_cknor Cycle•) of. J)reoi'J)i ta. t1 on . ·~ni 

111 be nonai dttrod lnte;r in ~orf" detli i.l . lieboncluded t.bl~.t 

.t Iul_y relotion :Wotween 

le 
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periodicity Knott ncu.in :.n.~caau tu that rninfnll and unow• 
f 

:fall !!in)" play aomo ptt.rt in ef't'eetin{t thr: f. "qtteJtoy of 

au rth_qauitcn. 0hortly uftcr thie opinic:., · ... 1 been c!-Kprer.me 
b':{ 

there appm~.red a. very irnportont comoi:r· ~ ' .Ol'i Oll WllU t 
(I ,,7~ 

ho culls noconda.ry ·Cf),uomt of Ctlrthquu.l~ •J!J. ,..;.ie conto.ino 

t tms prolw.b!y ut ·thut tioG the r.1out uynte~tic enquiry 

i.nto rainfl\ll c.nd a1.t.rthquakc period':t.·ui ty . und indood into 

secondlr.f cuuooe in gcnc.rnl. Omori ~eT.umined the recor.dn c 

oe.r·t.nqun.keo 'l:thich ttex>e inutrw~c!ltally :rc:oll:rdetl :;~t Tokyo 

fot" tao par.iod. l8'?6·l90?. Ha !ound tlmt tlte earthqu 

frr.!queney tlt 1'okyo bore ~•no .rta.rkecl atm¢rttl relu.tion to 

thu.t of the nnoUJ\t of p:recipitutic\j;'/Qt 1'o1cyo 1taclf. 

m tha othe:r iumd rrhen tl1a ruinftJoll. uu:rve for the t':leon of 

·thu yeu:cly praoipi tnt ion at Alti to. m1 d lUigu t· cxuoine 

.ror tuc por.io~i lB8~ ... 19rY} (.no curli.Ol' :rec~'l'c.ln wtn:-e cv~.~ilc..b)b le 

there \'IUI3 found tc ·ue u.. 3~r!k1ati llecrce .o! currenpondarlce 

ct.n"~r,:,., tJ\v. _curvo:t illuatru.tinu ;,eu:rly cu.rthquu.ko froq\10tl\f 

n.nd pre~~i;p~.tut:i.on. Tho c,.ty o.f lli!gut·n ie c.'t:eut 260 kilc 

~ot,.'ef) .nor·t.h 1.fBlJt, . anr~ ttln. t ,of Ald. i;o 'iu nbcmt 440 kilo• 

metrae north o:r i'okyo. Omori ·conclu.dcn tlu:.t. t11.'hia co1nc1d-

once in probnl>).y r1ot u.cc.i dentr~l, nnd. tltF. Vl~:rintion of 

th~ y·eo.rl.y nur:bel" .cf 'mrthqunkrm .fol t ih •;okyo nny be 

tn.kou U.f.J. .l~ppro:::;irno.tely proportir.:n~l to ·t;hG l.t.""ltrunt of 

prcoi~1tnt1on nlong the north tttrn nilic of tH in . . 

i Rlb.ll rlt' • 

1!. de l!.ontoacuu etc .Uullcre in lG.l2 end n enqu1ry :into 

pt)oaiblo rclution betr.ccn ea1·thqucke .:frequency t:.nt4. .lon 
u ~ 

period vnriD.tionu "(.. r \ c-"-llt.ll' Oyclcn) M~ l)recipif~e.tion. ~n.1 

ill be oonnid<trcd lv'ter in rnorc <!.rJtn'll. Ji1concluded th.n.t 

no evidencP of cny relntion ~etwoon enrtn~u 

l:i 
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f:roqucncy Urld ·t llGOQ cyClic varifl 'ti ·008 :ln :'r&i.it1ft'-l • • 
61 

In t ile !ollo ycu~ he publiuhod nnother p~~P on 'tho 

nbjcct .in xuninod the dato with rom:rd to 

cn.,ono.l o ~~ 1n r· . l. Ho need nD tho lnlaiu for 
4-5" 

hilS 1nvcot1gntion J.!iln· ~ . ~- .. on :recently publinhcd cutalo,:r• 
. 

ue of daotruotlv rthqur1.Jteo . Al t tllor 4136 :rthqur.;,~~ 

ro roool'dOft in t.lli;. ~ luubl·o ~v;tnloe;tt ~ , ·. Licb covero 

the period froro A. D. '19 to A. D. 1899· 1.\om.<.:t~tma do Ballor 

fi:rot prepared tnl>loo in l7h1clt ouch .r:min district wo.u 

connidc:r.cd aopurntely n.nd for whi·oh the oonthly enrthqu. 

t:roquanoy and procipitu.tion we3ro col;}J>n~ed . He <:loon not 

furnish nny deto.ils of hia reoul·te but rstntoa thut t.h 

tnblon uo con-pila(} wore uo irregular n.a to indic u 1: e no 

rclution. 

Bo next grouped the olroorvntioun into three .nonthly 

poriodo u.nrt .round tllo reaultn to be follovto :-

(1) T. ''Wt"1· __ ic rnuxioULl falle in the quarter ( 3 t:Jonth.e) 

of mn.xiJJtiDl r'rccipi tn ti on for noh'irlo. , Oceo.n .i~"' • 

ru nnd .fJoudt":!.n , the nuuber ·Of eurthqunl::os recorded 

in th countrieo ·totnllinr: ')27 o.l to.Rethcr . 

(2) Tllo neioni ·c .minimuo fulls in thf; quc..rter of t:Jinirow:l 

prco1pitntion for tho .tu:tuzon Vulloy, Breton, l!exico 

nd Ukrninc . i'l1c total .mtt:ilu~r of rthauL;.koc bein 

8]6 ror thevo diotrictu. 

3) ThB ooian ic r.m.xinun ft:cllG in tho Q.ucrtc:r of oir11 

proci ..-· itn·tion for. the Jil1dea , Fur.ia und tt1e l>unjnb, 

<'li tn .u to tal of 225 oartllotlt:.kca. 

(4) Tho noin~1c oinir:un t"Lllo ·in t .no ctJJe qucrter 

the nnY.i· tU!l Drecini !;t\ t.ion for the J\.l•ctic roc1on , the 

• Folyncs1n, .rsr .. narL>i, 

i1 

.~ 

I 
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Uenoao.l , Litll-"l ~.:.nd ~:~yr~c. , with o t.otal or l7L3 

t5') li'·ei t hor t.he '~J...~ic.ur~ nor tho ,tliairntc of' ,aoioo1c 

frequency toll ti in e.1 tnor thll qua~tcr or :ov.ximu'fr 

t!lillit~,u~ 1>%'0Ci Vi tn.tion .in tlla Cl~Of~ of J•.l"t:.biE~ . l3ont,:t'ol • 

Chinn, Gr.e60IP und t:ibt~t.'iu . w1 th c'., toto.l of 6.53 -·••••••· 

cm·th'Jmll:e ••• 

ontcnm.w Cit: l.it.·ll.oJ.·o pcinta out t.ilrro.'li tl.i.a cl!mut~.~n conrl.i t-

ions of the COWltl'ir.n tJl0 \ .. 0 CN'U5idr.rGd Ul"e aintributed E~t 
I 

!"C.:1d~r:~ in t.hc f1vr: lJ~GO t-~ivcn . lle point:; ont f'jorcovcr 

tlu.it ii orw tnt<co &no !ll;t'for~rwo hot tilt.l fH~itn~ie 

'CX!r-:u , .. nn ~~inh.~.u n;ld. tJr.pl·i.Hsf!Oil i;;l.ie Ms H r<H~uentnGc o1 

tho totnl Ct•l'L i.~QtU~ '.:ot. ttJ•l .).·eeal+, 1'~ t:.ltr.:;n,:rs UJ:Jt>.ll . und i.t 

i:J fu::t11~r dit!lir.~1:HH1 'v,,-. ~~ .. 1,1nh .in to ;;: .wfJida.l~,.ntL~ -1 1~ort;1 end 

InC.H''O r_!~•to " 'rll5.B 1 h~ (;Otll!lidOZ'H,; 1 ->! ·U. Cfi..t.GS ~.llC lu.C~ Of t.ny 

ro.l.;::.t;tQ •• etH: • ..'. ~l.G t .... c:t 1'..:>Ut.:•.: ~~ : ,!' l;.e.r. ~li n Ollncluu io&'l 1o t-W 

follow?. ! ... 

"Bn 
/ 

~~{~ ;' ~t ( 41 ... . ~. . ... •• -y u. nucuno r.olntlon do crs.ua. ' 

e.n.trc~ leu trmr"ul(!:.ccnt,..., 1r- t.t:J>r.r.o dentru.:tc;m;a et l"''· 
/ 

pron~.~1 tn.tionn ntmom:;l . . 
I"' 

ucHJ, ~t aela no p:rcacm~:r• 

- "" / ,/ 

1"fet 

u .. cu.n 

1 .·~~·r,:t dJ cOtl3tat,er nar :stC.lJPl q\\G tel ~rand '• :.ii<·:·Jan 

B:Jiouc • 1 
. / 

5i1 . vi unc ,,ari o d'i.nondnti1.mn , hinoi nu'on 

ouv ~:rt : V·i t • 

'l'he ::~uinfull datu uue~ by l:tm'teenuu do mul.oro .for 

thio !nv<~r;t:5.Hnt1on \":ere ta1~en :l~ro11 t.ne l'ninfull rnn.pn 1 

de L!u1•toz!no • n bock on tcoc£rhpltie !)J.Iyai\flh:re 

'~he cnncl.tJ.oion r\mcnell by ~·~t~!l1HJOatm in , i,,_liJ lJ.tAt.I101' 

bol.iev~f~ _ Ol.JCU to NtcotiOJ·l~ L rtd .:-rl. ll. be di ocuused. ln.ter 01 

At the ti.tlo of th.c :pu1,licn.t1on o :· ~the ~,b ·ove 'PUllQr 

ont•· ·::.':l llt.~rc h.o.n o.ppn•~ntly not soon t!.u: -.J.dc of 

unlinhod ~ little 1 lier . 'i'nis 



.?(, 

....._ • ., irnpol~tv,nt meno.ir ~oontn.ina t.\ r:;out extcns:f.vc octt:tlor:u 

of tHe dot) t .ruo ti v~ cu .. rtllQU.r..J<eo of ~llinu.; end 'tne cutnor 

dincuaocd tnc dnta .111 n :raost illUDino:tin~ fnonion . 

onRut other 1nvcotlRat1onu be enquirec into the question 

of rninfnll. Aftor nroupintt t110 ca.rthounknu .o. ccol~din:; to 

th onthc i .n wlliolJ. they occur J1o fi·nd" ·cvi don co of very 

trom~ nnnuu.l Ur.J of Cbrthauo.ko froquoncy for the 

montha of July ru1d .Aununt . ~hio h.e r.ofo:~rd.o ooaoom.tl 

ppriodicity 
of 

,Q04lin·tcd 'tVi tll 'tho Dut1r:lOr liJOUU•OOii j.ch iv 

courl:l r.>Or!.od of hcuvy rninf'u.ll - .• l f"' rcr:: ~rdin.r.: the 

the chr..rmee in bu.rooob~i c pruanu:ro till t.a~\cJtiof f'nctor 

inf:I.Ltcno1Jlft the pariodici ty he conoi dcrl.i "' tu.c ruiuf.cll 

contri'but n it.'Iportnu t pert of the cll~lnge.f-3 in -.rm:um:re 

1nvclvod. It i~ not uo ouch the ototi c prcoouro. ne con-

oidaro , o.s the rnpid ro..te of loading und unloading \7hi.ol 

ffoctn the onrthquu.ltc !!*!!"""·• rr~~'l!enoy .• 
85 

In l.hc foll·otdna your fluylt=;; L. ~'tucked tl.1.c problOI!l uein 

tho oourcc:w tor hie onrtllr.:mcko cutt:.locuett the nccount 

of da:Jtruoti ve ~u.rt;nqunku;o gi van in tho followinG pub-

l1cu'tiono end f'Or tno :poriodn ntc.ted:.­

(1) l~c.tvcre .. 'frot:J lb7.l to 1910. 

(2) Tllo London 'tino t~ fr·Ol."l 1871 to 1910. 

(3) 'lbitukcr •n Alnt:UlU.C .tror~ 1871 to 1909. 

He iu'.o ill·uutrv.tod hia pnpor l>y d.ra'i7int~ g . carve :ro~ 

tllo totnl f!t1rt.hquu.ltc froqt1oncy, nnd u.luo r-!-11 c.ddi tionul 

curve for curtJ.:tqua.kotJ hnvinj~ nn int ,,.nnity nrcr,ter tllrul 

1 ·On the Hoaai • l7orel .act:.l ... . 

tlruJ ~lao drnwn n (!Ut·vc illuG trutinP td.c diffc:rorH:w 

fl•om the cwox·hgo !or thn rc.infl.-lll of tho 'jni t<)d '~tu.tcv 

Qljd11lt': neriod. 
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Tncr pccr.o to u ccneru.l uinil4r11 t 

ourvca f-'.nd ,;,,yl . '\ ;;rbi lc l)oinc: nooowhu t r.ut:r in il1 

corwltJ8it 
~ 

noidcra tlmt o uubj oct is ocrtcir.lly or 

of further invostiRntion. 
91 

·rno question Y'IUB UG<dn t::.kcn UJ> l>y ''i'c1b,·r ill 1914. uc 

:focuar.:e·d hie ntt.ent1on upon rclo.ti·vely mnall n:ro n 

ttuckccl th<J nrc)hlen in n t:Jout fiyntor.m.tio rmor . Trte.r 

can uo 11 t tlo doubt thu.t hin rrork rnn:rltn tho ooe t din tinct 

dvu.nac yet. Mndo in tl11r; direction. l).revioun .1nverstif1:nt1oNns 

ve uoucht to correlate the ue3.nnio maxiT!ia nnd ~"'lxicn of 

]:1rocipi tnt ion. Tuber rightly pointn out t.lu: t -.., i 1' t:n 

cu:rtllQUD · ·\ ia ceuood by t~ovm::~ont t-:.l one o. :f'uul t plu.no 

the nont i!!!'!~WetJd:li!i'*4 .. etronB ·to ~ .~.ivo r1ae to r.tove-

mont will be o rlif.ferontio.l ono operating in conjunction 

\11th tt1e prir1o fU•rt1l.quukc fo:rcco. It do not foll tn.tit 

tbe tico of xiuuo r.recipi tB tion r~ill coincide ''1 tn thet 

han tllG ......... ? "' .,,."' ....... + oppooite nid 

.f'hUlt. plnno ore I!lll.l1Cit"'UI~ ; bUt 1 t :L i 'th OUCh 

01· tll 

iffcrelit nt-

l etreRo , if ut nll, tbut tnc froquenoy 

uuOUld. oorra d. Aftnr aubnittino olor.1cul and 

aeiAL'IoECrnplli col evidence for n. :ft~·Ul t p~;:,ae1nf' between 

orvlll nd cm~rlcoton nnd trcndinn in north-cent 

direction ~t~ber oo~onceu to mm.lyue tho rt!.infu.ll dl1tu. . 

He faun d t11n·t t.11cr clone correapondcnco with th 

throe ourvon roprouentine tho X'fJ.ilf.t:.ll t~t l..&tt!I:~crvillc I.:,.fld 

t rlef}ton, Emd the earth fr<1QUoncy . ~110 rninf.c;:.ll 

ut illo \7an con 11tly in exccaa of tlmt of 

ton wld t exccol! incrcnood \vi tli..\ ·tho totnl 

pr It it~ to t "cerw o.r reinfl,ll til 

nort rville) oide of tu ult t ':i 

I 

H 



'!.~· 

ttributee t!lo ~-troutol· part (>f tile oorrenpondi X 

tn frcQlwncy . Thia :ronooni111~ ic cw1•tc1nl 

10ound Wld furni .t-;rH~n otrone avidenco ,of · lntion bet 

en.rthquake fr ,ea,uoncy und rflinfcll .• ThiB conclt.u,ion 1 

furth.er nupportod by bin ~cxm.lino.tion or the condition 

.11 

n 

influencing the level o!' tJHJ tur tnlllo nnd by collt:. terr. 1 

evi dance \71th ret:.r;.r d to t 11otr1bution of ntmocph~ric 

p,-escure. Tho fuct tnut the to'tt!.l .rnin!ull curves uleo 

follow tho curve for ourthqulJJte frequency in lncidentnl , 

nc\ in no.tu:rul cnout:h rola'tion ~ botwocn the to't.ul 

· rLinf'nll Wld the cxceua of ruln.full o:t the tuo oontreg . 

·J.·hc caunon which control diff'cronoe in urccip.itntion at 

two ~dj 't"'.~~~'t ~ ... ~t"'"""' t::IUot be chiefly topogrn)>ll.1,cul or 

relc.tcd to their prC>xioit.y to coaot lino ; us oucl 

geogr~puicnl ff•r.:torn ronuiu ~connttmt the difference in 

rainfnll will nuturnlly be clonely proportiotwl to tho 

totul rninf!_lll .. For 'thin renuon it :r:n=..y well be tnut tno 

oonveruo ifl true nnd tnat whQrc cu.rthqunko frequency 

hn.a be~n dirootly do1•rel utod wi ·ti1 total prccipitntion th.o 

rcn.son iu tnu.t tnoro axioto ,c. di:ffcronco in rc.1nfo.ll over 

nmo ............ c.:dtioul .zon d tnu:t thi o also boc.n 

d. It will be} obviouo enouy)l tll.at if ·the .diffcrenc 

.in rninfnll ucroas u fnult .&onct operuto in tlle oppooi t 

directinn to tne mf.turnl eo.rthquu.J~o foractJ an inoro:..uo 

procipitntion ~ill b nfnvouro.l>l.e to tlle occurrcwcc of 

~eurthqun.icen ; nnd .in UliH xintu:J rc1nftill J1l.:;Y 

oorroanond to L ninirnw1 -t!'a,:M:fi!~i of cnrtWJUDko frequonoy . 
d 

If one no-;r returns to tt1c ovidouce nur;oo1Jl \ . y ton• 
6 l 

teosun de JJt.J.lloro nnd cxu.t.1inoe it in t~.w lir;nt or· Tl_ucr• 
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~tork it :•ppo~l"G tHat 1a4 21 ou.t o£ 26 diotrS.cta '. ;nic 

ontet::.nurl lms considered, oi tner tha 

"1't.hquD~e troquon,cy fulla :in one CJX' other of U1e 

yeu:r 1ntcrvnla ,corror;pondirm to mn:x:imun or n1uiLu.tJ o.£ 

tut.al .i\·~i.nfu.ll ,i nnd tlmt to thooc: ~~ diotrictn cro to 
or more tnu.n Be il l r oant, of t 

be ro!'erred '3ri 1 ,( ~u~t e£ 11~ 4024 c' i., ·Cl'lnkt?fl contl1 rtel" 

uinco it h.ao bcHm oho\m tl1nt .ncoordinr. cs ·tuo ntrcn 

dif:fcrenae du :'\ ;1 e~COtlS of t:'.l\infr .. l!. on <me ei d 

t110 '!nul t ~£:\Y ualiii.t~ t. or opp.ono tho nn t.ar~ 1 (v.·rth~~w .... 

fo:r.ceo fJO th.e rnn..xirmlr!l tu~rth~tt~(" :freo12~nr.y f1';1J,y <mi nc~i d 

~i t~or ui th r.tu:x:t•'JW!l or ~inirntu!l d.'tf.fcren·co 1n rcinfnll.; 

tlJ'd flino() the dj f:fercnot~ in rr.in.:t:o.ll :i.a v:rob:.tbl~,r in moot 

v_oes 'pl'c•tJOl"tionul ·to th ount of ra.1n!u.ll; .1 ·1~ foll.o 

tl.m.t thG du.tn uoe~ by l!~Jnteosue 'to .t•efuto ,·my rolv ti.c 

botwoon .rn.infull lL!lr rt.h.qu.~.l(e fre~uen~y h:l s :::.otut1ll.V • 

i.n tna liHut of lator roocnrch, furn! encd etrona ,;upno:rt 

in f.twou:r of the rclhtiOtl postul ated. It in t\"UU t.lu1t t,. 

differeucou between ·the rnttxi Ull tho eartu-
sl8ret;( 10 be 

quuk'o i'r<~quonoica ext:l.t:litwd b:t hit:. ' .. .,.~ !!:·:; ; 1. , hu.t • on tu 

othor la.t:nd, tni u io I)Crtoinly ·to lHJ nnticip:;:.tad, rnnc 

t.ha influonne of exccaa preonuro due t o difforontitl 
i ') t, 

rnlnft~ll iu itcolla..., aw-....l.l u.nd i. ~ tnc pl-!r:Jc ·cnuf;e o 

enrtllqun.l<.on ; but u t b~ut only ·ono t)f' lf.;J.t,verr.:.l accoJu.lary 

ChUC{;·~· 

7'0 
fila 1nvcot1cutiotHl of Omori for 

BS" 
Cn·im.~ o.nd tne more r:onornl wcrlt of .:.~ylcL ·~~ <:J .. 1.,; 

. 9\ 
;-1 d~ed si~nificcr•cc in tho lit;l:t of ~ubcr• u •7o_r.\: . 

(6 

for 

:e o 

'Ehurc can now lH~ littl.o QOU'bt t::u.,;t, rc.infLl.l (.Ji.o.r .. 

oirr~H un 1~portn..nt i.nilunuctl ou t 1 '1c ecrt1lOUt !;o fr•·•-

01· oert~irt .diu.,__,. ...... _ 
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a 

tho eonrcn for a eu.aonn.l f:t•equency tor rt 08 1.,. , 

of co\,lroe the mn:Jo na f ·or nn £~m. • ! period. ~110 enrlioot 
36 

syntomutic vrorl: io tlmt of l,orr, .· lO croupcd 2299 ~cnrtt1-

qurucca uccording to their t!lonthly :frequency. !heo 

c()nui clt~l'ed for ell diatriot in which t ltuy waro reoordc 

nd drew up ta\)lCB to nhow tho .c1onthly frequency fo:r the 

particular dtntricto . 

He next l.]l'oap od tlle ~eo.r'tnqtttili' 

t~akinn .January, li'e1>ruti.r,Y nnd 

ocorciin& to the aeauon 

rch for ·tlle winter ]Hlriod, 

1~1. 1 , :t:c.y c~nd .Tunc for tlle :.Jpri:ng , .Tuly , Auuue t , e-t .... :1bl! 

!or Btll':lr.~Cr and Q.ctol)er , liovortbor ,OJld Dcce~bcr for ~v--
Au the renult. ot' hie lcl,ouJ.'.Q do not r ppcc::..r to neve tlcen 

proaentcd in w1 r;bbx·eviated form tlley u1•e hore condennod 

in ttle follouing Tnl>le : -
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Dictrict 

ocnn.dinavio c.nd Icolo.nd '14 

nri tinh lalcn & NorU~arn lslco 56 

pptulinh l?onina~Alo. 55' 

:ranee , liclgiUCl o.nd. Hollnnd 

u.a:in of the Lhono 

200 

6? 

llouin of the J inc & .Cwi tzcrland 
160 

.l.ilUJ .in of the nulH! '}6 

Itn.litln ~eninouln. with. Cicily, 
Oardir..iu. tutd l!u.l to 298 

Algoria and Uorthorn Africa 13 

rurco ... Hallotli c Terri tory • t;yri" , 
the Aoaaonn Inl.Hadu & Lovnntl 06 

United Cltu.too and Canndn. 

cxico and Central ric 

The Antilleo 

Cuba 

Chili .tmci bo.ain of Lu 1--lnt .. 

40 

16 I 
$4 

13 

4] 

neoume of the .n~:rthquukoo of 
u:ro:pe nnd u~J.juQ<.:t1t pu.rto of 

.J<.Bie fr.om A. D. 306 to 1843. 5'89 

.northern .Zone of Europe 

llorthorn .Zone of Aei 

l.t vill be noted thnt of tnc 

5'4 

27 

ccnaidered fourteen exaibi t n onxinur3 

39 

42 

41 

48 

'2 
46 

;3 
6'/ 

S9 

133 137 186 

.32 

103 

6< 

2.5'0 

12 

102 

16 

16 

49 

l 

41 

404 

3' 

13 

37 

.lCil 

67 

203 

6 

,ll' 

32 

10 

6' 
1.3 

8 

44.2 

25 

23 

'3 

16$ 

67 

233 

13 

10() 

46 

l 

~a 

15 
46 

526 

39 

18 

Jtl.u:;n Ln 

-tint or 1 .• e . for tho montha October to r:nroh. Tilio wo.r .-. 

bno hocn ttcnorclly roacrdcd ontc.blinllin inter 

f:reQ. 'r:ncy for enrtllqtmlcou. 

Il 
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.nllct ex 

f2. 
... nod un even lfl.rtmr 11urnbar of c 1 

:found d.j;ntrilnttion indicu ted 1n tne foll ·orti m: t!"Lle: • 

Hcn•a n~nin the :tm1 of intor r:tax1rmt1 fr.equency for 

cnr~hqunken ia prec!onin:Jont . Ti'lio i'roquenoy l)crroy roc{trd 

o.o bci.rll', ~orthy of ace t\o u..n copi:ri·o law for J ... uro 

at lannt .nuviflG a orne dou\rt if 1 t cun be extended to thc 

outh.er:i. ·:~ ~iepherv. 

27 
Klu · l.Jlvcotic:-t., ted tho coaoonul frequency for eu.rt11.., 

qun,roa of the northern homephoore recor·dod durin£ lG$; e--n 

1856. Ho i'ound tklo distribution ao follows : -

t)princ ~il: tumcer '57 i utur:m 77; i .rltcr 91 . 

Ac hi n aeauonnl groupi ntw corrcupond ui tll thooo of r err ... 

n<'. • nll thi in coni"l-rrJn the 1 of !finter 
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4-:, 

virnur:! f er.rthQuulzc frequency in t11c n llerJin• 

'i'no 

d by 

r\'· ~ ~-- or venaonnl poriod.ici ty va.a later 1nvcfjti 
3q 

illl: J (•r ·the chi ef ct:u:-tliqt:ttJ.J.coa of Je.pe.n rccordoc! 

urin~ tho vcr1od fro~ 295 H. C. to 1&72 A. D. Uo1ng tb 

erJJJe eonuonul soupiric; Hilne ' o reuul tn ur 8 foll •OV70 ! • 

in tor ?4; LprinG '95 i Hur:.oer 93 ; /~outunn 90. 

It 1 1 car thu. t tlla cu.r t11qunl<.ee 

uppoaod lau. 

n do no·t coni"or 

to th 

ilne not tlUJ.t tl1o exceptions to the auppom;d J.uw in 

llet 1 a ~~l.'bl.c occur only i .n eq uutoriv.l countries \71lo.rQ t 

ceo on re .f'u.irly uni1 Lif\ tlulour.:llou t tho yecr . He ttrfb• 

uteo the winter ~nxi for oountl"iun in hirwer lu.ti tu 

to the :tu.ct thtlt people nre more indooro in ninter nnd. ur 

eonr!equently more lilwly to n. · ·~ i :· q eurth(JU<ilico .• Dincuosi 
40 

ttto l)roble~ o.cwin in 1886 ~!il·· iq:•iofl y J.•cvi owo tn<~ worK 

or Pel"rcy und. llot coceptin n.llot • o ovi der;.ce th -
oont cor:Jplcto ntutcr~ent nt thnt dc,te. lie notes t.tw.t the 

n;rutitlun froaucwJy tor tho nortncrn hc~i opncro oacure neor 

tho ti -or peri hel ion, r..;Jld th· mlr1irnum not.:r aph ol1 on . l 

uloo .not co tnnt Kluge • .IJ r;rtv;t j.stics. Uri d t..t1ooe of .r:criun 

fo ,..., the carthqutl.kca of Eunlo foll the rmma 1 of 

diutrit , · · l . 

Z6 
F~ot t., ,~1 tine in tbo none ycro- us t~ilnc , noted th 

l 
lHW of ,:riutcr nt..xinum vronulf~Utec! by l)orrcy nnd I::.Cllct . 

lio ·pointad out , however . th.ct the cho1oo of t .ne wintcl 

ootwon nltwt lH' improved l)Y 1nclud1nc tiae 1:mntm~ ...... 7\ ..... _ ..... ._ •• • 

Junun;ry u.nd Ji'ctlJrUflry inntond Of Jnnun:ry , .~,.·'el:runr.{ l.'O( 

n.roh. . Uo thon oul1jcctcd tho dc.tt.. to hr.:.rtlonic t:nLJ.y 

i t .h J:.~ v i a.':.:J ai' f'.i .ndi.no i.:f ra11.l annuu.l c.nd .Dc1l:::li - unnua.l 

Jf-



±£ 
per!od6 do exist. ForthiD pu.:r.poa·o nP. uue o 11 

c:ntulor:uc· of JupanoDo ec .. rtllqu.tt..~eu f<lr the period 1{;72 to 

1080. Othor cc.tt-.~.loguau wore el~.;.o euployed lntcr . Uc lou 

the.t Utero exic'tcd un urmuu.l pmodicity tor tl1a 

i'requoncy, nnd conaidol·ed thu.t .it minht be due to so.J:J 

etoorologicnl cuuao • 

. A fcm youra lnter (1891) t:ontonauo d n.llo:re 

undcrtoolt cri ticnl oxur:~inution or the \7ho,lc ml'bj ect 

of th enuom•~l ft·aouon.cy of ·ourt ..nc1 published 

t 

. . 

t\-10 ir.1po:rtunt mct'loi ):"tl on the eu~>J 
49, !iO 

I 

"• 

hi thor to tbo 1nvont1t~u tion 

pointed out 

d r UJ)Ofl 

o£t . .oty ovidonco which o 1nouf .t .i'oiont oitno:r to cs:Jtabli 

or refut e tb.e l ot int.or xinU!!I. ~ .n.u , however , 

d nt thc't tiMe usaenbled recordo of 6), 5~5' cort:t1qu~cs 

froo 309 dintri c t ·o he conclLt(lod tllo tine WUF.I rip-e for 

norc oornpleto i.nvoot:lgution of the nubjcct •. J&o eeui>onal 

periodicity v-ruo ·tho r:attar in queuti on ,:lt o ,noGcaaary 

to ro~J oc't ell rocordtJ wl11oh did not extend over n \Vhol e 

your . .i1Ra.in 1n ny CUBCD the o ourthquu.J·:.c u record 

i n 'tne rocord.o of different dintriots . ?o r~oct this 

difficulty he doc1d to record. only the dayo on \lhj.cll 

th· 

t 

rthqunlc: occurred,, no theJ.t nn cnrthqmilio ::t•aoordcd 

tntiona on the ourne dtty would. 1, 

one "onrtllQuuke dny" " 

i'ho lir.~itntiono uo 1raponcd reduced tl'l vcilul)l 

record o 38,967 onrthqualCc .y.v froc 16!) diatr ictu . 

ilc d1vid tho yenr into ourtnor rutd ':7inter frol!l t 

quinoxen . f'ow1d t.hu•t tl :f'irnt t~lt:nce '~t · the ntt:.t 1C!tic 

ur.ecste t if t cny l nw it ould b x_t'cnd 
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y in;: th.l:.t 1 t would un})cn:r thnt onrt oeo 

ore frequently in 11ut~n rnd ninter thun ill 

:r. On exao:tnh1c tllc atu.ticti ·cs he found Um't 

ra 85' oor1ca of rae or do :including .20 , 258 enrt.tiquru~ 

hich fnvoured ·the ln nd 80 oorieo of recorda wltb 

l8,7v9 eurthqtmke duyo which rrero ·oppoaod to tt. Tn 
.1 

U:fference no pointed out is only 19 of tho toto.l . 

He next cxrn:'linod ~eu.ch dintrict sepnl.:ntely and lluo 

ci v en eru~Jhical rcpr.,H<mtu.ti ·onc of 39 dir~trioto . 

.. • iUJ t rcc:ord.n ('l__re not ul l 

of oqunl l"'elinbili ty he o aroupod them into eeven 

cctegoricn u.o ·oorditlt~ to thoir sciontifi·c vulua . 'i'heoo ur 

o follows : ·· 

(1) tieri-en of' hifJ tori cttl recordn .. uporlidi·c in chn.r.n.ct~er 

(2.) Obaervutiona rron :orol onicel recorda 

( 3) 

(4) 

5) 0 

cords of· cnroful obaorvc.re reuidinh in 
·quake c:cntrcw~ 

rth-

cin~ologicGl rocord.fJ :from countrioe where c 
qunkon ,o.re tllO object of spooinl etucty by 
· l<:uJ.:·ned cociati(~s . 

ri·ou from aeod;vnunicu.l obocrvntori 

rth• 

(6) nnd (7) Scricn of' ~•4lli4!ii@ii!;;J&iq W.cl~ooeivr.la ol• ohoo":S..I<s 
~enai1.>le only to inotruoc.nto .. co1•reapondin 

to i.rlteno.i ties l uud II on the nousi•L'orel .oot:-1 

onteoeut; pointed ·OUt tnnt 61" nny ncueonu.l l exiato it 

onould b trcnnthoncd by support f'roo the :rucords ~of 

rv.thcr thlln lower ucicntific vc.luo. Ho otnteo tht.t 

thio c not fow1d to be tnc sc • .i.iie -roeulta my be 

'tL.bulat.ed follows :-



tb 

OppOI 

,Geries ... o dnyo 

rooordn 5'9 12, 012 52 9. 328 

erica un 
:ooroloei~t.s.l rocordu _ - 8 4 •CJ ' t 3:;J· 

!3> 
tent olJoervoro 1n 
rthquu.lre diotrioto 9 2,947 .3 l,!f44 

) 
recorda 'I 2, 31? 10 1,66 

,Scr!ml ' l ) 
ueo~nmicnl •@•e~e• 

obsarvutiona 4 12'1 2 )26 

ueri.ea (6) 
. - ·- .3 691 
Inotruccntul 

Ber.ies (7) · 6 2, 263 2 :601 

IDi 20 . 26~ 8 1{}. 703 ·~ 

ontesauu otute t tlloro tu soca rcaon to d1ccrt}dit 

tho ov.idctlCf! ,of the inatrur:~cntal racorda but thi:o utnten<mt 

pours ·opcm to <JUCntion . 'lbo ceogrnphi ~onl reproucntn.tio~ 

7llich ho u civon, however , 1ndico.to thut in onny Ot\DOC en 

llllUlll poriodioi ty io ucll rnu.rked. It do not , it is true, 

l wu'ys -.. full ' in tho w.intor oouoon no ·t)mt in the stlJ.tiot:leul 

roupina: of' t record dopt.ed by J:onteaouo the annuc.l pa.-riod• 

.ici ty vo d.iotinct from l>crrcy' ,a law of winter froquency , is 

obocured. ; thour:n it 1 all roprcoentod by llio frequency 

·iucsrnna. Al toeetJtcr it nppou.ra to tho uuthor thut . the cvi 

preaanted. by I!ontcoouo f'urziio~ fstrona aupport to the hypotu-

ouia that ·thP.rc .io in norul. m1 nimual pcriodici ·t.:7 of tu. .. 

u :fraqucnqy ·thnt ao.oll diotri et its own 
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poe h . 

ont u lao .noted Umt tho diffcrertcc between t ;EJCBDOll Y'a I 

O.Xilil nd oinirnn of ·eu.r.t.houclke :frequency d1m~nitdlcd w1 th th•• 

increane :l.n t 

opposed to th 

total. ntt.r.lbor of. rccol•du . 'i'hia io corto.inl y 

.ppl1cation of P·orrey '' a lnw of' ,u winter r~1 

for tho whole world blit in a till itl hU.l\r:tony wi ·tll o.n hypotnoo1 

of 6ca.aonsl frequcnQy 'rlith clw.rnctorintic epoch for m.wh 

onrtllquu.ko diutrict . l.n conclunion l.1ontcosuo exprcer;ee hi 

vlews.a.a follown :-
/ 0 

Touteo e~n cono' 1 f: tiOll6 ~':!rl'! t\_rda,nof;.~~ cntl•P nllt:>P •1ontr0nt 
,. 

rti tion ba1nomu .\· ,. detl 
,. 

/ / 
bionaue ln •·•·1 : ei :'met . _ -,, ,o. ~,r~~ ~< ~~Uc' 

. - "" '"" . '\ Forrey ot ·to·,'t'cn cellon <'11 . ·• ·t'~ .gom .. o . doi'~'ren'L •!l..J e do!'in1 ·t1Vf"• 
/ - . . / / 

ncnt abandon''"' :· ot conuj , . ·• f'l'h cor:L-,o de .oimples uocidenta d 

tatiotiquco inouftioantaiJ . Ce ne uont :pa·o des .lois nnturcllcal'l . 

lt .ia ·diffioult to oce , or1 tho ov:i dOtlCG ·pr.enontod by 

these recorda , t.tlU.t Yontcaoue is juu·tifi·ed in r:;nkine 1130 o t:ron 

otr:.te~ent • I ·t upponrn to the n.uthor thot althouJJl t~lo \7orld ... 
ida applicm.tion ot :i"' t;,1•x·ey't3 lo.w of e, winter ntl):.irJtu':'l i 

Cllf!.llemwd the .ocaurrcnco of ~CiUJOIUtl or e.nnuul neriodioi ty 

ie evident i.1: no::Jt of tuc groupo repranor1tod. 
9 

vi&•ill i :I 1893 upproncllOd the D\tbjact fron ~:, mr ... tllout;.ticul 

point of vim .• ~ Afto:r reviewing l\nott' e invcotJ.rw.tion of 1306 

ne pointed o-r.t tnut v.l tnouRh th.ir-; hc.d ind!cuted 'botll nn nrmu 

t:.nd oe!:ii.- unnunl period hia dv:.tn wore lncld . .ng in cocplctcncao;; .• 

ethod of rtlonic n.m .• lyoif3 ployod l>y vioon i ,n cuocntit.lly 

tlle u£u .. 1o in prlncipto u.o toot unad by ~-:-r.ott but .1 

simpler In forr1 . 

vioon nft firat c:r;u.:;ined t11e recorda wi tu ref~nrd to their 
d 

in·&ermi ty U61rte L.ullct I lJ worll\ Clt'tt.!OJ.~Ue tH~d tlmt or :~ilne for 

the ner.i .od lilt_;5-.lbd9 • .!!'or tna 
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t puruo of ·tllio revic~v hin r 

ro of 
cordu , 

:follows/-

,..,,._. "'fJ.J!C 

.o<4oll\7t' a Cntolotru 

(i) :Dli~ht rthqunJCo 

(ii) 

k 

mlu~r 
of 
thqull..ko 

18'/ 

641 

( 1) Sliu;ht enrthqunkaa 22.!;)6 

(11) .Enrthquukou of 
1ur.1 1ntcnfi1ty 565 

(111 ,) :..Jtror:/ I:Urtllqua.keo 1'16 

-

·16 

'13 

"14 

•17 

•17 

lt; 

:d 
of 

!leur 

~fWlO b 

Jnmmry b 

ptecbar b 
Ootobor b 

l1'ebru.cry b 
l:t.1r(:h ,., 

l~u.rch b 

1---

•27 

·"8 

'' ,12 

•16 

·•12 

next tnadc n eoonrchem:si vo ou1~vey of ~62 C$ior:~ic rooo 

Lente • .:llor 

~e~~it~ih;i!11 
~)oce~ tbcr . 

~ relate to the nor":.uern hA.wiepll·~re . 14 to tlw oout,u).rn. en 

3 to eouatorinl coun·t:rica. iilo roo~.tl. to of lliJS wor -~ l ucv 

t.tmce..ritJod in the .foll·owinr: tu.b.len:• 

( 
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e1or.t1c Periodic! ty cf l7orthern 1: • .;-:-1 L phol."e (Oout 'inued). 

Distr.1ct -
l!nxir:nm ~m:!.l' Un.x.ir.J 

--· -
Italy • Exoluc1ine ,~Ucily &: Gcpt . b A!'r!l 

Vef3uv1us. ,1!)13 • 21 llov.:l b .l7 ~october . 
Ituly • Veeuviua dintrict JWt 

~. 'l3 • 21 Aue. b ' 2S Dec . 
.Fcb . b 

icily ,)24 •67 Ur.cy b "46 All(;: . b 

iic1ly • omitting 
roh lll83 242 ·;o ,June b 

J 'uly b •.19 lJoc.b 

xlorenco - ~rcmo=ctcr 
''beervotiono (10'/2 .. l8B7) 

61 . 732 "49 Doc . b •oa 
.UO.;y n June~ 
Uov. n. .Doc • • 

do. ,1876-1887 38. 546 I •46 Dec . b ·•04 

do. 1876-1887 30.54·0 •,49 D~o . b ' 0) 

rope 4 .23 Irrcrtulo.r •oa Aug. a. 

chm1dt) 3470 • 21 Doc . 'b 
March 

•25 Sept . 

lfe'b . b 
624 • "7 Doc. b ' 37 .... 

~nnte ~Dnrbinnl) 1326 •10 ,/lug" b "19 
nto do) l.663 "29 Aus. b ' 35 

nte (acbmidt & .L?ucho} 246 •29 "''*a•• V1U'oh 
Duo . }}. ' 33 t!opt . 

,June 
leer in 13; ·67 Deo• b • 30 Doo. 

ll1eb . 
it!. 458 • 31 Ycb .b •14 

0C.:UCM1n 152 •56 Jc.n. b · 38 
Janan 2997 •08 Oct . b •'07 

okio 1104 •19 Pc1, . b • 21. 

Toltio - ornitt1na the IJ.r.,y 
record tor l~8S. 1039 '19 Hob . b " 22 liov. 

Tek1o 246 "46 Deo. b 
Jc.n. 

'•19 J'uly 
J'CJ'l. 

'Yokollo.Lm 130 .41 Dec. b . 29 July b 
:reb b .. ;.fun. 

India 320 .2, Oct. ''• • 38 J'uly •• 



ier~i·c Periodicity 1n tho llorthcrn lle~!aphoro (Continue".}. 

tO liumocr o 
q\lnkOEJ o!' of /~OJJli tud.e ~· l . l.r.'le 

Diatr:lcts. J!n.xinum Ytlnr ·Of of 
I 

i.cum Year. 
• .. 
fortll .Amoricu ,,2 • 35' Nnv.b •l 

Jni'tod Ott:~tee & J'l~n . 
Canadn. 134 •46 Dec . ti .15 July u e 

June 
:nglond 212 ·5'1 Deo. b ·2s 

:cltf.orniu 949 • 30 o.ct. b .16 

3c11.forniV> 760 .19 Oat . 'b •16 
e• 

Ssn .F.ro.noi tJOO 2!)4 •41 Deo . b • ,2l 

e end 
Clnru 5'4 ·;'6 Dec. b • 3, 

J Sept . 

86 
April 

xi co •43 Dec. b •79 Oct. 

~~.entrnl Amcr.ioa. 190 • 32 Ap.~:·il b •2; 
pril 

Oct. 
Juno b 

ect Indcs (Fuchll) 20!) •!)9 Oot . b •.:i9 Doc. b 
~r. 

t Indes (P~:rrey) - ~·16 6cpt . a 
221 •ll Aug. b 

:b . b 
ndWich lalnndo 245 •]J Juno b •25 Au,;.: . b 

1om1.c l,ol·iodi.city in Cowttl~1eo ncar t ·~ o Dquu.tor. 

u.luy .ArchipelDCO ,,la.n . n 
(lhH:ha) 596 •19 .W.o.y b • 25 .iuly 

lay Archipelago l$J' . a 
(Knott) 515' IrrcgulB.l" •ll •liOpt. 

cw u.:.•anado, and Jr;ar.oh 
Vonozuelu 272 • 64 Fob. b .• 2'1 UOJ>t. 



II 

• 

rthqunke 

Dietri cta . 

.. 

ioroio 1-"er.i od.icitY in the Southorn llcr1i 

Iio. of 
.f..in.rthquu.kca 

lin.X 10UI:l xear ~"t.1.r.nun Yoar 

-. 
223 1·24 nov. b • 33 

,Ton. c b l',r .• 
'/51 .37 Aua. b ·06 

Tha £".-rml.i tude of t11e ~ux1cu_t;j ia c~lculu.ted fron th 
nonthly 

rJ.rconi c nm::..lyc 111 . '.i'ha 8,verr- l ,o cv.rtnqunlto frequency 1 

reprer;entod iby tmi ty ao 'tlmt an t:.wpli tude of • 25 surmi:fic 

t:t 2~ per c ont inarellOO :ir1 f'requcnl!y ,for the r.:on tn of the 

xinuc v.nf1 ·c corrr.mr~odi.ng d.ocrco.ua of 25' per cent :tor th.e 

taon·t .. l of t.hA m1t.1n,tn. ·J~fie £1r:.urce o!" course rofel·rinrt to tu 

~Quu.l +. nf h1.a hftrmnni.c ::..ntJ..lvaiD o.nf5 not t o tho u.c t uo.l nyl;l.b.or 
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of eP-'t"thquekee f,or the .r:1ont..!e concerned. 

De.viaon h r .iocd thm~o re.sul"to £'or tno nnn.unl c.d . 
Gel!li - f'Ocnnun.l xir<n in the t .Jllouinc 'tt:J)leo wlli·ch nr 

uotcd fro~ hio rnc~olr-

on·th 

:rnrmary 

ebrucry 

r ch 

April 

ay 

.rune 

July 

.Auguat 

.flepter!lber 

.Oot o'ber 

ll ov cr.:ib er 

Dcocnber 

£otnl 

ortnern 
Ueninpherc 

6 

1 

1 

1 

1 

u 

l 

0 

3 
' 4 

16 

34 

•Od .. 

ouutorin.l 
cciuntri eu 

0 

l 

0 

0 

1 

e 
0 

0 

0 

0 

0 

2 

Soutllorn 
Hortli aphore . 

0 

0 

I 

2 

0 

3 

2 

0 

0 

9 

Tllo nurnberu itldicnto tbo numb<n· of tim<W in whicll tho 

nnuc:l :r1ux1~a f'c.ll in the conthe in~icr'ltcd. 



l!' ... n:on tila 

5 4 -
qm~toxiul 

Countri 
o ·..t ~, l.Cl' 

.... m:;1cnhore. 

------·----------------------~""·~------~-----------------------------· 
Junuury a nncl July b . 

nunry b ana July b 

.n'el,:ruury und Auauat 

.b'ebrunry b und t 

•·-- rc .. an11 l" I·>~> 

rch b .ru1 a OcptcnlH!r b 

/,pril nd ()ctobor a. 

Aprll b nnf! OotolHlr b 

y n:t1d Uovenbar 

y b and Uovcnbot• b 

June n .nnd Decer::ber 

Jwte b Wl co~bar b 
·--~-------~.,~.-.. --~--.-----.. 

r·otalo 

4 

(J 

4 

3 
r· 'J 

~ 

2 

(J 

3 

2 

l 

0 

li 

0 

1 

0 

0 

0 

() 

0 

Q 
·~ 

-.--·------~--~~--~~ .. ------... 
28 ,2 

1 

4 

3 

0 

0 

'l .. 

l 

·0 

9 

.ln tho Ul.·OVC3 t hl11ctO !Ol' tno t1llnUitl f~lld OCioi..,LrltlUO..J. J'Cl"l?dS t 

rcoordo !:G.r ltuly, wnt 

uOUt~lorn l~et~isnhoro ( 

nd thtt t l11deu end t 

hole) u.rc excluded l)y vioon co 

be intJ: <monalouo. Openki nc: of t trblc for t11.n J~nm.tcl l )·criod 

be .anys "'lheao f~tnu:reo otl'ongly oupport tHe v.ie\7 tnnt 

OCCUl'ji m!..rJn 

in or,ch ~ h-~~i_m;~~t:.J"Q. 

:the nveru-r:e anplitude obtuined . trot:'l 57 xecurda ia •33 

n.nd ··!;hie indieatea thnt ·tho rntio of tne r:nxi.muro to ~inir 

fre<aucnc.v io nlHlUt .3 : 2. 'the .nveraee cr~pli tude for ·the .ocni• 

nnunl period. 1o•24. 
)) 

c•1cE it 
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maxir1UI1 in roo 0 "' orth,. .... nherc duri 

r cr ~\ tt.r1lHttCt1 tlla unmml eciaoio 

xir:n to 1 t~ ir.!luencc ,, l'ht~ ex-p.J.nno:: .. t1on o.r .... 

r .i.od leBo obvioua. Ou .y ror:r.. rrl to the l'""1e1n 

of tll? em::1 ... r.nm.ml 'Po ... , -" l'ogr~t 't1W.. t I J.itulJlq to offer 

ny defin ··cu ti o 
)) 

97 
,-;.chuot lU9? .r:u.Vlc n :rJ.fwrou xr ninn.:ti ou of et.i..rth.nu 

periocSioi. tia' v1 or touti froqucnci. oo 

rocorde~ ·wt!r~ c:reutcr tnvn could be unthlipntod for rt1r.d.o 

von.ts. •lo (liccuecccl. r..£Jonast otucr wcrk, tt.ut of !lavico.n an 

concluded t rmt tll~:r-e iv L wcll- murJCod annual pariod which 

ccnnot 'be e:~lr.Jnod 'by l;)rolm\Jil1 tJ x. or rn.ndofj evonta. 'rh.in 

invootim1..tion lcnf.n ,otrom~ r:..utmort to nw.iaon 1 u m>ra. .. 

:.t: iU:Jportunt contribut:.ionc to th.iu nul!~Jcot wcr 
69 

by 0 n i:ro·t in hin exncinntion of ttl!~ tor nlloo 

of t.no K1marnoto eur·t.nou od ny f\rl 

nnuu.l ..:po:riodici ty having ·~!1rtH3 r::JU..."'tir::m f!'"" in o .f 

rc11 , lia.f a..'1::t octobn.r J._Jl'.i thrc~ ~ mini " J~nril , 

ptom'bcr and Decent \- ·.i'.1e ordinary cn.rthqtuucf~ :r.ccordocl nt 

o1.7o ho found t>.lao to have c•nnual , .. J.Zf nr:d 

conber nntl o1n:1ca. in .rnnuv.1·y • . April ter.::l,cr .. 

Ho tllc.m OXf.:rlined t .. r 

for the \"'/holo of J'o.:pan fox· t 

ord.illl.l.l'Y 

interval 108$-10) nd und 

throe t~.rmunl nwci in ~'cbJ:UaX'y . y and l.ov er tm t1 tlll' o 

..... ini in April, lguDt l'.nd crunber . 

The reoul to of th1.o inveatigfJ.tion so icpronaod Oc1ori ·tH.o.t 

rota ua follo":"fe :· ... 

I believe t ot1i ci tJ.t 

frequency of' rthou l i 1. 

vory i 

ttonti t 

t in i.~1 

of 
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1al.n in tho nrodiction of cho.Jli';€1£3 in :uoim:11.c uctivit;y 

n ., 1 · O'\ ultG. ~¥ 

f'our ;yenrQ lu.ter rov.icwod t)J..ia •mtjeot .nnQ c.fte r 
f 

rinG to the oor!< o~ Knott rmd Dnv1Bon ill ncrt1 cular . 
nJ?ron tne 11 ttlo tim t hH~ teon ot:}i d .it r pJ>onrs . tncrc-

:f'orc, ttw.t i.uCJ on:t.y pronou.· cod ncriodi ci tieo 1.ym.ici~ m.J..rtu• 

ouuv.co nreeent are tho nunuul nnd ooni ... nnnuu.l muxi 

• u U1.ln .. 
· 1i a u~ller rnukcn v. vr~.luabl ...:..tl 

(lOW 

don i : . ~ .Je:tnc ·coni'llrnoa l)y ln.tc)r worlc:. 

""-' 
. .. =.ortl~ of q.uott_,.ti~ 

l .) 
·•coneiderin 

t1lC loL._,,..,. CX.-d..,.A.._.od Ul)Oll t.lle tiUBlyoi.u w• u~·t.nQUHllO 

' 
~t tirnt o.\cht 1 t nppe(:rfl ntra,t ~c tlw..t th 

o fow in nurnlJcl'·• i~o cxplcin 

'f.~tla .. h'JW6VeJ.•. we bn.vo ncrt tar to f30CK. /..1 'tllOU£11 in t 

tHtto r rmroxi.r.mtoly follo:v1nf.; ooi:'lO C!.efini te lew np,.f be 

occa1~ied bot"ora und r:ror~. lmder af..:<!Ul~r cool Of ,ic ir,.f'llwncos 
-,-..., .. , rc,Jr•a tcctly rer:.ch. r-~,. o'tv.te of ~oiuTJio ser.aibili ty, 't 

ooe not ( P!HJnl' to lH~ c~ny vnlici rcrwon to uuppoo~ t .hr 't in 

1de'ly r;;.~l~t~t·t.:.tcd ttif:;trictfJ t!'J.fJCe tir:wu allould bo coinoident 

or. .necaDIK.:rilY t'ol.l0~, the P.ru:.e ltr:,, .Ii' wo, t.ho:rc1:oro , llopc 

to r\iscove~ coy ln~' benrint~ upon (/Ut.: :teourre_tGe o! ortrth• 

uoEo ousccptibil1 ty,, 1 tnoez:ul JHH.:ot•r-'~X'J tlu:tt vro nho'.-11 u fi . t 

to o;:: rrycordn tn.u ont1•.ieo in cmc:h of whic:l l'Cl.'C 

to tno Cfl.t~C orocen!l.c fol .. 1 'It 
. 

10 trut.n of tr11 a etc tc·w3nt Wbtl 'J?cll illuo trntod t:y en 

inventir•ct1.on ccrriefi out ly C?nori f~nd publior1cd in t.hc 

folloqlnc JCor ll899). In tllle pc -pr.tr 0wori tu'bulctcd t.nc 

~ 
frcc~J&t~OJ' tor 1~2 tieAtructivc c&.l'tll~ueKen ror:oi:'(lod 

in ~t. ncneeo hiotor_,,. l~n rloo tnbulctfld in thr> acx1a >Jr·y .. 
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22B etro- llot•ko ftJlt t·t. .t:,voto4 T.L."' r lt r 1 V(•,l 

iti Lue .:followJ ut 

t·oupinc 

---------·-----·------------~---------------·--------·------
!.to nth • l"&l.:p~ .yo to ._,CUl;J011 j(yoto • 

-
rcl.l. 18 

""'l"il 12 

y l.S 

ttn.c 19 

~uly 23 

aguut. 32 

i:leptc~l>er .16 

October 19 
novctJl)er 14 

Dece:obor 22 

nill'-"ry 11 
·~ 

Cil!'UU.t'.f 13 

22 

14 

18 

16 

2 

29 

13 

17 
22 

16 

13 

i5hl"ii'l 

el' 

Ui ntcr 

48 s 

74 6$ 

49 $2 

45' 'i7 

.-...: .......... ~ 

mort pointed o~t for pnn li TlWJ.t "' nth 

f~OU:i l·mril to .t-oilt0!!1bor hr.!.·vc! 120 BhooJ.w ut,; r.;.,mirwt 96 fo 

colder nonthH !l.'oro ~r.t.o to l'Ch • \. n th.e C) tJII ·~~.~.d 

'for l(.yoto ·tho numl)ar fi')r tho nnrmc:r t·ontna in only 110 

o.nt\ rouchcn 110 for tn(; coldm.~ L1on tlw . 

guin in cxnminin« tho f:requc1wy or ·t1w o~~dinury e.c-~ll . 
onrthaunJtoo i'oX' both die tl.'.io't Hro:_tpinc;e l ~ t'itlde thnt 

tor the onne diutric .L tho freouQ.ncy of t~!w Of~ull 

shockn iu the rcvc':'.'oC of tllut of tue otrorm or dootructiv 

oboe . ~ :r11e holdo ~both. i'or l:Yoto und fol~ Jupun r.us 

.uole . 
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G.[O\U) ... 

District llont-b of the ,Gen.eon ot th· 

:xir:nm JZ1nicum Uo.xil:IUu Wn1tn&~t 

:ay 
omuro July liebruarY Oumraer Olnter 

Akita October Soptom'bor '" , .. 
YamaQ:ata . August Novcobcr • J,utucn . 
Lllyako Jl\1.17 ll'cbrunrv ·• Uinter 

Xeh1norarud. AU&\.l•t Jnnuury " .. 
i\akuahima .April Dececber • , . 
UtsWlomiya lj,uguat fJeptocbor .. /wtuon 

ebo.ohi Un:-ch .Jnnunt7 Autuon \linter 

ll1kone August Oeptember :Sl.&rm!lor Autw:m 

Hamada ~october 
~Apr,il to 

Autur.m 6pr,1ne ,,July 

Koohi .FebrullJ7 •; ~inter Autucn 

ono.l ~diutr1but1 ,on of I ' Bumor • 8 Winter • 6 
XitlU o.nd. itUnioll At..ltur.Jn .. 2 Autwntl • .4 

inter • 1 ,Gprini • :1 

The .rcnult rc obviouul.y vnria'ble. Group A ~coopriueo d.iatrictn 

torni;nG the won torr, a,nd oouthocrn portl<m ·Of :fo.pan: .and. Group 

the eaotern nnd northern ·:onrto. It o.ppcn. :fron 'tho locntion of t 

plcen.tres tb.Qt tho ·Gu.rthqu 

oritdn: h1lo thoa 

~or1 ooncludco t.bnt Group 
\ 

uency ln winter d Group 

o ot Groun ,A moatly lluvo un inlv.rtd 

1nrc on1efly of oub.our~nc ·Origin. 

their DOJt:ir=uc oo1m:z1c :tre-

cnxl i .n nucmer. 

.It' i ·s .interontin to corry tho cnnl.y.sio .:f'ur thor en 

tn.buluto tho nwnbor ot ·tinos 1n \1htch tho r.nux1 fell ,into tll 

different :montho r~or tlle ?.6 ~groupe. This, r.:ivcu ·tho tollowin 

roeul-t.:-



rou 

nunry ::1 

runry 

roh 

r .il l 
y 3 

Juno 0 . 
h113 o.r.r 

Drou 

,1 

.1 

1 

,l 

1 

nt ono 

• nn a. o oW!IOcr una ~ 
pointe out tho ~erio4 of 

}J--

roup Group 

uly 2 

uauot o 4 

pt.ct:lbcr 0 

October 

r 2 

ibcr 

9 nd 6 wintor for ur.oup 

for Grou ori 

1 d c1n1 VC O'Op001t 

relu.tion f6r tllo two .roUJlu . 

r a ctudy ot 

or1 cone 

(A') reel on: Th 

tho ennuBl vu.riotion of 

r\.>. 

(B) rcr.:ion: The ecrt 

the 1nnnunl vnr1o.t1on of 

~onu.l dlotr.ibution ,of bnrocctr1c 

inlnnd ~or1u.1n 

ihl.'li ncy f ,ollo tbct of 

ootly tOf oubo 

isgic frequency io t 

nic or1tdn 

rever of 

t . ~h.n bnrocotr.lc ro ~on lca1Cl '" • . 
#a 

lr.· oub.aoouontlY ,rcvi d thl r Wld cndor t 1 

y Onor1 . 

tion of unnu ci touched upon fr·o 

oint of view by 01 your . ul 

a for 
1nv 

iurntil mld lunnr pcriodici·ty. Th1e wor 

ropriut 

no ... ·t found t""".. • 

.ore fr durin t ln 

if t 

nt it yb 

re nl"o 

nd durinf! t :1 in 

.t'ld b nti ~cipated 

one orf 



~ 
. . . . . . ')._b . . . . . 
In tho tollowin~ y~c.r ·(1904) !Jnron .KikUchi pub.liohoct n tull nn 

ul VUI:Il.'lary of tho c.cioraologicul work uhioh up to 'thnt 

te hod beon n.t!C!nM~, -tnl-:~A in .Jupcn, ;nnd .nppnrontly uccopto th 

rcnli ·ty of ·tllo nnnut\,,l soiDrn1o poriod • . 
In his Bo.ker.:l.un locturo t.o 'tho Hoyv.l fiociety of London (190.6) 

J-41-+ 

11no r.wain rnvcrto to tho oubjcct ·Of veuoonn.l por1·od1C1ty. 1 

pointo •OU t tt.Ult for the oix yo oro cndinn in 1904 there wore ,off 

ri oo 51 ·cnrthqunkco durinc the winter 

nd 35 durinn: tbe IOUl'!l:ier r.'!nnt~hn . Agui.n ·Of.t the ·Ofi...Ot conot of 

1a tho winter m.u.:~bpr l7Wl 4.9 nnd thnt ,of tllo OUJ::Cor ,43 . non·a 

for tho :north T>:ncit'i ·C bordor \10 hnvo in thlv period 100 enrtn• 

urinn tho uint.er- nnd 78 dur1nn tho otmnnr hcl vco ·Of t 
yeec.r. 

ln Oentrnl 1on there wore 25 
in vintor o.nd 27 in ot r . vi ·owinn th f'nct 

h yo~• :Benouth tho oconn, thorGtoro no 1ndi cct1on l been 
'obtained· ,of onnl aoiocic fr,oauont y , whi l e on 1 
urfnco no ,ouch .frcqu 

ooncluolon 1o intend • 
inv®t1ant1on it io cl 

rcviouoly ,obtr.:.1ncc1 by 

lt 

llore hv.4 

ctivity nnd 

now (1906) 

xpr.o 

n 1ndicnt.ed•. Unlo 

1 pro lo. to refer only to bow e. 

tronaly riW~co with t l .. coult 

ico .. . ott nn or •• 

fifteen )"Cll.r 1n~ llon·t ut1 de 

l of 1:ntor ~nx1 Ocl eciooic 

opini.on thoro no ovioonc 
ot oonnl porioc:Ucity .1n conornl . In vie'.7 of or 

boon publ1 d 

,jcct f ,ol t Juot1t1 

tbc porol~J ·tcnc 

1 tifi 

t1 . 1 n cot 

75,737 r 

- Alnco bio 

in 

o1r on tblo sub-

t 

r 

• 

·QUOOtion. 

till 

t 
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oc • l.oyod ~81 cat • UO•IiY1,d•d into 

two t:rou to coun tr:l. lYlnr: to t 

nor or oouth or lt'. ti tude 4;5' • ouna. tnat tnor r .purcnt 

of 

tl·turt 

.r 

rcuter ttmrt 45' 

than 4~ 

lie rcoul t ho 11,ov 

ln northerly lo"t.t ·tu1ea p 

dur:1nr: tn inter tho.n t 

nc;:,r 

to 

in ,,cm:pern·t nd tr.opion'l r 

oro froquaot vy o 

tributcd 

'90 per 100 
47 ,. .10 

follown:• 

fall.1n 

49 1 

lc interpretntion. 

1•c oua ore ind.ooro E~n r ,oot 

ont • hi ic no·t 

in alir.ht .oc r 

nd honco wou recorded undor 

th oct fuvo concU tiono ~durin rio d. 

ore or G 0 1 tr1but1on t!uri run Of Cnl"11'"• 

occurrinR in lnt1tu lc thnn 4?0 len t.ro nu.upo1·t 

to th1e view: und ind hi rl1cr pnpor in 1691 ono 

t .pplicutlon .of l ;orroy• inter 

pro'b t tatiatico inc t ln n 

ori o.int out t co <01' d1 in 

conoidoring ,nny relnt1on of n phcno rtnq 

frequency end noY own t oven 'Droo1nont y ncut• 

rnlieod n ~cor::~pnr tntiotioo fx-o l'U41'• 

pin~ 'tbie in r it onteoHun' con• 

cluoion :tn rtnqu 

t di 

exhibit onoJ. ~or nnnuo.l por.1o4-

laity bu ':. 
31 

ot~ 

0 

r lly .llv.bl to ooour c.t 

in returned to t ubjeot ln 

• lc.tor on tt oleo o 

y 

1 

iD of t • 

n 

re ho reviewed hio o\Yn curlier "aork u.nd t l o t or tnveo t.i,w.tton 

0 vicon. /d"tor .corroct1n 

wor 

~~-~-------~---·-·~-~----.,_• . .a . ..&..-..itr. _ _ ,_. ,.____ -

n G;C0i'd' 

~confir 

rror 1n b1 rl1ar 

0 0 
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Xnott conoidora thnt thif! ohnnc o in l)v..romctr.lc prac.auro io 

u1·ficicat to diotu:rb the isootv.tio balance u~onl.! tnc 

or the continents nnd this bocomcn cff'octive 1n ucccntuntina -

enrthquuko frequency. Jle Buogente ·thn.t the dif1"orenoe bo·twoen the 

rvr.o ounmcr und \'71ntor b£Utocotr1o aro.d1onto .cuy ncoount for 

t aoni-v..nnual .aarth.quoko pcriodici ·ty ind.1autod by t1 nnlys1e • 
. 

He next revi·owcd (k!ori '1 o ·work .on ·th~ aonuonu.l . periodic! ty of 

J'nnnn enrthquu.ltco. lie otuton thnt there t'UUJ a •o64 denl o~ 

rliilrnrinaae in ·tue ron.n.ner ·in ich Omori actlectod hie oo.rtb .. 

qu~e dntu - exoludina us ho did u oortu.ln nuober a.a repreae.nt• 

ir)g tn f ·tcr ohoc.!ta of ln.rge cnrtJlqunkea. lie thcroforo oub• 

,Jected O.norl'e t~ to .rcinveo tigo.tion but concludod tb.o.t. the 

ena:rnl aonclu&ion, ofter nll, io truotwortey. 

Cr:1ori publiohcd in tnc our.ao ycnr (1'908) the rcsu.lt.a of u 

fu.rthor atud,~l' in sev.uonu.l if;e:: L) ·~ioi ty • tulting tor hio da.to. the 
. . . ~b 

•Clll~thqUo.kca Of iokyo llJld Kyoto. ,'~3 bio pre'V.iO'IlB 'JOJ'.k hnd in• 

,di·Cc.ted t.brr t the ord..ina~y u.nd doct~uotive eurthquakea r.:ppear to 

ve nn :inverse relation in .frequency ha sopur.&~t~od ·tb~ earth• 

quakes tor tbaao d1atricto on tllo bncio indicntod. v.nd . au.ve hio 

results 1n the tollow1nr: tobl·os:!" 



~ 

the .rec.lity of an t.;nnunl und. .coni--unnunl periodioi tY :£01' eurtn• 

ouulcoo. Ho then di~ouaoed t!lo npplicution of Jrour io1• ' a eer1 

to cucl! -~ probleus nn tntcd. that hio opini,on to the vliluo 

0 uc roccou t·or thill · pur,pooe ~co.n~i dornbly ·C 

IUl lnt "auffici<Cmt aocurr:.cy f.o nttc.in by 0 0 

tho DUrcly uri thmeticL~l ovorlrJpni.nn: CUCF:!ations ovor Dui to.b.l 

te• . Uo then illuot~ntod ppllcntiou of 1 l 

tl1e · •:l1lno·• o cn.talo~uo of Jnpnneoe ~thquu~ov for the 

JlCI'i o .~ 1 '! 2-1880 . After applying the .ori t eriv. uu~ecr; ted by 
~'1-

~cbUGtc:l .;:or toutilln t!lc relutivo ·vo.luuu of tha ur::~pl1tucie nnd 

xpecto.noy" to hir. onrliar .invoctigtltiono for 1864, h.o conclud 

tht' t tor rthqun:i.cc ror.:ordo thoro 1e .ovi·donce o 

nnuv..l periodicity aivim: in ench en .mnx1o• 

.frequency in t 

ot tnc 

on . onlY o:J:coption io the ov.sc 

• h1 ,ch 0 TOi on. 

fho etatiutioe employ 
q 

iGon ll<i ~oonoidered to bo in 

ny ouoao ·too ne I} 00.~8 11of tho b¢. aitforcnt cwto or 

reeord uoo of by vinon only 23 y .... b r D 

t1o.fvctor..~ . nd obout 7 othefo 'bnrcly bl • fter 

cvi of tlle a concluded thnt tu Jlnuo.l w1nto.r 

xirnm 1 oll eotu'bl1.Qhod but tno 1-c.nnuo.l 1 '-0 too 

cnurnctor11eti c . week to bo accept 

nott •.a Vi .. o tno cnu of tbi inter fro noy di r:t·a.,.. 

om .n t f':rom tho co of Duvioon. 'lllc ln.ttor conllo. G thtlt tll' 

onnn of br.:roL'"'lotrio prcooure o_!cr tho uoto~io nrcn. 1 toolf JI.G 

the principal 

8.1Jrn.tner to 

ctor • ''lli.l o tllo :former ot·t:~•ibu.t 

'bolo rnannor in wbiCll. 'tnc nr 

ion" . -
CM be l .i t 'tlc doubt t t nnomt• Vi 

Gound .:it iJltroducau diftercl!tiul prcoau Cl' 

plnn~ . 

tb.c frcq cy 

uro vvri·oo ~,;.era 
~ ---

ore ••• 

ult 



Gctusonnl Uo1~em1o l?requonoy :ln fokyo . 

uen.aon J1 enn beE.eon~l 
nucbor of ordinary 
ourtnquulrcu. 
Period 1876-1899· 

pring (Uarch-Uo.y) 2!)• ~ 

ul:l!!ler ( June-Aua\.l& t) .19 •1 . 
.Autur.m (Ooptoc'bQr:..l.ovo!.'lbor) 10• .3 

intor (D£!cenbe;r•l~ebruary) 23•9 

~ 

l1tm1H.Jr of Ae~;tr-uct1ve 
nd eem1-doatructivo 
cmrtnquu.t:oa~ _ 
oriod 1615·1894. 

3 

7 

'5 

3 

ontl117 Seiam:la •roquonoy .:ln fiyoto (797·186?). 

a nth 

.Jonuo.ry 

ebruary 

o.rch 

p:ril 

.ay 

tune 

July 

Auguet 

ept~bor 

October 

lfcTember 

De comber 

Ordinary s-11 Dectructive and 

&l.rthqual;oo G~i-deatruotivo 
1088 ohock• earthquakes •32 ahook• 

79 3 
~82 0 

110 0 

102 Q 

95 3 

91 4 

87 5 

95 '7 
74 3 

87 2 

9; 1 

91 4 

he ccc.ll enrthauukeG ,aivo 1cum ·in Liarch. und n ra1n1ou .in 

epteml>or. 

!irho ln.ra~er s:lvo a c1nir:nun tor the period. li'cbrun.ry to lqlr1l ond 

xiruurn in i~usuot . 



yv 
t:J{- I-'ll '6 lc CJ. f'f'A 

Shortly o.fter t1w upponr1rceA Ono1•i publiolu·,. ( in 'the .6 

,Jour.nf'·l , .one ot hiD coot irJportcn:t ~contrilmtio.w to oeiocol-
- - - ,, -/.:.~. 

oty. Thio Jll ···'!r dtJulo '\71th whnt Omor~ or.tJ.ln nucondnl:'y :-.JJ"'' dOB 
rf'l ,, _ _ . l iru t 

of cv.rthquc..:.frs . '* :ln 1 t he t+••• culled attention to ruco1·k-

nble exm'!lJ)loe in which utrone or crcnt ucl:no , in 

iven region heNo occurr.tJd approxir.:Ja.toly ln tho OtiJ':tO pert 

o.f the ycur und ovon on. tho snrna dny .in diffcront ycnt~., .• 

'!'hie be .rcau.rdo ~0 :more than n rcoincldc:mcc v.nd ottributcm it 

to oenoonnl in:flucnoco dcpandina 10n "bcrocctric prc.ooure. 

rho :rcuo.indor •of tAin irnportn.nt pnp()r hfort; to otll<-1" 

o.opocto ·Of' carthqunko frcqueracy nn~ io ~.incu~r.ol! under 

other :oecti·ons of th·io r.ev.101'f. 

'Under the section ~uin:f'all nne'! •:-nr th1,uako 

frequency :rof'cronco tJ. 
16 

r.!LldO ·to t~o work of Drr! ._e in 

com1oction 'Vfi tn tnf! deutruotiwa 'Jnrtbqua.l:ou of 1Ch1m~ .• Here 

again thero is etrona ov.idonce of un annual por.1odic1ty 

wll1oh .io aosocic.tQd ui.tb tho ·tiilo o:f'n the :reourronoe o 

the rnonuoon nnd ·which ukcn hno the:rof'ora rogo.rd.ed an 'boi.ng 

onuacd by the influence of haror:mtr.ic prcncurn und ru..infnll . 

f'tor n-n :interWD.l Of ISCVCtl ycnrs Since hie last 

comrn:un1cc.tion lJonteooun do Bnllo.ra L . • '1913 nr:nin dlsounse d 
60 

tile oucat:lon of ueunonrll pcriodi.·c 1 t.,; ~ He cloil:IC to have 

der.1on~truted in h1.o lttot ocmoir on t11c iBUbjoot tlm't th 

l of w.inter 1a~i n-.t~ maxitJUXI io renlly due to n phyoioloa 

teal ·co.uoo :u:f.fecti~ tho ·obaoryu·tions. Gnd ro.ndcrin.s the 

coqCS1tionu J:Jore .fnvov.rublc for recording scull ce.rthquokca 

ln high tbnn in :lou 'lntt.·tudea . uuoh c.n influence cannot 

nte ~· into tho 6atnlor.u• of Degaaet,ooa .rcoontl)' prepo.rcd 

by Uilne ho undcrtukoo un inveotigu t .ion wl tll tbe r:u1 teriul 

f th!o cm.tnl·oguo .• tnhulv.tod the monthly f"roquc:mcy for 

co.eh diatr1ot concernod but 
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caonaido:r it worth ~hile to publi• .. he nu.mor.l.cr. .l detu.ila 

of Ulie work •. He atat.ea , however, tM''t. ~,. ts•"' ,..c;;•t!lt ot 

nal;y81D he found the ;period• of 't:lt'.Xlmw:fnd tdnicua 

earthQuake tr.aauc:moy dis ·t:rib'uted .uu ropreae.ntad in \ne 

following ·~able :• 

·ro.ble ·ohowlnr.:: th·e nuaber of timee ·tnn·t tho Qnnual IIG.Xii'UI. 

and ·:r:lin1J:tf4 ·of' enrthquu.ke frequency for different. d1atriote 

tell .ln ·each t:tonth of tb.o 7ear. 

Uonth 

January 

Jobruary 

April 

y 

June 

J'Ul7 

.August 

Octob•r 

lloTember 

December 

I 

!io . ot llnxima 

8 

,2 

1 

1 

2 

0 

1 

6 

0 

2 

It ia ru.thOl' cu~ue ·that uonteiutua de 

•• o . or J.Zin1 

2 

3 

3 

2 

8 

7 
0 

0 

3 
1 

• 

ll·ore baa omi ttc4 

the ••••• 110nthu of L~<rch i.l.nd Goptm:1ber .from· hie table 

without ,nny conrncnt . It would conatituto atrona error it 

duo ·to an acoid.ontal .ouisoioJA ;. wtd on tt1e ·Other ncl it 

•ould be' very recaarlco.ble if .Dot ain~lo caximwa nor m1n1aua 

waa reoorded :tor theae \wo montha . !therp is .nothinn 1o »on• 

'•••u•'' paper to indicu.te tho roaaon for tho non•incluaion 

of theae mont.aa ...... in .hia publiabed \&blll . llie ooim:lent on 
~~ ·~~ G...o~ '-

- ...&....::1... - ---- _ . _ .. ._.._ - - -~-
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ctLeD .r:uUtb:~u pn.:..1o:l1nent. nc;tternont t:n jto.nviG'W ct en ;octobr~ 

ot las .tdn1!!!UT:'IB en .ju:t.n et jU1 ).lot,. i.e lt! fl'~ i. .t 4UC d.e ... 

onxi . .mt,Jlla c::t dea :rdninunn ·Gta racontx·<1nt lliHu:; de ztomi.>1•eux 

7' ,.u..rets m91.s ~c q<le aart&.1IHiO ~ C:.::.au.G p:c.::. ;.<l~cnt }'llu~!ieurB 

t::~X1T:lumtJ et ·::i r. h"~Ut:'i& , fJCt:ibl-u pr(~uvcr gu 'un mnAimum hi vernnl. 

<Ot un itl.n1raur·! •ltt.1Ynl .no cor:ruupondont ,pns a uile ~ .loi 
/ / . 

ns.t.lu•al,la aell!~"'n.lo". 

-"onteot.HlB then ~ce.r::lod .n1v .1nveSJtig2tion further by 

1;.Pl~ulot1nu; the pcrceni.;n.nc :rnt.io oi tua rtumtU."lc.~:~.l d.l'ft'or3nce 

bot\'nJen tile lJ.\'(Jl:~!Wa !"or th9 ilr'.uuml J1h.•Aiw~ en~ ::i::ti:;;!;l. to tb. 

uvcrue;o yearly number ot ~u.rthquul:os :tor oo.ch dilH:t•it: t. . He 

then n.rran~od t~k.:;; 41 r:.:tricts '-n order (lf the m.:!!.ibel' ¢£ t~arth• 

ntw.kes ·recorded !"o-r Ct:.Gh di«rtr1ct 1 us .ropt•aucntod in 'tille 

followi .n,; tnblo:• 
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Dlotr1~t z:o. Of 11tl.t1o . M-a • 100 

U'm · 
rthqun1rcli 

oluquoa et Ineulinde ,144 . I 

9•10 
flegiona tropiouloo do 

1 'hel:i~opllore nuo t.ru.le 
180 .3•89 

Amer.i ·ql.le te.mporee du ,fJud 203 - 5•4·2 

Acarique ·•emperee du . 
204 '9•80 .l~ord 

Amor1qu~ trQpiculc du Nord 
217 5'•99 

Dasoin orientul de l 
oditerrftneo 238 6•72 

J~crique du ~ud 239 3•77 

uropo contrale ot 
eptentrionnlo 249 ·6•23 

Dao11n occldentnl de la 
Uedi. terrnuoe ( 18,5\>-189~) 

26;.~ ; •66 

Ao1e antarlcure 292 4•.5'5 
Hctr.Jbtphcre o.ustral 383 .2•87 

riquo dt1 Nord 421 4•75' 
Baso.1n occidento.l 1do ln 

oditorrunce ,juoqu'n 1849 
.545 :4•76 

Amcr1quo 624 4•49 

nu.aoin occidental do .1 
,t;locU torranee 810 3•46 

.l3ascin de l •n !1ed1tcrrc.neo 
.105'1 2•86 

Il.'xtre!le•Or.i ont :1081 3• 24 

urope I 1300. 3•46 

o1e .137,3 2• ·69 

Le v1eux rnon<1c 267.3 1. •9; 

1JOI:l1Bphore boreal 3094 1•84 

Le ~ond~ 3441 1•42 
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l.:'ontcvs;ua t!l.en ~i::octG•~ ottent1ort to tne l)Oroentu£'t! ratio 

nointi:llii 0 1lt t !1.' t;vthe .vn.luo of the rntio dc.orcase.d ~a the 

nUnbc;1~ Of ~G-~thqt.mkOB inCX'OGUed IUJd hence C')UOlUded h~f 

i.nvoot:L .r~~.:-tiO !J by tho followinr~ remnrl:(!l :• 
.. . / . / \. . 
· C~t !';syniJ)totiA~e vorn zet"o . ojoutc :. l -nrgUtlcnt plus 

'II . / 
ut i 1)\{v~ue , donn~ 1~ droit de penBC"r cue , en vortu d 

ln .loi d.efJ grand~ nornbrcs , leo ou.Jc:tm: bj.V>e:!r.no.ux et leD 

minir..~a · aot1r£YUT. n~ sont nt.t •une ap;palC"!,mce f'ortui te ouo &\l 

$.fJJ>l.C Jl. 
/ / 

rd, t!lltr•ruiumt dit ('UO len rnogc.ceior:a uont 

/ 
1nrlopondr.mto ·d~s no!.n ou ac.a er.i. .rsona . " 

l'.h1 f', cc+n<"ln? 1 on de eo not t\ppen.r to bo tz1<" only, ·O:r ·evan -

tho ~oat probo.blf' lnttll"Drat.ut lon of tno fncta :nrcuontorl in 

the for egoilllt t-ulll cs .. looor ·exr.uninr..'.d.nn of tho r.em.md 

tnblell .. t\-&3zft1UIJI nhn'?f' t~~,~ t., .in ell thono at..-&)UU whore tho 

rntio ic :rJnall tho v,r.ea in ·rrhi •ah. ·tho eurtilaueko• 

re rooo d ,io lh:rca, in r.2oot cane t louat cnntine,ptu.l 

.in extent , nnd heJJCG :arnbr.nceo znn!ly diV·OrJJo t·cgiona'. /i.gnin 

bott1 ralne nnd Or.lor1 .h.uve ex::mhnninod the nn~coni ty f'or 

oonoi dor.i.ns tho <~vi de1lCO for ocnll areno ncpat·.c.toly isl o:rdor 

to u.voi d obacurina: tho opeoinl ohc.rc~c.tariot1 en of ·cuah 

rea by :oorl~i.,~ 1 to da.tl:.. into lerao body ot stu.tiotice. 

1 t ouy very woll be , nnd the detail eel exf.IJ'linution .of 
' 

distriotD by 1~1ott. :Daviffon. r.:.nd Or.1ori otroncly ruj'jtotl-r. 

view, t. lJo.t see.oo11nl :pcri.od:tci.ty i.n to 'tounc1 

1·or t !lO rthnu.nJtee of ClOCt d1otr1 ets • .!lovo:rthelee.o UB ~tlle 

conth or t oouoonol cuxirnur:t vnrioo tho m:c.;l;.r~ct:lon of v.ll 

'tlle rocordo miBht and ecnt:rrnl1y would r6duco the :r.:uxi.CJUtil 

a .nd tno rnoro olrte: oi ve the .e:rou.p the 1~08 e.:ppt:rent would 

beoor:Jc u.xi • fbi:) tu ;prollnbly t!la rcnsou of the 

lo7 v.u.lue ot tho percentage rnt1o tor rccordo .referrina 
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to leu·s reu: and if so ·tnc ohie uncnt of · .. ontcotlue 

innt the exietonco of .oenaonal froquency of rthqUoJ:ea . 
fall to ·the around. 1 t ia one thiug to ato:ta thnt tllc ferrey ~ 

law ·Of ~inter xicum docs .no~ fiold .for nll die tricte. 

nd qui 'to nnothor ·to dony aeuoonfll por1od1·Ci ty of ~e.ny kind 

whutovor .; nd Lontcaaua nppeo.re to hflvc overohot tho cu.rk 

. in t h t,;t.er ·c.U:rocti •on .• 
qJ+ 

In ot1o of tho :r.Joat rocont boolro on aei :o~clovs 'ila.lker i~lao 

reviows the QU<!Btion of ;poriodi·city. Ho concludes that 

·•the wntunl periodicity "1 th c. r:In.xivrur.t in \'tinter ...... .... .. . 

ob t cinod by v.ioon trcm ont'thquuJ:e atntistlcs ,Cif'..,y b 

:ret:t:rdcd us f'o.irll.y woll as·tubl.Hlhed. ~ IJalker ulso .otfera 

contr!bu.tion to tho lfH1bj ect fr·Ol!l ·too roaul t ·of llio own 

obsorvotion t D&lcda.lomulr .. lle applied Gcl1untor'n ~cr1te:r1 

to 2l!r rccordo of wllich 16 v.ro au~o.seisoio , ond concluded 

thut "tho ••i-•:ai ~ eemi•o.nnunl tore io wortlllcGo whil·o the 

nnuul terc with 1 t ·n ximuo o.t 'thn ~ond of /~uguut. 1o lrJport-

ant. 
q, 

- fhe ttortr •Of Taber on tho ~ourthquukea of the Chu.rlooton 

district 11c.a nlrondy bocm rot erred to .in connection with 

ru:Ln:rnll u.nd br.ronotric prouaurc ,; but 1n nddi ·t.l.on he ulno 

nnulyoed h1o tv. for n.nnu Wld :oecf. .. u.nnunl per1ocl1 city. 

or thin purposo he ucod the oethod adopted by F'..:1ott Md 

now generally a.pprovod o..o beinG aiCJ»c und ·of'f'.cctivc . He 

used •k two r.~athodo of sroup1ng. In thofirnt rnothod he too~ 

the actual nur.~bar Qf cnrthQunl:eo 1 but count.oe1 ono rmy two 

hocks •ooourrinf! wi·thin lS Dinuteo ~ot ch other.. In tho 

aecond~ r~othod ho ·took ucoount only of tne "earthqunke ®yti 

thia countin o ~one ull t11o oo.rthquoJtoo occurring on n.ny 

ona ctnnlo d~ • . Doth me tho do 1nd1cn.tod .an nnnual poriodi ~ci ty 

q:.::L T..Q ;n_ 0' I X le,L!lJ,IC;\_,A.Il_._.QtUlt ..u.~.mLU:L_j n 
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Well r:!IU'kCd :GOCOtldtlr,Y in r .cn. l'her.e 1 loo 

-nnuuu'l period n1 th -,anx1mn .in l~·ebruux-y nnd J~ucuct. nnd in 

di ti'(H 

rnontbo of 

quurtcr-yeurly ;periodicity rtith tlOXl 

reb, June , Goptenbel7 und Dacer._1lJer. 

in th 

e: l 

Uainr. tlta ori terion aurtgestod by ~ehuetor thut ·period-

icity ttGy be rcr:ordod 

qual to tour ticon t 

real when it n litude 

ctxpeotnnoy, ho found tht), t. this is 

tho c tor bot'h tho nnnu1~l c.nd t uurt.orr·poriodioi tica; 

but the probnbi11 ty. thougl1 fnv.our.ing, Clocs not oupport th 

cr:~1•u.nnul.l ··eri,odici ty :to the :cnco dcgroo. 
qo 

Speld.t n;~ re•exntli:ncd Tabor' o ctnticticc nnd regrou' cd 
.into 

thee w~•k throe ncmthly periodo , ono nbout each of the 

, •• ._.,,.•••• equinoxoa u.nd. aoloticcn. lio f ,ounc1 n very bich 

,cnxi in tho quarter ·Of tt1o t!.utucnnl qquinox d three 

oubc1d1o..ry in each of bio othor aubd1vlsio 

the year. llo ,t,)lon ~ccrri hia 1nvcotie;ntion f"urther by 

oiWL11ning four othC!X" rth.qutl.!t i ~clt a.ro lictod 

i'oll·OWS: • 

of 

( 1.) Ger-man Rn!p1re - 862 ~eartllqunltc 
llet '' a 
'1nl•ll•l.• 

••w•»,.OntnlOiUO. 

(~) Jo.paneeo Empire • 216 onrthquukes quoted fro 

Kikuahi. ' o raport . 

(3 ') c1f1<: Co f)f u.s .A. • '768 co.rthau 

cntnloauc. 

froc Holden's 

(4) l~a~oific 100UO t of u.u.A. ... t:-cAdJ. ,co ·Cll.tUlOs.tlh.r. 

found t:tmt in ouch of tho sroups there 1 7011 
• 

DOJ.~Jtod o.nnuul ·period nbout tllo tine of tho c.utwmul ~equinox• 

rnnsing .frotJ Augua t to ~October. 

o next exnmine.d da.tn rolut1nr! to !1155' ev.rthQunkoa 

to.kea .froc !Zullfit • e ~em tnloguo in the enco t'!ll&lner. T111 e group 
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ohowa t\10 pronounced :cnxiou.. tho pr1ncipn1 one out tne 

w1nte~ ~colotice end t11e ~otbor ~cbout the vernnl oquinox. 

ore i lao enull xi cue E);bou t t11c v..u t 1 ~equinox e.nd 

at ron bout the summer ••¥'R&w nolotice. 
, . 

~p~ldi.nG conoludeo ·ttmt thoro ia ntrong evidonco o:r GCll.DCJl 

•o,l poriot11ci.ty but f .or th0 t'rouen't is con·tunt to reoorcl tlle 

facto w1 thout asoi;hinc nny dofinito phycicnl cnune otr1er 

tlW:n tl}lggeotin 0 eenoral uotronon1cnl relntion with tho 

eurth.ou frequency. 

Jt!ll~ mont .recent work 'on tldo nubject i 
{p1, 6'1. 

tlm t of Gl dattiiJ 

vrho nfter ru1 1ntorva.l of ooae f1fteon ycur ... . gr.in taker 

up the oubJ oct of ~eurthquako frequency. 01 dllnm'' a worl: :Ls. 

I believe. t-he noot :lmportunt contribution ynt. do to ·tu' 

oub.J cot or enrthqunJco :frequciloy in relation to 'tho ti dull 

o·trooocu set up by 'the oun ,Met ,rnoon r. UJ.,~ pnpor will be dta• 

cuaoed :more fully linder tl1c ooction ot th:Lc pnnor doalin 

w.1tn toot oubjoot. l~t th1o ntnee. howovor . it io iqporta.nt 

to note t !m.t Oldhtu::;' a rcoultrJ 1ndi,~u.te 't oc ~lrod 1Deaoono.l 

'POriodio:l. ty in uhi ~cb the rntio ,of dny nnd .nl~=::ht or.&oclm ,in the 

- pcri.odic el.e::IGnt. ?hio rc.tio he lu.l.u Ph.otm to be r.: .. :onxiaun in 

out'l~er end u l'llinioum· :l.n winter . na hn.D recently published tw o 

denlinG wi t~1 thia t>hnoe of.' tnc nubject nnd .ie ot111 

cnt!a.-.,o d 1n turt,ho:r otuey ,of" the subjcot . 

It will be ,uoon fro~ t foror;oinr: dioounuion tbl1t tne 

uqcoti.on of' tll .Jonnl periodic! ty of oor·tllquakoa .hl.l 

received conoidernl>lB ount of nt tenti.on from tt1a cost 

e·-incnt lomolocitrte. ile the conolucion of Conteoeua 
~ 

de llore tl'mt P~errey• o l ot· t1intcr frequency doeo not 

pply t.o oll d1:st:r1oto :may bo ucoeptod, it iB ol.onr thot ne 

s been ~curried too :fnr by denyinr.: the cx!atollCO of eeneon• 

1· per!odioity;. Hio rofu.tction of aeaoonul. pcri.odlci.ty rest 
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upon tho aeal1o;ption that tho IJOU.oonnl of th.o r:w.xir:J 

~eftrthqun~e :trcquency muO't bo tho anne for ull ('U:.rthquake• 

i8tricts. and dependo tor 1te concl.union on tho mnoaed •••" 

roeul t a of rsny 'districta . Thie Dethod tonda to ~obaoure tne 

lows which. r.w.y ,8eparu.toly clmrncteriae e&oh diotrict , t ile 

~detuiled work of .Ilrutl' worker,a baa now cleoonotrntod beyond 

ny reueonablo doubt that ~enoonnl. peri()d1c1ty exiatc 'but 

thu:t ·the tirno of the aoaconll.l L'!Gxi.rnw:~ i :s u :f'inct1on ,of 

topogrnphlco.l tlet:~ents ~und ,geocraphlcal poa1t1on: end 

probn'bly ulso o:f goolo&;:t ~cul n'tructure. 



ala 

noure 
A. £1. 

·6--1 

7-8 

~B-9 

9·10 

10•11 

11·12 

. 

fr 
Diurnal. Per1odici t7 ·of Bll.r thqu.akea. 

diurnal' ·»er1odic1ty llko c..n unnuul ono iropl.los ,oome reln.t· ·· 

ion direct or otherwise with th n. The followiun discus•• 

,!.on will be .l:l.oi ted to the notunl record .of ouch pcriodicfi ty 

nd the eonnideration ~or indirect uolc.r in.fluoncoa ouoh .ne t 

ter~pcrntlil:'e and bur.oJ'tlotric p1·euuure • !he pooaiblo of.t'ec·t · of 

ti dc.l JBtJ;oaeou will bo doa.l t w.i.'th under n opcc1o.l oect1on, 

he f:l.ret ;ayoternutic aenrch tor 1uruul periodicity 
~1 

cppen:rs to havo boon undert u •.. e. Jc ;prepared 

~en talogu·e of 472 oolr d nrrnn£ed the ccordJ.na to the 

hour.o o'! thoir .ocour.renoe, !.he to.bl 1ven by .hi e is ~tiven 

bolow.: • 

o. of 
rthqu 

8 

8 

24 

11 

.13 

1'7 

81 

Houra 
. s P.u. 

.12•.1 

1-2 

.2 ... 3 

.3-4 

4-S' 

.~~6 

o.of 
'qka. 

16 

10 

18 

18 

14 

15' 

91 

lloura 
• w. 

6-7 
7-8 

8-9 

9-10 

10•1'1 

11-12 

o • ·ot ltoura 
D'qka. A.U • 

18 12·1 

9 ·" 1·2 

18 2•,3 

16 3-4 
,25 4-5' 

'33 ~-6 

119 

Uo. 10f 
rthq 

22 

44 

38 
r 

18 

27 
32 

I 181 

••• 

!'otnl .tr011 ~6 p.m. to ~6 a . m. ...... , .. 188 .. 119 • ]DO 

81 t • • 6 II••• tt 6 P•• • .... ,. ,. 
ln nd41t1on to thoao h a record of 15'7 ,shocks which 

occurred. ~d.urinG tn.o .night end 4 ohocka ·dur.inn tb .Y• ':he 

hours et which theoB occur.rod nro not recorded oo Umt they 

coUI~<1 not bo ·pln.ood in tho tnblo aivon ~•ll" 'ibelow. 

~'hie pn.keu a totu.l .of 457 night shocks ago.inat 176 day 

ahool<a. t thiu Jlight traquoney ie 
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ie a function ot the tcnpornture but wna o.ppnrcntly unable 

to indi ·cutc prooinoly bow tho auppoltod ·cnuoe op·erntod. 
).tO 

ilHe revitmed tne Q\tcution oo thirty yocro luter .• 11e 

pointed out tht:.t J?uchll 'iaed it :tluget o ·outnlocues for 'the 

pc:ri.od 1850-18,7. und found the distribution to be as tollowo : --

orthorn hamiepnerc •••••• ••• 

Couthorn • .... "' ..... 
otnla 

dny • 938: 

• 292 ; 

1'230 :; 

nigl1t 1~9!> 

It 3')1 

1949 

In tho norther.n heroi ophoro u nanxlrnuo frequency ot 

60 •urtb.qualtoa o rec.rdod betrroen 10 und 12 p.m. o.nd n 

·~iniratnn trcqucncy Of 139 bOtWOOll 12 to 2 p .D. 

,In tho aoutherb ho:m1u_phere tho mucimum occurro4 between 

ldni~ht &.nd la.m. nnd ·there \7ero cini troc 1 to .2 p .• c .• 

end 4 to ~ p.m. 1rheae 41ot"1nctionu wer-e .found ·to bo loao 

:carlta<! in cqu.ntorin.l rer:ionB. 
~ 

Schr;l1Jt r~ound .v. .1:w.x1num nt 2 : 30 .n . r.1. nnd· u Qin1ouc .o.t 

~lp .c.Cor tho ca;rt.hquul:eo -of tho Orien~ recordod :for tno 

period 1'174 ~nd 18:13· . 
nilne COO.~I'IIltG On tbOOC night frcquencioll aO follow&:• 

.. ;::~1 tll ret:ard. to t.heae concl.uo.1ona. uhioh bv.yo been roached wit p 
muYh lo.bour. we t be inclined ·l;o think ·tllu t. tney nre 

partially to bo expln.ined on the ,euppool tto11 thnt nore obeo:r ... 

vntiona .v.r.o :cu:i.dQ duri.ng t !l<J n1sht thnn dUring the dny. 7he . 
perl3onnl oxper.iei"\c:e ot :rotJi·don·te in o.n co.rt ~tqunl:Q count.r"Y 

being, tlmt iClo.ny en.rtbqut~ioo which occur during. tno flaY nro 

pnoaeCl by unnot.iccd. wh1lat t11o 'hioh occur during tnc 

n1.r.;ht are rooor-aed by tbousnndS ot ~oboervora. Guch u Yiew ie 

oertninly ~con:tirrnod by tbe inotrut:~eJlta'l rocordo obto.inod in 

Jn.pru.1. Froo 1872 to 1880 :inclusive tbero wero 261 shocks 

recorded 132 ~ot which occurred botwoon tho bourt of 6 p.D. 
; " . _ ...__ 

• 
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Tbfl conclusion ot L4.1no 1u is nlao supportod by 't"onteaeua de 

J.i1. u<J. " 
ullore '!lO exn~inad t.tw quoction for over 45. oOQ earthqunke~ . 

!hose rccor.dO he dividCJd into oovcn gr()u-,s. pnrtly ecc·ording 

to r; difstriot aroupina nnd l?O.rtly to t.he nature of the record• 

lJG then 'tu.bulntcd for ·each srnup t td! hourly .frequency for the 

wllo~e period ·Of 24 hours . Except tn tlle cn8o o:f' groupe Y and 

'Vll which ho diucuesed ~apt~rv.tcly tho recor·da h~'IH) n oit:It lo.r 

di'\.lrna:_l perfodicity-.~ He 'thcre:fore eonbinod. ,(f.toupe ). , 2 , 3, 4,and 

6 into one at1~otictionl B1lCIJ'illlry . 'he :t'requcnciou nro i1lus·trnto 

nraphicnlly n.n4 1nd1cc,to n r.w.x1oum froo3 to ·4 a. .o. the 

,t'roquonoy curve than deacendo rnpi dly to 7 or .0 ,a .• :c. v.nd 

rer..llltne t'ai:rly cOJ\B tf1nt till oidday. A mi.nir lir.J occurs at 

e.boutl,p~rn. Md ·th.iG 1a tollow.od by {1. distinct r.~nxit'lUrn trorn 

3 to 4 p.m. T.iilo princi}')al cinir.tum 1o .rQcorded .e1t n1>out 6 p . m. 

"'nd from thin tir.1e onward thero ta u 'ctco..dy incrcns'c ,in the 

.f'.reqticncy .u;p to ·the t.'lmtinum nt 3 to ·4 -.n. 
!l'ho 1n·terpro·ta.t:l.on of thi.o curve ot diurnt'.-1 f"rcquoncy 

on·tcsaua ~coneiders .i a to be expltlined by huJIP..Jl o.ct1 vi tiee. 

e oaxix:1Ur:o.t nbout 3 ·to 4 u.o .• ho c:r..)>lc1nu in tllo f'ollovin 

_ worda :-

..Yor.o .3 heureq du cutin lea Dena' aont de,1~ bien repose;, "et 

percoi.v..,.nt rnpidomcnt len ondu'lutions du ool 4•aut~~ont rdeux 

·QUO la r.mjeuro pnrti~ deo populo. tiona eat otill couch.-e" . 

'lhe:re is probably u ·flood dctul ot :rcafHHl in tbts oxplnnn.t1on 

bu·t 1 t ·does not appour to bo wholly su.ti:o:fa·ctory. It io not 

very clers,r tor exanplc wey pernono alloult\ bo more readily 

e.wniCenod or uhot:r.ld l:'iOre :rendily notice eurtllqu.ru::.~ohocka 

betwee.n 3 u..nt1 4 .t1.m. tbc.n 'bot~een 4 and 5 a.rn. or fror:J . S to 

6 a.m. , 

'71th inqr&able tt,otiv1ti•n l~ontoaeuo pointu out thot fewer 

.nllock:o would be oboervod fl.lld, 'thuu eX]llnino tho Dorn.in 
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cinirntm. H inc!D hi elf 'undllo to cxpluin t !iniNU~ which 

occurs ·froc l to 2 p .• .ro. &e tlua is <~crtt'11nly .not the pe.riod 

•Of xlrnunwJmun nctivi ty. Of tho cuximurn whic:n. ocaur l~oc 

3 to 4 p . rn . ho wri·teo "C '' est l '' heuro d '':wt ropoo t•elc ... t1.f c:IDna 

lo / / . q; 1 .ys tor:~pereo . de ln :oi ·osto dnns leo peyv cli.c.'1,UdB • . .& ""' 

phye.iolosicnl oxplanution .is Llfi&in unonticfc.atory in thnt .1 t 

f~ile to explain the prineipo.l rtln1uul':lu.t 6 p . m. YO(l'toaous 

cuggcatu ra.tbor vo.guoly that the rolo.tive L'lin1.muc of ·tll 

early '})nrt of' tho nieut. ,co.y bo uttributcd '"aux heurcn dLl 

prol'!lier ct plus prof·onlt tlOLWail leu oeno eont ~rop fa.tiguea 

pour ne s lni.saor pcu:•dl•e un grnnd nonbro de pe·~1 teo 6eooueae 

u t this o:t;pla.natl on obvi. oualy cnnnot cpply to tho clnl:cw::i 

nt 6 p . m. 

ha fifth goup ·drawn up by :.:ontousus exnibi ·t oo:x.ir.nun ut 

out 3 u . m. 1B he t1ttributoa to ·ru.ul·ty obuervntlon nsauminn 

t .. niGht oboervutiono were not ¢arricl1 out ao carefully 
- / 

us those durinc: tho ®y. 

fbo seventh 6roup conpriaeo t inn tru.ment~;.l records ·of 

tho ltnl1an o~ru!l1cV.:l. obeervut•r.loo oxteadir~ over th 

~l yao.ra .froo 1663 to l ?S5'. Thoao recorda indico.to thnt tho 

day :f'renu~:tnoy e~:oeada ·tbnt. of 'tho nigllt . cloacl:' exw:~lnntion 

however ollo tt this rclo:t1on ·c-nl,y holds for t.ho period 

107$•188,5' . L'ontessua points out Umt 1 t tt bo\lt 1875 ·tl'mt 

the ·~ tirot senaitivc eeismogru.pha wore ·eatnbliohcd: nnd 

he at·tr1'blltos tile day l!lrutiraur.t to tho 1ntlucnco ot auch 

umnn nctlvitioB a.a voh1clea . trainu , nirto t1Xploo1ona . at• • 
• 

ho frcauonoy curvG :for thin gr.oup he coneidore oupportu 

thie vi ow un .1 t reuct1o w:~ nbout ciddn.y . It 1b clecr 

t h.ct n 6oncluo1on reu.cllcrJ by ;._ontcnaua o no·t ocoepted by 

into 11 oei.noologiotc tor uov~-..tTl irnportt~nt · invosti 
~~~~~~. 

4o ft.Ac__.f'~ ..... 



~ 

b<( . 
. l n eonnectS.on vri th Gil oxw.~inr!.tion l!Kiodo by (l~or ,i on ·t.be nftc.u··· 

e:noelta ·of cu.:..rthom!:.l:ea . Ue pointed ·out t.iu..:. t prcviouo invou t -

1.gction into d1urnllll frequency rcu1aJd u:oon non• 1notrUDen.tQl 

reco:rdc • un th.~~efor• of doubtful vra.luo. fhe recorda 

ueed by ori woro r•oordod nt n&toorolocienl ~tation 

pl"OY:Lderl w1tll •e1Googrnpn no uto.:t.e• '"'ehoul d 1 tllcrcforc 

tnr eig n tlloa 1 tberto o'btairwd". Aa t11 

roco if) .not jo\lrnnl 1n 

cor.tnonly ur Y.1t'.r i ''HJ d ll:i. onltn &n 

tabule ted thCJ:J ,ns f ·Oll.OJJB : • 
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Barthqun.ke K\Uiar.ioto l.!ino•Owari Y..ll~oallima 

6eiet"Jolog1c~t.1 
Stat.ion ~oto Gifu ll&iOya Chtrar1 

Period ,July 3l•.Auguet 31. Ootobcr 23-I;ov. io 
1839 - .1091 

Hour.• Dnober ot .unrt.nqutUtom. 

0·1 ··=· 1 56 51 3 

l-2 • i~ 64 44 l~ ·-
2·:3 • .18 !)8 25 12 

3-4 • 12 62 34 9 .. , • 11 92 .32 9 

;-6 • ll 163 ,2!j 17 

6-7 " 3 " 47 16 ·9 

7-8 " 6 53 22 12 

8-9 • 4 49 .26 1· 

9·10 • "2 ·41 ,20 15 

10·11 '" 4 42 14 6 

11•12 .• 3 $6 ,21 11 

·0-1 p': ... 11 5'4 18 4 -
l-2 '" ·; 46 17 12 

2-.3 • 2 )8 15 13 

3-4 1 36 23 8 

4-S' 4 36 16 l' ,_, 
3 4~1 18 4 

6-7 8 ,5'1 15 10 

7-8 4 '1 '7 24' 11 

8-9 ~ 
• ·5'8 ,22 3 

'9•10 2 '1 23 8 

l.0-11 4 42 27 12 

~ 32 24 ,o 
/J.I. ~ ld:.iJ ·- f'Jr J33 
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:tbc duy n__n4 nicn.t 1'roqucncic~ .frOtJ 6 u . r.~ . to 6 p.c . nnd 6 p .t::~ . 

to 6 «l •o. roGpect1.vcly v.rc l!.O f'olloua : ~ 

Dietri,ot 

y 

ii!:ht 

otnl 

umncoto 

100 

148 

Oi.fu 

,49 

709 

1.2,8 

oy 

.226 

346 

')7.2 

114 

119 

,2J3 

It l.o intercet1ne to ,not mt in ot.:.cll o:f' the .f·our cu.vc 

there 1o u d1at1not nrcpond,cruncc o.f' night over 'iuy cnocko . · 

tllCO lOC!t ere :l .. nc trumcntnlly rooo:rdo!l nn tho OXC6fliJ 

occurred durhllt tho nif:llt .in on,on cuoo tha cri ticie:ca of 

ontonrmo do Dull·oro do not ~~pply ·to tllill :ooriou o . .r rucordu . 

Ooori hcc ill·uotrnt·cd t d1urnol .trcqu.enci cs by c;rt1Jlh1 cnl 

etnodo uoinr-: a cmoottinn procerui whioll a.ctun.lly wnous1to to 

.ourmnnt1on of overl~Jlpi·ne rnct.mo for two hourly pcr!oas. 

H.e found t.b.nt tor Git11 ·thoro wero throe diurncl nnxinn· ooourrlng 

between 4-5 u . l!l.; .e,nd tbrea nini - ~ 
ullioll occur roripectively 

bct.weon 9 .U.I1JI . l' . ro . • be~uacn 3 Md ·4 p . :r:t . i.i.nd ut 11 P · Lh 

ho intcrv. botwcten tno no.x1t:~v. &Me v.re 7.8 nnd 9 llour11 . und 

bot 1n1 6 , 6 u.nd 10 hourv . 

t V~t2oyu he found thut ·ther ere 6 r.noro or loao dietiuct 

vinr; o. moon period. of 4 t;ouru . He .suys "It 11a 

vi dent 4- hou.r and tho 8 hour pttrJ.odG ex1otcd 

e•-.4!t'A•• toaot.her . but tlmt tho lonat.tr poriod predominated :ill 
• 

tho dio n11l eu.rthquul~o .frequency tor Gifu .nnd tn l'lortor ~ono 

in thut el tor Dagoya" . 
' 

t Kut:itU:!Ioto c.nd Chh~an t ourly d:l.Gtribution of Ehocka 

o ho co fir, 1.darB •very flit:lilv.r respoot1 vcly t , ""'. tllo 
6,;o;v0.- - '" 0.! ~J. ~ . 

of c i .:fu 



~ 

Omori next extended h1s ·ohacrrvLtionG ,und ~elntnincd ·tho cliurnul 

tr~quency !or ~olqo u.nd t.hon !'or &~.11 ,3.npun .• lt1a :reeulte u.re 

eu~r1aed nnd ·ta.buluted below:• 

' 
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iotrict ~~ol~o .~L~Hn ~~c oo.n 

-
erio,d lb~/6-lL9l 1885·109v inoludin~ tho aft 

hockc ct Gifu en 
t,;iiiron. 

cure l~uml,or - m: 
-~-

),.lJ.;[' yU'f! II ' 40.~~0 e .......... ----
•l a.o • I 47 1:33 1 92 

. 
1·2 .. 28 15'3 23? 

. 
2.•3 .. 49 211 281 

3•4 
,. 

3 3 1'16 247 

4-5 '" 42 139 240 

5'-6 " 46 ~.~g 246 
46 16 

6-7 '" 'a 153 :209 

7·8 .. ; .2 162 :227 

•9 ll 44 1,1 210 
I 

9·10 '" 64 15'1 , 213 

l(;•ll A 45' l.39 187 

11•12 " 36 155" 224 

-1 p.m. 49 151 209 

1·2 u ,,, 166 246 
-

2•3 '" 50 188 I 239 

3-4 ,. 67 162 ~v6 •• 

4-5 " 54 lMr 190 

5·6 ill 44 1.32 183 

6-7 .. 44 llS 196 

7·8 i1 43 1~6 244 

8-9 tf 65 1.5'3 214 
' • 

9-10 .. '5'6 lH4 24j 

1.0-ll ft 53 185 239 

11-12 ~ I 52 ,121. 216 

otal~ 1168 1642 !i333 
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e d1Bpoa1 tion of ,day end nivJ1t choc,~:o is no f'ollo\70 :-

-
ntri ,ct Toltyo Jup~n 

y 608 1880 2S43 

t ~60 -. 1:292 2720 

1168 )&42 5'333 

ri conclude!! tllct tho ef!.rtllaur:mcu obecrvo.d l".:.'t. .lukyo c:xhibi t 

thrco dlurm_•l nu.x1nn. ~ocourrin.tl ,reoncoti voly llot.wcon 9 n..'ld l 

ewe; bot'l7con 3 Qnd 4 p.o. and between 6 una 9 J».rJ. :: und tn.J•co 

1llit>..n, occurrint! reapcct1 ve1y be~teen 2 nnd J ueo. betwocn 

ll n ee . t.:nd. noon and bet\Teen 6 c.nd 1 p . m. tho i.ntervii.ls bemreon 

t11a succcani vo mt.x.iou t1rc 6 •. S , und 13 ho\tra .a.nd bet~een tn 

inimn 9.7 ond 8 nouro . 

42 eu.rthounken of Jnpu.n co n flllole n.c tound Dil:cin 

th:r iur lr...a occurr1n& between 2 und 3 n 

? e.n p.o. and botucon 1 nd ll p ,.m. : and tn:r ini 

bet between idll1 t nd 1 . ..., .. bet an a 11 '9 . ,_ ..• n an 

' c.nd 6 p~ ..... . rvt1lo bet':fcnn tne xi bcinR 12., 8 nnd 4 

.aours , betneen :tlle ni ciu{~ 8, '9 und 1 houru. 

In eo,Pcluolon t.·:::::or yo •TJ!rfU! dio tinct X1l~u nnd ,cini 

ooc :r 1u 

B ll 

tncuo ocou 

th-,refortt t 
fro 

C"O 

urin 

In 

1 

i"urn of 't frequency ,of uftor-ahoc 

t of ordiuttry rtnqu & . ?he i1ourn ut whio 

bv Jitf~r~tt for different loculit~ob nnd 

not ,cnoh be ohot7n, whon uo o.ix \.IJ') 

iot.L.nt plu,ccu of tih'3 ·:,ot~ld toaetner. 

ere r,:re wor~ eL..rtHq•Jckec durint; tlle nie11t t 

n". 
in~ tu~ uouaitlo c~,o of t!lo pcrllod1clty '-·-=or1 

til c t.c tr,l r<'lLtionn. •r u1:v. bct 

of t ~ roon. sun-cpots , ta:vcrLturc of 
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tr.loonhcrc, otc. o am:'U! not 11 to lc::.d. to vclu.t.blc rcoul t 

n oald be, no t!dllot r.cn eto of oc1Pntlf1c ~1n~ ~n 

lo.l>our. it y bo different .. ., 

1\ftor briefly diocuo&irw t question he conclude ., f.ollot~o: .. 

"A oin~le L"bl~upt ohn:ngc in t tcoophor1c preoaurc io not 

111:cly t o b e t:...\:COJ;• b:; c..ny fluctul~t.1onn in 'tho Ircqucmoy 

or 0 If hortcvcr, ro:ilotri c ·o thor nocll · 

or t :rcbulor into~s'Jlf. lfl tncn ttl r ·t ll '' u cru.~.~ \; 

~- certt1ili ;corroopondinR ouc:i.llLtlonc,. ~,'b.uu t 1!nnlly 

duil 1 cnnuol Cluatuutiono in t u tnoic frequency :;-

tJ,rtl.v uo ~o tno in tho a.tmoo ric nrooour~. pec1nlly 

re ttl'· · ourv of t b;,ronotric m1 ic !l.uctllt1tinn 

y oi~i. lt.r t !J or en ot'ler". 

rom t 

tnr t •~ !.u 

1 

!'r 

bove ott:.t nt 1 t io clcor t n.o.t ori reco~.~t»ioc 

l 

1 ,. .. 
.,..O!'lOt'riV ve \Trlicn. ... 

~ ............ .xi 

full mtple..nntion 9! tne 

t. xir: 1l1i • 

Lronct.t-ic fluchunt1 ·on .y t;" -- .... _, 

i 

1c 

·t cay 

!teet 

ll 

th o ULL~ not howcv~r \ ndice:.tcll now fl"cn u. l'"clutiotl ... 

hip t":l r •t t,o c:i.ficn.lly correl.o.t 1n tno oc.ce or the diur._ ul 

t;!,vc. It in olc:;-u.r tw ount b ctivc ... posoibly 

0 l.i CU tlO o reject Jnnrofi ·tuble linen of l.nvoeti.:~~ tion 

.,.ucn ymro.~.. tly q CC"Cm tflO V.iLO<l of ViGon, l~nott, uCiluoter 

n ftcrli1Lr 'B nou~:.:nt :f~'l"' nlt4r ~ d lunl.!.r 
/0 

per ·C1t in frequency. ,.: firr:.t, 1 tn y 

by W1 lnveotinu.tion iurnnl l ~ . di • lie fir rcvicged 

at"..: o1' L!.ont~oou • llor nc of nd tn.eJl ·pro-

c 1 to cttuck t ·.Lc orobl b •fUlO O.f nulyoia • .111 

ora or tno cart•vr·· f .rOC}IlOtlCY 1"0:t" iat:ri.cto y 

t' r nted t ly 

f r vcn t'J1ctric ... nlt 



:l1-

c~,;.lculutcd tuc frcoucncy ~of t 7. n ini t.:cnCI the! .ur~11 ... 

d.acic~~ .. .. p l i tude 1o one nulf of tuc d1:t'ror.onc 

otw t l'le m~xir-:~ ,wini~WJ Vt:~U o:f cac troqucncy 

octcr~inad by the hurl!lon14= o.nct.l.VGio. Uo invaot.iLEl.tod 1n oeverc.l 

e~co 'tbo firnt 6 b.o.roonic ~oonponcnto of t ~froqt.umcy .:ropreuent• 

inr. tt ourl7 nariodo indiow• in biG ·tub leo. 1£1 o cxnrn1na.tion 

cor.mr!aeo to otuey of covcru.l dta :~ri ~cto. He ro-oxno1ned by tn 

L1otbod o.f' hllrnon1c '"m1.lyc i ~; t ~1o rocordo vmich omori hu.d dioc 
-

in connection wi tJJ t.ne Kunonoto , ~Jino•Gwcri n.nd. ~~coohir.:m cn.rth-

Uo.~eo , und i.tl.Oo 't.hOUO }lertu1UitlG to r/okyo Wld ~1cpt:.n tl.O n r:hole . 
hilli.pin 

In v.dd1 tion uo &mulyood Qs.rtb.qu~~!to cntcJ.loc.->uco tot: tho lo:liii-3tfrJtB~A• 

lolend nd Italy. ~ho rouul ·tc of hio anv..lyoio of ori'o dat 

re very intoroutin rl vit~on ' B ta,bleo tor then ro ncr 

reDrodUC(Jd for oo r .1uon • 

...L 
oto ri 

r1of! 
Lpocb 

n!.J.J'_qJth 

t !li P I h !l.r. l Jl.t:! l .. h .• ,~ 

lot .. 24 houro •623 0-3 •163 .2- 19 •50') (.J- 1$ . (;96 4•35' 
nd - 12 .. •4?6 2• 35' •089 :5'•29 •171 1• 2.5' •069 3•58 

~rd. .. 6 .. ··4~ 2•57 .• 229 3-58 •111 1· 17 · 075 6-S2 

4th .. 6 '" • 214 1~56 •069 1· 12 •068 1· 41 ·•086 2·10 
5tn - 4~ It •239 .1- 12 · 0.5'1 0- 50 •072 1• 33 •121 (1 .. 4 

6tu .. . 4. " I 
.,cas o.-5 a ·•1.2' .o- 32 • 210 0- 37 • 232 ~ 
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it. Ord.inory l~ .. rtbqung:<Ju of Jf,• T)an. 

(a) l, ~04 r.urth~. u.clren reoordcd at ?ol;yo 18~16-lu!i·l 1.md lGU3•l892 • 

. croonio ,'Jholo iec.r \;inter LurJr.Ocr 

·Conponent .Ac,pl. 1;poon IU:Jpl. ~pooh l.z.Jpl. Lpocn .. 

h.r:J. h.m. h.c. 

lat • 24 :hOU!"fl •1)0 lC-14 •09) 10·39 •!.76 9-~8 

2nd - 1.::? '" •082 l<.i-22 !' t23 9·26 •O[,!j 0-12 

)rd • 8 • •090 6-28 •086 6-)1 •lll 6-25' 

4th - 6 Q •118 3-7 •143 .2-S'll •096 3 ... 26 

!}th - 4~ " •030 1-8 •0!)9 1-49 · 060 4•2 

~th - 4 " " • 024 . 3-~Z ·0~'l 3•61 · 0~~ o .. ~!J 

(b) 117~ ctlll"'thtpu. •:ee recorded to~ ull Jn']JM for t~lc :v·enrs 

uti.monic ~rnpl . 

co"'rrnnon~ 

18 t • 24· llouro •14'1 

.2nd ... 12 

3r4 ... 6 

4th ,. 6 

" 
" 
" 

• 004 

. 064 

· 100 

1885·-1890 

.!!'DOCh Aopl. ;BJ)OOU 

h.Uh 

11-~3 

9-8 

·6-Jl. 

2:32 

•239 ··­·· 035' 

• 045' 

. o6z 

!l&Ila 
ll.-50 

9-48 

6-12 

2& 

/lrQ1l. 

·061 

•u28 

•083 

•146 

poch 

~ 

o-.2 

3-5'8 

6~1 

a:i.l 
ln diocuao1ne: the Itulian recordu lnvison ~doito tho wc1W1'fl of 

tlle c.r .L:ucont of ~:ion t onouo cono<!r.nim~ t ni, d• d.uy r.iUXioum £01.' 

the i .nr.l't.rW':lentu.l. record t the goo-d.YnW41cul obuarvntori.ee. 

ut he pointo out tnn:t ·tncro io hot1ov.or one fJt&tion .. Hocc41. dl 

pu wlli·ch accordinG t.o Cunoan1 to \7bo1ly uninfluenced by 

vibrnti.ono due to hu.cu.n uctivi ties; u.nJ tt.wt th rmonio 

nt. lyain o.f the recorda of tnin oto.tion too indi ·cute ~ nidday 
' 

'XiDUtl. Aa 1 t in :found moreover tllv.t ta.oo rccol'd~ or .k .oon 

of t:n tntione quect1onct1 by :~.onto11eu.o ':;tree clouely th. 

tbone o.f Hoc cr. di 1~o-pt1 1 tnc ..fol~ca of hie crcur . c.~t rr1 t.h rcf.ttrd 
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to hUtlt.m uctivi ti6o ic conair]Qrtt.bly u .eG.kcnt'!d. 

.vioQtl pl'ovidou oucoinot o ry of his rcoulto 

.follouo:• 

"Tho follo~ln~ conclun1ono cuy, I tb1n1:. be drn,'ln froc th 

rer:ul ' c of the liQI)Ve eml.l,yDiD: .. 

{ 1) Tho rcnl1 ty of tlto di urnf'l Vti.X" 1 utI on of 4tilfJ eu.r t11q uc.JZO• 

frequonoy 10eerr.n to bo provoc! by tbe o.p)lro>:icnt'o nnrconc:ut .in 

pooh (meam loon!. tine) of Uu: f .! rot f'roc cm:~,pononto fC>r t 

wn.ol:~ year nt 'toki.o end t:nnilc, and fc;,r tho wintor 4r1a DUC1r10r 

lvea of tbc ~ear bt 7ok1o. 

(2) In ordi:no.l"y CGrtltqu~Lou t.4loro io ln ncnrly every o 

rkcd diurnul period. 'tne nu.xiuUIJ ,goazernlly ooou1·ring between 

10 n .• ro .• and noon. Tho ocr::J.-diurnnl period, tnouah leea prouinent 

io aloo cleu.rly t:mrl:cd, thn r:uxicum ocourr,i;nc, u.£ u. rulu 1 

bet\'fcen 9 .u. .• o. u.nd noon and. botwcon 9 'J>.U. nnd l!lic1n1gh.t. Other 

importnnt .. the !irnt oax:it':Ut'l ·Of tnc eight .. hour cooponent 

p1·obaoly occurr111 buut 6: )O ~.m. and tht\t o£ t oix-nour 

oo~poncnt ubou.t 3 or 4 v..o.; but :in t11o tVTO 0000 t 

result re not nlu~.yo ooncor®nt. 

(3) Thou to:-iule sro .1ncuff1c1eut fol' ru1y t:onur.ni ettMei 

conoluaion, o. ·Coopnr1oon or t ul ts for ~·ot:i ·o Wld Uocon di 

OCI!lO to ott trut.t ·tuo r..lir:llto>." d1nturlu..:.n·a ·t tho latter 

l.l'-00 o.ro .cubjcot. to a. wore rjo.1•ked diurnal peri·odicity. 

4) In ·tb.e ,u.ftor-ahooko ot: t curthquv.t:et~ th 1urnul 

per1.od1o1 · .. ,~ } rule, 1u otrongly p.~onouncod~ ' 'l.".11 X:iou 

Of t.nu diur.rm.l poriod •OCCUrC uitbin e fo¥1 bo'.tl"U nfter Did.•Dit;Hte • 
but tnc onocho or tb.e otllcl:' col:iponcnt.o 1;.1ore cubj.cct to 17i d 

vnri11.nco.. A opaci.U fcu.tu:re o!' £ttcr-olloclm 1a the prooinanc 

of e!f~ht•nour und !'our•hour ·Coopononto. /..ftc:r u yenr or too 

ot1e return to ordi .vril cond1'tion~; but even when tne 

o1'. !'llO.C.t;D .. 1~ . .re.dllc.cd. to .onf!-
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hU!ld:t'Odt<n of t.tmt. (1 n tur~ f; j't. t. f;~"' fi!. ,.;'t. t.w o~t!.-1\-.r t.t'ri~ t.ic 

of l::(\.(U ~vhocr;v ~.~~ \;$ .t.,t.l.ll ;JO,..' ·t.Q~t.i '~Jlon. 

v1oon t.ncn unili!rtoo.k £J.lii mO'LlOJ1ic at1H.l.ya1o of 'bA.ronftt:rio 

r:rorsnure rooordu in c.u•t,h.u.~ ~o C\:' •• : ~u.~•l .. ~ tu : •. &1Gl.' .;,r r)') d., t\1 ol ty 

oirJi.lur to t~t o!' cn.·tll.!lwti.LW pc:l·i...~dici t.y ~iLlLt eJt.int :.:.n oLwn 

recorrus bio X"QUJ.lto IJllQ'.:r 0 1.>r.H: l~iwiluj!'1lty hut nu~1y nnnt.Ja11c• 

he cone lu <te.n (t.S to.t.lo i'lD : • 

"It rseems o'\'ident. to~lol.·o!ore. t.m:.t Wit oa,nnot ""'tt:r11mte tA 

iurnu.l variation of ceia.~io f:r~oqucnoy e}:clualvcly te') tn~11; of 

buronctrio -preoourc o1· of \l'.f.Ot:t volocity but it ia '!lOt 11\'.probuble 

·tnr~t it r:my re?~uult from t~ coiib!..nntion ot bo~u pnono~c~~;.. t.uat 

the t'i.tl:r.nn.l pcriO~ici t.:r of OJ:'ai.tUill'9 earthl:ft.U.~;oe f!.l1,f 'be clUO 

oni,ofly to tnat of wind ve.loo1 ty A..t'ld. the di\n-n~l pal:'i odio1 ty 

ot u.ftor•t.tllocke ebic(l.:r to tlm.t. of 'bLrm,1cMtr1o prcuo~r,fltr" 

!he 1•e&l eonClU010lUS 1TX"OQ I)u.V1~on t 8 pll.]lCt' ·{i.p.JOOl.l.rn to lie t.tlUt 

diut·twl po.riou1o1 ty reh.l.ly ax1 atfJ 1n rtuqm•kc froquoncv; 

tlw.t tuoro 1 t1~01lf\: ov.~o~r.;.JlOO C!U•t :l i. io iuf'1UC'llC by 

r1Gtiono in bu.ror~ctr ' o pl. .. or.murc Jl.t t.nut p.robubly ot,ler 

J.nfl.UC!i008 ' ret.H:nt l;udGtGl"tJ1ned urc uloo Opi1r"'tive. · 

~'he ooael.utt1on uf 1; . ·. >eLl d!urnul per1ud1a1 ty 
't 7' 

e~into 1~ conti~ued b~ ~;auv ~,,. 1;, ~:~ c:r'1 ti cu.l r:xcl!;JinL t1on 

1 H.OU ul ti.~ t;_."'Obul';ili t7 Of f}UCh flL.l•tU!,'Ul!.l:C 

f.rt~ouenay rGoul.t1nti :rora t.hc rundoo occurroncco 

,lJc,-,uo t tiU..VG " fho ... ~cr,;.ll ~J of tbo dn.ily pe1.•1c.a lr,tu:;l. be 

confl:i dc:re" t;;&'t'-bl1·t.n(,o anlGco the .ovo.luc.ti,o.n of t~1c cxucctancy-

1 fl f&,ul ty ~oo;d.AI.::, to t.uo t :~ct ~ l:'u· t t~1c t ·l·ewcl"C ocqur in ~rqupt! 

the ai:Oo'-1 -..f.:retor.:to~:t tut-,con tJ~ wuee or perJod1o1ty dinLooc 

of t'.4l:: J o titrt. " • 
~ . 

.:n the y.c.;;.r follouir.~ ...;ctaio to.~ • ~ cri tic.iam li '~C l:t: "."lJ.bl.1ohed 

t.ln :.OCCOt.t.n t Of ko.ll ,.,rr.~t.lJ.tz '~.rt:lt:I:.!.UtCOC lie tf>tbUlL_ t.Oc! 

''"',OU.Di r.no~ .fi1·ot into ~ .:>Ji.lrly pc.riodu ~.ud fi?.!iit4ilf' 
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in tt\r~e-hourly intervale . inc tl:rt.: ~·nicu.l roprcncnt::J. ti on ot both 

tho d.a nrEl oie~1lar und indiut on"irlUr.l f;roouenc,y in ehc 

rly hourc of botu 

...................... mcthod.a of ~ 

•r,;,up1nt: according; to tnc intP.nuity of t ~;hock ~no. !ou~nd tlm.t 

tho distribution wua r:mcll the; onnc 1n ·cncll cnee. He nleo 
f~er 

con8tdcrl!d. ttlfl euru; ct.\t,ion t!.r t ·the Jt\:Y!f nhoc t:D '"t ebout mid• 

dc.:.y due to t1tlllk •hocl:o :pc.rmin.g unob•crvcd Wld the 

m1n1aum .G,bout cid.niuht rniaht be duo to the omiur.~i.on !roo the 

.record ot wa&:t.ker ahocl~o not c.uffio1ontly ct::-on. : to t:.•.n~.l:en tne 

&ltHmera. rnc Btl"OllL: 6b.OC G8 hortuvcr ~.J.oo cx!lib1 t 'tho D:::J":le ' 

frequency uo tho weaker otlCG w1d. J1e.~.1cc tho foroo of the 

phyu1olot;1onl p.rau.ccnt in weakened. necltc ·conaid(!l·cd the 

~oaai'bili.ty ot the frequency 'bein ffccted .in tho mune WilY 

by tne aun·t c posi t1on. Uo poi.ntcd out t tlLt it' this ""fl th.o clute 

tno oru.:JG rolctioniS oboul.4 be rtunifont to1· tllo coon. He 'thcref'ore 

l•ntt.lyoed t11c recorda v.ccordin" to tuc lunar liuy l>ut di~ not 

conaider tae reoults ·Confirr::cd t~a h¥PoU1cuea . Thera ure :no,ever 

eone icportu.nt n.upeo·te t1l1icll ile overioolra nnd tn~::~o will be 

d1acuaeed lc;tcr undor t.b.e tJection deu.ling 111 t.n. lunn.r per1.od.J.,o• 

it1oa. 

Beoko rj,loo cxnnined 'but on .v.oooun·t of lt}Ok of d••.tu a in 

not vory nv.tiet'll.ctory nay tho poa6tblc rc-lnti·ono cr 'tile ClC.rtn• 

quni-;o frequency und \mronutri.c vnrin:t.:1on ; nd he concluded 

that thoro waa no very obvious .rclnti·on l ct.,7uen "~ <jcne t~o 

• 
Beta of !henouona. 

j.jl 
iUlne 1n hie book on neic.::oloa)" iu:u:; r,.lno d.iccunecd thc.t 

au.e.tStion o i tJ1:·m~1 iodlcit~. He took up tuo 1iopute ueat• 

ion of tn-e t)renonderanoe o1 ni t 1l0Ct~e IUl rovi et! the oric 
~ "!'~ r:I..B- tJ ~ 0 • 

... lcel1~~. rder to eacnpe the dieturb1na 



~ 
reoordu. :i'1 Of'loctud t.hOUC LUU~d by OC.Ori • ·t;u 

t ~·o~yo fret, lt>76·l~<;l L nd ft)n~ln1!ed t~t. ~ •. · .• e,,c inrllCH: t.c 

tnut cmrtutl'lfi tcec ,;,rc &u fri'uu n• ··; c\urinc tuo nit .. ht 1:..e durin& 

the dLyo. lie nnt;-;;c:zs u. lier,).- iut~rers1.1·~.., oboe1·vrdjion '<7hic~· .. f.I.O.:J-;:r.vca 

f•rtller ctut'..y , thio rer..t:W fo llO'~HS : • 

• lf ·however we tw."tH;;.ll~tc· tuc m:ce in vc.r·tict-'1 

coluu.1G :;_cc~r1~ ll of' the rtPy enoh o~ lu;111 cor1·cnpond 

inc to rt!Ot:Jtll of tn~ yc~r. un inupcction of th.1o to'bl.c r."'ilowa 

thr.- t OC'f)CCially fo1• inter oontn.c tit<.rc nppckl'I.J ..:o1· eu..o.ll 

2'• bouro .aax1o uu1.4 rJi~:..!c(ID: u1d 'Jnoeiug :fron i1onth tn oon·th 

th irno o lUt.ir.:au:J , cor~~czmon £t rnidni~l.lt i;1 Jc.tUD.::",Zf., 

GrO'iiO lctcr unt1l July \~llcn• it rcv.cnc:e. c1ddJ.y, ,lilo froa 

.~ult -:o ueceober t.hu t.u or t.lc r:axitm: owe c.::.rlicr .. .. 

After t be rov i ct'l' ot the rmrk of Ooor1 c . .n rl vi.ton ulrcudy 

dieou.eacd in tue put_;cr hoCDncf:ivoct:- "tiinco it iu li:kcly 

that nlong u fault , poocitly hundred r:.:iloe in lcntrth. :f·or 

n.; r.1;,ntn ftor ito ! 'orr:t t1on thore r .rc uointc t.t r:h1.ch. 

criticr.:.l condition aru rapidly l)o1n.; prodllcod. it is not i.oprobabl 

that yicldiu.: or uoccloru.tcd oettl1nr; nhould b-o cff,cotod by 

diurnal bc.roootrioul cJm.n~~oa . 

lt nunt . hor.ovcr , b~ actcc: 'tbLt 1n J&pan thooo ciu.acc!a , 

vri. th ,n ranee or twa oill1~ctrcn h.v.vo t .• ei.r o:.·~xiL~UIJ t nd 

cinimuo nbout 9 n . o . '-nil l>et.\:cun 2 lind 4 p . c ., 1.thl c·.~. c.rc 

hours !ar rcnovcd froo t.noc .o ut .-.... ubi.c.a tbo nt~ioum of tbct 

Wenker nn rl V.fter.-oh.OCl~l.: chiofly 'th l::c 'DlC.oe . tt 
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ible to t to.t1ono i 

i r ctivoly by lvc. l.in ei 

Y" In () 

t totnl r o ch. 

h~ tl 

llowa:• 
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Hours of oaourrunac or th.c tt'bsolute 

tll<3 c.U.ur.nt!.l uoisn:lo vuriv,tion. 

htntiona 

er.~u.ro 

i)tuko 

lehl nomaki 

~'uk\.UJbJ.tw. 

0-teunot.,l;ya 

okyo 

u..goya 

l l :fu 

feu 

alcn,;yw:.'W. 

Kull&moto 

Kat.co•~ 

llour 
.. .il.xb::tutl 

11 a . m ... noon 

5-6 Jhtll• 

2• 3 p •. rn. 

9·10 P·•m• 

6-7 lhJ'ih 

9•10 a .m. 

1• 2 ~.m. 

10• 11 P • flh 

. 10• 11 a . m. 
( 7~ p . m. 

,_6 p .. u . 

9 · 10 a . c . 

1· 2 Jh r.t• 

xinuu nnd oin1rmm in 

occurr oncc of 
1u1nwa .. 

2• 3 p . :m. 

2• 3 ·p. m. 

• l .~ .m. 

4-) a •. l.l . 

11 p. E3.-.m1dnighi 

4-5 p .•. rn. 

(0•1 P•Cl• 
6- 7 p .• m. 

§•5 P•• • 
0-1 P• lD• 

:2• 3 P •l!l• 

2· 3 u. m. 

4·' l h tl• 

Co::~mcntitll: on tue ,,bo'Vc tublt! Ouori 'rc:~c~rk roo tfd. 

tuble, 1 t nill bo ooan t!lc~ t tile nouro ot occ.,trronco of th 

aboolute xi b.lld r..ini 1n tht} diur:lal oeior:ie vorlntion 

:..ro very t.li.f:'forant to~ tho d!:f'forent plw.')ClJ .• 1id.n nuy 

purtl¥ 'be duo t.f) tJlo .!'not t!Ui~t oo.rtuqtu~t:oo ohuoi':'vod nt oooo 

of the atnU.cno uro not .aJutflc1•ently uuneroue . 'i"lle prob14tl 

au.use 1D • however. thu prodotdnnuce of dt.!.ferent t)er1od• 

1c1 tion ut ·tho r.lifforunt otutionn . " 

~ven in tb.oso ~ • .,.,. canco \11laro nt!~tiono V(~ ttl<~ .. Jih. B 

ner!o4 tllu opouh io oftc.n Qui tc di:f'for•t. ~slio \?111 be seen 

fro..- t!u~ followinr: ta'Ll Ylli.Cll tJ.ro t~loo t~uotc~ n~ol!l 

~~ol'l ' u PU.')Ul' : ... 



!/£-
t~tlouo uitn 12 bo~ro perlod. 

litntfon~---~ --~-.ll'u.kuahir...o. U·tarw1coiya 

J g.pr .ntn. I 

lRt L C;t. 9 .. 10 l! •• m. 9 ... 10 a.m. 4•5 .a.m. 9·10 ••Ill• 
~nd. " 8-9 )';hill• 8-9 P•ZI• ; .. 6 ])•ID• 9•10 p.:r,m. 

let tin. 2 .. '3 "'"'' 2•3 a~ns. 10•1 fl.Jil•l 2•3 a.,rn. 

2ll" .. t:.·t 2 p.m • 3•4 p.m. 10-11 p.m. 6-1 Jhllh <-

... ·t"'t1ons \71 'th ft hoJ.U'u periud. ____ ._..... __ 
\iii-~·-

_,,. 
llOC\U"O W.lttl 

lyako Oltu Tau 
in • • .. I ..... __......., 

lat ' :~txitru~ nt 4 •a•m· 1·2 a.r:~. 4•5' a.m. 2•3 a.m. 

2nd .. 11 n. ·r.1. • noo.n 9-10 .a.m. 0-1 :P•:ID• 10•11 6h1De 

)rd .. .~99 5•1 p.m. 6-7 P•l'lt• at 9 p.rn. 7-8 P•D• 

l•t ~1nit1\ll.'l B·9 a.m. .at ,S &et>le 9-lll a.o. IL't 7 ~•JI• 

2nd f; 2·3 p.m. li.t 2 p.c. 3-4 p.·m .. 1•2 p.m. 

31'4 " 1.0-11 Jh fll• at ll. P•r.:J• lU .. 1l )'>-tle 0 .. 1 &dll• 

~tu t1oiH3 wi tll 6 hourH period .. 'i'ckyo. 

let ~ux1oum 2•l .a.c, 

2nd 

):rd 

·4tll 

IJ 

8 

.. 

9•10 Ret.:~• 

3•4 p •. m. 

9•10 Jhw• 

lat Uinim 

2ncl 

3rd 
4tll 

" , 

'" 

1•2 a.m. 

4--.5 a.m. 

0-1 P•~.a• 

s-6 )hrJe 

~--~------.... w...-c~~------- ~~~--~~------.. ~~~~--~~.-----~------~--~~ .......... _. ... 

the ubove tatblca omph.aniuc ·the in.div1d~nltt;v of the records 

for each otvotlon. c.nd tu't'lliOh o tronG Hrgucect uc.w.1nn t 

their corro11. !·ion with bt.~ro:~otrt c JU ... eoourc Llonej wlu ell 

1o tHo only correlation u.tteoptod lJy f.)nori. 

~he noxt to tltko LlP ·tue ,1l"oblez.'l of diurnal periodt o.1 ty 
~b 

fD.B Oldlw.a, J!e po1n·tad ou.t tu.at ufte:rc u. Cl'Ot.<.t Q~rth'{U.Ul:e· 

there uaually follows lon:": truin of lockov' due to 
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1nor l'(end,.1turtr•lo!1t:.n., 1lt"!f'ort: <J'l;t~:..~.h:r!.m"~ !.o :·•:ct .1cd; 

C':l!lD1d-tu·cd tnn.t 8uctl r . t:o:ri.mJ c.:.· !;Loe ·e \ •'t_L ·;c J.l 

•• inVQ;.} tigt-tiO!l iB~O ,~iur!•£11, C ...._.l.'~, t.Jt:_~ eli. t_;., .JJ tLt!l Gi or<J 

iraqutrod 1nt:.o the: nfto:'"-ch.oc ~:u f th-.:~ ' :rt;~t. l .naur:2 earth.-

qunke w1·tJl thin otjoct ::z: v:1orr. :to fll (j!: r t.J ·::ir.-uu:. tet c.~.~rol." 

1ue to pb,y.niolor.::i•~n. l rr · ,~uut; ~1r QXH.c-'-nr::1 ;_ 1·; rc;,:o~tlu ,;:,U."Hi :;llt\d 

\:-y t.h~ t\hil.lcr.r.; 

!'eil-' t:;..,.J.;b hour of tll~ a~.:r t~nd !r;JJ'j .. t\_·n u . m . .. L,cnc; 't·r,;tl?Ctm 

8 nnd ll p .• r~. .e!1.J the oth,~r P€'t'~rf:t ~ 'n~.:1 ,: t · .r: .• l~c r._,ctittly 

r0r:~rko tlmt if tlli~ ~1rt:r1bt~+:i ·;, ~ te cec to t1 ~ ~' t w~ • o 

~;r4'~dYD f'o!"ce, e correor;}t't11J rur IL'fZ~ct i:IJ.C':Ile! t11,l~~ '~;~, 

nct~hl :io;: tlle t::!oon. Ue t ·.un·eror·• nmJ .v.i 'i\!.1, :u 
itlt"J 
~•~li 24- .en,u:_· l l'fl.rte t~n" gr;. rhi ec.l.ly :tCl' ll' 

q_,w".e frer.tL(en.cy 'fo't' •:tld! · -- l: 1(-'t t·o~ £l. 'f\t~r1 od of 4-,. y 

fott.lld M\\'evn~ th! .. t t .. Jf~ roau.lt (l,·b.i'bt t ~d 11 ttl--~ ~"0 

·to t.tl.O f.H>l6l" CU\""7Q l!) f"'l"'.'l.:'l 

- on tu·~~ t t•\ lm(j::v .. ~. r>f 

<'j ~ ~~"fb!Jf~'ion ~):.r rVlt'til"'tt 

.j j ' : •t ,~ 1{; U()'t: l n t 

• • • • • • • • ~ • ~ • 4 • • • - ~ ':"'ti.¥1011 ' 11 1.'\~ 1ll 

clintrihtJt!on Qf' t•l·- 1·f .f.' 

of t 

of t.l 

.y ·oennot ~ t '-.ttrt ctio-.. 

un. 1 t d.Of?fJ r t ' t•t•t·H:,u:r-1 .ly :fD llmt tnt:~ 1. t..iliu i 

-~ ·~ 

m. 

11 thout e!fGct. ll'.D J 1 t , .·11 ~ t·-..:::.#t ~-1 H:t1H~~ 

the ~ttru.ction Qf t ;n lP,m o;'.•.' r.::acn +w.'d.! Lny c:f'1'.c~t. 1n 

t?rmlni.nJ' th<J tir:1" Qf fJCo:,rr.ru ·a~ cf ec.1:'"tht .uii:<"t " .. 

A t'ul.lt~r li~iuo tH1 &ii'ln c..f ~1~1 l~n~oot.!.i}· .tiou ·: 1ll bt-

i ven und.er thtJ c c-otton d 1'H:.4l iz•::. ·;.,.til c:n:rtu t.! dPO. 

l th .. our.n th~- ! rl,,., w "~.: t1•t;;•.: r~c · r.::-ttJ luun1· 4~t _,r C.:...t£:L< n t 

corroouond to t 'nc.t o: r ... n~.t u>lt·.r d.~y l.lab,.{<,.. "",k\H~ 
"'""""" lol 

ontnl :rcluti n rn.JJT exiut 1n bot.n oo..cet but tardJ 

I 
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the period ·Of ob.oervationu rco.y not z..w.vc been euffic.ientl.y 

lonJ~ to cl.eioinc·te the eolar influerlce fl"Oti t lwtt.:r 

observt:.tiona . 

C·ortu..inly, bowover, u diru.rau..l pnt~iodici ty l;eecs to b 

,..:reoent nnd 01 u.r::1 .18 dinpoood to nttr1b~te 1 t indirect• 

ly to ttle t1chll forces . 
{J( 

nott n.tlO ~criticc.lly roviewed Omor.l'• • Oldhao•u nnd 

vtao.f1' o nork .in this connection. Ue di .aouatJed th 

-pe:riod.S.ci tl ,co 1ruU·cntoc! for t,be ?okyo .and Nugoya diutriot 

civen by 0t:Ior1 and f'owld no evidence ·of a daily onxi 

tbou(~ ho bclievon U1ere ia sort~ ground for 't11o half un 

ounrt~r ly ;•eriodr;. !io iwB ala()· ~r.i t1cised thu .aettlodu 

icnt.ed by Omori . pointinr: ou.t. tn~·.t he eid not uao tt 

o'thod ot overlo.pp·in 

to tilo inventic.a·tion. 

onnf: uhtoll ltnott. considoro eoe.cntiu.l 

11 revi EnJinit 01 'c uorlc Knott oos _ calculated tnc pli.t-

u t~n xpootunoy f'or tbQ ·~tt.Y'thquu!!e r:requortcy and con• 

eluded that tllc .rooul.te uo~e negu .. tivo .1n io1 cter. 

In rev!eain vi:eon•o wo,:k llo nons!doru tnnt core 

1'\'l!t!li't'* f'·Otlults ~1r1HJt~ fnn'J UIG e)l&t:111ll6U.on of tho !tnl1m 

recorda • ln retereneo to thoue llwtt r,·,tl1 toil '11ln th~ •CUBe Of 

ltal.J with t tu 8177 ahoa*'· tno dl\ily, half• da!ly, u.nd quurteY 

dvily u.mr-11 tudeo ut·o vll comrUX"ii-t .1 vel)' lu.reo , te.__nd to ttw.t 

extent sun)ltn:·t t:...1e UJfllOthooi B o1· true ~olnr ily 'tJOrio'd" . 

ltl f!.On~rnl ho eu..;.o ftr.l1oro c:ompn:r·.toon io possible the 

reo 4lt~u o.grc::e eutf1cient.ly uel.l. w1 th t.h.e r .ouultn given by 

vieon, at ldn:~t at> l'"csarda the phti.e~e of L.t!c tUU)Uf!Ha«S 

t~Gr1c~ic!. ties. ·• 

ItA t.h.C ·c,•.sc ct tLc- flil'"tht:~l.U:Ur:o~ of 3'GJ)llll hogaver r:nott baa 

ex~.n,inod (.? lr.tr~el:" huDber (:~84?) of b.\locita tlu\n thone 

n.vaill;bl.e ~(1175) t tllt! t~o of D;.rv1 f' OC\' inv t .. ... tion • 



t 

'o 1m~ t.ht~ t l tr :t j L .t r. t. t ·1r ). t« 'It i£HH'l 

fillCD £Gr t.tl 't.U :f 1. r r't. :!. .t. •• • 1 J, ""(,t~ i j ..• \r' - t~ .. t.11'd 

daily :ln~ ..... ~ ;,·.~ I f 

now1 , 9 n"!t,. , 6"; • •t ~~ 2. 5' 

the CWJ"l"Ae110t:~lnl~ (J~Ulti \Jl 01 

lifJt tire· :! ~.r".; 
I 

noon, b u. · • 

.roe:ocut 1n ouo '1ra~ ~::1..)1' 

-
lWrio d:!.oi ·t:t, lot· 

no nhyr1 'C!~ l i': sis. ·ru 

ure ~U1 t~ rtiffer:t ... \to" 
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q·c~cl: o i·o not tn& 

.. , 'b C.i...U¢1H: «~i~.t o:f :&a.ult 

ll.U'V c1e to col'l"ffl~~> te 

:vhi:t.0 f'ur-uishin partl.al 

rltolly fiOcount tor obaarvecl 



1·· 

,.f_t.it;;C•·•' .Ji ·t\;'-1:-l'e IIJ.Jt•"·- .er· -t-~r"P.'-~ "'"'""~'!..'=.t~Au_u u. ~~,A -'f.X. 

It oi e thOURht ir.l1t toot tl1e invca t1c;u·ti 

of' tldlll roe oula ti .. m t 1 

lOflaver ie not 1·,or n.,a 

tirnt olnoo ~tllel"'O i nvoivotl ,1 ot.iomJ 10 t 

ideo t bodily t~anof nee ounto o tor f'ro 

n 1" to nn : nr! in the ooud v J 
r t low tide .ry· v conoi .ror 

nt ·c:11atr1ot B en uy "1 vintt the 

li t of' tne rt". u.oroover I 
~nf'luouco o tid tor 

i 11 dctorrnining G&rtJlqt.IG•Ws .rl~e.qu.t;;ncy, P..cd who ·dO not t.~.ttach 

/ .uinilor 1r:l])ortanc:a t p tllc c01'J~ure~l ·titiua., ..;'o ~r thr.:ao ,r.eo,uons / 

t 0 ocnsi<."C:t'e 

rl ~.. rth t1·4 e 

0 11 

c en a ear·tncu 

ieu-y o'f chard C 

otwtion ie by Ui 
#O 

i 

tl 

dar t 

lo 

0 di.UlhHHl t .. er ti 

0 J) .il)l.c rele.tion 

y I u lUl extract t1•o 

ltC ~/tll, .161o. 1. 

onulc.r bolter that 

:l 

eurt pt to occ;:u,.r til:IQ fhf. t • 

ross t un by fluctue. t1ou~ 1 

conoi dcru:ol eod thos \1 !one 
b 

1 r ~culcul tim.t ti 

fr lo t or about 16 ctual 

·.lt on ~;t o.f t 

Cli.U ipt:l di GDltt.COl:1E!Ut Of t. 

to ll• ·w c .!:1. or neu1·1y ~ 

mra!~x into tni VGr 

.o r.n t!1ored .fro 

r,: .. 

R .nw 1"H1" ti.-;e v •tl 

J 

• 

'tlv b 

/ 

f 

rtH.' .o cruul.i 

cureful 

Ht 6ti.l:.o. ThL ~ 
1/V -

y ..... 1lnc i (f· ~c..r 
;...~ 
; 



10.1 

eo.rthqtu:.kes , the .nece£1Ut~y recorda llave yet to be exnr.1inod:tt . 

:d1e u.l;.aenca of amy ref erence L(> such &n 1nvoDtiGil.tion 
yJ, 

in K:lkuch1 ' e cobpreh.ens1ve review of' the Jnpaneae work in 

eisnology ,inrUcu.tes tJID 't even o.t this 

of inp.or,tv.nee bad been done • 

te (1904) nothing 

.. bout t.lle et:.mo t i t tfJ (1904) Omori , in un inveeti r ution 

into • .. ·· au'h,1o~t of the lunnr-daily d1,atr1butiotl ·Of eartn• 

UDJ!.·': /~ ·<!'aH led to t he conclusion that "tl1e offect uue; to the 

wei.r;ht of thP se at ero in tlle tidal motion• \fU"lJ a.n offect.• 

ive ntr.cnt in in:f"luencing eartuquako frequency . 
' 

lr:1tt.rntn·t., t ·oo in an .inveet1gu.t1on into Dyno·c!ic monthly 
u 

:freouen c.:~ rmtched t fJ.O ccnclustuu tha.t the eeu t1dee con-

tr1bntP.d u co~onent, ,in conj•na"ion with llurome·trio pressure 
) 

·hicb i i• flu!lncad the e~rthquu.ko ·frequency. 

ThP. prol>lc!:! o.ppe~re to buvfoen ·f'iret syntematiov.lly 

exe,nined by ~ori, wllo has diecuused 1t in llis paper •On the 
'ft. 

"socond~.r." cs.tHHUl of co.rtb.quak~s .. . ~lo .1nvao tigs.ted four 

dieti not ~ecr! of l'{:co·r(lo which ,f:..re ae follows :-

( 1) L1atJ of tho recent at.-o.le;er eubmur:ino ee.rtllQUt!kee 

· ··•1icb or i,;:inctel( nlmw. the Fuji vclcun1c chain. 

(2) T,.~:f . Ut Of Ft:rong CHl'thqttakea ,f'elt irl 'l10.Kyo 

(1) r.~roflr:er ecrthnunken whose centres were not much 

c"\r;brnt £rom rolcyo. ! nlr'Jld or5.gin . 

('ll Otronr:~t· cnrtnqua.~ae whouo centres were not nzuch 

~i etr,nt :tron 'rokyCl - au'l.nnttx•i.ne origin. 

The tnhlr.t) yn•P.11arcc'l by Omori giVe tbe date fU!d t1ce 

of' raacll enrthttlln.t.:c r'nd the nearest time of hign or low \1ater . 

coltt!"''i ".a ~' lno ~i.ven expressing the difference bot\7een the 

ti r"!es of euoh eurt~lt:~'take and tlle oorreaponding time ,of high 

or low water. ll'rore thcae ;atntlotica Omori records 'the nuober 

"'t' ~t!:rt'l"1tH ~-;a \"~nicu occur neE-~r the times of hir.11 wnter, of 
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.low water and between ti dee. 

For the first aeriea relatine to t)le J?uji volcan1a 

chain and containing 14 eartbquuea , he d.ravts the followlng 

conclusion. "The difference between the time of earthquake 

ecourrenoe and the nearest moment of high ar lew water of 

the tide varied, except 1n the caae ot the ·4th ea.rthquake, 

between 0 h . 12 :11 . and 2 h . 15 11 . giving tho a~.verage -.a:lue 

of ~o m.• 
The aecond eeriea contains 14 .strong shocks felt in Tokyo. 

Of these he wr1 tea , '"The difference l>etween tlle time of 

earthqualle occurrence and. the. t of the corresponding hieh and 

low water of the tide varied in 11 out of the 14 ca.aea , 

between 0 h . 011. and 2 h . 21m.; only in the 3 remainina 

caaea , earthquukos happened-midWay between the lilgh and low 

waters• . 

The, th1.rd seriea he haa aubdi vided 'into five groupa . He 

oena.idera together groupe 1 to IV .aa referr.ing to earthqua.kea 

of inland. origin • and states the relation of the ,26 ·earth­

quake• concerned to tho phaaes ot the tide aa followa : -

•(a) 11 occurred with tue high t .i ·de 

(b) 1e eacurred w1 th the low tide 

(o) 3 ooourrad between the high and' low t1dea . 

1'lle earthquakes of Grou.p V refer to coaetal or submar.ine 

regiona. The total .number of tlleae earthquake• ia 39 of which 

•21 eocurred with tbe· high water , 15' with the low water , and 

the remaining 2 between the high and low watera • . 

The ear~hquakeJ ot the fourth ser1aa oompriae .sroupa Vl to X 

and contain 80 earthquakea . Of theae •33 each ocourre4 wlth 

the high and low watera , while the remaining 14 eooure• 

between theae two pbaaea ot the i1te• . 

lie haa alao g1Ten the diatrlbut1on throughout the day of 
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the earthqual,ea· of the thir4 and fourth aeriea ln a oonten•ecl 

tabl,e whiah ia reprocluced aa follow•:• 

Diurnal yariatipn tf ·tht ••1am1g frtaM•ngx in relat&.pp 

to ~QI IDAIII I' ~BI ~i~l · 

Keu 
laaiEEa.&l 

1 th high water witb .ln ·water bet 

-
0·1 •••• 4 2 . 
1.1 3 1 

2•3 3 :/ 20 20 ) 1 
]..4 3 0 

.... , ]I 41 0 

S-6 •' 4 

,.1 l \ • 1 
~ 

7-8 3( :l ) 8 

:r 
18 11 

0 

I "l 

2 

-1 1 

2 

3 l .11 '\ 21 l \ 2 

2 

•-J 0 ,._, 
3 

6-7 
' I) ' 2\ 3 • 

7-8 i l l .... ,_, 
:r :I 0 

1S 10 \ 8 
9-10 3 
10.11 o,J :J 

10 

11-12 ~Uiv\ b4 b:L 1) 19 
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l;•orn t11o ovo tubl 1er ppoara to 'b rc ron on• 

dernnco ot f;!c.rthquu -;en oecurrim~ wi tll the iauo and :ein• 

im loading of ·t coau tal c..reu ol' J' n in the nciRh• 

bourbood of 'c.'okyo . 

T!1cro 1 ow.ev·er utre.nge luck of precioion :'ti Gmor1's 

:trcup1nr; ot tho rooor,ds in relntion to the t1neu .of llielt 

nd 1ow- ttnter-. ?he lww.r ·d&Y consista ot obout 24 bour 

.nd S'O•~ minutoo eo ·thu.t tbe .o.veruge til!le l:lctwec.n h1rJi und 

lou water f.u 6 houru 12•6 minutes. Iu order t.o '~roun tll. . . 

cocrdine ·to the ticoa of high t!.nd low t1atcr 

nc:: between b!Rh and low water t111a 1ntcrvv.l obould. b 

ub eli v1dad into four enuul pnrto ·ouch .1 hour 33 mtnutee in 

lemr.th. rt occurrl.ne ul thio 1o period. o/ the 

titnea ot high, 'loti or o1·ddlo t o11ould bo rof erred to 

tho st.n.nd, ori. llowovcr, .o 1ncludo 

:rtnota s occurr:in f~T oft '&Q.. trow 'tbo tines ,of h1 

ncl lo tor ea ref,errlne to 'thoao pcrJ.odth 

~pplying tht.! ner~ cri toria to Ooori ·~ t~blcs ttH') follo111n ,1 

rcoulta hu.vc been 'terived&• 

(1) The 14 enrthqt.ml~:co ot tbe FuJ 1 ·volcuu·t .c ,l!One~ 

ith higl1 wn tor .4 -

" low • '1 " ,. 
-iddle ·ti·de 3 • 

(2) 1'11~ 14 etront~ 'allocko .felt 1n Tokyo 

wltb . bi~Jl water. !) enrthqwu::ce 

!IJ ,J:ow • 4 .. 
'" ci ddle ·t1 4.e, 5' '" 

,(3) !'h9 26 stront~er <mrtllqtnJ.lreo neur Tokyo • Inlcmd or!1,•1n 

~(a) Gl"oup.- I to XY ot Oz:ori• e tH'ble. 
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1 t ia tented cat.llarnnt1ct::.lly tor o, ~11onic por1odill1 ·~.;y. 

_ the r;,;axi~u:o nu~ber ·ot nhocke 1o .f'ound to ~occur nbout eev 

houro u.nd the m1nir.~urn uJ>out · one hour bot'o:rc hi 

loon t.hc.n tuico tl\e ~'!tpeotu..r.cy. ~'lli 

thc.:.t the tidea bnvo had little if a,J.ny influence in 

lninR ·tno time ot oerthaunlte a hocks . 1 t .in .:~.n LP:rl1nT.• 

tnn, however , to noto tllet tho r~l.tght rmxn::un occur 

·the timo of l·ow water, ·toot 1·s to say, whon tho effect of 

·•'lcv·al helnht ia ·to reouoo to P- r21n1nwn thQ lead ·on t 
• 

Oll th•eaat o1 de ;of 'tllc seuumed tHu.l t . 

'he dieto.ru;e of t.tw ft:ul t :f'roro tho aer:. cou.at i 

oavibly the cxplnno.M.on of the fe.Qt that tiaos eccm to 

11 ttlc or .no influence in deteroin1nc: tho tl 

o.Jc.• 
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lrov. rthetttoJ"eaoiDi .staa\I.»Uion it would appeu:r that t1 

queat.1.on .11 still an open one und io w.Jrtlly ot tuz-th~r 

.inYeatlgat.ion. It. ~Y ·w•ll 'bo, nnt! indee1d 1u h16.tllY pro• 

a~ble til.at. &lY oo~p<;nont of enrth~uuke trtJt;ue.nc,y conc.~et.~d. 

w.l til ·Oo~ 11 clea ia Clllu to differeniinl lo~4hl£ or &~.dJa.cen' 

rctaa rn.tner \ban to tll,: uax.1nnnJ t;nd minlnuro l1resaurett 

.lloroau tilu eartbqulioko re.aion. 

( 

I 
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Tne uoosiblo relation between ee..ct.hou frequency end tida 

tr~sD~n in t t c 11th her"' .-:.tflf1 :t'ir~t 1nvo~t1cctcd by the 
. 1q 

f ChlJ J~OX1 rcy o D1j Ml. bt4eed t1110 cueuticn fon 

tho nrincipnl .subject of fiis roHeitroneu and hia ,r.Jctnoda o 

t prol;-le a .1nfltHmced TjOI::it DubrH_.qu.m.t ~wr~er.s . 

ocopto~ t:l:e then ctrrrent <.'octril:o of fJ.ul '-' rucleue 

for· "' rtn . ne r.;uea thE~t tl'J ... e flu! d r-:1.wn, likP tllt ocean 

tert' , ~'luet l:,c ~ut·jcctcd to ·tidcl ~rnovc!'icnte , ' 'tic! hcntl£J uoul 

distur\J the &olld crtwt or th •.:. curth ul'\lol.~ they nupportea. 

· ·1 thou t.~~i fi vi of tho ccwoti tuit.bll •Of the our tilt El interior 

a nc""' l'(Hm dei:tontitrutc·d ·to be untt•ue .• by virt.ue of tho lllCll 

r1f'1d1ty of tile ev.rth Es ~, whol·e , 'tho t1ork of Perro;- onr,not be 

cet 1 on ·t.h1B ncco:.mt ; for hie work 1 r. le"rgol.y lrauo 

on ,nt .,tical mctaods . 1Uo conception of tho earth' 

interio:r influenced the plu.n or hi r; 2.nYcDti.rn t1 ens C;Jld W.\1 a 

used tn interpret his ree~l.te ; bu ·t. ·the reaul tD t.hmr.oolve 

B'rl:l 110t in vny wr:y O&pendcnt upon t tnoor1.,.. in ·.7id c·'n b 

b.oli ovcd. lt is v1ell to keop thiFJ in Dind :!'·or it nno bc~n 

cont.en~.e t ""'t '-'<:"' J l?et'rey ' s fundamental :poetulu.t with rem::.r 

to th rtn• e interior l:w.e been shown to be .ft~l&f.' t.air:t the 
. / 

l&wl!l , .. ·:d c c nrot~ntlR.t:,ted wl tu r rd to rthqu"""-•e frequency 

~uut be eQually ~ntru~ • 

.t•errey ' u methode nppeur to :have been followed by most 

subaerruont .investigator& o.nd it nlmOtJt see!JB as if hi e~liUB 

o .eo cioninated the trend of thought ns t.o render diff1clll\ 

tho development of fresh point of view. 

Perrey·•,a work was comrzumieat.ed chiefly to the .French 

/.CE~.deny of • .:.~c.lence and waB dl::.cueaed and approved by a 

o-pecil•l 
~ .... _ 
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wi til rer.t rd t:p nev01rc.l G.SI~:ecte cf "':.11~ wumt i.cn ltu.. H' ~) r1en I 
puol.it'E"d. i.r., ocvcl .. ., l of hi-. lGtor r.n:-c1rn. ln l 

proo<:mtccl to tnc Acu!m.zy c, ru::- .... i. ... ftntt tleC •nur l~c ront~ort 
/ 

ryu1 f10,-tvont 4"\xtat~r entre lc f.!"':·· l!mce den trP.~·'hlc~~r:nt.fi "''Q ,. 
terra et l'~ .. , de lt.:. lune"; {!_.f1 'f 4_ Tl t.1:H• fol 

/ 
nti tloft "Gur lu fr•"' ! 11n1)c d013 t;~;;r"' ,_ ~- .h~to 

/ 
<J1 

t~.,.re reJ.rt1vel!lont. au.x po.ovnttalt de lu. lune nu : .·~ · ··!1111" . 

~enortv ':era not ;p.:-intcd l)Ut the eubutf .'1ec of '!'lu11.1.r 

cont.entn was 'J'Ubl!nh.c~ in r x·onort \iy 1!. cclf:ct eom111~tco .. , 

uupoi.nted 'to l!'evi.c"'I'.Kl:orrcy•r' """;rk. ttu.1a i'erJCl"t r~cc~tc tr1u 

'fi<:w of ~.;; flt11tt nu.cleua for t.hf! ctrtb tul~\ rer~r'rli.o thi 

hypothaoic na enr.rpet ent to explt.d.n the t'.amtl tE! of z. c:!'rcy • 

1nveflttgtJ.t.iona~ . 
ef'rcy fonnd, b.il!nel.t con.frcntcd wi ttl wa inl l 111!£icul"' 

1n ntc:.t1 i.e owm•k,. The r l'<~B ow• • 
t t, Mn~ 1m~ ntC'lly 1}( t1 nee or t"'"''' 

ear coneccm.tmoc.~ i \}r-t!c1c1on . 

It t fore h2.p , tl•: ,on m:-.wy oocu.e.l.ozln •h 

:verv r¢coJ•ded on. o ·l~·y t.rot:J different c11BtrictD , thor 

oubt flc to or 1cor iet1nct rt G 

ctuolly t lLcc,. To ovcr,uo tt\i ifti nul ty Ju~ 

two tr~~ o.f 1 nven t 1~z~t 1 Oia . 

In tbe flrnt cunc ho took 11 "en.rtlldUB.kC y• Jl in 

wh1cll ono ,or ,r:orc Ot~rtnou ocourned .,. oco of otttor 

circu.cntu.ncos . Th1 list of 27'~5 rtnqu days for 

tb erlo d 1801~-184~ and total or ~3Bu c~rtllqu.t:.kc d.r.yc tor 

th~ nor!od 1801-~850. 

.In the ,oocond e~we ne roe1:ono o un .,o:+rtJlq~mkc dt..;,y• 

ee.ch Ollock which coul~d be cstuhliolled ac ll.ndopctldent of' otnera 

o for exocple, two shocks wh1cll tb.ou1-;h oiou.l taneoue 1n tine . 
ere acnuruted by ree1ono unaffec by "bock. Tll1'e 
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rn1 ftoo 2735 to 3041 Wlcl frot!l 5'388 to 6$96 

for the pcriodu 41.bovc!.JeJ1'tionod. 

In both the f1ret ,and accond l!letllo ho reforrod cmch 

nrtbquako y to tlle oorreopoud1nc lunnr y Emd f ,ound 

prepondernnc t the •7&18iee ,no coDJu~.red with the nuu.aratu.rea 

.uc found r.:!oreoYor tbv.t tllio lnw held for (~tl..ch of tho aua;r·t.cr . 

cent1Lri.eo cot],rto:lng tbc interval troo 1801 to lH50. 

loo tl£'1r:d cethod 1n ubicll ll.e rcp;nrcSod 

to eucll of tne 1ndi vi4L&nl oho.clce cot~riuod in 

inglc curtnuu .. lie ll.rld uot. the .neaeuoa.r,y to. rot· Uno in 

c;enoral and confined his c:.ttcnt1on t.o u liut o! 913 Ullock& 
17~1-V 

reer"r<led by 0WJ\t~lAiH1 from Uouth /.cor:icu. '.rha reculto of Uti 

third rnotb.od. con:fi., tnooc previ oucly- obtuincd by b.io otllor 

etho48. 7hc invest.ignt,ion wa~.o curriod. fur·~hcr by cxt~M1n1 

ctmrc toly eooo 422 earthquake du.ya .for tho period l,£341 .. 184; • 

,v·en in thlo litrlitBd pori ·od til.c~ t:W!lc concluvion io indlcn'tod. 

rrc~r nc)tt inveotigntoa. tne ques t»n of effect of the var.l 

'ble d1stunco o.f tho l'!loon in deocribinn 1 ts elliptical orbit. 

or thic 1nvcn'ttrot'ion he calonlntcd, Locoordint~ t.o tbe 

ifferent tilodG of tnl>ulc tior1 ~oployod tor 111s tormer 

tt!.b.les, t mmbe1· of ti!noe an earthqua.~e l occurred~. on 

th concl dey before, t y bofore. the dvy of, th 

y !ollow1na nnd tho :u y following peri~ae d r~p9eee. 

fountJjtn et-ch c~~ee that tncre \Jats n prepondcu•u.nce ,Qf ewrtn• 

quwxea .c.t peri.aee. 'He next took 'the diftcret1oou ()f' tllc oa.rtn-

OUtl.kO do.yo between tllO.CC of P'Or.1t::eo t:..nd tDO:"tee 
• 

r! t"J.v1decl 

thct:1 by their corr 

uotienta. li:-.; • 

l­
lo•7S 

pona.1nc aul'la thua obtuininc tho foll,owil)b 
_l_ J.... . 8l, Ill .l...._ l.. 
~. 23•S, 24• 4 , 29·2. ~,6, 21•2, 
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1e invcnt1r:Gt1on into the -relt.:.1;f.on of onrt~vrur:i.;.e t.rcqltcncy 

n ti.Jnca ·of th oon '' o ~ ucroetJ tna .idj,(,n was 

ore rootrioted in ·cr.~.H.rootor. purpau~ l'OrJ·oy l'Gqu.t.r• 

th':l c.ctUGl Li nly list 1ll1c 

be foun~ ~oee!ble to of "!P. . :I/>~ ';hut of Cu.t:t~ • lle 

~examined 824 ehoc l'eoorti.o6 at u na fo·we! tbeS.r 

d1otrilmt1on tnroul.;,lout tne luna'-r dr~y .• He f:Ub di v:tJcd tile 

lunu..1• y ;Lnto 16 rts whi 011 b(! ~ rr pt..il'ii 

forming l~rour.m. l't of the corl11!i.Anj.onera .,:u r.'Ct':u.x"4 
-· 

to th.1e nvrt of r ·e.t•rey' a work r,.,.., n r nllowB:• 

•soua ~oe eu , et 
I 

laro 1•Po~e~ fort n 'Jr:,r;.l1 eB 

Q\.li n 
\ ' I 

ouvont ~~.n~·o , r:;anqu~r de _,e r•r ::q··;:JtC"t' dLMl un noiJbr 

de f£;.1 to u.uee1 ncorc qua 824, len chiff.rc; o1:otonu• , 

l ''un 
/\ 

t 1 ',_,; t).'O c ~~:.' de W(lupeoent, rnett;.;:nt / 
., · v J. deuo 

1* CY.iutenr 
I 

c!aJm lc tlun_·, clu .1 ottr 1Ufi1~1r ... , ,rteu . .:~ {ruquoe 

de imu. -- I 
our la !r,~ ~ .. ~one den nO!!I1n·~~ c.c El~COUIIU~OU • et de 

I (!eux rmoqu ea 
. I 
• deux ·.:-·· '1"''t~rt rt<a Lo 618 

/ 
~nr· ~~a do lu. luno uuy; . .,. - 1 di cn 

/ 
u c :J:. :.. ou.r ra:oproehnnt do 

ot i.JH' <rt our. Leu / .. 1ueu do l:lilliJ:Juo tor.~l~cnt vern lc c111e\l 

cv it:torvu.lJ.ea •. 

The c;orn:o!.seion. r,t.,..tho:r rapor-ta aa foll.ows : • 

. .. ~lexie Perrey eat a1na1 pGrvc:mu. pn.;: .lc -:i:t'll>l~ :11scuee1on 
, / \ 

ao csta.l.ogue.o qu'11 .uw1t ~realable~ent torneu , ~- conatster. 

ous trois formes eli vera en et ,i~ldQp~:;oc)J;!ltNl l'Hl 

l'intluonce de l rche ~a.c: ln 1 un IU' ln production 4ee 

t.r,&r.lblenentu de tP.,..re , en 1'n1rsani voir : 
. 0 • I •1 • que la frooucnoe r.iea trcnblc~onta de ·tex·re ~ugmonte 

vera l 'efl ,eyzyg1ea: 

"20 . ~Que leur i"r/.,:.umce nugcer1te auaas. ,dfi•a 19. voiain51.ge 
. I I . 
du 'Perigee 4e ln lune, et dllllnue, au contrnlre, ver• 

1a : 
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•3°. Que leR aeooueae• de tremblonenta de tet•re sont plue 
I . 

trerwentea loreque la. lUll!! est danu la vo:iuinuge du 

!tut~idlen ~que lor•qu • elle en ~eat ~loign~e de 90 'det~r~• • • 

'lhe impol'tance ~et Perrey's work 'DO recognised by hie eon­

'tem;pors.r1M Wtd l!allet was ao 1~preooed with its value that 

1e inoorpo,rated a trWlalation of the report of the li"rencb 
'he . 'U / 

Com!:l1aa1on ill claeaiou.l paper wni~ch he preaentod to tho 

Uri tinh Ae•ooiaU.n t~or 'the J:.dvanoerncnt of Coionce in 18,8. 

The! ~~renoll AcadiL1Y ~of Gci.once ,Brunted. l?errey finnncinl 

auu:i ,stnnce to continue llia research t~.nd in 1861 be :furu1ohcd 
~~ . .. . . 

further report. on the eubJ act.. lu this .me~oir lln die carded 

the f.irot. uethocl of inveatigu.tion uued in tua enrlier work 

nd employed only the seooui :~ethod .i .e. :reckoning each / 
d1at.lnc\ ---- l 4'•4•••• eartha\Ullce v.o o.n onrtllfltllik'e day. Tlle.i.nveutigution 

relates to the period ~· 1751 t.C) 1800. lie found on thia 

ethod ot ;reckoning 365'5' -.rthquake d~~oyu . 

Ue f'1re ·L Gl"OUpcd the e~trthqua\c: according to tho ,moon •s / 

ge , e·u.bd1T1ding the lWJr.Lr rnonth of 29•5'3 ,solar cln.ys 'into 
. . 

'8 equnl pl4rta .• 'fuoae he ,grouped in pv.1ra •o tl:wt. the firat 

nd &ightb correspond to new coon, tlle eecond und third. to 

the r .irat o.uu.rter , the fourth ,and fifth to the full r~oon nn 

the 6th u.nd 7th to the last quarter . For the uhola -per,ioc! 

from 1751 to 1800 be found 'tho trequonc7 to be ,a a :followa s• 

A't the M7aygi •• , .......... 1901•16 earthquake dnya · 

• , .. uaturcs ••••• 1723•§2 • • 
DJ.f'ter.ence 147•36 

~·or the period 1801 to 184' his .result& were 

At the Oyqa1•• •••••••• 1420•94 earthquake dn.ye 

'
11 11 ltUkdraturea ••• , 1\14•06 .. " 

'D1!f erencc ,106· 88 .. 
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'dmnc r .eoul te cgreo wel~ wj th tuoso of idv enrlio:r noz;o.t 

for \1'h1oh ·the corrennonding ration wore ... for t 
1 

' ~yo nbout ncri~ee 21•.2 

'3 ~ • • • • • • 4 • • _l 
19•1 

In addition the recorda o~ ~be eartbqunkoa or ~e~~1o enture 

in a journal ltept by Arcali t. o c;1vc 473 ohocke nt tho 1Sy&y{}1eu I 
rtd 349 n:t the quadrn.turos. 

.noxt took up ti.Co.ln tne relation of c,u~thqUnl:e frequcnc 1 I 
no the ooode ~meridian pnnsnge. i'or t.bo :renora.a l7S1-10 

here were but tow in wld.ch tho ·th!lo of 'the ullock we.o 

ccurntely rocor.dcd . 'l .e following fi vc liato ucre tlle only 

vn.ila.ble . lt :le importamt to note that in thia p~per 

lPerrey J:z· 

t!.loto the £lUr.l unale 

-·~·· " ..... ~. ...... . ..... .... ;......... ·tnnn ·45' degrees. llitJ :reoul tn l llu.vc ·ttl-b• 

i• -
ter thun 

1etrlot 1t'ter.enc$ 
cridiun l 4.501'ro 

Ja:a. Oct . 

teleone 1783 .• . 1786 I 47'] I 4~ 145'3 I :22 

cb . Jo.n . j I ~ 
.ine 1783 ... 1784 I 84 I "" 60 j 2· 

Oclon:zaro 1-:cb . - July 178 3 I 102 I il 161 I 21 

cllla Oct . .Ilov. j 140 
I 

1 

ill 
1214 

_......... 

CJ3 . 
In tl ln:ter J)uper publioh•.:d in the Accricun JouJmtl.l of ~c1m1c 

rov1owed W.s wor~~ mHl this rovi,cw oupplerncntod 

by e foot note g1vce Cui excoller1t sur.un:lry ~ of llifcsou.rcb 
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0 fOl' c~ •• 
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1n1 • oint 

l 

1 

tou 

furt 

t 

t 

hol~ 

191 

t 

15' 

t.:W.iO J.~l l-Q.L" ,1e w re 

O.A.. J.OOO.J. S.tlOOKO in Lore e r 

Wld i.ol t .~n lo ... .a.Ol !J t'' t ro of 

ro.P i vel.~tu ttoat1ou of tll j ou1~nalu fro 

£l Ub tCl'.rdtlU l"bi\nCuw . 

Unfo-rt:.ma t'lt.V .rr 

i tiO::lU OW.o.t 1.0 t lOUD 

u ol 

f ir.ht . 

l.Gtc hi 

a f1nul 

ifWCSt­

oil' ~ 

ppoarod in l'J'/5 .und, :foel1nr~ t tJU. 

to li 

0 t.o 

hie 

i t.1 r ..... 

the lun 

t}w.t t 

two 

!fort, ho 114 tion t 111 

rev ... oi: u orK. 11 rcu th 

J..· ol.'V1E.:torm ccx-r onc:iu~ to t.u.e ti!r lt:.'\16 

• 

(It p dio~ .. u::o l'elu,ti.on of 

1 adrC~.tur .r~· t.cJ.• di vi dins 

t. equc.l r·t 3· 69 ( .fo'1n 

::;ut;l&07 carr ona1nt- to tuoao J.ntf'.!.i:vul 

t th 

• He next roune 

ic.n corr pOl 

nd two min t . tn 

·t 1ghth part~ .into f ·our inter­

·"yzygioa u.nd ·two to tn to t. .. l 
/ 

turc~ and .gu.ve th 1lowi -~blc:•• 



erto 

tudied 

1643·1647 

1048-18;.2 

18;3-1857 

10,8·1662 

1063-1867 

1a60-1a72 

1843·1872 

,1801•184,~ 

1901·185'0 

lZ21·6fl09 

116 

t oy~ynioo At Q.u.udrut\u·ea Difference t ·n 
Totcl fuvour 

new &. full ~oon f1ret 8: luut ~uu.rtera of by~y,gies .• 

1604 650•48 75'.3•)2 96•96 

2049 1053· .~3 '995· 47 !)8•06 . 
3Vl8 1;34•13 lf83·87 5'0•26 

3140 1602• '99 15'37· 01 65•98 

2845' 1463•42 .1381•5'8 .f31·• 84 

,45'93 2333· 48 22!>9•:S2 73· 96 

17249 88)8•03 8410•97 427•06 

)041 1604•67 1436• 33 ,168•,54 

' 6596 3434•64 3161• 36 273•28 

365'2 1994·1§ 1'75'3•82 ~ :&i:Z•36 

In cr:.oll cuoo 1 t .in seen tha:t tllOl'e iu .t. prcpondcrt:.nco of 

earthquake ~~ nt t11e eyzy,giAB. 

ln tho vccond ~ placo Perre¥ 

frequency in relation to t '1o times of perigee c.md .npogoe .• 

he rca tltl3 of thie invoctir:ution ho tc~'~ulnt.od fOll·OW&:• 



Totn1 for por1eco32gQ 

" ;; pose• 301; 

Dif'f·erenee in 

favour of »eri,::e 
275 

262 

?'l2 

31 

1223 

1!1 

lliJ 

5'26 

465 

61 

.. ._ .......... ._~._.__.._._._~~------------- ----~0·~--~~~~~~.---~--~YM~------------------------~--~ 

.!i'Xnr in .. ifi'crenco n taui.r ..ru.tio to ~ tJt lU:ilb 

of ·1quo.ke d,uyu tneao ,(;1 vo .!'o~ tao tot~l.u o! tho .four 

col 
-1... ~ ... n. _.1_ 

no 22•9. lc· .~ ., 21•2, ~2 for tho four colurem:; of 

he t:\l•ovc ta~lJlotJ ttWP~·ctivuly, .C.!W.cJint:; i'rc oft t J rir.ht • 

B. IJ:!nn into .ncoount only t~ .ti' il:rn . 'boat pur1cee 

nd upogr-Jo he t&inod t~~ following tctla :• 



I 184).-1871 18o1-1~o -:~ 
I 
le1'1c•• 1919 734 )14 ....... 18)9 "l 278 
•tterence 1a 

140 73 ~ 
favour of perla•• 

Tb.e oerrea,oa•ing rlltioa or tne dlftarencea to l.lle total• were 

~. -tt.-1, 11:4 ~or Llut t.laee columna :reapeotl'YelJ' .. 

.v.gain reatAlng 1A orcler hom let\ t.o rigll\. 

fbe turt.ner la'Yeatlgation or tne tlur4 law relat!Qa to 

-.rthq'IA&ke trequeuc7 aA4 tho meridian :paaaage of t.bo 11ooa he 

••• waa'ble to und.erthke. irl \lng ,of tll1u he aaye. 
/ 

•J•a&~ral• •oulu •'•••uper eneore •• 11 fregqt~age 11• 

\J•l•tntt It tarr• £tlat1ywan\ ·au P'''*B' 4t la 1ypt 111 
/ . . /\ 

•t£1dJ.•• eo- ~· l'al tai\ teJa dlul• -. notlt 4u 3 JanYier 
I 

18S41 aia 1 18\at It-. we at ••:raet :paa auJotar4l'llti oe~t.e 

nouYellt d1oouaa1on•. 

Wbile lt la aa4 ~o think ot tha old m~ being anable to 

oODplet.a \be labour• of ao .mast¥ ~ear a 1\ ia, en \be other AaA 

ao.e e.-penaat1on tn-t it 1- Juat tbia uncompleted aapeo\ of 

Ala inveatlaatlo• wAiah la leaa\ suppor,e4 by l~ter eYldeno 

and t.llat.t. he baa tbwl :beea aparetl •• tnd\lea• la."bo\1.1'. 

Perre71 .11 clo•irtg wora are worth_y of nteJtt1on aa. tt1•7 

elearl7 iadloat.e both \Jlo iaportauce he 11-\taaned to la1a work 

and alao ita l1mltat1ona. He aaya ~a a ~\ que J'at.\rl-.aia 

' ~ I le• tre~~:blel!lflll\8 de terre & l 1 aot.10Jl M lk lWle& OD & aaaen 
I ' I / . / 

1m penaH. Je a•ai paa fa.1\ ue theorie ae1aldqaae. Collalonuat 
'\ / . . I 

le phena.ene oeaplexe, lle lnli ... eftt a 1 1ac,1'Y1\e ._leantcae 

et .a, -.na aoa em~Uible, 1 -plu•f.e.,• Clt.ll•••• J '&1 alleMAt 
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I 

c~n . vi dtmc 
I 

l 'c.ction nr~··:tl!.."!1n!1nt() , o\l 
I 
····t.tclle,, do l'u.nc } COL:i..i U:. ,lliC'l . liHC t .· 

/' 

I 
tcn1.-r o~.wptc c!c~ troio loio que... j'ui ';-, :,lir~~ 

'influence lunn.iro .our lo tr 1 
II 

nt c.,,. t 

;dl 0 to 1j lliUL\)J.(W~t Cl'-WtCd by t~l') dOOline 1u 

t lly tlle btJdtiin nerr.ieu or t.u' 

l anent of tH:i •..:::•ic enie:nc llr." ~~ 

v r 1 nll our- -:;,n ,1'4:))«~ r J l1, \ in lcB6 tn 
}1.0 

'1, "''H):: on eRrtht"l\Ul: a • .i.•i tul k he ~~~a 

•.1 vinr. t.'l<~ a£U.(Jllt r .Alt ... . 

no!:'..t.1.11es. Ue fJno>::ad t l.ln .. t.t 'a'Olcy O 

'ic:n did JH;t cu~·port l 

•11 ta -vcrt3 t::rw d o .._,,l. ~ 

4~ in 1, t.t11o :l.a nQt. tlurpriJ~ir*'; • .t crrcy 

,.. o11t t~wt tn t1lr.~ five .Je~riy Ql·m.~-r;i• 

cont.ci·ne,\ o-n,l• !)~J om:t~lttU~ · l~t:o. il..l'i05f\'t1ea 

cnter(~d .in ea tlotioul RroupinB• 
$UI . 

ln. t ... n ~-~ tlne 'o book a,,pt:~.: .rc..·t\ ·illt :. . . U."'et teak 

.up t .l cf rthrn• f~Cqtttll1C~V . he • '\..:..4 \ ......... !o 

noto in t1lit:: uonnocti~>n t11e venrint~ of t~1c h1gU ri;Ji~i1.!' tJ!' ·tne 

earth on thifz ;pr('lc.>l , :\ o~c tl hJ,,:ot ic o!' 

tlu10. rc ~mt."lt'l no U&Qd tO t:XpJ.LJ.f~ ''-l'tl-tfHH,t!C 

nd Vol cuni.c i'lh'!llO'"'Ema .• Jio ~dOUS not ~tJ'Jl)E3E.l.l" to u.tt&.oh g;ren .. t 

Pirll.t ·t.o ~ 01 ::-cy1 o leNu rnrtly bounueo of tho OnlO.l'l ,nu!4ert ·c~.l 
. / 

dit.feren ·c,G o.11 which Luu ... b f ·O tas~:~~, • Mi nLrtly· bocttur-o of 

noBnlioa lii ... ch an !nrUcuted by Cilu.piin . i.';oroovor r1ith rcr.:t!.rd 
• 

to tue t.Jhu.rt t1dn1 "1f!lriod he unyw '"In ~~11 ,robulJility the 
- . 'Ytf:. fd. 

so~i-diu:.r~u1l tidol utroosGD uro too x-~1 c to J:!rodaco r!lo 

deformu.tion in tho solid earth.-. !t t#l~uld be r<~,;r~r 
/ 

·ttmt ·thi vie;,f '1hicb w late1· l.'tit1 by 0 .1!. J)U,l'Nin U1: 

I 
/ 

urn.b1 

uwweYeJ 
1 

.u1noe 

isru".ovo.d by the e:<perbJcutti.l renea.roh.en of ... ;.;~e;r u.t 
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Potsdam a ncl I£1chelso,l at Chicago an d als o, . in t h e Southern 

hemianhe~• ~~ ~uv . i . ?1~ot ;~ . J . ~~ab~~ (n~w Douth W• l ea). t 

Abot.l t tnd aE.USe 't1.J)S that. .IH.ln e.nd l:t!o L t 'tecn:.1c intt,rest•d 

in eo.I·thqua:.ke f:r-t'!q•.umcy vnotlJ~r ilp:a&.t seita!lologist entera d the 

lists t il t. i t1c; o.gv.itlSt l'<::trey' e. l 'a.w-c. :.l\ie ~me Hontefl•mc d~ 

allo.r~S ,,.;~o hao aotl for rHmrl y trt.irty y'3r.',~f'~ pu'bl1t-:b.eli :f'fom 

time t-o tlme ~i'lc;:·t ll'le~noi:rs on t hls f.ll .;.:.l.Jjoc.::.. ''!:!.a firut· ~aper 

in liH)'(' ou.tlin()e n rec~~:r,l plan of· co::rel¢l.Uon bet,'1H~en n ny 

'tl\'o kinC.:t..: if :ft-.. c ;;~ O.ole. -.;rr-c '1 tl~Js t:rat·c,d. l:y :r.::.f'(::r~.l1C!': t o t)!:U' th• 

qm:.ke fr·oquone;J: in rela:t.iM1 to tho po.Ji 'ti~n of the !avczl . l·ie 

concl\ld.(!rl tln t thc.r1! t.'in.e n;i evi ~er.ce of any a.uch re1k t i on !rom 

"'n n:;tar:ti.c!&.tirJrJ, ~;· je,oo0 n!>.r tL.qt\.t.d:~J ~l1.oc•kn ; nut the paper ia not 

convil'lcing aa no BtG.tiat.ics a.L-o e;i'-vcn . Cow) twc y~r-· 1:8 l :;.te r 

ur:ter;au,, :rntbl1tJheJd mora elsbo:ra·t f! investit;;tttione i nto the 

sut,j.ect .. He •: h ' t·eB tna t hcd 1 ti ~10 ·~ 1H; ~.n fen· c rminta:l re~tsana 

1·e:~·~~ey' ~la.vm :;tc~l.1.i.l have bcca C3a.rl.f,(;).t refuT.ed.; ::..au in t h i a 

met.oi.t' Lttn.c:J:t-.tliR thirci lu.~., :rela:t;Lng to ao:rtnqua1a: 1'requenay 

t•.nd t~!.C C'.tlr:infl.·~ .ton. c:f !~he znoc 1;~l t. will 'be 1"o<mllod t hu.t 

• ~r:re.f l.Uitld t·,,o n ':thou:e ot· invcstie:~tion in cr:to'bli.=;hing t h i a 

l av . Ju the f i :r~ ~ ul~· cc 11-o exr:rnincd the :fre~uonc~~ du.rtn;.~ the 

luanr uuy u .1."0 1!11'..1 two r~tP.Xir.i<:l. t::.J.>~l.U: i;l'!.e t'i."JIJB of ~mpe:J .• ior &ll d. 

in.tel'o~.u.c' ~;~lr'.!f.nnt lon, Erl'l t-: :r. r:mzi.:..":u at t.l1e niddle timee 

oetween r~ .uCof.: C:l)tlC1iB. '!li.i!'-! i nVcF;t ilitu~i cn .i. e lw.a~d ent:lrel;t on 

13ome b2~~ ut1ocb' ~t irr-~m.t1ph . Jn the c~ccnu :cn(!thoc. I ' er1•ey 

enqtd.t::.; 4 i ntc t~i ~~ nur:-b ..... :rr~ ():£' earthquake~ -r.r11ich onourred. Wh en 

tru~ rnoun : r; C.its t.~·nco w .. \e leu a and g~oLtill" t rmn 45° fr•Jlll t he 

!""0.1'idiC4tl. ::11 t ~lic case hH am~, l,~);;ed oom~ 2"l!/) t:Lrthqua.ke• •hocks 

• 
f'nom Jcu t.lmrH .r~tu. L.'{ • 

. Alt! .. ot~gh Perrey rcfs.rf~<!d t.r;~.5ser.:~n!l 'l:ctl:~v~. a3 Rtlppol~ting 

.... !.~ t.-dl"t~ lnvt, thio is rwt nso!.eaaril.f tt.~.c C "!~H~ fo"t' the true 
o t:. e.l'l.Yl e.d llJ:fyW..iq~U?--- • ancl 

maxi;'1a mc:.y h.~-v.c ~ :; ~«e;c.adlaHyWfilwlHit:"W:t. t uD..Jl u runr;e of 45' 

t f~ ..,. a o '7 ~~ C o f7J ...!!1.~ 1UJ. fro 'f._:.__.· ---~· ___ ___ __,J 

~----------~---~--~ 
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··~·:.;-::;.,.;:;·~··..:·.;.'.,.;~;..-,;,;' •;.;•;,;•;;;·~·-· ·.:·;..;-:::.;-;.o.';.' ..;_.;:";.....;•~···-·-·;;...-,.;-!,£!> 11 .• 

· ... ont, U"ou n nis u.citJ~c;i. ... ~ if l' "~ .. -yot~ S.t ..i up61t' 

errey' 6 fir.~- .... ~ - :..nwJa i..iL~" .. ion. trn :t·h •1tl~ ~ ("u tu&.t 

if' tnP law :l.a t ll rul it c un'\ ·J r~!:n~font 1toolf in coat 

dietr1ct:.u. lc:l (. lc..r 1 ::~- t.C: of cone 45' . 00U rth• 

qUc.twu frut"' lO!" cU:t'fo.rrn t H.n '".riet.n, nn tht•n divided 

dt-.v into w•_c•_,.;:. tJuu·~l ~~ ~;-to tho t~·1tJ~lP. intcrvu.le ol fm, fi"L'Ot 

nn•l L.ft .L 0 1• i.7u~;.CJu. \..O:t'roc•~~·ud t~o• Ll" Cinco of uuperiu.t• ou 

i.r~tarlot• C:I,_ 'imttitW, ;:ond 11-lum;.r'\~ "tt~d Ft.'V.PHicLtly hie rouulta . 

dlo dietr1'tl':ltion c.;;..;l Ln rc·.::.rt i':dtL t.l.t.~ t~J.·.:.:-.·-· •w. uud U&s 11eu1 

•. . t;llr-·-....... __ _..._ --!......- ..... -~ - ·- d •• ..,_ 

l! !1I. IV v 1Vl VII VIIl 
------.--...-.-"--....._......._~ 

rtllqUU'~C:"J 5579 ~.;!}a 5611 5!fvd ~J.J2 '5G4 ~571 !ic.i62 

oreovor f ·Ot' .ltlo of tc.o d.i" .~,;ri,ctu t..ua t'1.a t:r! t.uticn ot ta~ 

r ~in · t'i~. th rcn:erfi to tnc p:::ort ~.culht' ·t.•!r;llt.t) ~ot ~ i& .LunW' "-'lY 

rec':'::-dcd. lt ll.:t/l)t:tt,~ .. B t.hu t ~Jv~ 1 :r-:r.ll ;l.lt1 f:L.:.- tllOI.il~.~..o tl.~uqaonoy 

0 CCUl.'.r 

in the f1rot ciabth for 14 O.:lutr1ot 

• • • • • • !Second. '" .•.••• .•• .•• .•• 0 
.. 

IJ third " If 14 
,. 

rourth H " .11 !il 

.. fifth ,,g ii 14 ill 

.. <sixth • .. 10 1-i 

.. seventh n .. 14 

.. -iahth .. • 15' c 
• 

I:t Perrt•J' .a luw were true thoro eh.oul d ll.U ve been c wor .;• g:ra~1 

prnpondernncc o1" tur.: din ~ll"illf.u hr.~.~.r .1nr: '-'!tat r Mnxir:u.- in t11o fb·fl-

on~ i"11'th por1odfJ. fh1oh overitilolr.li.m: evid~.nco 1o c1' couree 

much otron1~or th:l.n tlu;..t u;pon !11li ell. FArrey' u lc.'\7 •n"uo L:::·aod an 



1!'!2 

quito rr:f:'ut~uo tt\t; r~lt·t~ 'r'l. cl I"J;~f·. hn ·ct }i:." fl~r--cPE~!'lC~f 

11.1• t tL'ios of nuporior ~nd inferio~ culninetion. 

(n .t/S6 ~7oc ~ t Ul' t:1 ~JU ~~ n< 1i1on of' otJciLle lun=_~r 

nerio~cotty !n CLrtn~u r 
if. <f. 

que: r ·, • ·lo ta.hul cd the c·t~.,~th.-

QUL~~D LCC~rn1n~ to tn r~liLOCr of dn::-•o cnch ooclurrfl!r1 t•r 

npor ce r 'l~ ( .. ~t~r ( a i:ll": tlOd~ i.e. ('CNH''i'i +, .o~!..l•· 

i at J n 11, t"' t' cHli r:t ,oui.Jlb .• Ro t.hAn ~"rt·--1.no u the tPu 

tD.b 1 f>G. ('0 ~l t.! 1 rwC ll of llG \"l:lorti c t' nE.l.y.a1 u cJ:.Jt 

founo ttt t~".:rnc l:oo . ?' lirJthttnly ,, ,['{):rtni,.i1tl)~ n ~ e·:r i o r!a 

bllt tr.r prh• to d :!. 3 r::or "r,_: tlt! in t2; p uetUc•t.l. ~urv· 

then 1 l.fr tic~' . 

in.i.o 1\0t'..:. up 1n t"' . - : .. '1 

()o 
i rl •~ )'ln "'nr rl c:Ll'll.' :!.u ,,!.e i\;1lo.,1n ...'ho (.Otlclue• 

iocle 01' t"lio 1"t:c"C f'•r VC 'I'.V .Utl'Oll!:ly SU.pport 'thn t,v;o ll'.'i~~ r\f 

~erroy rolnttnu t· o c: r"'l1(1 tn :.o'::yr;ee r~Rr'~'!t i vct.y .• 

1\inott UtHJ •1 ns L la;a1o !ot~ hiu work t.:he ·then !'f?f~Grtly t'H\blinhed 

eu.rtnow ~ ~~~ cr_1_talO((.lO of Ju!}taH!Ue en:rtnquo.koo prepnrcd by T"ilne 

ue exnmtnr~, t \0 recol"ds 'bf>t4 r:o~ lunur dailJy zmt! t:cht~ ~lY 

pel'iocUo1 ty ,, amnloc'ri r.n in m. ct1 u!~uc thn r:~ctnod cf li·t~ l"f"()nic I 
' 

- .afiu.J.y.aia . ln tll~ llXt_:ir.~ c t.iou for lunar dnily neri.nr-tcitv t... .. 

lJ.o~;trly ~re~u. r>noy. 'fZi.il tt~bu.lat'll,l eonoencin ttl tl'le t:l tt-C 

Rioon ~ o oa't"!t!,.un ilt .• naago . ·rne tr-.l>lc of :froqumtcy eb obt:_ .... incd 

was prepure'!d tor buruontc :_nt1ly.o .. u by tultinn ov!)rl 

t'leu.aa ot os ell 3uccesui ve $ houre ·U.nd di vi d!nu l.be eu~ lly t. 

moon o'£ oll. Tho oa.r·tbqt.w.keu ''~~ro reooraee1 frou 15' districts 

orne of '>?hi.oh ltt1o t t claoned t.'Jeether e;i vi ng lO croupinns .in 
513'31 

Qll . Altoncthor •f3-3-l wartbqunkea were~ cono1derod. !tha harmon• // 

i c una.lys1.s ind! oated. botll lunu:r c:la.ily nnd Jle.lt lunllr dD.ily 

period& 'the latter \)cin6 the more utromtlY e1nrkcd . The nlu~ao 

of tho ceriodlcity 1n 7el~tion to the time of tho moon'e 

meridian nueau..o:e wno different 1n ooet troupe ··--- ----~---·-·~o 



.Lt:j 
pyr 

1 r.._r,:urlent r,r:{'1 ~nnt ~-~~r~0.t•v t'tli.rd lw.~T. nn 

"Vil"'\'_1") ":, (.,. J f I ' c .. ·:/· t .. t r :. ~u • .,_, ... .h ~ ~:t~...l 

1n t'H~ r>l\'lth.l c.~n il ~l 1) .. .t .]1_~ ... ~:.;. c ~13 L!lO l~Uit.t ::.o..:.-, i i..',ll •i"fl..iJi \hVO 

I r 
not.lrtl Oi \.1:'' .~ .... ~1~: t 1.1.;:1,; t-: .. ,t 

n• I ct• ~ in t ur lit .... (. .cc w l t.~l.l. l./( ... , ... r.~.; c-1 

thr. t 1 ~c'JO 1.. f l.ti: ;.\H' 4 ,~(, '!.o.r~n:· r:,c.d c.U .... _ .. j::<LC:,Lgc. 'l-r:o of t 

j _ (' t>r.. .. 
J-

. t1t•J , .... \ Cl \l:tH.•:t o!' .L.-r .. L.r~ I illc !.r......I_.Oyr., L -:.'·. 1~pi.HJ10.ll.j 

l.t:!Por~t ·ut~~ "tout; lOT'. ;c;:o t:Ollt.r i ntrt:: •·!mt~t nr~: .,.;.oJ~t}L ,(!fit~ ~IW lt:.t.b! Y 

l.f IJ J; \. t0tt.;l r.r . .idhLl' c.f •CUt't1,r•;:,tc;j,. l' 1't ·nm~ ..s.e1. 

- \. i ~-~; :u~ t.fACDtS •~·.i'n ,,r C<' t:r.:- or Ict;r c; ,: ~~'l' J.. C;Jen .. 

t&:u·y vJ··d .~..net 1. tr".&'l. tcs, P ·!' ... ~e C;.Ut\t\:'U~' vro.y "'~ ,? ...... .:1c~~ tnc CV"~:lp~.r• 1-

ld 

1& 

tiO' f~ : ·~C CU'tiLL 1r. : •. d ON'.::X'Ctl 'f.~')T l),JOfjil:Jlr; 'n~r1~.1'l'l C.l. tlrJD •" 

l!t.<..l . .t.a v u.; tlto: ... t: len o 1 t~l '' :U ... hl ~ ~-.:nttnLr t·:r.-~o .ht.!t.J :;;·.:; no int 

ollt ~ .. !._.~ t tl .. -...~- ..... t-ff... 1) ir.i'1d~ r;r .rvilt .. u;. 

l. ·: nr.: H.IO.t...;c J. i~ tic r!'J•l th ~ :?7- !);t-5' dLYt: J t:;V:r: kir, t 1 ·: \~ 0 .r i 

froc Plll.'irN.. tc tmri 

2. 'lhO tr{Jpi·ct.d. mnnth (2~"· 3?..2 W'YU} tln.r£t1r.n tht~ cnrn' H<A • 

:t.n. de-c11nut •. w~. 

'· '.l'lw r.-./r1otli<: ~:onth HW•5:il th;;'t.J) 

:>on. 

4. fl'he uid.ere :.l ~.wc.th (~7· )226 dz.i:/3) murkinc n comnlr~~t! 

c,Ycle .d t.l 1•m:.: .. rd to "..h;., fizc 

;. 'the nodicv.lmmth (27• :!l.r? '!1-:y.o) rJnrktng f,!1o period f'ro 

one .to tJb<J ne7.t caconJ.l.th: ~mn\~. 

-.>1nou tho d:&.:l foronco 1Jo'.,.\v-cua tne tron~.cc.•'t und u1de ·~· e 1. month 

ia too an~ll to 1)6 aetN~lO !11 ~Ala ~ISl'iO ,J nf 8 JGB.r'D CIV~:' 

llf.on tlto om:.•thnUQ<:!.! reco·-1a uxtt~nd tho oidcl"t:Ll l'.loath wu.u 

not cona1 dorod~ ln or,dcr to ure ·a tho records f'or hr.c.X'r.l~n1 c 
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.lmo. J.yc j. c tl'l l'thi'J\1 u '\!lOre tn'bul!itod in f,our wayo aoc:ordi.ng 

tQ i. • "'"H rod. v f:..ll.\}( ot' •·., 

na ~tue-:r obv Lou&.. ~r 

oi..~l nUI.:ibor o:t lt u :or tUio 

'-'.l.u. ·,:. a.:· t.~( tr~'V<!I~ r 1 nunh.,r .. nn:1 4'l;~;; to ft~ "•741 

11: f".ontn.ly groupitm uocd. m wer 

t to ~4~e h'tr•l_;m· o.r f\' :n ~ i'r 

ti on . -f',..'lt!l :l;~cer. 51n~ no do t.;.nJ .• .'roM full 

;l o f<n:ot:od wtn:a eucn. nropc.J..t" by t'!t 

hj[l l':l~Cl\b u.c f ol' the lunt~r lly 

f'Jt'CQa 1C'!iO/' I f rH th".U 2ubj c ot,cd to hU.l'l:wnS c i:m.lyt.ic. ~ne 

r~:~ 1l tn f.:-vo"r' t• ... olt.. t!.;-n hf:t\':cf?n onr~ho w.·~t:1 f ~·(]~-,. J~.l~J' r n·• 

t ~ c!t l ::: ~rr·on n~ t.u.c: ~JL:~iwn of Ul.o 'iontuly f~'Cili •. L_.c.-: f~,,. tne 

or on't;;. lH in tlw vicinity of JHUJ.f,,:c~ :n~ .. w 

lf..i t;)f t or~ lhly :f:r,t~c;u cncy 1'o1· t .. l<~ .J:fnO .lio r.:~on tn 

l \ ' '" '' br;h1n{: full t!Ht ILl oon. 

't t. ' l '1Cl"Y 1cuorto..nt r n 11 'If c.. r .1.1_ r!r.r.toed b)t 

tlitl1 r ;:_· ?n ll t)~iS: ... 

_lt:}r.?r'\'1'.,.,,, ~ont:luoions • ir~o cuntJlt 
----------~~-.~~--

I) r..:.:ro c .k·::,J:_; ia~~~ undar 

,\ ~ 1 d 

~t uvi <knee t t.Llo cu.rthau.ak~ .fl: in 

;Tnn::n i~ oubjcct to ' poriod1oity &f.aaos.iLtcd wU;.h. tlte 

i I)JlUl" dey • 

}} ) 't luna~· l!'•dnily poriod 1i3 pturtia.J.l;l.rly in ov! dent 

both. b,Y recoon of 1to .t'alll.tivc promino:1co end tno 

ree•;.l~ri·ty wt t hi ·c•1 , in cu.oil of tHo tm1 ,t.:;!''>U'OU of t 
• 

ocv-c.:.:'b.l cale~ic dist1•1ctu , i tu phu.se :f'ollt; in rela.th 

th•;: t.1t:'lc of .r:ler1dian ))G.IHlC. of' the r.con. 

(c) ·:.Hl·H'e 1a .tl") aertl4in ovid~.a • ..;c t.l'lLt tl loot'inr~ r·nel un 

lov dint! due to th<il f'low ·LUl<l obb of t~.,.e oo<llJl ti.Q.es 



1 .,~ 
••:# 

(d) Hr~C'" m1~ lo 1e aJ. rc ~: t u r1 .. trt~o .. o ooon • 

1n f tr lJ rL.n 

in t·r~nUf"•~O? (lo ,.,, utcocci nr-,r c>uut 01 \.! 

r~:;r· 

(~e) ~llcrf} 1 t.tnct c•vi d.cncc, r:c l'i! ~ .. nd 

!'ll'.w eo • r:Jt ~()rtni(~htly ne:: 

t B <!f c.~onjunr.tion {ttw o~·JoGi t1o!l o:i ~-~ ~on. 

(.f) • ~r1n1 UOllQlUuiora CHit L J .frot ~ t 

'month.l.y Wld. !o.iJtlliijt,tly ~cr.l o Cici tine ·alu.c.b v{)t-.c \:.o :,110 

tlOOCi!'-\<0~ W t til t~J.Q ')Cr~C. ctic r:t.r-;;:{'t'C in bh t::u~~u.' L; O..n.tWl 

11nutio.J , tor the Gll;j!\lO ro~·um t..m~t i~.o.lly "'""'' 

eminent llti.rmo.aic cu.t:'~on~.J.tc I'.:'Xlt'·" ·, .. , z .. tac tv't.t..d.:JU.CO 

:t•c L"..~Wl.J,Toed. t~oc\ort:Uw, l:.o t:.1J..~ ·.~tl:"1iJ ••,1 1.! ~.vc: 1 >:'.C ,in t~ ... 

r.1oci~1 ':0 pa~i.tiuL> t·ou.t~vo to tb.G r:CJ.'\1 tic. t'alG •·~U tbiLJ 

UCl~JO,; l!C t:h.\!'.,1 

(td ricvor,J:Wli.!'BS .. tl ~rtr 1 ·w o !. t.Jl 1 "U"!1L .• )rt 

tc lce,:t: v.l (J t. ! ~.:::: ,l 

cr .. ~r.i"':c in tlt ). J.l' ~- (i~.(;..;.U~ t 

111¢e tJJ. frr.)q 1 ne~r thll tu:_u ~Jt 

~~cr.t~"~ · 

(h) T~cao conoluoio~ in on u1 t_.l pn;f .L"u .... 

invae t:ii/tl t!or~~.~ ., paoultjr value , 1nosmu~h e.o t11ey Ln:•e 

l::t~al!t! upon ncc .. ua·te t.:·V!.~h.Jties of fully 7vtJ.O cnrt~1q•u.;.'kaa 

occurr1ttP. \71 thin ~2 ~lu!l;tfl ln liL1 ted. pu.r·t. ,of tv~ 

urth'e cru.ut .• throtlt·~l!>lJt. w.lic 1 .. giunto conditions 

mny be out.n~od. t-J be fairly L1;J1lc.r :!'ro1=1 poL.tL Li p!;t1.nt'"• 
~ . . ~7 

The ooncluoiono were c.ll.nllen~ecl by .._':cbuBt••r 1 n th'! 

follc·w.htr:r year . lie pointed out t .iw. t t:.l t~:.twJ#il 1:rwt t' t 1 nvoot-

- 1~rt1on Bug~ontc1 tno iatcrvretations wu1an ue lfl d _put u..pon 

thc:n t q_\H~Ht1on is E.!tcr nll an'? ·ot y~robabili ty. Uc~~.ils tur 
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the·n anlcu.lat·ed tJl~ prcbu.bil i ty of tht~ luve!.r r.~.~ily cr1r! lutlf ... 

~aily pctl•iotlu 
r(­

~eluaton thu.t ~~ 

JJott • tJ utnf;i uttco t•.ur: a;.rrii' Ctl 4\. t.w ... .:,;,n~­

l;he <ta.):"'t}!CUIL\!'(10 ho.d. 1be>f!'.t~ f.l1.1t"Cly 'r,tion(\0 •• 

evont£~ thcrt~ :rould h.nve bee-n ulJout one chH,no~ .in i'o!l:t' tl.fL!, .. 

tha ltana.r ~ d~!l;r period obta.lned t1ou,ld iW.V·il oo~ur.rc:.i, ru1!! 

~bout 2 clln.Jleeo in fi vu !or the lw.l.:f ... luna.r ooi ly r.ori.ot!. 

toncc Gcl'.l.uettel" conslUdaa that ·ii\lntil :furtber ,.:;vidt~noe is 

:t"OUfW.t r'orw~rd. ·tn~ lunnr d.DY oa.nnot "Qe co.noictcrod to tlf:t'eat 

~a:r tH.que.if:ea "• 

;;..;cbuett•u: aluo exa....,ino!i l~nott • o rtork v11 tn :t .. rd ·eo -~Jle 

U'f=ucs~ca monthly ~Uld bo:t.lf··mo.nthly »eriodic.tt.icu. Ue f'irot 

oritioiee~ t.il\!'i re:su'lts on the 6l"OU!l{i pointeJd oo.t by H:.Oatt 

... llme~~l.f t!.w.t the a trong~~t :imlf•l:lonthl!r !;.·oqU\.iiH.;Y ia nusoc1t: .. ·te 

ilth tne :l)fH"i<>il of tu,;. uod1 ot1.l month. a.ctd atr:t.tee t t.1.ut "IJ.S t!:a.oJ.'a 

iu no conoei vu.ble rtw.t,Jo.n tdiy the nor\~cf~:!. r.::c:•tt~ t?houlrt tJ.t:toot 

eartt.1cnm!::os, thf; conclusion will r~aocna't>ly bo drv.u:n .f.:rot:~ t!d!s 

thot u..r:.y por!ocl (Jhooan ut . . rflnd.m:J would ~~!V(~ "'ilJll.lt~ ret: ·ll t»"• 

~hit~ etn.tu•.nc.nt uhcult. nowevel' not bo LIJ:ll .. eaorvedly 

d fo1· .at. t!m nodee 'tlle:re .. is tt. ·Opociu.l nrrun[~0?..1ent. ur t~he tii!&l 
I 

.!'01"C~~() dut! ·to tbQ .flact t lXU.t. hotll tJlt! ti d,o 

i~u.!l e.nd !;AOQrt• ~c then in the lili.O.na of 'tl.!.e ear t.l1' iU uoti.Ql~ 

about 'tlll~ 9\ll'l:, .l'.tnd it l,u n!lt. Jnttf"nOe.vu.l,.)..~ t.iln 't Hf!d.l~'f"' fHJf!Jll 

·ei):"c ~tu·.aoae thu at:ra.tna !let up 11W.Zt t:e· l'eri odic in ohttt"u.·ater. 

taoroov~ :r 1 t ehoula bg not~d th'ii. t 13 dO'ii c....,l •!lon1;J ... o ar~ 

neu.rly t.n.e ~uJ.mc l.ent:th aa .\2 aynod!-a tto:)nt . .lD the 

....... oc·~ta.int~ 35'3•76 d.uye ~nd. 1t.ho latter 354• 37 ~h~yn. It • 

ther.e!orc. ·tuer-.e w tl&o u.n u.nm.w.l f!&r1~~Uci t 1" ifl et~.rth 'Uuice 

..... eqa<may • ~.~nd th.i a searoa .t1.noep te~ by Lcl&uatcr - it o£:.v 1"1 
' 

thnt the u.ppu~"'nt nudioal. lHH~i.od.ir, t t.y oi' earthquu.\:e fruquci!CJr 

!u due to tbir~ l"Qlu:tio.-1 • 

.Attu.:ln (l.U tn!.J· r.odiuo.l r!l0~1t!l ~l"J:ni:'l.Y cui:HH.G:ou ·.~i t .!.l t:..le 
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1 y l .I t t~ _ .. 

ovc ,, ... .,. 
n,..1r~ ~. 
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favour.tue r.• rclc tit'n nit ..... pet'! t!cw 1e thorc!'~C~r.,. 

. . . I. . . . .!.... x ~ :x ....1- x ....1.... or only 1 in 7~o .oco. 
19 4U0 ' 10 lO 

~t~t113 Y·e~y ll!(t\o_ dl.:'·t:-r·c·'.:l ot: ~x·o))9.1.lil1 t,v .,rcr.v ntron~ly OUj:~Cl•tfi 

the tf1o 1,;-,,wo ·of l~a"~".roy r<'.la.t1 to 11eri(l·Ce n.n 1 .oyzyai ea . 

Ae un CXiU:!lole of r•. lioi ·.,·m '.tn·~sti.m~tion tnat of l~~::r.!Jte on 
~. 

the eP.rtllq.m.kcn of Graali t :·. lo:' tho r~n:nth 24th <io tober to 

..,5th J;ovcMht~r 169r7 dencrva£J meatiun • . Becke di ~-id(J:d ttla tJont.h 

into four ef!mtl nn:rto grou'PittG them 1n pairu to ·cover tb.o 

ayzygieu and. q;aa,lru.turen. He ir.voatiett'tP.rl botll the luno.r , .W'l,lly 

o..nd uolnr dnil~ trequan';.l
1 

r.cu~.ntt th.n.t if tm~ ca.rt.hr:u.::kes 

wera ~a.:ffcctod by tid~~.l i.l~ .. :u..1no that' nirnilv.r rooulto e)lould 

bo ootainod :rrotn botll J:lcthodo of 1nvantier.tion, Uo ptottet 

f'·ou.r ourvou one pzo.il"' ~or tho FJulu nd unoth~r for the 'llunar 

freoua.ocy u.t both tllc ay~ye;1c nd qundrn turm 

sole.r. cul"v for A CY!{l-"(ii nd quadraturac cxh.i.bi t aor~c 

degree ut COl."X'C$pondonce but tr_ere 1'1:3 l.i t tle in COit'mon between 

the t lunar cuJ>vee; .nor 1 ny eloo~ ·correepond~ncc 

bot'ftcen tllc tJol lunu..r curves. Hence beclcc coacluc",.;.a 

thv.t no reln.tiou batwot:n ·aurUl~~uhkc :f1·~quonco £;.nd til!t~l. 

traesoo is indicu tod by .aio uork. 

!ol'here ~:re hot1evar cort.nin rcu.turen tthich. lle hna not sioted 

which outz;;e&t t.llU~, nfter ull. oot:Je :r:alutiou r~:r exiut. 

l t. ie ao~owhut :rclJL\:r.ko.bl<l trw.t 1n tho cUEHl of threo of tllc 

f'ot.:lr curvea u lV.X'Iiie na:x:liJum occ~a javo hour•~ bttfo ~c!1 t' .r!d i.n 
of-

the fourtH. .four llonra 'bc;t'oro ·tlle lower cu_lnirmtiont: I the 

nun nnd moon . Agi.dn) in onoh of tho four ·cnneo there in u. 
• 

pl .. onotlncod ~ini1:tum ut. the ti:nee of the lower oulrn1nst1otlf3 bi"lil 

in tnree out ·of .four eneea unctller pronount!od mininu!!l tl t 1m~ 

t .imes of the u.ppor culoina tiona C)f tlic nun e..nL: :CJoon. 

1'1le ·coj.ncidonco o! th i with thcoe oorid1cn pmsunee 

un -mh.i .t.1oon ie , of ~couree. oued t.o rrcy.6 
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l~w relui:.i.ng t.o t l ' "c:;.CU&f{() Oi i, '1(1 [tO O.l'i ~ la.t :i.t ,ia 

nc.t : Woi"'~ _ '" 0 l ~ Ct'' \:' 1:. .HH.I n .l. t •~'~ ~:ti'cct 

o! tLr;· tiudl v.: uo.l'.&.~cn~rnncc~~r.o 1<l'Uos.ted 

• ... ovc1 r_ meu rs to tiO r1~tuor u l.ronF prohubi.li ty 

lL· eion bet't n tuL -::.:.. ~ tu~..w~o :frcm•t;ncw nnd tidnl. 

• 
b )f. 

o~·l·tici c .& cl iu no 

t C.:•l•.•.J\lt:l.i).llH. iHt Oc.:rt:J ··t!~.tt fl'Or .. l:.al.D• tuoro oeenn 

u.n•c uurlOUC i'l.fJW J-~ • cU'l" t npm:cr.e 

tuu, t tuf"! ot. '.'Vt (\ lum:t· t!r~ 

l..J .a.~.~or. ":lLXi "::L u'bou t to.rec 1tc-.1ra on ciL~~r aide of ~~a 

H t _·; .1-J -u.~, .. r~ mad.,\1~ .1 :~ ... .:.~. ~o c·:- \.,o,{J ·~·lO·h 1·1" e c:"',.:.in 

cLJ."t• & l~, lLi ~.1..:3 t.~3l!:lf.tlOJ1, tco'o "'t!' • 1wlu iiy uvnv,/ G lct~lf' tn1~ 

.t - • J. ( n LCUU> ~L'V c'~ t •:nL .: • ~uG l 'rCOU(:lH'V ru .. ,r lrfl 

<~ tu a· ... ·J.nct~t'l 10.L' ... !o I" l4CJ.:r '. ... -.Ut_; .:LC • 

l. c~ll: l•~~~· too~ up t.Ht1 r.•..::r:.. (·~t;:: (jJ.' uiGtJ•jl_·~utio of t!l.C! 

t1t!l' ~ for.t t t. ~\~l' C f,:! VCii -.·oL~j ~:~ ! of th<J ~tt;.t'Li.<Jl.!ing Oo~y .. 

E;un .:l, .h.cC•C'tl . ;_.e t'O 1 .. t c .. , u .4 t w• . .::t tl.l.CJ i:..:wt1JiH1m 'UJ)W8J"t1 f("'t'0(' 1• 

or.e1· C-fW at cr poet te •!:~ ~X"t:::Ji tl etJ of t~ .. c eLL' t,41 t• 

s.~ti! t~ .• ;urCP.I tht r, t tx·~~ct.t .. l!§: \;udy ; tr..c.t 

o.-m lo.t·~ fore:) occaru t.~lom~ c. arc.at oi.rclo PtlrllOJldi(Julnr 

tCJ ih:IA1 cUt.,t:u.n. O't' : .:-;-.n d. t .nu t. tho r..c~:1, m Jgn i.J•twt~l i"or.cc' occt1ra 

l..>,\t. t.;m l)! 'n .l.l niroliJa ?.TrWB loo oorpcndiculcl.~ . 

to t .. lo oaid Ct..l"th tUt:·o~tcr, t.n.ll lio u. ... ~•5o rrorn tile greu,t 

circl':: of t.•i.::.xin~n dowmn.:.rd foJ.•c~..,; . Hu t.1..um . c;Jpliod .tilef1 

1cr . tod,-... tl) ~~~'>t!~\e t c eta.t:l~t:%. c~ c.ud cvnclud.ocl tnu t 111 t'.enoral 
• 

tht!· o'~r;:e.t7t:l.;.;.$ do fiU'?lOrt u rol~'tion butween tllC c 

:trcQUn.&eY ~ad tlw ti lit11 6 trc'nf.\ee . 
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In ·the :following your 01 undertook r 11 invcsticr~tion on 
"~-

the t1'tovc linen for t cc.rthqunk·;~· • .~Lc )1%'efnr.eu hi 

rollowinP.: recn.rk ffEver o1. ~co enrtnq a "¥Jer IOt'k \>,Y t 

firot stut!t tllere hn.ve been reuct2.tcd enc\ rDir#t,mt t~ttcmpte 

·to trnoe tlle U.ction of t.uc otm. tb.u moon •mrt t.11 lnncte 1.n 

producing them, or at 'leunt in 1nfluancing tl)eir relutiv 

frcquotlcy'j . Uo thon br~ly reviewed tllc wor1e o ~rrey. llct 

Ca:uaani , l.1ontcsnuo do .nc.lloro nnd v!.aon, und noi~1ted out t 'iill.t 

tho queeti on 'tl etill M open one • 'i\'he .ufter• nnool;e or t 

A88 eurthaus.!te ho cona.i do rod apeciully a ·dapted !'or u in 

tmcn nn iuvcctitm.tion, .hin vi .,t<t& bei 

exter:tul onuae o.t 'vorl~ it onould b 

't. "if tuero wav any 

elu.lly y to trt:!.co 

t tine Hhon , und i .n renion t1l1oro , th curth' s 

cruet o evidantly in W1 cxt%-etftely unntn.blo condition"~ 

other :fer.:. turo in :fnvour of ·thefHl recordo wuo thn. t tbe 

!locks \1Cre inatrumontt.'.ll.y ~oboorvcd. Hio ~ethod o ttuckiug 

the p:roble uacertain when tho circles of xlm 

horizontnl u.nd vorticnl fore aocl ttt1~ouvn tne En .. r 

1 .. ca. Xn thit3 pv..~or 11 

n t t!lina 1 to o.t:i.xi rrmrn 

tutod tnu·t "tJv~ t1orlzot1tul fo:t,o 

tl'Jo cir,:lov M. cto.nt r.l)out 5'4(144' 

fl'Om tbo Z<)n:l tb. un~. mJ.dir reupoctivo'-y• . 1h1 ~ i a;f. of cour ...... ,. 

incorrect the diBt.uncoa bcin"~ 4$0 inrlteci.d of 5'4044 '. The 1Lltt 

nalc reprcsc.nta t~o di:ntv.nco of th'l m::v.ll .,, •• ;;.A long 

hi ch tho fo1•c t' ro olly +. ho~i~ontal . 

He poi.ntcd ot.tt t 1u la.t,itudea . 60 tcr umn 2 · nd u 

nei'thAr th!'! nun nor r:oon co.n ever lHl '-n the xcmj_ th nnd nenc 
• 

cannot exert their up''Yhrd r.10.;do'un !'tlruo . o:he circles of 

rm.xir:illtl e!Of'lll'fn:rrd n.r,..., t~r.x!zn~ ho:"1 zo11t,.tl .f·ornc .ltowevcr c 

opern·tc in :oach hiL~h~r lc.ti t".dtte nnd will 1nterscQt uny e1ven 

raf'l'"i di.nn v t b~ura •Or!rl.cllY eueced from the titJc of" tue rnc:ri dinn. 

e of the rho £i.c·tual hour,, hosrcver,, will 



Declination 

26° i 

9° N 
oo ~ 

9° G 

:26° a 

!)_t-

be [1.. .functio n of t)le body'·e ~eclimtt1on. ller1ce in .avar <. 

f'or t!rlY uuoh relutiun it .is necu-. .. a:ry to group tbA e~.rth 

according to their place of origin. w1d to ve ret;u:rd. ·to 

declination of ·t ttru.ct1Jlf1 bod,y. 

'The Assli.o el'J.rthqua.keo ull 11~ in u.l><n•t lflti tude 26°11. 

Oldha.;rn thon cnlculo.ted, ·for vs·riouu dec11"ll.t1ono. tb.o t.imea o. 
' 

the pertoage of tho cirolun of :mu.Xir::llr:< dou11wnrd and horizontal 

force ucronu the. oeri dinn. He &JU1'7.;4\r1scd. hiu resu.l te in 'tnc 

follotring to.ble:• 

'l'lihl e :ebow1nj:T, tirneo of ,~nnoage of circleu of muxi t:1ur.a 

horizontul. und "Vortico.l tide producitig forco cc.l·culuted 

fo,t ' il. ! g • Vertical force Horizontal force 

. Direct DoWllWtJ~~d. Irulireot • 

1r:e f irne ~title 

12 houra ~ 0 hot~ra ~ o llo\.lr,., .e - - -
4 llr11. lS •· 

38 m. 4 h· -3 • 31 u 

5' " 31 ... 2h. 14 m. 
2 !I 59 • 

6 .. 0 '" 2 • 5'9 .. 

2 
,. 

14 • 6 .. 26 .. 3 .. 31 " 

'? .. 22 • 4 " ~~ •lit 

-------------~·---~~~~~-·._~~------~--*-~--------.------------.-. ... 
.. rom the above ta.ble it would nppehr tlw .. t "tile effcc·t of t 

hori.zontl!.l force :r.1uot. be looked. :fnr between J tr und 4 houra 

be.fore a.nd .e.ftCl" Middny, and uithin two .houro an (tucb aida 

o1' .rnidniuht; in thtl second nroup tha effect is t.o bu 1 ::--,lked 

for boiwe•n j 14nd 3t boars on e .i ther l'ti de of r.ti ·dniUilt and 

1'!11 ddny ,: \'Vhi lc 1n the th.ird the condi ti.on w1.ll be the aeP.Je 

.au in Ult'J fj.rst, lf1 th the oubHtl tution of mi duight und 

middny". 

luo reoogn1acd t.lw.t the effect !>n the production 



eclinat ion 

260 

9° l 

100 

9 
• . G 

a 
26. 

~ 
in the ut'lount , tllnn ·to the actual u.r~ount of ·th.c !oree exerted 

nd he u..luo !3\.tg6t:!uta,J that ttooe lug muy occur thuu de.l.n.ving 

the time or evrth.quuke occur.rcncu. 
. alao 

Another tablG tlld1 11 ~1r.epared by 01 dhar.a vhovina ·tl).c titttea wnen 

the effect. of th ··.xil!lllC ru.te of clumge of tlle vcrti.co.l 

·rox·o o'Cll :1 ·b~ cxpcri en cod .for 

be:forc f1 u ctmni dcred 

~"lace 1:t1 luti tudo 26°.H • .na 

eol1:rmt1ona for the ntt.ru.ct 

•:t.ng' bod,y. Hin ta'blc io 11:0 follo~m :-

'
111'1.meu of :P~\BIUlflC of oircloo ot ximt.H"J ru to or olllUliJ8 of 

t;hS' ti de .. proaucipn. t,prs.eH . c t-'- U ?6P N, 

_rect Indirect . 

12 hours 4 0 hours -t 

3 h . 2211. 

2 • 56" 1 lh 5'6 tl • 

2 '" .33 .. 2 ti 33 " 
1 .. 5'6 .. 2 ., 56 .. 

- 3 ,,, 22 tf 

In the :u"bove table. the circlca of rnuxir~mr(nto of ~cho.nge .u.r 

tukcn .at 450 fre.m tbe a:ttruct1ng bod,y. 

fter th.1.s thf!o.rntienl diHOUHlion 10ldh- :proceeded ·to r.m 

exumina ti1>11 ot the recorda. !l'llesa ,he tnhulntcd .!'<>r each hour 

o.f the dny. llo .t'ound thut the arapnieal represen't.nt1ort of tt1o 

.. lourly fl·~quel)cy 'indi catetl two :roo.Jt1f!t&:. qntt fl'lOJll lO to 1 '1 p . r4. 

uncl tt1e other from 6 to 1 a •. m. l?or thoae h ' ' G not boen c.'bl.e 

to oft'er nn upla.rutt.1on. m.rt superimposed on th.io .rrcqueuoy 

there ure othcu· poriodici tica. uhen tlle rr~aucncieiJ ·were 

groapod a ,ccordinr:: to ·t su.n • e de cling tion th,~ro wf...:o :f,ound 

to be .f .airl.y ,elos·e corre~nond<t.noe in . ·the ti r~e of tae ,t)bser• 

-ved and ,ou.lculuted r.:mxirna ,; but un the p11tudon were amnll 
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1 t we.P foutld doairul>le to vdoptsor.te rnet.lwd ·of sr<JUpitH{ to cut 

out diurnul vn.1·.iu:tionu \7hioh wcro itot cormectctd wi tl'l ·tidal 
I 

otr.eusoa . ~lliu '"au Qffectcd 'by groi1pinc th11 ·cfl!ltthquul.:es eo 
thoae or 

thtr~ .~ i(; noon were ·taken ni t.h thooe of oi d11ight nud 'tlloaa ~ 

o:f. each sucuea~i ve hour of the duy w.i th thoao ·Of tho cor·rea• 

pondine; hour of ehe nioht . 'Hliu group~ns ahowed '"two very 
' 

marked 1::Jaxl:.::a. , 1n the di stri'bution of' the ah()cka , one r!uring 

the fifth hour .o.fter , the otao:r during the aeconc1 hour bef'nre. 

tho marid1o.n :pl~souge , nnd 't.hene rouxirnu rnuy be 'tu.kcn ttn being 

grouped around 4t hou.rs tJ.JHl 10'· hours of the norn1ng tllh) 

afternoon. T.hat is to :auy tttuy bot.h .follmv by .l oura the 

enoch aurreUJ)OntL'lng ·to t hreo llouro be!Qre u.bd after ·the 

:11e~iP .mor1d1tt.Jl pu.oango, time ~h1ch corrcopondR more closely 

to the pu.onnga of' the :rno):iour:! :rnte of oh.(maa of ·tidal fox-ce , 

thnn to tho·t or the circle of ma:xit!iU!.'l ILoX"i2onta.l ntreetJ 0
• 

it 
•OldhDJJ rocogn1&ed ·thu.t e,; the nolo.r r$tl'ens .1~ really affective. 

'tlmt a ·at111 more nronounced effect uhould be oiltJWH i n .ccnnuet 

-iop ·w1t.h the lunUl'" atraus . lie foun,~ . however, t hat the eori ~oe 

of' ol)Borvationa wUJJ not long ertough to ~eliGintl.te tUurnnl 

irregulariti es and had therefore to u.bunr.lon thio toot . 

Another important i nv eiJ·t:i.go.tion \'Jhioll OldlU ·uu·J :·eo on tly 

·im.kt~n up wuo :t'oreulw.dowed in this pa.pcr and i:t:ill be discuueed 

lct.er . Thia related to the relnti ot1 to. ·tlle scacollfi.l vtLriution 
' 

in t he r ,atio of tha day und. ntebt sl1oc1,e . 

01 dhaz:1f; concluoinniS muy be quoted no followa : • 

"It 'A.l>pears ·tben that. the tidal ,at·reauott have .u rUutinc:t 
• 

effo::t in t.latcTrmiJlinR the t.irne o! origin df e nrtllqUf.l.kea • 
• 

thou~h their influence is ur~nll itl ;P.l'O])OrtiOtl to otller cnusea. 

but o.t t.he lltunQ t1t::e .i .'t i .s nooeusary to onter u. caution ·t1wt. 

thou(;n tno :f.uato iu tllit.J c:uoc aeou to GUPJlO:t't the cunc~uttiotl• 

th~y .n're ffir f l·oo pro'Ying it • ••••• • ••••••••••••••• • •••••• • ••• 
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and req11i.l"O VOrificntion £r0t1 11 ,L10re extended aeries Of' 

oboervntiona". 

Thls ·pnpor of Ol,dhu.a' a, wo.li by fer the aoot icportunt ountrib• 

u tion to ·t uul1joct o.f d1urnt1l enrthqunko frequency in relnt-

ion to t1 dal etroaoeo \"!hioh l'tlld. u.ppeared *P to thf:l <lute of 

.ita publicatiotl. It r.mrlcn not only a ·diotinct brenk f'.roo 'tbo 

line of lnveet.igv.tion wtdurto.ken by l"errey but offers 

r~:'lti one.l baa is .for ,inveatigation ,on the lt.:.tcr conce:r.tion of 

rig,.(, o::.r th. 

Tl'!e on~e aubJ ect wuts 1111aueued tn :f'ur·thcr detnil by 01 dlluf:l 

·in tht' following your 1n a ,rnot~oir of t11e Roologicu.l ,:;.urve.r 

'6 of I:lditJ. 1n thits pnper he c.pplied the sut:Jo rncthOc1 of inveet-

1gnt1.on but atrosaed .Dora .fully tbc f~Knificc_nca o! the ratio 

of· the d,;.y to tllc night shocka 1'or the oun•u north and ,south 

dealinu.ti onal He pointed ou.t ·that for nO'It;.h lo.ti tud_ofJ, 

~hen the sun is in north declination. both the range in ,'tlle 

ount , and the :ln tHo tidul. st;c·esa i .e 

greu ter oaring ·tbe dAly tlllill durinn t niaht; lJ.nd thnt the 

contr&l')' relntion ebtnina when tho emu 1.e in aouth daclinction j 
Tl11o dictr1but1on o'f the ·t.idal.l forces would i.e.atl to increase 

the X'O.tio Of tho duy a.nd 01Etht Shock& in IHlCU:!er LL1d to deoreaae.../ 

tl:Hiltl in nr11ltt!ll' •. Ail examination of the record.H ,;;howo thv.t tbill 

rela·tl.on holds good. If tllio reln't.i,ou . llolda good for tho eun 

1t •houl d o ~ ·cc>U:l'll e be o.lo o "'""if es t e :l i' or t l f"oon 1 n uo t! on 

in aeclinnt1on. Old.tm.rn consequently examined .. o reco:rdu of 

tho Oh1ll4ng aeiar::ogrllph witll thin in ~1e-w1 •~n rl fnund "tru!.t t.he 

reeulta indicated the aruno .telution but in a letJaex- ,degree . 

Tho di!io:renca· in degroe he conoid.ered to b ue to the 

number of cllOC!'S l>CilliJ :lttau:f'!1o1ent to clloinv.te t t1e ao'lnr 

ffect. lU a finfll conclusion rm~ds u.s r~ollovifi: • 

•From the torcn;oinr-t cons1deru.t1om~ it noemu probable tbu.t tllC 
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.tt de•pro due in treuo ro not without o:f:f,ect in deterolning 

tho ti o:r ·or1r~1n ·of l"'t.llnu • Do f c.r u recorcsa 

go, 1 .ppeu.rs U.m t t 1orizontnl ti p.roduci.n( ce .1 

ore eff·ect1v • nd ·t t. uny ct.f'cct 

producod 1 

direction of 

ore t.o rupi iJ rate of ,cJmn in aunt twd 

foro tn .. o their .uctue.l nt ·t ... u 

recorda olitnin in one loculity only, oiu.lly if l1r-!1t. 

to few yeara ln durution , ar Gt"ficicnt to 

ttibli uh thio concluo:lon proved - p v inouffici 

to tobllah .it probnblc.• 

l:n 

of r.m.:ximu 

bove investigation 

or1zontu1 fore 

u tha.t t. 

t :5'4 °14 ' .14 • f .rom t 

circles 

1ng ibo dy. wher t ttuc tU lu, of oourao, 4$o. 

1f:ference in 90 do not • ll0\1ever. 1nval1 dato th 

resented in h11J camoir . 

In view o! tho :foregoim~ :Pe'\·iew 1 t .1 .ruthor curprioinn ·to 
. ' J'( 

1'1nd Dutton .1n the t'ollowing ycer(l904) kinn t toll.O\Yins 

.etatenent:-

·•!Unce r!t"ey' c ,unnounceccm ta the joct been follow 

un by eevcrt-"1 1nveot1.tw.tor it rt'ni dly in r: r in ount 

of 1du. ta. '.l'he nUI:'lber ~or record rt VA been 

catalogued 1e no* in t nei~~:hbourhood o£ n 

:recorda or tho newly ncQu1rod. onee uen. ,r;rou.t ·ar 

c1e.r.t1f1.c vulue thnn the ·Old onea or f'.c:rrf;y ·•a tirnc. 'S."bu 

nt 

rer:ml t been thnt t nuf!lb ~'r {Ul c1cnt1f1c uccuracy d 

th h.n.vo iJtcrouoed, t pt'epouderanoes ich Perroy :f'owul 

··· t GY~YtJi ·CB, .a t pcrig nd ut lu.nar oult~inution vo .4~1nc11 

• 
ny to nd in mnny localities ll 

uit d. l!oreo.,er • t. ory of olten 1ntor1or of 

th r .• in ~ nt~lund, or1c .nd Itu.ly en def1ni.tel,-

ndoned in :fc,vour o! nn cur·tll JJO&a..eea1ng a high dogree ot 
~- ~....:.~ ~- ~ ~.1 .......... # ~~ -~~. /.v . -~.-..--," : ,, ._,.~ !7 .. ---"' ~~~ 
.t'.&.ftt.~:YA _.,.j .,.,.., .dt,t .v _ ••"' .tt1.• -·--- -'----- - __ _. ____ ,._ --- --~ -- -
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guini.n rou in D¥. In lr'runcct the oul ti vc. tor• of rt 

phyeice·seom· to b '"ll .in their belief in u liouid inter.lor 

.... touf~ll ·t.hey .al'u utill very conaorvntive in ·their viotr• . 1¥1 t 

ite fundcJ:~errtol poatulo.te .fnst vv.niahing, with :F.lupport derived. 

f'roc ctntivtict:ol corapcrit;ono lli :usolvod nc-uy, 11.ttlc rccu.ina of 

the tidt;.l ·theory or cu.x-tl:.cmr;. :o oo.usation" . 

1ile it is true tb&t the conc~ption of e ~olten lntorior 

·Of ·the en.r'tll h.ud been .abandoned und ttu:.'t Pcrrcy '.u .luw wi ·th .,. 

rcnurd to tha r.1eridlfAn lww.r pneoaae hnd been refuted by 

furthor 1nYeBtino.t1on1 it \Y~D not correct thnt Pol~roy *s luw 

relut1nG to perigee a.nd tho ·Blf&Ysi·ca hlid been dioprovcd. 

t.tori ucc~o to llo.vc bce.u ·overfnflueucud .111 hie at~.:~tement 
y the fo.ct Umt llorr.,y oouc:nt ·to intcrnret .hio luwa on th 

postulate of n colten interior of t~e earth; u.nd t11o phrase 

le •auaation~ cuvr:cotn t!lu.t ho IWO miaundcratoo 

1·rey'' ,a concept.! on of 

enrthnuuke freqllcno)'. 

rclutJ .on l>etwecn tidul forceD und 

Two ir.nuortunt lllLpez• dealing wi tn .. tho lunvr per1·odic:ity ·Ot' 

,u.ppourcd oholtly after tile publication of Dutton' 

book. The first of tnoee w 

the quootion for t lu.nc.r 

tll~:>t ot 
1J 

"'Y; uud t 

ori who iuv ti ,ante4 

oecond :t:;y 

die cu:aeod ·curtJ11uH.'ke ea frequency 1n"trel,ntion to tht! cynodt~c 

n~onthly period. t~ 
Ooori riret briefly rev1e~ed t 

nd lfnott and th~n proceeded to 

work ot LonteHPtu~ de llull.ore 

inc certein JHJUlncse 

·ev,rthou recor(!s . lle :po!ntea out thnt -tho aftor-ohoclra ot ,. .. 

rcat. csrthqu1·.1· representing rupid readJustment to 'equ1l• 
.. 

ibriur.J following tho relief of grafi.t s~roaoes .nre pu.rticul .. rl)r 

eui tnblo :for :ouch un inveo t1gu.t1 on. ~fhe records cxumined 

riae th fter-shocka ,of t r .1 earthquur.re 

recorded a.t !1anoyn .anc! of U1e liokl:G1·du ourthuuu.i.cc .i'cl t a'\ 

l'e!!!urn. 



JXL-. 
For t 8 •O! 00. r1eon h loo 1ned the records of ·t 

\ 

ordinary ohoo t 'Tokyo . At ull three contr t oc 

ro illatruflcn'L nerved. He d1v1d t .luno.r doy .into 

·.24 l 'unc.r hour i th. ·tb oon•e upper culo1rtation 

for tokyo. 

t'ho exW111nu.tion of 'tho eurtb t lWl!O coour.l .sec 

1270 xtendi r cinht 1891-1899) . Tb 

~.r o r lott curve in 4 y ond oxl~oib1 t 

- .ry irrogulnr d1s tribu tion or z::t;:...~ f,~~ eney. QJl 

howevor 3 hourly :ocun ore ·taken t rceul·tinR curv 

uch nor nci .l} prooinen nd o1n1 

o x:.nxi. .bout .3 t inution; 

nd cut 10 nd 2lt hour .f'tex· c 1rw.t1on. 

ot ·th rt ca observed n't ur.o 

cooprl 799 OClt tendln~ over ti~e y lb94-1899). 

Her gnin ·t. hourly d1ct:ribut1on 1e very irrogulu1· but t 

hourly met@iY :Prov,i de 

nd tr:o ~1nlma . 'The maxi 

h~urc ut•tor culiL~i.no. t1 ·on; 

ure nfter culet1 antion. 

ootn ·cur 

'OCC\U!" 

nd th 

Th rthqt.mk of Tokyo cont;ri 

ind.icnt1t lfO QO.Y.i 

l§ llouro unt! 14 

out. a tl.ll 'd 21 

rioa ~or 1462 oc 

·ext inr. ovor eleven ~(1888-189~). Thtt tllr hourly 

d ~ini r1bution .t\luo indicates for th two 

Tno uw:1l3 c cur frorn ·the 0 to ud :from t. 12t 

to l5'th houre : nd t mini rr the 9th to 12th .noura 

1 fr t let 24th hour". 

ori 
• thu. t "the occurrcrioc of t t ue1er:J1c 

• 

xi. I t mean 1nterv~l or 12 hour.a.. an pproxicatel;y Gt. 

or li·ttl fter 1 t ridiun n of .1:1001.., :y 

ro ly bo due to " .1n ·t.n r ·th•e cruat cuu 

by "' direct Lttroetion Of oo.n. '" 



t 'mori aluo conaifle:r'f..ld the 1nd1reut r :f'fect ·of the lunar 

tt.rnctiml in tlio londinG and unloadbHl ·of t COI.i.ti 'tO.l I ' rf.:il 

by the ocenn tid.eu , .u.nd concludatl ·t.hnt this probably lw.d uooe 

o:t:rect in deterr!li.ninc ·eartllquuke trequenay? Ue ulao ,atudied 

~ 

the bu.rorn(H,rict varin·tionu which .u.loo uppear to have 'contl~ibu ·t -

•Od a factor ·towards the frGquancy • 

.ln concluaion O:nori :remnr.k:a "Jl:'t ~'\t thu.s aeer:Js th.nt o. 

·aonaidernble ·propoz·tion of eurthqm.:.kcs. f:ro~ oo!:!le 50 to 8vi\J e 

re cnuaod, or nooolorutcd to occur, by t aenc5.eo of the 

~·t:.moop.neric t"':-esn~rc and th 0011'1 fJ ini'luence o:r tida~l otrf~aa 

It will be noticed tnat tll9 ti!::es of occurrence of ·the 

muximn. noted u ·r~ not clon~ly rttlt!.tOd to t.ne lunur culuinat.i<ul 

n.nd oo fux-niah ;1. still· fu.rthc.r ota tiBticJ·. l ncga.tion of PcrreY a 

lnw relu t1nn to t .e .weri·dio.n paeaage of' tll·' r:'O<->n. 
31 

ori • o pupu .. iULO la)ttn lli UOIJSPcd l)y l.:.rtot t -:!~~ tool: exception 

to the th.od of ) hoU.rly gro~tpiU{t whictll hn eoployod. Knott 

po!.ntcd ont 'tiln~ the only on.tis:fnctory r:t"thot!, t: ;p.r1·t trora un 

hmrdonio ~ang.J.yH1f! by li'·ouricr aeries, is tc t~~ £ce "ove.r l o.ppiug 

11ums over .oui tabl·e l.nttfr'fala• . il~ ::reexe.o ined Ol!lori 'e du.tn by 

method ~hd v..:rrived ~t uor;mwhat different ron .1 l 'ts . there ia, 

neyert.heleaa • some ncustlre of aereement in t.tto t.lnctt <•1' the ha.lf 

lu.no.:r ®i ly --•~*tt•••••""" l:l~ whl e ll uccorditll , to Ocori • • resui ta 
occur from 3 to 4 houra , t:rom .2 to 5 hour" • Wid froo 0 to 3 hour• 

ftcr ~ll.e uulni nit 'tionu: a.nd according tp f"..nott at about .3-ft hour• 

~ ' bou·rs a.n d 3~· hours nftcr culo .1m~ t1 on a !or Jlu.goya, lltt::-''Uro nnd 

Toicyf) rc.spccti vely . In the cuae of' Jla&,toyn nnd Uennuo the ruupli tu• 

C'Alculated by i:nutt considerably ~xcoi!d the oxpeetu.ncy: but ia 

leau than tb~ expec·t.nncy !or those of T<>klro • 
• 

11 tor:ethcr the cvi (fcnct.! point a towards rel.l;·.t~.cm ~between the 

tidal :for~HH' :nnd tlle cnrth.quui;e .frequency. but id r1ot concluai~ 

Gi de by e1de wi til ~or1 ' .& pt~.pcr upp~u't"ed 'tile t;•urrk ,of tmc.ntura&. 
Ml 

,in tho tluoe journal. 7lle latter uuclertook '_n illVout1gat1on of 
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·Of Porroy • a lo.w relnt.1n,a tp the eyv.y{\ies und ·qu. for 

the e.nrtllqlU:~.!(eo ,of Jupa.n . J't tho outaet l urn utreaaed tno 

,b1portunce Of' thO di etl'iCt «roupitlg af ·CZ.t.rthqutlke ;pllOtlOI':tiUlli:.e 

He thez1 briei'.ly diocuas5cd tlte rt.H.:ent wo:rk of Crnori. ii:nott ttnd 

Oldham 41ld .ind1cvtud ti-le nntur~ of b.io own .concluaionc . lii s 

muthod of u.nnlysis io bnac-d on tne f'nct tn.at COIA})lete 

:oynodic tJonth ia ·eryun.l to 29 •53 solar duye . llo hua- thur-efore 

taken the numl,era of oarthnuu.keu for t~nc t1rot 29 splnr duya 

o.t' u montn uo rtlTit·c~scntiJ1P. thooc or lunar du~o nnd J1ua increr..ue 

t he nur.~bcr occu1·.rirw on thu )Oth soln,r day in the ratio of 

100 to 5'3 in order to c tllo vulue .for thi y conmenourate 

ith tl:wt of the ot.b~r days. ~hie ·wotllod of nnalyo.lo io not , 

of ccurfH1M,at rio·t l y corrt~ot but 1u .su!"fi c1ently uccu:r"u te for 
' 

the ·pu:rpoue of lmn.roure,• tj illvest.i r:;:c~ ion. 

li.'hc :first unalyo1.R ,gave t.hH .nynodi.c ... d~~ily cUstr1buti.on o.f 

1871 ea rthqun.kea rtl!ccrded. in Jrnmn n t•mole frou 416 to 1860 

. D. The eartllQUF.~ca were d1sti'nguauhed •ccol~din« to their 

irltenrd.'ty and in udell tion to tho hc·t.uul r.unbel·-(oi· enrthouo.kca 

~n woi&~htcd Hum 'W610 calcul~.ted . . 111 wt1ich the v·aluea one, two und 

three were assigned to 'the DtJ:~ll . a h'O!::.g cmd uea t:ruct.i ve olioc~u 

res:pec·tively. 'i'he 1_Te1r,h\s4 mma for et1ch synodic 'clay were tllctl 

nlott.ed ara);}licv.lly according to .metb.~c! prev1ouily em.u.loyed 

l>y <hol'1 ~Vhich p.rnot1.cclly ·b.UlOan·tJJ to the uuo of overln.pping 

.menno :!or nuy two conaecu·t1 ve dayu. A!$ utc.tud by lmuzllura !"!he 

ourve6 itH:icu.te two d1at~nct pbirs of' r!tax!ot; 011 'ttla lut 1u1d l4t 

und the 7th lillq 24tb •••••••••••• Aa ret;urc3n the ·caueeu or thu tw 

pa.i rn of r.o.x1mn, the fi:rst io probably duJit to ~ho ·CCJ!l~_lned 
I 

tidal effort of tho nun and ooon. u nd tho second to ·the result·· 

nt of tidal und bu.;rometrio preasurea 11 • 

The oecond IJJWiyaia ae.ve tho aorre&~>ond1nr: ·dE·J.tc;. for the 
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eartuqual~e• .recorded c;;t, X)oto !or tbe aame in·t.er.,a:.l of tidP. . 

T.be reau.l \• asreed oloael7 w1 th thoKe a:rri ved a\ tor .1·-.pan aa 

wnole. 

Ima:::.turn nex.t grouped the recent e&~.rthquu :ea .of ,J.npan from 

1873 to 1902 according to \he atnt1ons n 't whtch ·t lley were :reQ'o~•ct 

eel. The grea.t 'bulk of tneae oblervo"·ttcms wer~ inatru.-~Htutully 

recur de d. 

He emplo:tt'd nl tagetiA.~r 22 diatinot ·dia·triot grou.pinga . ln or de 

to eli.minat_, tll~ influence or the enomoue numbeJ~ of uhociea 

wlli oh usually .follo:·4r.atttlintely utter ·t• crt~u.t enrthqua.ke he twa 

omi 'tted frar:J ·the l'ccordb bll ms.rthounke shock» which occnarrecl 

durin!! the 'bftrio·d of one nonth follc:nting nucll u. l~rge ~earthqU~:Lke / 

~1e ndjustocnt &till lc~v~u hie u1~~ totul of 13'. 678 .,._. 

ehoclce , tJ1o grea.teet nu.mbe:r oocurr1.nc in .uuy one o1· ·the 22 
( 

d.iatrie ·ts 'baing thQse of ·;ok:yo whioll nunber 2464. 

Be next nnaly~ed tlla du·ttt for e11.cll 41atr1nt using the 

:reccrcted nuohttrll only unc'l •QUploylng ·tno pe1ahJ.s4 aumu aa ln t.ha 
' 

r1ret t"fO inv~atim·.tionn. Tublft8 '-i.:rnillg the Gynod.:lo•da117 

distribution :for t.mch diatr:l at u..re givon und tllaiJe ure each 

11lue t.rnted. graph1call7 by Ornori • a meUlod. The renul·t.o of tllia 

1nveat1ga·ti.on ~r• eli scuaaed. by lma.mur. a t'ollowa:-

•nra.wing ·tile troquemcy ourvea •••••• ·~a n~t1ct! fb·utly, toot. 

in most cti.eee there• occu.r \'lro diet.inc\ pc.1ra· of t:il•x:it,a , on 

bout tue ·t.in1et~ of ·ccmjunct.lon a.nd OPJ.'Osi ti.on of t un and. 

.oon. t.l.nd t.ll~ o ~har o.t intel'InBdi.a te t1uea; m1(1 uncondlj' tll&t ·the. / 

.fil"B t m·· ir •Of O&Xi iu pronounced ut cet·to.in att:.tiono • u.nd the 

second tJBir ~t :Gotr'.u ot.he.r .at.u.ticm,, 1rllilv ~>.t tlle remaini.ng 

eta·ttons the two paira develop equtt.lly wull. :i'lle relu.tion eXprea •­

ed in tho aecond uta.temen\ m&.y poeaibly ;,,~ due to th!it f'nct. that. 

the obaerYed e:Jrtlv:-:..tt;.~«?:l were r..<u:ltly ,o:r inlr ncl ol·igin. or ot 

,eubroarine, or or 'both ori.P:ina. Ui th tlli :a v1~,·. 1 lu.LVo grouped. \he ---... _ ... _ .,. .......... . 
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,d_iff.•rent stnt1one irlto three uets (A) . (B) and ( C) . w.oool~uinn aa 

their obtHn~vutiouo rela·ted. faoatly to inlnnd earthqunkew , both 

1nlttnd t~nd uubinLJ.riw~,nrld. aubuarine r~Dpec.tively." 

iii quotod r a~ .f ollowa;-

Group :Z.y of Uax.ir.:.w:1 Ue1auo1 c ~~ Ut:lber 
Bt6.t&ona 

oya .2 ~ 6 26 

Jrukuoke. ,,JQ l.Q 4 2l 
A ll11gatv. 30 lll 11 23 

Toky;o .-12 ~ 'l 2.3 

Kagouh1~ 29 lt~ l! 4 - -
<at·u 29 ~ - 25 
Oaam .a} .l.a - .. _ 
a~o:oya 4 . l~ .u .21 • .62 

:.a Waks.ya~ .all 14 ~ ,20 , 

Aomor1 4lQ' .. 
.li• :z 20 

(11 ta .a 18 j 14 

lU.kone 29 14 & -
UaebLlahi .32 .1i :1. ;J~ 

~uito 30 !! 6 .i2 
Bakoda.te ~ - j .21 . 

Homuro 18 ..2 26 
0 Yamngsta. l lS' 2. 2j 

Fukunhior;.. 2 .13 '7 .i! 
Iah1nomakl 1 .1&... 10 . .ai \ 

U\auno:liya .ii l.a § .2! 
Aldta JO .17 j 23 • 
M1yako ?/J 17 § .2! 

]0 15 7 23 
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'f.lle nu..r.·lllcrs i.n t.he u.bove t.ablc r~~,:rutHtnt tho tu.Yll or t11• 

syno41c Jaonth corz~m_encing w1 t.h new J'riotm. The z1umber.e under-

lined crOl)reuen t tht> dt:.,ll) Ofl Wh1 Crl thU U!oro pronounced of 't.llt\1 

four mnximn occurred. 

1m•.::.r,ur,a then d1 rscueecd the tu.'hulu.ted :rauul·tu in C.ct.t~il . t1 e 

painted 011t th~;t; tl'lc ·two mux.i~a •tt 'tJu~ tir!lOD of conjunction 

1d ~p,o~aition nl~ht be attributed to tho tidul ~tresses 

o! tt.i-!1 eun tltlCJ 1.:toon. "Uith re.q;nrd to the otht!'.t pai.r of maxica 

occur.rin..:t at the 7th nnd 23rd dnYH h.e offe:ru an expl•anu.tion 

in te~tJa of bu.romet-ric ;pre~su1•tt and oaeun1c ti.dal.., loud on 

the con.atul t.rean. His urnur:~oHt i~ reproduced. ca follows :• 

"t~ccord1ne to Dr. Oauri. the bMrontetr~ c J>l"'tumure hn& rau.rkcd 

in flu cnc;e upon thn nei c.t1ic frdquoncy in • .Tupun; tne cu1•vos 

llowinr; th(~ tim~ vur!a'tione of ·tho 't \'W ouant.i ties being 

, ~iDiln'~ ' to ouch ot,Jcr. lJotv the bn..rorna~rio precaure which 

r\lkCHer;, in its diur.:tnl VtU'1nt.1on 1tu ot•.Xioum bt 9 .h. and 22 

h. • v1ll interfere w1th the t1da.l f'orce l'.u;'lpinrt or canoalliu 

the lai.t ·ter L'.caor.:Ung u.s lligtl wll.tn:r or l .ow wtt.ter occura at 
~ 

these tirHtB• In !'okyo, the eynod1• .W.ye eorrespond1ng to 

the :fort.1or cas• u.ro the ?th ftnd- 22n4 . thr.; daya corresponding 

to the l~ttter t."\re the 1:2tn. o.nd !7th. Allow.ing Mil 11our or 

two .for tit:Le 1.1 f!erenc:e of oc:currc•1ni~ ot rnnxi&J\Ull ti d.a..l u.n • 

bL:..ronotric ~r~f.iU•trP.s L 't ·othe .. locttll t1os, tne dn.ya 6th-9th 

t~nd 2lot•2•1th uro oncn in wb1ch the reuul tturli of' tue t..,o 

infl, ~enar.~u becor:toa mont e~·rccti ve. rthuli we rf.U$ look for tlle 

.mti..1dmuro se1.z::d.c mu::fbe:ra a-bout thu 7t.h a11d 22ud ,mioh correa• 

·pond rot1r;illy t~:: th·e nctuul J~~~Urlmtt in queotion·"· 

l'ho l"<!uul tu of Ir!lnm.n•u.' s 1nvtui'UiHH-·tiotl aJ~c V<Cl'Y •-tJ••·~~• 

.,tril::in.-: tt:ld !,..,p~nr to oupport th~ "'!ew thtr.t the corporeal 

ti dco . tba ~occu.ni ·c tides IJilf.l t.ue blJ.r·ornet1•1.c p:t'tHH.'uro ull 

ccntx·ibutc .fu.cto· o influcr .. ciu~ en.rtnouLJ. frec.h.lfiHCY ; ~t.nd 
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that ·of t.he ipf.lucnce or the corporeal tideu i n the 

x:oot ·nrot~i:lent . 

Irnnoura' n ICOJloluuionu lw.ve. u.owever, bee11 clwlleng04 by 
~I 

Knott who t';.rot.B e.& follows : - ' 

"The l!letho d of tulalvaio loyod by lrnu.uura ia id'llltical 

wi'tlt t lw t ust"Jd .by Orr:ol·i, b1ld io .purely ~ ttrtn>hicul •••••• 

• • • • • • • • • i'hc vn.r1ut1e8 o'f e rapll are nearly un mweroun ue _.. 

tho plB:ces .for whi l!i> they iJ drtl.WD . lu Ull Cf.i.lSOE tllCl" re 

troc ten to f1ftoon orost ud llollowo or vuryinl:> 'Pli tude s 

but it ccmnot be JU:.. i d t n&t tbore .iu n, t(?ndenay for the cree·t 

of c:rerH~eot w;mli tud~ to oocur at the aune tir.~e for evon the 

I!lll.,j ori ty o!' t.h~ stationu ••• • •••••••••••••••••••••••••••••••• 

Inor.~uru conoidal~" thL'. t he fin de ev1 dcn<;e or tile exi stence 

of f ,our prinoipr:.l I!laximu tllroug.hou t ttlc lumu" mon t.h. Two 

of" theue lle conn oct& with the t1meu of ol.rooe1 tion und 

·conjunction of tho sunatHi .t!loon ; a n d. tho ot.lle"':' two ha 

connoctn in .u vo r:y 1nt£en1oa a , but iu my opin1on .-ver7 

erti.flei~:tl o.nd fo:roed manner with ~be nonou1·rence of tne 

tir::cc oi' daily bti.;rumetric .ximurn ond ordinary high t.1da . 

It 1a ·obvicuo that wi tn creuta OGt~urrin;:r em th{3 uvurnf!e 

evory two or thl'.etl du.ya it is no t d1:ft1cult to find four 

OUCh CO!tiin i ·tll1n day or ·two of •o~t:.•tiflul43.r ·clo.te.-: IUld 

h c.vinr: rct:.t ... rd to tll renuae of ~1e otutiaticu in most 

ino t.tJ.hcca . 1.u:d tne doul>tful accuracy of tha J~ot1lod of 

anoothl ng, I queeti011 if any aonfid~n~a ctn be plucod ou 

~he r~sulto 1nd1cuted" • 

• 
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:Decliution 

,. Jl ~ 

9•1 to 9°a 
, •• .& 

All 

J_l!..Y-
Al•\hough th• 1a a areat. deal of \ruth in )\nott. •e cri 

I•amura '• reault.a ahould not. be a.lt.ogetber aet. aside • ·• 

aeeaa t.o be too maoh uniforml t.y in hie 1·eaul ta ·t.o be ace. 

-•tl for by hia eomewnat aoubt:t'\11 .r.1etlloda a lone; but the 

:furtner ex&llination of hi• data nppeara to be deail'able • 

.. J1ott baa al11o reviewed Cldlulln'•· work on ·th& ,J~eaa~~ ea.rth.quakt. 

and baa regrou-pell ~ue d• ~u au1d oti.loulu..ted th.e w:rpl .i tudea . 

pil&aea and exJecte.noiea for t.be c\u.ily, hn.lt- duily and 

quaJr-ter daily luna.r per1od1oi tieaq at1d u l oo t~c aa:£1 . 
elC.tJeuts for tfH!! ao.lu.:r periodicity. '.\'hft reaul ta or these 

oaloulutloms Knott bas t abul ated .r.c::o::e.r.h!t H.'~ follll?Je :-

Lqnnr D!x ttr&gdigititl• 

l•o . of 
l'ay Re.lt-du,y t~ul!.rter ~r.,;y ';>x;pec: trt.qcy 

Eqkes. 

l•.haae 1\r'J:pl. Fllll.se .1\mpl. Fhnae Ampl . 

' 

3•S '• ;'10 ' 18 h. ·099 4 h. ·099 ~ •099 ·078 

333 18 h. •147 8 b • JOB s·; n • •099 •097 

431 24 bt •20• 1 h •12~ 0·~ b ~ •113 •08S 

1274 20 ht · 06~ e 11 •05 1•5' 1'l • •('J4 •os 
~ 

----~- -~--- -~--- ~--------- --- - ~ ------ · --- -- - - --- -- ~ ------ ---- - - --- - -- - -- - - - ------ - - -

Uglsr Dly l,uMtfiti;' 

Jlo . oj 
beolination Da7 Halt- df\y Q.uar t ••-daY ~ecta.na7 

~o.k:a11 

Pbane 1· Arapl . 
' 

l· lwae APIIJtl • Jlbaiue Ampl. 
i 

,. • 't 4.36 17 h. ·137 9 h. ! •1}'2 4 h. •137 •08) 

,.. ,. 9•1l 35'8 18•S n .·132 ' 6 h. •1)2 4•5 h. •255 ·o94 

,• a "~ 
• ; 

480 l h. • 335' I .5' h. ' •118 ,.. ' h • •092 •187 
I 

All 1274 .1 h. •177 9 . .h· l •07, . 4•5 h• •144 •05 

. .From t'f1.a above tM.ule• Knott drew the :toll owing conol'-la1oau • 

·•Altlloagn it. muat blol tt.dait.ted tlw.t the rt~au.lia •• far a~~--
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ncBL'.t:ive , .:H.;vu ~ :~.eleilG the poin·t of' view \'lh.ict1. led Ol;illam 

:to discri.r.~1nnte hetween cnaefJ na:cor~1n~ to i doclintl.tiou ie 

one .deoe:rvinr of Kor ttention. It onphftoioon tne uoasi'h!li t V 

tllrcady 'referred to in other connoctiono , that in th 

indiocri:.:Jiuutc. ,;rouping pc co.r1ing to probo.'blc pcl.'.i.odici ties 

there r.-:.uy be a ba.lanc·ine: of effects , oc that tl1e period.ic 

ehf !Wfl look~d for r•cc:; escc.pc notice" ~ 

he ·invoetigat1on may lHmevar be c1~.rri ed up further 

with Vf'.ry inte:restinl"' rl)rsulte . It doot:~ ,not 

OCI.:UI'l'Cu to 1 -J~Ott to :lt'.IVI78t.:lt;UtC th~ 1")XCblil.ility of ciJ.!to.ini.ne 

uch oeri. oe of reaul.te fd~ t ·. •uwle . "1!1e follO\Ii '•C diBcuaeion. 

lofti ·Ln rfhf •. 't'ti to t!~t~ 'Oolr :r end 1unnr lb..ily pe;ri odi nilics will 

illtu~trn ·~c )ny ~Cl:Ul1n~-t . 

t1' eu.r thquako .freQu•etlcy ia o·ffected by ti d.ul etroesaa tncn 

:fo:r· iv~n r o of dt~c1 inu ti on t.ll'J pht!ge of 'the rno.....,.i~um 

.!'rcqucncy s11oul~ !'nll at tno on':le lH~riod for bo 1:111 tho oolnr 

u.nu. .!..Um::.r d.t"'7B . An u.xt.~ino.tion o_f tl.1e a:oove tt~.ules unowa thn.t 

for ole ~dJ.y pcl·iodicitice thera in 3t:r1..kin,; 

.roonnnt in tni~; r{•enec t . 

ln the cntSe •1f dq~linn ti·"'~•l'J a,.pr,,. t rw n 9°1~ tnc phn:,o for 

:..f~oC luiJ.'_J." ;.::; . .v if; t: t tr.e :u:tn hom: u1d fca~ tue oo.le.r cw.~r at 

tne .l 'I t.t1 .ho L4l" : fot• C.:.G.linc.tiom; b<..'ltWf!EH1 9°J1 a.nd 9°C it .is 

t Une 1 dtn .rlC;.J.:r fo.1· t.JJ.e moon E~nd f~ .t tl-!0 18fr hot.a•a for tho 

~suu;; L.nc~ for fl€-,~.lim; tione r;ret· te.r t.hLn 900 r ~. t 24 .tJ.ouro for 

tnu rr.t)OU t"nd G.l·, Loilr lu tet ( l lloU!t) f ,Jr tne sun . In eaon ca.se 

tncl;-o!cro the pil~:~..so ap::recr:. to .:m ,., hour for tne oun and moon~ 

~ tu~? l':r:ol + . t the pn.u.ao tor t•l-.. n ~lld awon 

ho.ttd • Grc~ tc i.lit~.n o :nlfh~Jr :S.n U1e 24 h; g. 'i.uis will be 

eeen frotrt tul! t'not t:ao.t ri tac lunur ph:~sc io fixell tne aolur 

.y f'1Jl!"il tne cond1.tioun by :falling in ~1:..0 ll:iour bef'or 

t "'· ' ~ , "' , .... or r: 
,,.\ .. l.e • d· ~.vus.H. .., 

1. 

A~ 

10 u· fol1owing the lunar . . e: hi.i.o 
')..~' ...... ~~~,~(AI 

----~--~~--~-
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Deolinn.tiona 

90 li i 
9•.ti to 9°1) 

90S -t 

l .S'2 

The 'J)robabil1 ty t.h.c.t in the phaBf!B shou.ld anree to an 

in ev.eh of tho thr«e groupe according to declinution la 

-fore ~ X A X i 
Al7.ain 1n !!Uch of ·the B.i X CG•ea aon11 dered ( th1'ee eaeh t 

the Bun flnd moon.) t.he nr.:1r.li tud~ exoeede the e:xpactunc:1. fhe 

p.robability of this .ia cloarly (~· ) 6 • lhmce the prnb£\hility 

th.Pt !pr :ran dot=~ cvontp tllu J!huscs nrlt1 aupl1 tudua uhould have 

occttrred ae :fmmd by .•:nott io not gt"ea tei· ·tha.n --1f x¥ : 
. 1 
~. ?tm. 

nut. the orobabil1:ty ia actually fur nr.JLllcr qut'.Iltity. for 

the :prob&bili ty of the o:r.lpli tttde~ f't~ceeding the expeetlttleiea 

by t'1 :tv wr;ounts iiS .!!'ucll grt'la:,ter thnn for t'!ach cnae. 

I hn.ve calculated the a.c'tunl probab111 tie a that the 

·attl1Jl1 ·tudea .shoul.d £xaeed th':J expuctanoiea for tho oix ·cauea 

conaidei·ed u.rui find t.h&ll'l to lH~ rw i'o l.lowa: • 

Probabil1tiet for luno:r c.n<l !olur (\!11Y period1c1t1•\.l• 

• bW.._,.. 

.o. of l?ro'babili ti.ttD f. or 

~qkea . lunar day .eoln.r dny. 

--~ - I 
5'10 ~26 •10 

333 - •48 X 10·1 •19 

4Jl •90 X 10•2 ·1·7 X 10•6 

Tba total :prc1>ub111 tt ... focr tua uupli tuclee only in t~1erotore 

the product p!' c~c~1 of tho prcbu.bil1 tioa g1 vcn in tile ;.;.'to-ve 

. .. X ·12 to.ble t~d n • 397 10 

ihen the prcpu.'bi li ty fo1• the coincidonce of tn·~ pho.se in aliS O 

tt~.ken into ncco~n ~ the totul prt>lmb111 ty beoooos • '7?6 X to•l5' 

or one iu '1.29 X 101 3 

'rllun tho ':probab111 ty that the earthquake frequency con•id• 

ercd could exhibit the lunar and aolur daily jeriodioitiee 
,_.,~_ . ...___. _ _ ... _ ..&._.2.,. .... ________ _ 
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indica tad. w1 th an add·1 tio1W.l ~grett.t:utnt 1n l~hilae for the a 

and. lun&u" tttrma is 1nc1·edib.ly M!:lall; and itJ euffiaient t~ 

establ.iuh bGyond 'iut.ibt ll. 1!1.rom; l'ljl:.t1on bet'olt~on t:w.rthquake 

·frtlqUeHCY IUld the tidul forceD of the Hun l'llld f.'lOon. 
if 

.t\gtlin ~ tho &11" du.ily l'e:dodic1tiea he exnmine:! in the 

a~<Lr:te wuy it will 'br- noticed thvt ot though the ph.asen or the 

er!ods do. not r .. groo for 1.he i$llr! Hnd noon the n~pli tud"e 
' 

in nll Cf.l~son CXC! .. H)a the eX}H.Wtuncioa hnd the n.robab111 ty that 
/ 

thi ;a FHloUld 'be tho c;, ae fol, td.O vr...l..l6D ~1 ven ic onl.y • '-11 X 10 •7 

or one in 44 X lOG. Hcmuo the st-r'l1.-dtdly· ''P'cr1od ir. l!.l!!o 

eatabliahed bay-ond .r:·uanollil.ble dcubt. 

In 1913 k~ntoasus de hallorc acaiH took u~ the question 
6"? 

of thcJ vultdit)l' of J~erJ·ey '' .s la.'f "'.fitll t·rega.rd ·to tbe ey.zygi68 / 

¥or thie purpose he mndo uao of mecauetama only tckin~ tae 

period ;.'rol".l 1'/92 t o 1899. ;(h1e pe.ri.od ne divided iHto. two 

ptirts fror~ ,1,?92 to 1049 u.h d f1•o:: lO,:;c~ to .1899. Re odopted a 

t :wofold l"l"tnod of :iuve~tip.-,t!l.on. ln tL!.~ fir~:~t he m.:'bdiTided 

the lttnax· mouth i nto :?S CltlU<;.l inl:.ct"vs ln, a..r1d in the ao.cond 

~ into 12 intervu,la. lit~ t{l.hulr:.tcd the fr~qu.ena1e9 tor each. 

method bt.&t h&n not :oa ftl.l' 'P'ltl iahod tlHH'It:o reaul ts, whi clj. 

he atate~ ar• boin~·rouervcd for epecio., 'r.Ju~oi r. Tlle nwab~tr 

nf Bhoolm ir-to.de uoe of ia '215~ of which 15Vl occur 'in tne 

lc.t.e:r ttf'r1o(l ! ,rom 1850 to 1099. His jf.lan fC inveatiga.ti.on wae 

to det~ndr!.a in \l':h1oh of tho 1ntervllls the ailaol.ute 1!1&XimWI 

f!.J'ld l"~1n2.rn•~ of the G~rth~iuu.l:e :f'r•Jquency occurred und to 

cnmmr.:re thio intervul wi tb tile tirtee of each lumn quarter • 
• 

Uc:r atllt'l!B hie results 1.n t~w following tt~l>le:-
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The pub:iico:t1on of the de·tcil.n promised 1Jy ,:.",ontcacuc. mai 

ptn•JlD.pn llll~l'c ·tiv;, .renulte ot thia iuveut1gutiou more clea:-<. 

M · . . i · . i . . . . L ql .... ab!:r i.a h1%3 . uveatigat ou of t.ue C~leuton e~~l"thqaall'~<l. 

uleo eaqui :.red in to the qu.eu t1ou of lumu~ puriod! ,ci tt. lie 

plotted u cttrvu of tuo Of~J·thqun.l;~ fl•oqucncy i,n .r~lat.ion to /:~Q 

t1rnoe o.:f porigeo n.ud upogee ; u.nd for tlw ay&ygieu und aua.dra.t­

ureo. Ho also unuly~ed t.hc obeervutionv for monthly and ,scn1• 

mon·thly . por1odicit1os by the ECthotll <UJplO~f6d by !~nott . He 

!'owlu &n exceua ~bcm~ 2 to 3 days after pez•itiOe und u r:dn.h:tum 

ut apogee 'b:.tt coneidere!l that the ratio o:f taG eopli ·tudG8 

to the expeotauciua weret Joo amull to au t.uul .:leh r;~ch relation / 

Ql.!i t.c r•!ec~,(ltly Oldha;.:n Q4s again ·tu.ken up thll1 .... , ot·u<ly ot 

ear~hqua -e :frf$qaenoy ana lwa ,pa1>l1shC:tt two '!,D.:p1U'~ on t 11a 
07) 69: 

.eubJ ect. -' n tiut fi ret. of these ne has to:.Jul:.>.ted tt,e r<l. tio of 

the ~ay .shooks to night ahocku !'oz· ::. t:1ly. .lnpan unr! for the 

after6hoe~e .of tho .AstJo.:o C'&.l'thautt.ksa . In nll thr<te cnt1e.e ·this 

ra·tto \ncren.ees in !IW!!mer sn~ dir:.tiuialUlR 111 winter . 'l'hi tl he 

exnlc.inthi in hi• ·earli~tr r::e~;:oirn nllicn have a.lroudy been diilett 

cueaed in thie rt!.pel·. Tlle 1nveet1r:~;t.i. on nc h ~~O't1 hc""~V er 

cnrried stop further by Clllcu.lu 'tir.g tht'J ti di.&l v t.i'(1B» efl tor 

ec.ch two .. 'hourly period; n ··· round tlw.t tlHtl'e is c. oloae 

relation with the "'a:tia ·t1~w 1j1 ·t.tt art:lco.,_l tidul st1·one in th 

cunc or t ;;e r 'tt:,l ian records . 1' .. 1e eu.rttu.tu.&kc frcqttenc.r 1ncreaee 

ritb incru~Hu in tu~ •i4a~ total 6ownu~rd tidal ctre~•· In 

t~P casu of tne after-~hooks or tba ll1no-o~nlr1 curth~uake• 

the opponite relntion ppt!ars t.o hold
1 

.... ·~h.o t~urthqm •. kee 

frequoncy incroa.l!a~ wi:.th a docrauav .in tha totu.l dormward 

tidt.l 1H.rflB8. 
log", 

ln his second paz.per ().lJbtm haa inv(H.:tic;utt~ti tho ,snme queetion 

in r'!()r«! detuil ctrnnloying the rP.corda of 9066 eu.rthquu.kell 

reccrdod in .ltn.ly 4urint; the period 1891-1910; .fuld alao 
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,e tre.t;af!JR in th.o li tJloe r,'11:Pl'·c. uome otllP.I'4)3 ore cUspoecd to 

'·"'it t::UCll rc:lnttcn but tJ.!c5 .. f! 
LO I 

8,318 enrthquu.,~eo reooc,i~d !n ,JEJ.pnn betvc~b 1£!8~ v.nd lC9 1-

ueae recorda allowed tn~ mJ.mtt oonaonal t'·Olil ti on :ror tn 

rct ,to tl:f' 016 :it:.~; to nL~ht ellocJ:s a~ tho 

Thr--r~ 1'-r> r1 h...: !1 ttl u'L t tfl.~ ·t 
J'!l~cvicuvly co1:. ~ Jd~ved / 

J•enul. tu etronnly t~e velo.f-ro'l 

eunportAbctween tidkl u~ronaee nn1 oartnquaKe froquonuy. 

It iu clem:· frorJ thin General TGView on eal•t.lJo,u"' ~,:o !'raouoncy 

thu t cor~e o!' tna In\>fj t ominont eci omo lon.i cto . lluve 11 ttle fn1 t ·il 

in tlny relation hotwoe.n ea.l·tnfluuko frequ om::.Y' Utlt1 &t-a.• ·ti ~al 

coneidcr the offe~t to b 
n 1nma:r ·CI4nt one. nev .trr :~helofJn t .t.1~ 

nulyf'1o or· tho vnl·1.out; C)t>fltl•ibuti tUW l;o tJ.ill l:'nbjeot,. p.rt-

ieulnrly of' the worl< ot rAviuon, lillott , Or.eri en a L:tW..., ie , 

I so it BPn~e to rne. 
•"~ nuff.5.c.ient to CRtr~.bl1J;h l!uch n :rcl.nt.ion 

beyond ull rmlflMit-r.J..e oou.bt; 
L'l'ld tl.t tl.in tlU.:;tJ til'!e tel J?Oin ·t to 

the relation he1nt 
OW; of f!l'Ctr.t itiDO 

de.monotra.tuu t) • '~ · the r~lntio.n ia ~1ot oo EJ1nplfit uu nne 

?ba d.:i~CUC:cicn ~·hie~ f't-l .'l.c -:•e :in 'PU.t't :!! o!' tll:! .. e pu:pcl" 

COtru'~Ofll)· 
't't)S erl tHl ~ t,H• t vu il :~.rongly -

tne ·prol>l 
.filere .lena t auspeo tt.:d from tl.Lo ol !tc~· nc tJlu(i.ti of' ;J.lJVaat1flatin 

• 

• 
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In nd~i ~i on to the periodici·t trua "~lrul!dy dirH:uua.tu<l i u thi s 

p&pe·r there urd oth,lra wb1ett }'W.'Y ~ been .allgeesto·d i"rom 'time 

to tirna . It ia ~,:r·opQBed. in this .fuw t i on to dOtA.l 'lith tn~rte 

t'lome~.,llU. t miacal l anooue diu uu.ett lomt ora u~tr thqut;,'l~o freq uency. 

J.lo:z·llu-oo ·the moot 1r.1port criodioi .. tieo io ·t.hn.t 

~hie~ ie anoocAatad wl t.llo 33 y~ura int4.!rvr.:.1: o:r with Ro.t:lc 

rtml tiple ·or au'l) • .mul t.llpl.c o:: tl tit.Jil . 
(Fl 

ilue i'l': hiu "llotco on tho Grev.t ~"lu·tbcntf.J.k.cv o! Pl· ;1" 

point out ttm.t. the diutr1Lut1oJ·, uf t.;.Jmao nbocka ind:l •o~-tted 

the !'oilowitlfr l)cr.iociia1 tit:H : • 

11 the J.ut.nrval from 6(.6 A. f),. to ()?,?, b .• D., t l £t;l t: a.pp~~r1~ to 

b~ rocur1· ot rn;t)t1'~uu etlrt.ilquuke fl.~<HJllHtH!Y at interva,l a 
l 

Of 331. l'OlH'r' • 

t:rm:i ?33 .. 1460 A.D. t.ht) .tnt t.i ~ .. t.ln woro gen or Ll- lY 

66 Yet .. rs q~..r.t only n few bo-int~ of 3 ·) .if'visli • . LlOfj 1.460•160 .) - . ,._ 

.'\_D. the~ intcrvc,lu ':f~ro 1,:n y.ou.rs , l~JO )'u::.•ru . t:. f0n 661 Jetl.J"S 
/ 

r:tl". tlle r~et !:\3~ ye"1.rr.s u)!u:rt . 

Nfa.~unnnn has ooint.oc out t.:clU.t tuc ~~:.psnes~: r~cort!o 1JHU cu.te 

r1a.r'md uyole of 6!~ yew -!: ;.nd fl4tuin l~u~ notbtl 'i:.but. there is 
/ 

n .o.nprox1ttl.!.to colnc:tdnn,~o Letwoen r.oany ot t l".~-e uiHturbcJlCcJD 

filld tho ~ctcorio JJh?WOl"·U 'ffhioh ocou:.• nt intol~vnl~t or. 33 yearn. 

The eox-ralntion ·~f fln.rthqu.l.l.!tU ft{}qu<mcy w1 ttl Bruel~ncr cycl·ea 

oun'ta to I:r.Jeh thtJ no..t:;o thlng au t.hf!l search. f'ol~ r;. 33 yeu.:r per 
t::l!ll! 

-"1~1'lo:lt.v oo th•J,t wtu~t'!ver •;:vit!.erlce !j).lpporto ~ "! theao 
1f 

e:r,iod.e 10 nloo fe.\'OU)."able to tnc o·t.hor el! ·tho l'"t•nga be)tul:en 

ovol· t~ cc•ntur;;r olt' -r.uo. 

v:ln it htut l.uten ehown tHo.·t tll<tl"t! io eomo ov1d0I\CC sur.gest-

- . . - . ' O'¥ 
inr~ £\ rclG tl<m lretuetm auns1'lqt r~cti 'V!. ty wH enrtllv,.uilie .fr~que-u • 
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and th18 irtvolvus li,· periodicity or ll•l y~u.ru nhich in . of 

course. a eu.l>-ou.lti?le of the 33~ yonr period • 
.J 

J cnuater hne nnulysed the du ta rcla ti.o.1,· to uu!wpot v,cti vi ty 
5&. 

ann lma found eviGence or otllor periods - :pnrticul~r-ly one 

of 4•8 yeara- LW·~ 'mcther of 8•4 years! in u.ddi t.ion he recog• 

nieed ono of 11•125 yev.ro. Chret~ ot~t.a~·thr:t "'l'hcre hv.s becll 

at lcuot. one 33 y~Jar parlod rlu:::-.ing nhich the r~wun value ot 

th~ sun-spot frequency huH ceen exceptirmally lMr". 
1$' 

It lw.e ul.r ecr!y be~n rn~Ilt.io!H.H:1 u-.r .. t Doln.urtc:; L($lit~ved thrd. 

he had dct~c.t .. cd un 11 :rcH~ 1~t~~· .iuti ln ~!ar L!1quu.kc frequnncy 

co-rrei}Jonding to the JlCl"iorl.i c tir~1e of ~Jupiter its i ttJ orbit. 

"ontei.anH: ch: 3~'-llore huu on the ·Ot r..or ul;nd 1Ilvesti0~ t.ed 
6t . 

both eunopot ucti vity an.d. n ruckncr cyclcu in relt~.tio.n t.o earth 

- quu.ke frequency u..nu hna concluded that there io no evi cenco 

of' u.ny conner:ti<m 'be-tween thttlle ])hottOr.tt:ula . 

lfeve.l"theleaa the twi dcnce cli ucuuoed. u.bovt; is aot. to be 

lightly set &.t31 rte &.I) a tt furthel"' it!VeB t.i{;nt1on into the 33~ 

:;eur p'!!'i od wi tll i.'te pout~ible n1u l tip lee ~nd oub~mul tipl6s ueet'Js 

d~a!ru.blf!. 

Ocori lu~s invcu tigubJ-1 the en.t·Utquu.Y. ,l fi·equcllC;{ n t 
. '/0 
yotol 

nd ccnclucod t'h.ct fer tl;.Q 9th et.mi..\.U•y th:L3 e>:hici tert "wore or 

lest> definitely a pcri.od of 6 } yotu~u,.. ".i.'hu ~llt:.lyoib of his 

refH .. ~l te , hc.'!'!evc~. :lt'.o<f.e th~;. t. the phrase lf_moro ol." lean tt cove:co 

c. rather wi do rcnr;a ir: \"Hrintion. ?l~t~ following ~5oen o.f the 
• 

r:rw .. xirnc and the int'ervH..lc uetwoen th~c were: J:'ead frot:t Ornori • o 

.frc~uen.c~' et.ll"Ye: -
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Ilci.te of !CtJ.~irn\11:1 ..Eart.hqt.mka Fariod nla~aed betve~n 

.Freouency. conuocut.i ve ~1:xirm. 

805• 3 A. D. 

811•8 6•5 

818• j 6•S 

827•8 9•$' . 
632•0 4•2 

837·0 5·0 

042. 0 5•U 

051•5 9•5 

855·8 4• 3 

862· 0 6·2 

867• 3 5•3 

872•8 ,., 
. 

881•0 6• 2 

886·4 5.4 

;l n order t,o nactU I~u.in t11~ rr.._"">::lt »robuLla value ur tuo 

pel',i6d.:l.c1.ty l JUotve uoployctri 'tht'? 1:11ethod of leuot .aq u u i1 '1fJ 1 

and 'f·OLl1ld i"Ot" t hO tri<~.l ~(!':t'.'i \HlS of 3f& 4 
,, . ' 
.~. 5'£ nn 6;t 

yeu ru t'h.~ nur:1u of' tlle H(~unrfta of the erz·ord to be 18• 6, 

14• 8 . 11• 0 , 18 · ~ H!!d 36• 3 respectively. ~lliu a~tbod ia 

of cou1·uc .not Gtl"'ictly applicable i1J t.hia cane ;'t)1tJJ.•o Vf't.ry-

ing periodS Ul·e U!lOd U.U it tendu to exnagernt!! t!lf~ Bignifi• 

cnnce of the .tir.:l.i!l.l:>~l· )>l1l'i ofts' The fnl~t t.hu·t the our.tu.l of 'the 

error& !or t h e .3t Rilll 41\- y ear perioda exceeds that for t he 

5 year period {u U!tll' e!ore a l l ttH! r.:tore importcu1t u nd poi11 tn / . . / 

to tha moat probr.blo ;;eriadic ity un being ubout , or l ittle 

~;reater th.cn , !) yet.J.!"S . !n thia cnae tB.'3 intcrvaln o.f 8 · 2 n.n u 

9 •5 yeu::·s .might bo .ret;c?..J:d.cd u.~ t~omewh.n. t nuorneloua doub,l e 

p tn-ioda . 
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~CJOl'i has uleo sugncated ll :poriodici ty ·of 13~ yeo.:ro. for t. 

greut earLhquaJ:c:! nf Ju.pan · 'rlu.ting i"roo 1325 A. D. to 1898 .. -. . 

The succ~usive intervalo bctttBen the gren.t ea:rthqunkes or 

gro 1 i~H~ (>f t:w . .:·i:.hquakes 'fl)~ 'tht~ pel~1..<H! are, COL':!!itmcing at 

1325' A. D.a.e~ f'~l.lo't.t·a :• 21,11, 14, 13, 13, 7. 15, 19, 24, '10 , 

.20 , 16, .13, .,. '17. 14·· 15' , 8 , .13. 15, 17. 16, 17,12, 8, 18. 

14, lZ, 23, 15, 14, 12, 10 , 11, 6, 11,11, 14, 16 an.d 2~ ye~.rs / 

Oco:-i hau taken trle oean vul~e of 13-h )'l,#ta.rn ns rcpr~t=; c:ntinf 

t he ::ront pl:·obul>le peri <Fli c 1 ty. I lmve a;rpl i ed t~1e ccme te~t 

o·r ·t.he o1.w of the l east oq\uJ.:tt::J an!1 ohtuint~d tot' JHH•io~o of 

l C ,11, 12 end 131: yaa.r!3 thfl aurnu or t~.le urmu:rcs of th~ error 

331, 351, .)til and 467 re.upecti 'lt.tly. ?ltin r.l oorly indi eu.tr~e 

thut the ;:noet prol;u.1,l e pel'i odici ty in vbout 0.1· lit.t.le 

:t'loro that\ ll ,ycuro e.nti not 13~· yoa:rs a~ eugg\'l!.lted l.iy Oc::ori . 

Althot:vh ;perhu.pE no greu.t lWeight cmn be utt.ncued to tHo 

5 Alnd ll your pcriodici~icu indicld:.ot! ubov~ it wnu thoufth.t 

·· tlvieo.bl~ to .stntf! the~e re:ml ta ·ror wh.u:t thP.Y o:ny l>e wort.ll­

~ p'.:trti Ct!ltu•ly a.H Omori' n '})e:riod.n or +~ 6t ~me! l3t" yeors lw.ve 

hoerl quote::d uu 'bein::. well fuunded. 

Indeed it s~eCJa ·t.hat the authoru wiw iu.w·o ci tod these 

pe.l'i.;odi ci !i m~ haec .a.ttHchtJd t!lore wei.gl~tt to thora lhnsl Ooori 

ll.1.1-:1iWll a·ppuarn to have done . 

O;--:or1 s nl::Jo foun~i ev1 dfJ!lcc of pe:r~iodi ci t.i us h.Hv1ng 

p~riodss of .. 4~, 9, .12 .nnd ~3 d..u.ya , and of ) rnonths . l'heue 

w~:re illdicntuti by t.h.o ufter-t~}H)C~a of tli.c itw.cu~oto. l5ino-
• 6(/ 

Cvm .. r1 and ltuaoshi !!ln ezu'Ulqt.takes . 

~--Tilr! Ru.r.tD:-:10 to Ctt.rthquntc' a~we ·lmriodi ci t:i. eu of 4• 6. 12 

a.nd 33 days end of' ] rr.onths . l'he l~iuo-Ouu.ri eurt.hnua~oite 

records a.:t 01.fu lndi. cu.t!~d pr.r!odn of 4fr, 12• 3 .nnd 33 ~ys . 
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1~h.e .Kugonliir:n.~o. n.ftt'r-unoe!cs , sho~-t'Vd JH;ri oda of 4.• 4 • 1 2 ~d 33 

dti.:;fs . 

Come thirteen lH~l-'tl"'U l~:. te.r . ?t 1u l.908. 0~1or i undt'!:rtook a 

r:'hJ" .. mxolo;•,:!c,;; 1 £-t.udy on 1om~ 1)t~.a. .. lod. Vl~r:l~~ti .. )no in tno 

~~ t.ti!Qt3pO.ur1 c ;H"er:.:.;ure: in Ja.pfJ.~l~d. ·found that. t!4e!.'e ".'1li.S 

evi tlSl~C~ of p~:ri odi ci t!i .. c~ nc:v·ing letU,h.s o.f 4• 6. U• '1 uud 33 

t.if.c;)"C> and ~dno ~~ rJont.ll~~> . 

A~ thf! aur.c· :Oi!!l~ he i 'cr..:.nd t.. !1.o.".:. t h.<: ui'ter--:Jh ac}r.n ·of ::.ne 

'f~ito ~Ul.'th.t~ua.l~tlJ { . ..t.~;.::.csti.) g~vc rJ. J.Ul'it>t!icity o.i." 4 • 4 dnys. 

Ot:o.ri tilfll"t;sfore con._;lu deu thi.'!.t ·tr.~~·. e i)~t"i ()d i ci ti ~a o.re . 

rea l ~d c.:t·c i..o 'b :) eo i~.i"'el.:.." r"d t:i ·t.;h the corrt~u r-on ding 

vu.riti ;iorw irl nt.t:H.I~i>h~~li o '1.1r0!1 ~'.1:<c. 

Anotho.r -pE·.t'lodicity .-·.,!.c- .1 <..:lrti:=tu t>. t : .. onticn :&.~ f..i1e 45'2 1.t:.y 

O"(.A •Oo,A ,-.t>ft" ' ',. ,.-, t ... ... ~ r .... ,, , .. •/' <f.3· .~ ....... l" h~C'> .J·_.,,.,if>"•"" ·•n ,.,.·t- ''11 .. 
..,.-•'-" ·•~Y~:f,~(.}. '\io,.., .. ~~ W_j ~ .. -- ..... .....; .. .,~...,qr....l ~.., 1 ..i.l!lo;V'~ ··· ,.i;..,"'""'t;. '\,;• • ._. 

::;fegas\liarn~' o.f 1; t t(l lil.!.;.·ia:l lJ.~i-:'l-2}189 . ;!.'h:!.:c 'P~r1_c d ie y.u..rt:ieul-

r:.rly 'ii'it~r•!~rtit~~g )~ ;H'-~:.-...:.t: •~ i t n l cm .. ;;;th n.pproxhnE.!.tGc to tha~ 

of thl! :! ~~nlil~r f. <?::t':i.G u ,')f l)~;.~"CCO~~.iO!lel .~'llo!tcY. l:.ion. Wl!iCJl h~fJ 

n. ll!tt~t.h of 427 dtl;ttz. 

:t!l.'l<J '!l'h.o hH.·i pr~vi t)\H~ll,' iui!i~ut~..:.. ~· r-eriodi<:i ty of 
1/:1'(4. 

443 d:J..fi> :fcl~ ~h::: i:t<.tet·v.uJ~~ ~r r~ut betwe-ea t.l.u~ !'.J~l.X.itnu·m 
Jlfl-b 

periOd! uf ~:ll.'"thq:mke ·u.ct~ivit.;y :~ulHHJqu.en~ly :poi .::l t~d out t1.w.t 

t }le r:.;cez-t1s tiibou t 1fov·e~'b t!:!' 20th, 1910 ~ri:fied hi a o::Kpcct~~t-

1m~ t.·or thu t year. 

A :5ilJ..i.l~::- L-.~r.J::;t.:!t;~ :.. ! 5 .. ~.n :f·~o!!, u l!iiff'er!!nt point of view 

Wj)peu:ca tc btl ti'ie co.~.·re!atio.t:l uf t!:u ·rth~U.t>.k !! :frc~ qut-ilCy wi tll 

t~~ ··· •"'--.. · '1 .,.,. •• 1· •' t i., ,.,, I" >V ""'""•' tl '~ ,....r + J~ .. ..... ~r'"' l"' ' ·~ .. ..... ~.,. l)f rot•··ti'>"' "'t -1.,_.. ............. !';:""'W ·~ ' ,..._, -~ .,., ,.. • •. , _ -.6 _., ..., J. . ~ ~ao;..U ~-- ;, ;. 4_ L t t ..f~t-.;ll 'f~ .. ·~ 111 • .._ • 

. Au:r c1mnge I;; th~· :p::JBJ. tl -'U (,If u:.~ ·~·iul,t"·~~ c>.t1Wt~::'l c. co.rrea-

pa.cHJing vu.:riati~m it~ lli.. ti ~ud~ . and i't i :-.; f rc.;.m m.tch lr.Ltitud .. e 

v.e. rja.tiOn!1 th.:;.t; th~ 'f.iulur \U\lldt~l"'in;.~ i~ d••1~t:!),"J:':lltlthl . 

~<~.il11e i.n le·93 ':J'a..s thl'1 firat t.o 11c1nt cmt ::.i rc l ft.tion 



Year 

189.5 

1896 

1897 

1898 

1899 

1900 

19vl 

1902 

162 
J.ll. 

between tht! motion of the pole n.nd ctrrthqut.~..~ fruquuncy . 

),le-a. w.".i•••nte~tnl.•a eMi*A!i:M•w "'"@ ~• He drew attention to ttul 

f'nct tho.t the title of' the ,Wl.J(iuuo incret.:.oe in lut1 tude 

t £ er li.:n cctrr-t"luf: r.mdc d wi tn the st\Xil!;uc c! ~et!.l' tnqual=e 

fX'GQUOUC,Y f•OT' :;a:pl.ille ftt:l "'ubnoquentl y C:XUO.ined th~ t::lOVft~Cr!t 

of t.bu pole fer tlm yP.ti!'U .1695' to 1898 iacluei \e un.ll -con• 

cl.Jc!~d thut. J!letw.ae1orr~1c: ~ctivity ::-each<td. :ith wa:~!.~l}l'!-~ wit 

the mnx1I!Lt:rn polar diSJ)lu.ou~outu . 

~ce ou.ni f'o ll.on,, -1n liil.nn ' o in11eu ;,:.i{u,.\.i on ,fOl"' the r.:criud 
tf 

1U9<) to l9L?. ilu ·''~ n.nd Luattt•i'ts rc:..~~t~ 
#f?v 

lt.\7 l~cml 

tn.bulr:rt.fl·d by G:mo:rl. •.. ·~lil0 fo1l~wiug tu"t:·le: -

rob"·.l lu.ti tude Vt~::riutitH1 lhuluor of: :ll>~~:;:, o&.rth!\UV..l:$9. 

0•5']" 

0•91" 

1. 07" 

1·03" 

0 • 72 .. 

0• .32" 

0 · !13" 

· 97' 
ln l9>" ~ 11ne 

J.t 1-.o.. 
to ltJ ,,.. • ..e di 

'9 
18 

44 o.r 4? 

30 

2!1 

17 

22 

29 
1nvttotigated ·the ·q\li3Dtion fu r thG period 1892 

into ten oqu.ul pa:~.•ta of 36•!i 

duyu u .,Hl tul.>ul&ted ·the nur~b~r o.f world c ir'lf, euri.lluztu.i.kon 

.for t:tt~h ·of tJlcao JH~l' .iouil . ~to t!wn c m:.y:ared· the ec~rtllqUukc 

intarve.lu durin" l~o wuu u r.anrked 

tltc ;polar ... liii-i"!Wli ~ovc;r:cn.t 'fJitb thBt of 
• 

the 1ntorvu.la ·imrr.ouiat.~:iy pl"CcectinE; m1~. foll()\7inr; tlw . . . 

deflacti•Ofl ptl!:riodD . lie f'.OU1ld 'thnt tbtJ tctH.l numliQr~ Of 81ill'th 

.rm1"l.!(:cO beto.rf'J , during ~"'n'l uftu1· tho t!o~!lection pe.riodu we1•e 

rcapcatt·v~.J .. t'l 117. 2\iO t:Jnd. 15 3. 

1lnc hu.n in't<:rpr•~tod thcue reeul ~o ntJ fo.llov.r~ : .. ~(.bu; 
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inference from thia invostigaticn 111 not tHat the :colar 

disn.lucurucmt.e ~oeonpamying lfi,rge earthquakes .reitul t. in 

olar d1&Jil&Octt:iUnts , 'but rnth.e.r that chaut:aa tn clirectiou 

af ·theii.e J,.tl.tter ooven~mta. ].mrtioulli.'t'ly when tll<J ru:t.e of 

cha.nge llH.s bt'}e!l rtt.l~i d. lln.vo hnd un influence upon urthquv.Jc 

frequency". 
}4}),. 

!liln11 br·ough.'4 thiu itlVOi:t tiat.t tiou li.P to da. te i11 l9C6. 

!::e !W.Olidd 'tba.t OUt o! ~otu.l of 2j dcflcctia.u pe-riod• 

therti v.re 1U ou&t::a .in l-Yhi(:ll Lnu r-..:m.ximuc enrth(xua.i\:.e ta·~quonc;y , 
~o.1nc1 deli ''1 tn deflttction ;pcric:.ti. :&'h~ t •. tul :.i~IJ:J'httl' ~:r 

elJ.rttwun.l:cu occur1·1ng l!ofc,.l e. ~Ul: i1~,~ EJ.ttd t1-1"ter coopurubie / 
/ 

<!t7!'lect1 on -periodG Y.rere f.ot.Jlic;. t.o \..t.. lu7 . ~c7 '-.uc 217 :roapect-

ively. 

lie .t•l~o 1.a~i c:r. t.od t' non tJtlloti of ~~m~lyut.nn tb.e dt'.tl1. by 

cxpl"GflBinB thu «.lu:Cl~t!'\.i.O:lu Lotwycu Gucccani ve ·pc:ioda ln 
if 

nu.ul&r ~eli.\'!.Ul'~ . H~ r aund tunt e' c.taJ.;.ll dof'l ·octi~utJ nf fro.o 

0 t.u 10° w.ere oui~t.ed t;;wt ftt~· .. o c::.·•'et•nt;o nur~i'tP.r ot ·as.r·thqU8.ke ~ / 

1tl u.ny ;period ia t-1))prox1uately direutly propo:rtiomu',l to 

, u.ngul~r dof'lect1c:la ·Of 1.11~ pole-:pr~th tluring tnct po.ri<Hi19 • 

In tho following ye~.r luau 1:. t ~:xwdnet1 tho d(:l.tu !1·o~ a so.r.ta• 
3 Oo. . 

.• mr.,t <J1ffo.r.e.:1t JlOiut of v:..ttw . Il~ •coll:oi~f~rod 't11Lt ilHJ enrt.h• 

QUO~o !"rac1u•:ucy ~hou14 ilQt be COillpto.l•od td tll the uctunl 

lef'lectionn ther:.~.eelvoG but with tile deVitltioua of tiieae 

defleot..loaa .J.'1.·o:w ~~~oil~ ~c.t:m vttltu:: . l!e H~c,rdli.nr~ly nnnlyued 

the recr.ds by thiu cothcd Wld follfld tht~t for •.naull deY.i .u.tion b ( 

the tlt¥M avoruge nUL'lber of vt..rtilq 'rL:U ll' .1. While f ·Ol" 

• 
the lu.rl;U devJ.u.tiO!lliJ the UvOl~t..e~ \~~ 1{; .• 1,. J conoluded that 

thiu l 'OStt.l t '1l ·(!il.rl8 c<3.1·tuin ~oU1lt ,of. iiUJ)JJOl't to I.11lne•e. 

vie'l'l thut there il .uozne ~c ot~nectlmt be'tilfiCli the oceurrenae d 

lo..:rgo world•Ul1Uki1iU oarthqutd:.aQ and t.l1c ~ovel':'lchtis or the 

eerth ' u pole". Jtnott however hi dis~ oued ·to ir,tel'J're\ "t.hJ.a 
-~-~-
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reuult i:n t different :ctumer •. He is inclined. to 

tt-ributa tho rclntion to oone lccnl chnnv.e 1n the eurth'a 

rigi (U ty raoul t :1w· [!'n , .a_l'l <::orthqlm.ko rn,tller thun to the 
. .. . fYJO..\S . .. 

direct affect of ~ 'lOV(tr:amta . Thuo f.Ul.ne c.ppeJ~ra to con-

o:i,der th ol.t;r r.~ov ·ernon't to be the cm.we of tho earthm.to.k~e 

r 1\vt.nw, .i1r. t;t lcoko unon th.e polnr rnovqm~nt an poaaib• 

1.;,· c-11 i u G J. r o o ... of tne cui·thqu(~!(e • 

..:p thie (rucut~.Ofl .for t.he ea.r.tltqua.kea 

i~· 
• vL!.l'lU.tion t Tokvo 2~o,. ·' U! 

.. ·l \ t ' ro 1~ 1 t tti th the .$ !!J•t!• ft>cqu enoy 

0 t. 'i'oltio , d.lld conclud1~d tbat ! ·t 

r VV.:t"JUtionR i.l:l lhtitude . rhe CL\R,_ 

w:a. r rd to tlle lnrge 

i ~~Ot.t:!d that "tlw rrr!fH't :i~::truut• 

i· ... t d tendency to oo~ur in 

7 inj~u latitude of Tokyo. J 
0 ic ... u J.u,,. Wl tt"l ttL(:) :ren,Jl t.i~ P :..rc~dy 

.... Ol a ,.':.!l.Lh~ • 

n ~ri 'Jl<.'li.n t :e out Uwt ilUrJl.J.ru. tuu.~ ilnow,, 

tio11 nuA ~:r.hibi tf'>ri b' si.:v: ,Yt)&.;..l's ' nerio 11 

... n 1. lc.!JIJ to t)J2 i ~"--~d v~ori !a di~vosad to 

t.1 1.o·~ 11i ~u tlw 6~· ;t.aa.ri • pori odie :I. ty P.hic 

tht:: t..O.!:>thquc h·.':e obucrved .1 t ~vot.o 

turr . 

• 



~ 'fl • • 

16~ 

0 

.oro its n e 

nuober Cbf di 

..... e .r\toult.e of 8 

!n ncsolo~i®l 11toruture 'u11 1 

eo ~one w1 nottltu·~ c.r 

u.tuo:r iHJ tllio 11ta oooulately e.tt SlOUalble,, 

ana it ,1 ~ SOJ.Ht\1 tlln t t 

lnalu.eod ln tht.o l!l 

dJ.BCUJUliOll Of t i.l.C Vn.r1o ;pap ora 

ocrve to enorG..l vi cw o 

1e prot::renfl t o so tar boen do u clireotlon. 

ett t 'llcrc a....re coen·t uu nroved tbe relation• 

ubip bet d ·otller tural ·phenoc 

t:b.ilo othereJ nott-1\Jl.)' Jtonteoeu e Dullore 1hold 'tile ~aecldo 

• 

v~~ow tnr.r.·t. oortJlqw:Jtc• troquenoy lo ontirol¥ 1ndcpondf:lnt or ru•1 

10 coot rc :ontl)' expt§efuH~6. v.ino ,of oouo ,of 

lca11.c:r& 111 t'niiJ t1.eld of ro.oeureh rtill oorve to 1nd1ou.t.o 

'tbo preuont trona :of tl1ouc;1t M~ crl.t.tciuc. i'ae 

TtJI of 'thaaa lo thnrRforo c'tmendod Gl:i f ·ollo,.:n.u , .. 

tlret to oxao!Dt tue at.ntloti.cu rolat.1 

U» ea.rtnquulce txooqlltll'lCY tror1 tile point of vin or nrobab.ili ti 

tor rt~ndo eYont.~r .Attar c!1uc:Ll1Utinr; th.o nnnu.al period wll1c1l 

1n41ontod 1tm.ya '"!be proba.b111 t oc t~') 
nat\lre ot oo ,lara• ,ap aplltude ia in 1rst cau•e ly ,l .in 

300,000 d in tbe ,aeoond o.lmoat ,1nfln1 tcta1mnl11 nU~t~1.1. ct 

•toad r-.11 t.1 of t.ne n•r1o4 would lb• t.lltar•b.Y ·••tablia 

reu,;na,le 4ot.ab\, w••• ''he J>•Wli&.W'l t.,J Of M.l'tAQWLkea 

•o•urr ln groupa 1 » ~41•oua••• La tbe ~r•wio • 1 • 
oan ~· abown \o ra1•• Ul)e0\&40¥ a\i1't1olen\l.Y• t•c\, 

eweYtu·, t re t,ae •• of \be »er1o41e1iJ 

toud 1• n•rl¥ ld.en\1.-1 in &re&t. n\UII-el' ot oaa•• •1••"• 
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o1· al1.. doubt whi en mi[.!h1G rernain o!: t J1ia point." 

Al tl1cugh tlle e.mpl! tudes cnlcul::a. t3d. by tlch~vter a leo tavou."r 

a lunur puriodici ty he;. is not cl.iepoeocr to e.c(:ept this period1 c1 -

ty aa :real 'bocause of cC!rt&.tn cno::u:liee; encl also on a ooount 

of the occurrence of earthquu.koc in sro11ps of two or r:~ore. 

Omori in 1902 writing the conclusions of ids inv~::;tir;atmns 

into the ".1\:!mlal uml Dt 1.1:\'!1:..1 Vitri.c.tione of oei,emi c f .requency in 
-:!:4. 7 1 

Jane.n" sayn . ' 1Accnl'dinE~ to ·~h~t h£.a been ee.-id t h ne. fat' tile 

seismic frequt:Zloy oem:Jt:.l to 11.uve a cloBe rela.ticm to tne 

atmoa'Oher1c prssau.rs. '' 

Oldha'T! in 19·03 ;pl·e:f'a ce::J hio otudy of d:i.urnnl frequency in 

Asee,m by tne follo-;;ring :rcm:tr'll-s· 6G -· . -
'maathquc:..k!1c ett·e . o.nd a:nJ gcne.rclly c~knowlad.f;,ad to 'he , 

pm··~ly gcologi ca.l phen~r..'!~m • 2-r~t th~T'~· 1.3 tl. conatnnt tendancy , 

e~ntl have beuu :;r~pea t~d enrlsnvl'n.~ra • .to tY'~ (.!e ttle influence e1 t he T 

nr t!i.EC! sun u.r.d the plak)Wio, or, :in r.-~n:o :r.c"-:~nt y0n·re·. of 

cho.nf!a" .la 'baz~olne't'l'ic );t'IJlif'ttrn or temnera;~v··c en the tim~ of· 

occurrence 01 cv.:r tr .. vn 

Le~ving out of ~cco~n t, a~ ~nncccuntcble th~ purely as -

trcl ogical 1n1'·LuEW.t;$ of tllt.: r)U.·11r.ts. :lt in r..~t i.nGon~eiv~tble 

tlw.t, thou~h tae cau:::e of uu ea:.''t.hcttr~l::o i .2 terr~strial, the 

exact tlro~ o:!.' ltr; occu::rence r?i~lJ~Ilt h~3 c:H;iC!e,! b~r nor1f'! 

r~e "trorwnioe.l o:4· MQtHorul or-:;l tJ<.~.l .i n!'luonc o. '!n (I ~.ncr wor de 

·the eXiiat time tl.tl!!n a s lo1~J.~r t>={· ;.nving tltrain h ec;or·wt; too 

gre~t for tho resint~nue ~p~o~od t~ it by t~e solidity of the 

rock oomp\liJin1.; tllc earth' t:J c•"'wJ t !'1'- -.V' l1o dotc:rminutl Ly ·the 

addi t#io.na.l 11trc5c• ... ~nt ll ,,,:-; it i:: - l:-.:.;)Cl': ed by a change in 

tne barometric pr6sou~o, o~ by the at~~nBen eet up by the 

attre.otion of the f:IUH o.n1. t ' l .'.: liHH>•' · • 

Again , Omori al'tel .. 1rP;;:st.igs.tin1", th~ .luno.:t' dny frequency 
73 

· .e~t.ye; "It thua aee::nt:~ t:.ne.t a considoral>ltt -cronortion of earth-



• fr so 80;~ , .ar·e ca.u ' "or ucoeloratcd to our , 

by the of tns atc.ooph.eric pro~oure n.nd the moon' 

:lnfluanoo o.i:~ ·tida'l st'reea'""'""" 

r .ogurd t~ cr.rt)lCUel'.e fro flC'T EUHl" VLl'iDtion 

in latitude bc.vc been previ·ousl.f quot.ed.. l.n tmothcl· puper on 
76 

the "o.~coondAry Oauooa ,of Earthnuukec" .he ~ooncludt!s ao f'ollow.e: ·-

reaul te .obtu.Jnod •••••• , •• '\vhi.cll ,urc ~only 'f:r em wry 

notes on the ,&econda.ry aeiomic !laueos, ~oho1f r1ovortllerleb& tluit 

those ... la.tter~ play very in_portnnt pP.rt 1n tho dio tr1'bu't1on of 

rthqUfl' te:;:~ dur1ng the d.ny, tlto yorl.l' • tllo 1'unnr duy. e to .• J,s. 

tbeoe oocondary· cc.,.tr.os\probcbly detcl"oino the ultimate JJomEu'lt 

'ltcn e. long ... eont1nu.ed undereround stre~s g:i vea riee to 

den diaturbv.nce their cur.e!ul etudy will be, in conJunction 

t 'h.o obaerva t1on o:f the f'ore .. ahocl>::a ••••••• • und the i ·nveot• 

~of helr inn:pproximatcly pre die tin 

undct• fa.vournblo circw:mto.nc tt likely 'tc ha}')pen 

in a t(iven diatrJ.et. 

lm3mur rt·or an enquir1 in~o tha '"aynodic-montbly 
24-

vo.1·1ntiou f seisruin froquer..cy in Japan" concluded thn t 

• tbauokc ooourrenc in Jepp.n , , W:i1en tn.ey ure di etr1but 

in syno.di-c dey,a reach tho grea.teot nuober nt two poire or 

ti • ly: .. 

l<11rat"ly , , n t the t~mec of tb.e conjunction nnd opnoa1t1tm 

o:r tn un and rnoon1 the combined ,effort of the two 

oaice bei,ng the caude; 

~econdly • , o.t tha tiaea of QUndra:turo, · theoombinecl eff·or" 

of t.h moon nn :romotric p::- fll.tro being the caua'IOJ. 
• 17 -

tton in ,)11 book· ~on pprosaod 1 

opini-on ·that - "with ·i 'ts f'un ntnl poetul nioh.ing , \Yi 



outmo~t dc:ri ved t~o 

littl 

.. lobbu 

•Of .. 

di£0 

t 
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tv.t.1utiaul oomp;!.rieonu c.Uuool.v wuy, 

ti tllcory of cw.wm.tion • . 

e ltl-'•' oro on iblt 

.a rroo.uency t nt or tu rt~l '' ·• 
~~ -

z·e~; 

pol nd ritt.eu "In itliel:f, I:ilno'u thaor.v 1 lft'US.f.blo 

nr tw. to ot tll oorresmma to elw..nr:orJ in lst1.'~udc1 

IU'l d 't tlY·Ol-fl 01 ~1tidu port.:iono 

01" t rtlt.~ a c.aru~t , a on u:gou ·tllrl die tortion~t of t 

.• phoroid .• n ·t traction ot pol ov nt 1:e :revorvod, 

u.dden a;u1d ·tcmp():ru.:ry in tll ondit1on. ot •CO!:jJ)r 1o 

i thin ·tno zone ot frueture (11 lOOOClliftJ.; 0 vioo) y 

recinltet llt or bloc oro lnpundintt" . 

nott B r.rritten ec.t t:!eul on onr o tr 

tudled .in pnrtlo 

e»rthauukea u.nd wr.t.'t 

"Ao recu.rets the f?,Y.Ilod 

ati<L. l>.... 

j/ 
t'ollo·~.•r; : • 

_uonthly 

the tic 

.l.ltude :QOQJ)Ur• 

of ~occurronuo ot 

lurw.r t2;'equell<:1 :-o 

.rea ttlcu '11"-

montuly l}.)li ·tudc, nn 

Jld t:lillll1m, le.t~d. BOtlC 

e 

.f1t1pllort to tno v.tew tl t1 ve u.n .1nd1ootion ot tidAl etfcct .• 

ho rnDxi ooour t:l. of ne\7 muon und f'u'll moon, Juat out 

'ihe ·t1fleih~trhen , in vlrtue of tno ·OO~bi.ned .notion of tllo uun Md 

.Cloon, t ocou.r. t.1de ttn1n their X '" . Ue ultH> r rka 

., ,of ourtllQtl o .is probnbl)t to l~ e ro:terr to tn 

••• 1 ty of etruc"t.U:ro or 1.0 tllo i.nequnl:l t}t of Gtreaa 

dae to i r .ron:&llo.ri t1 ()f' .1 tu cartnca. ltupturln8 or yi •!l·d1 1 

not deterudn1!1 '>yo th~ow1t or ~ t-ree Onlf t 1 t dG}HHf~ i .il 
< It 

t 
• 

2SU 'llpon no:' tho at.rcaa is 11lml1od.. For runture ·to c l' lnce 

·t.hc vtreea 13\.l&t be dJ.ttorent in d1.ft1tr.ent dirl)O'Ii1onf.i : W3d the 

·difference betwoan tllo grouteut and 1 t atreasou ia en J~ort• 

nt ttm lu eatt tin e tendency to bre • 0 ff:r.'f'l.e CCL be 



\? 
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noutUl to tell unou tlla Gurtn•o co n:re t ile !ortnisllt ly • 

thly. ao::ni-annua.l nnd nutil ti dttP, rmun:l r1tJ.ti em o 

nowf~a,ll., un~1 lUlW. ;.:ttl! p i .. rtm1UL\l. cocillu.t-

icnw •o1' 'utu.•ec aura or thu :t~t; h t U:".f{W C. I 

+ .. ~lX'"t?tnUL :fre1U\Jncy a it ~~1t..l\lm in winter ·rvacnevel' 

tb 

ti 

1 lnto:t· ~o~on, we :r th~J c.m1u.u1 

.rcao 4uc to ·t ~un ue or little ·C GC .ow-

• to find in the uoau.mul~tion ,n U'tel~ n.now. un d .1n t!l. 

lon{; j;H}rio t~ oacill~tJootl oi' the! ti\tl'Jc l)l.."(l681U'O, t110 
. 

oeaible detcr.miniu C!tcn"o iu f't fr·~Q~lOrlCf"• 

ilbert. 1n Pa.pel' dan.l1:na, ll reflS. <J t:.lon or 
riu .!'he prina!.'Otil 0 eu.u,; of 1lCr1odio variation •O 

u ttl' pfltJ bodily tidoa of rtn; oc 10 t • tducn 

1111 WJlou.d tlle uoo. l>·ttd near tlu oro c ·tho lterns.tely-

1nto:rr loud o now t>rl pnt·t~ ·of the ~rHl; ru1\UJ.l lllld diurnAl 

f.O 

I(VJ:ioe;tione. of romotr.:t·c -.. a~rntllient: and tho wnnd.erlnn•· 

of the ea1:·tu·• x.t:tJ o:r rcta.t ral~ttY~ i~pertcuu$ of ·thQ 

vc:tt'l i.ufl"Uc.nce.e ~eun not yet b • but it in onn 

t 

'l'.Ur 

tho!lr .a;boQ1ut pbrtsnce in not ~u bmll pl 

bt:lonf~ to the a~u!B ''ti.l l)elt .. , u to .o lc.nd.; tl.nd twc 

t.o ln.nd and :eea, but vv..r;r with lat.i t.udo. Tho1:r rt:lnt1 

1ca,o.rtanco in MY pu.rttculo..r local!.ty y depend uloc on tnc 

ur tho alqwly erowill{f tae·ton!c .otrea· o~ tt1e .oruatJ fo T / 

1:n order to be tlle tO:rJPO.it'C.:f)' Ult UdY·enti tioU.D Btt'eu;:i 

Uilt of ouon ·'0 

W.O t~X]>:'GSBi'id ~li ~~ '"li 0' 
HI 

ook ~o .~1 rthqWL ;a. 

to gmer .. c, 

o-a. nc-1 ther t.1dul. be.roillt~tr1\,j• 

ot.:J.el' it•flu~neeu beyond tllio 

a hip to the ·poriocU.oi ty ~or oquonay 

tectonic otrcoe~u"• 

(l913) -edition o·f 

nerally, i'L1l' 

1 c • ,~()ln.t, lWle.s- or 

d, BllO .rolc,tton-

1om•o uotivity. 



17 
;rneir trequonoy in apparently ~~cvcrnod by uctiv! tieo of h.Y,poa 

< 

orJttin". 
' GtJI 

~aooo,• epponrt3 to !told ~ this 'f Vi''" ·.d~CJ-' n.e nua ·q.uo 

art tbe ~)st nuthor1tnt1vo statcncmt em tho euuJ~,c·t . L.t:- cSooc ll(.\ 

.p :veLr to Uu.ilk tll& eeurch f'o:r- l)4U.~i ·odici tY a vntu on 

:tor ne wri to a "• ••••• .•••• rite.tt.nttcc nbout ollortllct~u.:l:c.D arc rc,pi.tS.ly . . . 

inct-eas1n.g i n ziwtJber li.fld tile ~cu roll for :eeriodici.·ty 

kon up. l t .io Cle$irnbl·e t!lti t tho (JOt>ttc.b onou.l d pro coed on tll 

lineu 1ndlcLtu4 by !;(!b.untcr". 

ke b0liovea \141tt. 1n tae ounc of Cllim:: :rtt1ntu'll :~:t; .been 

•- otor in 8a:r-tbaunke tr.eou.ancy. llc 1r:1ri to 
/6. 

otr1kina ev.id6ncou ·of the torei~oing d.n.t~t nro ·tlle .f'ollom• 

i.nr, r;:robuble rulea~ tirut tile :tll.P1d .t!.rld e trorut n\t:1o 

'Yar1at1ona, a~o.iuted to aomo extent. by rain ,, e:t:re the for<:ou 1r10 

roct.1.vo in tlla final ctar:e of eu~·tb.aua!r.o r,~otivity .... 

lea l: 

~r lonoy au 

.aaluo 1nveat.1g. 
9/J­

roW..rkD •. 

tilo world •.~;nd l"ainfull ot t 

ed. th1t~ ntspctot of' 

t.llia <rsorlc on tl 

Un1tod Sto.ten 

rt l1 

r 

Ol' 

rotesaor 'Drake vcr l..OtH!ily Ofl rtbqur.u: n d rrJ.intnll 

dilleovar:y •• " •••• , •••••••••• .••• '1'. recent work wlt.h •olatJoctnp 

revoa.led facta lffhiol:~. cannot be tr.norecl; !llOVG:::I~nta ·of ·th 

t .felt tor aome r:~1leo trorn tl~o co~et. due tc the incot!ling t\-nd 

ut~olng of tile tidoa: ., oinki..nr: f..J'ld ri~:in~ c! ~bo :oraa t Wlde:r 

htr.h nnd. lc-;r nreaature 'burornctric ureua; the trenamlasiou ~f 

1·oroae1ems ·t.nrou~h the oruo t crutuet. 'b,y the breaking of \'favca :on 

the coati\. 'J.'Ju~ ·ou.r~l\ 1a no·t GO 1-"iald &.!B lwB 'tHi'en thoueut, but 
- • - If 

pporentl)' 1n extrtt:st'ly delicate oouilibrlwn. 

1'aber tn bi• work 1on the car~ ~qw1k:~3 of th-e Clw.rlt!iuton d1et\·1o t 

·u diocuaaed the quention ot ·Uool trequtuicy. He !'trite 

follon: • t1 1 



ill 

t 

.ny 

1t 
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tt pt vn n do to corl.~olu to unr.._r ner1od1e1tiei:t 

rt~lqU trequcnoy or .1nciiv1duo_l diutr1ato .v.nd of 

tll 'Wi holo; but , with th oow:ulnt1.on ot .r ~ cctu•u: ·t 

tb.t1tJ tic n boon al1nwn tna·t tJ ttrnction ·oxbrted by 

11 ttlo if fhlY l on o. :.c eurt.h ~ .o ourft~o 

co in dctcrmininc tuo time ·Dt rtllquu 1'::\JG . !oog1 cn.lly n 

10 lunion ~o\ild bo Dected in tho cnac of tectonic f"t::n• 

• :Cor t ttrul!t1on of Wl rl ~oon ia unirorcly 

1 OVUl" "l.i.ll'l~t! i.~ rct of t rtl4' a ourt:uco , nrtd tha'tafor 

ca.n rQatly m~ ry 11ttl (~ronco 'it j, OJ 

oppoui t•l a:l.dt.~o of :rc.u.lts . Lince the ~oceunic ·t. l' "'~ to 

., ·t trn.ctlon o! aun o..nd :r~oon, u.n~ tiQtil n th 

ur!'o.c rftl.c CCll:st line doen produc:t~ di!fera1~ti~l ~~tro~; • 
t it1on nt the ho nl.v bot1i ttl the y 

lndiractly r~cult in t d.·GVOlopcent . in COtU;tal 1"~{;1one , oi" 

tr .. utf1 cien.t i.r. r:uumi tude to l:o:~trel imc ,of fsul 1 

•plv.eo;::icr:to tt. In h eonclunicns ho .nl,eo 'trl'i teu t. ir..J.)Ol' il• 

nt tautoru affecting tho ~olnt1ve pr on OL"}JOIJ.l t 1·( 

t t fault u tnuo controll1np: tt1o CLi·l'thqtWke trcque:nc:y nr 

re.in:!'o.ll , holgllt or tbe wc.ter•t 

e~~rJ~OAlo . ·a'lle view ~W:.; .... l'u ce. lJy lJ 

rt. :t'reouenoy muet 

on OPDODite aid of 

ndepttndontl.v 1Jy l.C.r.ott . Gilbert 

_g1cal 

thor 1 

~~ 

on c1· t:.ha t:ro\?iw· 

ct t 
• r )l •• 

rt .II of thi 

~·" 
por 

l d 

t n 

:r " uro • / 

.ffeo ti~ 

pore t~ d1ff'crentlcll '/ ) 

l~o been pl.··otlulento 

r2coani 

"ubt bo conLidarod. 

tcaetller wi tb 'cu%'tu1n ol• 

to fuultu G~e disc b 

onl1n it bo 11Ti d1 



• 

rthquu.ke Frequency w1.tb opcciul rcferenc 

to !rlclnl S trcaoco in the L1tr.o£~ni:..cru . 

urt lie 

Tidal .atreoece .in the Li thonpher .. h 

• 

J-



'tJ' JL 
• • • • • ~ • • • ~ ~ • w ~ • ~ • ~ ~ • ~ • • • • • • • • • • • • • • 

art, II. 

fi dal B tremJ in the .Li thoop.tlero. 

In tho proccdin rtil~o (r.s:rt .!) t.1n enquiry w. clG 

into the ambjcot or thiJ iJJOCandury cuuuoo cf eu.rth· 

ctmu..cuo. 1.1 t.hc.Ht{rfl th(J cw1 dttJ)Of) .16 tlor~cra; .w.t (lCmfliot-

1m; tl1o:1·o .1.- u t~trong 'f)roba.'bili t.1 tbu.t tho rJnc.l 

otrniJtC cot UJi 1n tho Gnt'tl'' u cruat nti tllo rovul 

of l.t~l"Ot.c-tl- i(: Ol.i.lill£0V· , ocowt ti ~oa a.lonr, c~rtc1n 

con.ct. linQo ., end t.1·dcl .otro&non in tile curta's; colid 

cruc t nx·c c! !'~ct \ \C ln a.ot(;rninitl~ tno uc tuul tine o 

of c .ccurr.,~tcct c:f' tllu crarth.qunke ohock. It 1o cl 

i'roo tl:c, diver.r;;o opinions bold by cwlncnt ec11Jl:IOlo• 

lota tlmt, C\8 yet, tho enrth tido.o u.ro not gcnctrQ.ll 

rocouniood na bo1n" cocnctont to prcoip1tcto on 

~on,..et ~ - tes ax;preased 

b(l.lj....o. aurtb t>iucu anJ G'-1-rtn• 

• 

.. 



• 

•: 11 0~ U OttOJ ; 0 ~ 

u no l •uoy, to~ qon· J po~u;Mm~zn 

Ul ~ l1J~O ~n ~ OUJ u; ~~ ~ ~X UOO ~ UO 



.l • 

.o .rolntio.n of curtnoa~uo end earth. ti 

tnrtdo nt nrus~nt iu tho reulf.j of controvot~oy . 

ny of ·the opinions quoted b.oTJovor wer 

.-..uroaooc1 bci"ora tho recent work o£' f....ldi1uu, Ocor1 

nd l.c.'":ilulttro. anti othnr11 "f'mn nvni lnhl. t\ ~,. ... dlocuGD• 

on und my not now rcprcoont the vi·cwo ot tho 

quoted. 

J1oro appcare to bo, howovor, .nt nrcoen 

:r r::oro .:b:~po:rtn.nco to 

btn. .. oootrlc, chnnncl!a th.nn t,n WA:,..th U .dcm uo lJOfJ01})l 

....,.~ ,,.&- .a- -=- _ .... _ .. ~ __ ... 

• 
. , ... .• 

J 

• 



4. 

In v.i<m of the t~net :tlm.·t barometric cJUUlitca JlL:.Ve 

been bor onorall.Y e1ccopt.od uo poonible seoonflau.".Y 

cnuuoo of on:r,-t.h-quolt.oo th::m ·ev.rtn t1 d it i .e 

1trt.f:r~etl. rtn ·t.o coopnr.e tht} ·of:foatll of tho t.wo 

Beta or forooll. ill1o r'-t.y bent lH~ ctono by 

·tne cuxir;;w • 'l t ro in erf'ooted by et:ch sot. of .forces 
(p 1· 

und o.u. ~·v; 1" .u.~.a tn ,cii.f"f·ertmt. ~llbcuo cn.lcul~tod 

thB Dtr.'a.in dUC tO thO tidal fO'J"OeD U~·i ~ r~~. 

OXp1.'U~lH1(l i ·t .as 1'r•ct1on vf ti~o '../~A-tf.lr t1 lieu. Jlu 

•Concludm$ thnt ·tao oa.rtn t .l·dcto .nrc eiltt1c1antly 

lEl.X'SG . to dimini:oh ·tho appa~ren·t. hoiaht of tne 

o.tor tidor.s to two tr ... irdu Gi' t.i~e11· notual vt.tlu.e .• 

'/hie :La illugtru.t.od by tig. I rorn 'thiD 

cH.•ngruo 1 t is cl onr tb.u t th.e ·aurtb ti d.o r=uot b.uv 

t."'n rm;.>l.i tu,lo on'l th~.r:i of thHt of tho wnte~ tide. 

rn.~ 1ou'blo tnplitudc or tll'l bt.Xi.LlUJ:l or 8})r1n 
(-ol" 0..1] 

tio:fc 11ool oce;\ll 1o ~culcull\l~lo fron .. II for(·~ul 
r:,l 

•1 venby Orr-:.r . • :.ua. .. n 
.. . a.w~l- 1r 

oun'te to 2• 56 fQet or: ~ c~:~a. 

(I t 
6 •' ... 

oUJcr hcnt'. a,F.. Dtu:-u.1n hoc oat ir:t~~Jtod ·the 

f'1"'eot of po.:-ull~l rorurtrf c wo.ven cumw:ard to 

ve n wr:vo longth o:· ~~..oo 1:111 nn dotfbl.c 

t'.li~l.1 tudo t.i.tilQtUl 'ti.nl.; to §'0 ~. fj. or curoury • . be 

conclu.aoo tho.t ,if tl1o eurtn•a crunt r .iaid ae 

thll 'moct rigid gl.c.o2 Uu:.t a cor.rt::rr..pondin~ ue.rtb 

vavo b::::viillt a double u~Jli tud~l ot\ 9 ems . would u 
ol\unod :t>y nncll u bv.romctric loed. 

cw ·~ ~ Cif rez _2~ ~ M ~-

6Lv-R. ~ ~, ~ ~ ~ ~, . _;,I ~~.&!d 

~(}._~~ (~ ~(..LJ- h 

~) ~ ~- ~b· <:- m -CS . 



'· nco tho effect duo to tho rtll ·tidcn io c 

to be neo.rl,Y throe ·timco that db.r: ·to n'1X1r:Jum 
) 

bnroraetric ·cJu;.ncoo .• 

tho burocotric ct;n.rtnou howovor .o.ro not due to 

:oyntm.J of' parnllol tru.vo:: . .:..a onloulo.ted by l>l'..rvrin 

bUt to GUbciroulo.r llo~ua •Of hi .Rt.i. pro.ocuro Wld 

bn.oino of .low pr.eor.ur 

t1u;,t ~H!:t""'' 'r!l4J ...... , tn uddi·tion it ie u.r~bnblo thn.t 

tho :ritd t11 ty .or thu.t. purt o:f tho curth trhich uo 

ftootcd io oono1derubly r..:r<i:r.:..to:r tnvJl tne con 

r1R:i ·d r:ltuul. Th~no t'nctoro would l.Jll tond to 

dit:t1Jtish the value or 9 cm11. cuot9d alJovo. uc.nc 

1 t .io. urobuble thtlct ·tho double nr;pl i tude ,of tllo 

w.1 CLZ~crtu ·t:i<tau i.o .aon&idor(Lbly oorc ·t.ti!m 

tl1rce tit:1oc tim t .aot llp 'b1-'" th~ orutimut.'l bn.ro~:~otl1'1 c 

•Cbt:.nF:OD • 

• 



• 

· ~<>1-o el d4 I 
..to..t."-"d t"Q. J.;4a 

.d I 0 N 



'l· 
.. ~u it ut thr.! :moveco.nt of t 

o~rta• o ·e~ua.t f.t! groator. under tidt1l otroncce 

t.lm;,. undor tha inf'luenco ·of ronctr1c cnnn • 
t~ t~oroforo b~~o neca int"lucnc 

ti~e of ocaurrcnco or ·One ciallt expect 

i.O !ind till more :tnticu.tc 1•ol on for t 

rth 
'b~~. 

vo ·publiohcd U..c 

c; t:..~chul.y nun;.:~s ~ "~on bet ·n rc.U.fnll and 

~-t.nqu nriodi·oity. 

.o buroDo·tr1c n.co -of ;u 
i 

·1.neh of 

of /'~ e n. rA .,Y. 
...:h.ol-•. :....Y ,, 

ut 2 

pre 

f1'oct1V0 ic tlmt Pli'n .~tl o-"li'>JC,&.•n '!I rll'.n T.nu .r'Pnttnn -

uouu.lly tnkon &D one i;htrd.. of th.rl rninfil.l 

11 o~der to huv ~~ruin ~rJt up t 

duo to tho bnrotJctric ~;n.v o would 

require to be 78 ~nch rotuir1 in 

one uren 't.imn 1n ,:ldj o.Qcnt on,,. 

oondi ti.on could onl.:v bo .roroly if 

ron.licac1 over l.urr:c nror..o e·? d bcnce toue 

x>(tl~t..i.on no thut cuggeoted would bo of ouch 1 

~'u~tao.no~ ttu•n. t.tlut rluc to tb.o earth t1n,~.,.;.,. 

he ocorch for oo:rthauuKv pt:r1iH!~·a1ty 

itherto Jl)~oaeedocl ulotit~ rontnooationl :-t; 
tc.tiaticc.l. l'inea ,-,a, th.out tn1:1.nh into t.OC\HJUnt t 

• 
olcnionl ll.f.l'UCQta of tllc eubjoct. l!to onttOl" 1 

~ 
110 pc:.pcr cbio.fl.;l fl."Cf-"' ito 0::0010£':1• 

Cft.l n .opuo c. 'Hi f"Tcn too uo n m;'.:l thtw~ t! eal t!1eory 

ie dcvclnpe'-4. 



~. 

le.fthgu.gJ:tt .!84 lnul t,1. 
. j6 . 

Al\llouu•1 :P.erroy earl$ ••nturod t l,llfpotnoaio t ·mt 

oarthquo.kea msnt bo ·cn.uued by the f:rncturina of ,, 

tllo eaJ.'" ·tll' t.f cruu t thi u vi ·ow e not v.coe]>ted a• til 

priltle cnuae o1' oru•tl1q~o• unti 1. G ir.lUCtl ln tor 
~ 

•riod. For extt.r.l,Plo iohut eninont selcoologiet 
' 

.J . lilln\
0 ~.pp&n.ra (1.0 l&.tfl o.a lt.. · tJ to hu:v~ hold the 

/ I 

'¥1ew tlUlt oo,rthqi.tt(,.,kea voro prir=AI:Lr ily anusod by 

-.ol·onni o noti v1 ty. 1h1 y bo aeon .:rrol!2 th 

followlns ouotat1on tro::J hi 

.tbl1ahed in l.aa6:·-

ook on enrthqun...rca 

J#o 
IUJ.ne - r.artbquc.lcea. pp.295'. 296• 

"Copoluu!on.• Altlloueh it woull!. bco nn onny r.,z:. ·ttor 

'' to d1 o ou1n,1 tho relu ti·onship of and 

•otl~or pbenomonc.. we muut conclude toot :the 

1pl"il'lilley ClA\iOO or rthquekco t .e endogenous to 

'our eurth, and timt ctxogenouu phenoaorw., lllto 

ttrnctlon ·of tllCJ nun oon rocotric 

'' t1uot.uc:t.i on~a, play b~ u ll pt;.rt. in 0 

h~ctuul production 10! thoGo p.honor.1ona, thei:r 

oateot. tt..ffuot boint~ to cc..uo ,olight pre• 

'ponderc.uoo in tho nw:lbor or ' 
• r.alrti oulur ,an 

• t.lnoR bo 

hoy ouy, the;:ct'orc, :ocmo• 

t'inril cmuooa. fht rgp.4oritY 

•,of gur thgut.'·M?O pre c)\lo tp 

tp.t vploqnip fAQI·• f.ao urontost nar.iber ot t1l08 

• oxplo.pions tnko placo Lonoath tno ,oea, t1nd nro 

'probo.bly due to tlle c,dti~va1on ot \'Yfi.ter. throQGh 

•tiaeures to ·tuo hco.tod rocJ:e benonth. A ar..r~llor 

'nw:iber of O:l.rt}tquul!.ea ori.t:inato ut. ttctunl 

•vol®n\H!U. 



f;~ 

~r .... .Y bo nttribu.tul;ilo ·to ~trosooB brougbt cbout by 

""to;ry p:r.oaatu."e. ,litotly, we .i:w.vc enrU1quu:kce due 

• t() th.e colltj.pso of 'Wldorc;round ,~xcc.vnt.iono • 
<._J7e. t~a/t~s a.n: ~~f' &, fi.C) 

i'ho cler.J :reccu it on 'o!' tho fl!ll di:.OP.n Lul rcln ti tln 

Of ft:Ults &.lld (:O.l'th.nunl~OS 1B duo C.i1io:fly to tho ltl'COt 

lnlJorl .on t.eauus de &11 ;J.ro und. tao lr~t 
. CftJ 0.. 

•• •~lltlH ~;. t .. do 
.13. 

u.~ ae .t5all :n· . ., "'a ,au k · Qe·t 
~, 

lftllot"n to ,n,n 4 ~~o L ,otud$ ot thf' d!utribu:~;ion ot 

rtl1q ho·:m in u raont oonv1ncinc canner 

their le;. t1m1 t.o tuG two i:,t-ent zonon of 

in t ,,, 'n crurrt. 'fh.ifZI work hilA 

.t"CV·Olutl Otli.U i onl ·liCit-.ncc .c:,ud otu..n ' 
01 h.a COI"Or.JQn ~un f fU~i"' 

o.n cle.tion or :t XCI'! rth ... 

t.~ees n tne Y"fi•' .u. of' hl 

10~ f 
q() b. 

t ~ i ~. · •• r:" 

nro :nd r t. 

nr n .. :ro ootu~..lly 

tv J'iBfJ \CI di~nlt:.!.C n lont: f'nult 1·1na 

tb.euc h.'J.V the flUl>j oct o.f a.pt:1c1u1 stu·dy. 

,. tall&;wa.: , • 

• 
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Th1 n uo.rti oulo.Tly the cnstl !or ta ill Of r1 . th 

n d t.J:.i e Dun .ti'rr;;Ji c 1 a co cmr 'tl1Q • .u.o .. ~ .~ 11. 

a'). . 
e :Mino-owuri Fnrth.qlml,e6 of Jtlfl•-f• occurred ·on 'the 2Utn o 

Octobe:r 1~91 . e ohock was ·axtreaely llenvy ~d .&lloo u v.,r or 
24":{. 000 eounre .kilocatreu or lllOr·G thnr. 60% of wllole J~panease 

pire. Tho rnout uniqu OCOIDpltU1'1lh)llt Of the e q_uuJ..: U.(; th 

p:penrvncc o t the ~aurf.f.i..c ts ot ·ti. round ~or u. r-:rea t fll.ul t. trendi 

ln acnernl Douth oaot to north ot dil~cction w1d cxtendina 

lonr.t n lc-no:th of nt leu.at 40 c1leo. Pllyu1oc,rt..pllic cvi deuce points J 
to thA fuult be1n t lenut 112 kiloQotr in lenv.th. 'i'hc ,ourfoc 

tisple.cecnnts involved botb vert1co.l and hcu.·1zontu.l. motione . Tll. 

eastern v 1 de of the . f'aul t wa~ , .1n uealol'u.l t downttu-o ide •nd 

a &.lso di B'llneed hor1zontally, :rullel to tlle fuult ·plui~a , in 

u north TJeaterly i\ireot1on relc..tiv,;oly to t.ne ot~ler oi .de of tn 

tault . This he:ri zcntul :n~ov fl.,t was on t. vernt~e from three to 

be foot . T vs~rtic:ml (iieplucu!::en\ .,, tot ..... b: ... i5a ........ ... ••• 

- · •••• •••*'•"liE"• vnried trot:~ z ra.ro to nl>out 10 foot but "inaul6i.r• / 

ly enou~b tho ~nx1nur:~ Vflrticnl movamqnt d tho ,oo·:mtllro 

6 mCltren on tho ··weatorn side of tlie .tu:ul t i 1 thow-;11 llorc ~· 

elsewhere tlla borizoHtt,J . . movement wc.u iu t.hn uau di1·oction 

previously .i.ndieutod . It 1o notu.ulo th4t even wjlOl'o uo vertical 

displaoct"lent ooour:rud tho hor.i~oiltal'movcmcnt u.oQw,ted to .severs~ 

catreo . 
63()_ . 

The greet ./1B8l t·thqu~a occ~:rl'tHl on the 12th o! J,llne 1397• 

l'llio enrthouok book an area of 1 . 750. equvt· l nc1 it 

deatl'ilct2Te effecte were felt oYer out one tenth of :th1 rua • 

!fh, enrthQU£lk • wail attended by t1 eJ"oua 'su:rtac d1 lo.cer:.6llta ·tb 

moet 1rnuortant of ~h1oh ia the Ohedr tuult . 1b1o oxtendect in 

a aenernl ,north-.north· •••t direotton for cUe tu.noo of about 

.12 c1lea .• The ·cldef' f·~atureD ut inta-reat wi tn rs to t.rua 

ve been al1QOOriaed 'by 01 t1. 
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•.Jiratly, c~lthouc:u the tnrow ot t lle fault vru:-1ea from oYer 

35 feet ·to nothing. yet wbcu·ever thoro i¥ uny perceptible t.u.row 

the upthrow 1.1 e.lwaya on tbe eaat tind the downthrow on tho west 

.Geconrity, l 'l;rne unn.blc ·to detect .wi,Y pronouac~d bo:rh~ontnl 

movome11t o.f on~ nide w.1 th reference to the ot:.iel' , in otner 

orde tn i rJ ~le. .ce....,ont. appears to lw. Ye \hum ait1ply up o:r do"'n • 

o tht.~ t t lw f'ecult 1~ !at.tlt nure and 1BiDple , &l d not hccve. 

t.thirtly, t1herever the plune of t ne t•:..ul t coul(1 t eon in rook 

it tl rl·r ,c-:.i ot lly verticul, tdt.il no pr~n~ounuecl ):W. t}e in ei t ner 

·dlrQc tion . Fottl"'thly, the dtaplucttmeut appeara to .ho.ve h een 
1 .f 

pri.ne:l.pcJ.ly, ·•• not enti·rely, en elevation of Uu~ uptb.row G14e 

asW not denres :o1on of tllQ _.~downihrow •14e of. th.e f&.ul ·t.• . 

!le ; ,~tHl v'r&.ncieco enrthquu.ke took pbu:e on tne 18th of April 

1906. ..;urft...co d1ap'lu.aernente ~luo ~a.coomp«m1ed thie oarth~ ••uke . 

'lhc •earthquu:.te cr~;.ck" ao lt wae ~ca.ll,8d .ciosel; follo\vcd. 

direction ~bo~t north 35° weat , and naa b&en tr&cca for 

dlfjt~nco of 1A.5 I!lil~e. THG pll:raiographic ovidcmco oho~• that 

tbte •cl•Lck • occurs nlon(; n ,gre1.•.t rift nhicll .:l.u .... nown ·to extend 

. f ,or 400 r:ilea • .A~L in the A:?~liHll.1 rthq~uke the no-vemcnt oocu:rre• 

lona~ vorticul plEmea . but it aloo rct&fJlilbled th 1no- Cwar1 

frc;ctu irl&.autuch n• bn·tn vert1oa.l ,cfieplaceue11t nd hori:•,ontul 

.movonHwts pcro.llel to the ft:~.ul t were conapicuouoly developed . 

ln tnic co GQ t!l~ .horS. zo ·nt~l :shirt wae in tllo di.r iic ti on o;>po.si te 

to t uc t or the :kino•Owcr1 frneture , 8<» tlw.t the ct.reu on the 

weut of the fo~lt s oov~d townrda t11e north•l'ler~ t relat1velr 

to t.W..t on t !le enot nide ·Of the :!'ault . This horlzontc l 

d1 apln cc!:'lan t vc«:'j,od fro few up to aa mucn twont,t feet . 

!he vert1 cull tbrow di.d not exoeed .rour :roet nnd tnt! unlifted 

~rea wee goncrall7 on the "fYttBtern aide of ·t.t&c ft:.ult . This ·••• 

.not , .howftvcr , 1nva.r1o.bly t.lle on.ee aa in t.. few iustL:nc·ea the 

enotern nida wae uplifted to ounta or ~bout two feet . 



• 
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l~::. · 

t mv.y be l'cnttrdod en l>cina no\7 well oatnbl·i 

that the it:leec11nt@ cuttoe ot ~ec.:rthaUti.~eu :ta l n 

oat cg.tJOR n aov~nont nl.ong .fnul·t .fructurea. 

tudy ·()t fnu:l·to ennlll<lo ·then to bo olnesifiod ir•to 

ou.pa - noroul vnd rovarae4 fn\tl-t.• . It 

1 faults tll~ notion 1u cauaod by 

ilo in ruvorBed fuul 'ts oom• 
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) 'The direo~ion o:t tun t:r~co of til.c fault on 

ori?.ontu.l Qurfe;ca.. ·or, .in otlut,.- ttord,.. t 

ol:" tt:..e tnulif., 

(b) :h.e :lncl1nv,·tion of' tho fo.ult 1Jlcmo t:~Ga.ourcd 

.tram oi. ·thcr tbo llori~ont•~l ('t!le dip) .or fro 

the vorti cal 

(o} ~he: di:reotion; ,in u~1t:lu.tl•• of the raoti,Qn 

.rainQd by the uli:okenoiciea o:r rmy ot11or 

h.nd. 

ho ,(11oQtUUl1on qf ttlo ~£1@41 tudo of 'tho tidall 

nd ot ·ttic nooi·t~onss Qf tho t1.do produ.cing bodies wl1cn 

thoy exert their ,wnxiotm tol;'co in the dirQctl,(m of 

nplo,cernent. for t:.n3 i.t:1 ven Jtoul t i~a 'llut:.l t wi. ttl. in tn 

ttl 

narnl cour.oe ot the v:r.au.ocnt , however. 

th.ar.nd :trom t.lle ~cuonion wt~1~H follows hor~..r ·• 

1 

rt1 

t Wl"# cona1 derod ~ont lUl ~ t ou.koa th 

.'lent clGt\l"Gr for tlloce 'tdlO do not 

1 

fX"QIJ 

norut.inn f ,or.oo 

,in .in 

bori~~on .. 

ore 

roduco t ttau:r 

rectio 

t14o J)l'ottuoiru~ f'croe 

t r 

ill1• 

0~ 

• 
,l t will 'ttl&(;) 

f ,oroe 1 t 

:lr: u t ivcn pk0-"" 



1~. 
I 

e flUcntlcm now .uloen a~ to llo"' thou~ tore 

tt~ul\11jG• Vio r:w.y· fil"Ot 

cons1dor the cnsc ·Of tu.ulto in wl1.1ch tllo dianJ.ncR"• 

nt 1.& .in Ct- plc_ne perpondloulnr. ·to the atriko of 

·tho foult.. rnt·o .may or.:cur ·ln both norcal an 

tnulto but ia , s:roo tho nnture of t' . . 
'ens e. oeon.uBe o.t tb& f'or-ca of ~rt>Vi ty, :ttoro l.tkcly 

to occur ln the toroor tnun in tbo lottcr tYP\•• 

t tho n'trlko ·01:' tne norr 

!nul·t be ronrelHm'tcd l~y t 

l.t.na lJ~' ln titt . j _ -
cU.rocti•on of U1o roovcn:ent 18 

reprouanted b:v ·ttl· 

ob is directed towo.rdo th 

don·n thr01fn n1a e of tb 

tcult . !rhin 1c also tho cUr• 

ction of tho din ot ·t.he fault . wilich ~D ,eo 

trouzt.uout , noro ausu:.:od to h<l! n pl.tmo aurfucu. 

'0pcrnt1JiS to produce l:10YO~"'~cnt muy b 

renroaonted. "by tlfO canponento , on 

fnul. t plsno nnd 't~lc ot)lor ,lying in tue .olWH3 of. t1 

tuul t and nlno in th~ rliroct1on ~of dip. ~ho first 

onenta tondn 'to open tnc f:raetu:~.-.., '' 'f :f 
fri. c t.i onul 

,......_ " .... _,..,M'<I._ • . _ ................. Jl.'f!'-...r:..-. _,.....~.& _.1 ... -. ·~·---• 
to r.lOV~r!ent unde:r:o the t~ct 

econJt co;Jponen·t tondD to cuuse Iriovc:cmt in tn 

tm~l direction « tht! divnlaeot~ent . 



, 

15. 

tollowinR queiJttone now arise:: ·-

(n) How may Ute tidnl ut.:re• 

with the enrtb•• internal forcba to ~uviet1 

1n pro 

(b} ln wtmt post tiona muot ·the o.ttrncting tody 

to exert 1 ta r:m.xi~uc force in t 

di1·eotion of ono o1• otner or the co~onunt :• 

of the :lntcrnnl earth utretJsea . t •• • 

rnllol Md pol'J)cnd1cu'lnr to the tc.ult 

!he tlda.l force f::oct1nfi .on 11 11crt of t 

rtn•a ·cr 

n 

r 

~· 

o druw ·:t 

If the • 

llnr ncrt •Of 

y ,fro 

rt nwa~ tron t 

fore eta o 

rth1 e cruat 

1r 

PSY' to egx; 

11 .a ot roo 

•• 

fiR. 8. re no on by 

recic:.bl 

cti•c fora 

y C'¥ to mt,1 

t raul'* .ill' '. X:.t . f 

reci l 
, 

idt d t l"' t•p• 

be ·tween ,one •On c ide of ·t veriU!e 

foreaa over ench •me tri e to t tidnl force• 
' ill not be tnc- DIU:la t1 i tweon 

• tho t1 ·®1 forces on onnoai on 111 

conotltu.te a,yat ·of f'oroea •CUU 

lon~. t ul·t. nlt;.ne. It fo:reea 

0 n conJunction wit nterm~l rorco• t 





r;fe f ( 
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of tho CJn:rth • u crttot. bordoring t fii.ul t plcr.c. 

tor.c;l'ls do not 

~· lyt:tcul proof 

of thle 1~ ... ~1 ven 1n th ·ndix, but it Y to 

geomet:r~anll;y ona:tl"t.Ltod by tho t'ol.lm'littG dia• 

• 

If fiR~ . )t o.rri b r:.:r. to d. the vort1 Ct-'-1 

n or1zontal co nontn .r ly Of' ·tho timH .. 

roducing foro•. .Froc fiG.. I; voo ~tlt!.t wben ttl 

tide-produc.in 

n ·enrt.llqu 

rodttclnit ro 
of tho trm,l 

tido-

:tntial utr 

.Let u 

oontr~• of t 

,l()O tn.er 

t difror 

o{.ty 1a in t zenith of o point on 

or :f'uul.t th ert.ienl tide-

t1 on t ~one on u·1 

r I) t lthou.nh th 

cc the differ"" 

em the two &cmc,lu l :o zero , or n 

thc.t 'tbc d1.D tunc 

two n ia au,y n.r ur.in 

.I 
dl! 

fir:.. It 
Ji .1 tb.e vertic:e.l 

that tho rr t-

tronuoo tor .,. 

two .zan oula oQour r.llon ·t.:nc ~6111 tn di stt::.nce of 

·the tide•nroducin od,J una# 4;'0 f:ro~ oint . 

·vorW 

cmmon 

r -

IHlQdicmlr>~r . to ~l}g .(r 

diotn.n o:r 45° fro 10 rtllQlUUC 

it:Jilarly it tho mtrvc rQprcnqntin 

hol.·inontt .. l cor:moncnt of the t1dc•p.re.duc1nr. fe.rc 



·• 
n ·t. 

the t.1 

450. 

t 

.18. 

tn tis. ~;- bo exaoined tt will b 
H. 

.xirJUL hor,11tontn1 tore e / ooear 

-.TlX'·O<lucintr. budy 1~i 1. ~onit ·diotunee of 
_ a/so 

t fl"Otl fit .. • j l t. .1. 11
11 

tHt ttutt t 

i 
. r/Jtrt-0'!../-a~ 

di:ffurcnco in t ··=~ tore'" .. ..< on tt1o zon• 

1rt que&t1on will :rene ue d ,y.r~c ori&nntol 

1dc•p:rod.Ua1ne forceo nre o.ctunlly oro . thnt id. 

lOll t tido .. produoinc boay 1a ·e1 t r ·on t 

llori.zon or on tnc zenith. z:n t forr.ntr ctJ.SSe tho 

f'•Ol"C :ro tcnlilono.l wut no vour ultin 

in the lttttcr c.o.ae they o cot:tpresa1vo urfd by 

1ncreu frictionul rooiatt:lllco ·t end. to ptevo.nt 

otion • • 

ti!\e• TlACrl\4 

l! ._tpfl Q!\1 •ouls.t' 

or ~on t 

:th 

tltiQB. 

·ta tf%lllttnc· 

ln tho proood! 

boon tu.lc<)n Qf t 

bS?tizop Qf ;ne onr~hq\tCJ.Jcc 

ti dn•producinn sw 

zeniSh. 

ditl ion no accou.nt 

u.nt or direction C>f dlp of t 

fnult nlune. It iimnecefJQnry ·to conaider thi 

fncto:r .ln. order to detcrcine tlw.t 't•oni tion of' tne 

tide•n.roducinR body et wll1Cli 1 t ex~trts 1 t 

l 

l 
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:nx1JDWD force ,in r1ir.octicm o sqist1nr: t 

,.r~hqu f'or.oeu prot~er . lhe AGeeamnry ,unH..lyticn.l 

treat•ent will be found in the ,uppendix. Tl\·e 

reault ·•r thin inve•t1r.at1on DaY be ucome·tricdl7 

llluatrntod by :ceann of tho nccompunyin& diagrWD. 

(fig~ -.- ' ":J:Z:I:-
Lat the circle -:i.L.l\'. repreaent section 

lfUimr: tl1rout:th th.· th•c centre nnd t en.t'tn-

<JUD.I:c centra .B'; nnd let ~he nect1on bo taken 

porpendiculnr to the fault nlana .6Jl/ · 

t tho ll.U.de of t ile fnult bo ·e o.nd lc·t. f/ be 

tho zeni tll diatanoe ot the nttrt<;.ctf.nr: boay U • 

.. et tllG vorti,atll IUld horizontnl COt1j_;onents of 

tlle ttda•producins foro t J1 be rupre~Jcnted 

by V and Jt roa:pcntivoly. 

lt .is rc3quire.(l to find tho value or fl . 
:(a) :ror ,u. ,rmt.x1mt1m difference S.n thCJ tidal 

f ,oroes on ,e1 th.ar n1 de of the tu.ul t J")lr .. ne 

l?'' in f~ ct1reo't.ion ))llrflllel to !t'l~ · 

(b) the r:w.xinttn d11'"fe:r~mce ·tn the ·t1· 

,t ,oroea l>Grpendieulv.r to FJ? ' tendin« to 

open tlte :tnu.l't fi•oure . 

t'hea?.e concUtiona buvo nlro.ndy been Bllovtll to 

t!1oae which are uo•t tnvou.rable in et.'&tJiutip 

f!-ultlns. 



2ve 

'!lu conolueion• t•no (vide nppendix.) re aa 

tollowa:• 

tore ctin rs.llel to :t 

'lo to en rp -= /+Y o -4- fi I f!. . ./1 r-• J:!:t A~< ) 
tl tin 

to ro-v•rced. r. 

t 

n 

tuul 

i(b) t :t't1 '\'ourmbl 

'f: ~ 45·o4-,~ -.~4 the to.ult dips towards tl 

'tracting body. 

~ho rermlt y be .ut.nted ln word8 

tollow.l:• 

(1) 

V.I., 'clilf ~rl" v+ lf"'il H"M+ k• 

,A,n 

0 

'41 A'J!'Is*''''' V0 .,,,,,,. 'df.Jl Yt 'C.;''i •• ,,..t ,• F . .. 

.d 



4l .... 

it 1B 8llOTI.I'l (vi .dt~ fll~U(,.m(11:t ) taw.t tlte 

t~nrd onnl :fc;:n:ea d1·Cl11BX' tltc l)lt::.ue of t ... 'l'<'l.tl·t 
• 

reuoh m~!mmn : 1(900 ._ ~) 

o d t oo·t ·the cw .Porncf3i t.n o diroct::.oJ . 
......... - -- -.... ~ 

,.,. r.axi:cu 

" l\(!u-3 ~c~2·1luoio!1 ·t ~e ~e:q:,:r~a ~ ,,n uordo .cw 

'Co~.lo~m; .. 

X' 

~a • £ru 

(4 i ~fl~ 0 !n r out unf, 

to tt1:t.i. t. oti)r l1oo :&8:1l't!l 

rUsv :ft:, u.l fi r: lt:.t qual l:r tnc 

!ncJlt • 
._.......,.~-- ~~..._._. i....--·---" __ ....,... ______ _ 

• 
cn.tm vm.~rlb r • Q<)0 t~;~ ~a i (1Gn :: :t col wi tn t 

in u11ioh 'l a 900 ... ~ sine(: 'M'le titiul f()"'"ccn are tnn 

bnth .1 n the dtroctic;,n of the rc'L tr:~ctitlt<: bocy en 

in the opnouitn di~actiun • 

• 
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1.A!'1~ ue nt,w conc:f dcr 'th.o ~~~"~ ot fL w.l ts in which 

the <!i .enle:.emet:t i.e ·not in t1w dil"ection of tho di]h 

i."~\lf!~ :i. CR.S t: Jn,.'ly l"Gpr(Hii~tlted cy 1'114.. J 

.lere 'i.JJ.l t:"·,i~ra~c·;\f.n tb\t ~~:rc~"tion ~f tll.~~ 

en ~ato~.e t1~e ~on nq_l(Ji• • .s.p d ll ' Q ' .i'i' • 

:u:· ~ t 1t"' tile t1 d11J. forces R.et .• 

.u vc:x·t1~ttJ. tJ.n1. h.or1~£.<mtnl t:i.d!i-'Pl:'QduoinG forces 

ucY l'Hl reu()lved E.J.IJ bt:U'o~"O u'lonR tb~ <!.lr.aoti<lrl• l1 

i.n tht; plaw;l of t ft.:.ul't nnd Glc•ns tue nort!nl to 

t·~ 1 .fmcl t ~lunc. 

rno cond:tti.an tor tno t<)n~tlo~~nl und oortJlreGciv 

fot'o:os 'PfJX''P'In dic>:~tltu:• 'tQ tnt) fil.Ul t ulll.nH tu ol>vi c:a.tm• 

:ty ttl a nn 1n ·tna nr~Jr.!)f11n~ lli•um,f1i .. on no thnt 

ntS (4} hold quit,, c;unornlly. ''J!hn condi tiom! 

fl')r tns rn~~1nan cffc~t ot tho ti.da ... proldua,ina f(n•ce:o. 

ly1n~ iz1 ttHt r:a'lr1n~ ot t, t·,e f11ot1.lt( nro llowcv.,l.• ~od.ified. 

'bat t ; 1 "'J iJ' r.•n.y l'i c otl.l.i.u~i tuti:na thJJ tel:'ln 

"'"T}ltn·.~n1. l...r~dc" !'Ql:' 1-.. nclA S..;l tho pretHttl1ng l.tk7 

111 ( l ,l nn d {?. ) • 

Th''l t~rx'l ;;~nmu·~.l"rnrlt )l,a~~·'" 1 fl t¢ lHJ d~finod ~a 

thr 1.n fcuJ.t ·r>lttf"e ~ou1 d .q~·pcnr to 1uvve 

j J. , .. dt tiCti' G tl1.!1 lllr~ation of' 

t}'p·· t"t811\E•O•'ff'l!:'rtt ; .M {f'~.~t, 3. l .. 

• 
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o!lL 

Jrl'.oru t.nn Drt.JcH:<linr; dit.H-;uauion 1 t ~rill be lH1en 

tho.t 'tt,ul·e arn ccrtttin o1·i t1 ct0l ;po~i t1ono .in 

ich tho tido-prodfu. clng bo,d.Y exorci:oeo it 

~~ten.1r.J 1nfJ.urJ •. HH> ;' n ht:JO idtint; tlht (mrth • n 

1nt~r.ntJl ro:-.:~s nh~. ah ere p:ri.ouri.ly ranonoibl 

l\or r.w ... a'1LniJ. f.r.~u1r.J.~-u7. . t:.lici, •tJritl,t.m.:t po&;J~t10ll 

U7 b•!i <!<;terr.tnh!tl i.Jhon tll~ .f~ll ~(lnl.n :.~:tiJe.l dt:!.t 

re.-:n .. rd1n'l tl;tt f~:ul t p~r ... n~ z...1·e Jtnotm. ·.rn1o cny 

bn nc~l30t.:'tcntl.v ..;;.>.o.m bll follo\'le :-

£-t • rC:IJl'E:.&a:l'lt. t-n 

runan·• n .osl~.tle tf' · w.i t !l. t 

/V j'{1 
!). b lllu.J t ~ ~d j ! 1 :'~ f':. 7 • 

cen~:.h 

Let tho "lt di}J in loilo dirootinn i.ndicrlted by 

th.e Hrro I.Jild .. lot tlle m~ount of d.!p be ?OO • ..., .• 

l'ho hv. do is ttHlrOf'Ol"C •~. 

J,ot tho o c~~.utal d111 CiJ tion oi' tho 

dJ:rec U · 
.:,t:J?. 

Let_ ~ ~ 

ft:.ul.t . 

~. :t- N 

tho ·di.rcQtion pe:rpc:noiou1::i.r to t.t 
d \ - . 
...rGt cono i del· tnc C:ilSO in ""~lie b. t 

t'nul t 1 n i'\or.:;;nl . ln t.'\l.u c ·t•le teneional tore 

... 3n -pt:n',-lGH.it.Udu 'l t•o ·t.tl-G .fbul t plane r onch 

r.inu .. ·3n tner t1d.u· ... prouuc1n ody ia in th 

r..lAtroc::t1on. ?.D t:w1 h:~$ :;; zenith d1f3tn.ncc of 

90c ... !! frop !~ . !.at ':!' rcpr.oar:nt ~1116 poo1 tj. ou . 

hLlt r.:ir.~ac to.~ lt.r.JBs set uu by ~lto tido ... "(lroduoing 

body ,ax·e n.ppro;t1f.lr;.toly tlle uwnt:! br. c:-r.cc! tc oi 

o£ tllc ou.r tn 1 . e .. at plucea ·rthere zeni "tn.G o.re 

lBoo cn~u·t . ~h&l· o ia unothor poaiticm !., in 

th~ d1.roction ;~D' nrHI at t1. dia"toncc ~H..!"' -t ., '-
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1ch uroduo the s ten~ion&l etroesou 

J.H.il'":I~OH.uicuiut to the t"nul t pls.ne . l!cmco the 

pooi ti.onu of ~1 a.nd T2 n.ra ldcn-:.ictll . Tile f .o:rces 

~ot.1ng Pf• X"h 1 J. ·"1 to tl1o plu.ne of the 's.ul t in tho 
Jll ttl' 

directiOJ\ ~ n.ro .DC>Ot fnVOUl'hblo to fatal tins 

when ttw ti t·oeu.e:lns body act long t 

treotic· • an.d 1· t. zenith diut~noe fro 

,., :: 450 -t~ wh('!re w' in the O.Jip&l•ont. do ir.& tli! 

diroc;;ion • Lcat uu ~oition bo raprescntod 
_._ 

b]" TJ• 

nul to. 

t'!iletll tile diraot1on or the die-cln:wemont ooic-

o:l.cl•8 witn t.llut of tho !Up the 'DOaitiono 

'1'1 , r2 atld !f3 .all. li a in u C.ircotion pe:rJHmdiou'l• 

r to tnn n trii~tl •of thu :!"eul t . t:oroovo~ since 

tho diu ~l\tlcHl ·of T2 ft"·Orl thGo cr.:..:rthouako ,centro 

1 u 90c -t ·~ r.m d trtr~:t tlf T 3 1 e .lf!i t) -t-~ tll.e 

-1 n.nsulf;,l' dintm.toa lH~twc-.cn t11 end ~3 .ir» (900+ i) 
... {450 -t- ~) ,.. J:<""O 

- ··"? 
.J... 

l!·:nce uud•:rr t.he cum"i 't1 cna , 
+ 

1 en n.re· como only 

t>}'~p7t'O:-t'il' li in te~nicnnl or no '1 

tr:.l:il tn, Uv"' f'cUt:ltt batwor1n t110 tv•o cr1 tiaul. 

pcait 1 If , tll4;tr.efore , tho sun n.nd 

.nGcm ~~et .J o:i 11tly tht>i.r effect 1 :J&lX1 when 

they t,l~<' in conjunct 1on ne oi th(;!l' ot· tne 

critic:c·l ,voniti.OJ•O! lll o1· 'l'3 'Jr ·uhon tboy are . .) . 
Gep~rn'ted 'by ~bout ·45° eao:t1· beinn nou.r ono ot 

thr.1 cr1 t.i.cf,l poui c;1o.rt 1'1 or ! • 
3 
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In thf} cD<ee ·Of rGl'V(~J·eo~, fnul te tho pooi tt.en 

' ,v,n~ t
2 

for tho tidO-)';). .. oduci.ng t)Ody tl£f. ln faVcUr 

nveccnt but tho fore~t1 .cct;Snu 'P{)t't.tllcl to tLc' 

lt!.tlO of tno fuUl.t t:'!.rC coat te.'1.i"C"U:tDbln to ir<'iO-'f'm:.en·t 

n tlle tt,de- proc1uc1nt; body ac;o o.lonn di~·uot1o 

.aenl tb diotv.noo tro::1 E ·counl ·to 

45'0~• where ; io .ruJ;s.in the .n'J.u1c~r·.of~t l.lf~ne !ll tlw - c 

di:rcet:.oo ... ~ • 

.,. .. t f 4 .:ro-p:r·,er. G.lt tht c :pt~E i ti 01·u 

lt vil.l thuii be noon that .rot: .-: ... uy a1vcn fJOO!iticu: 

ott (). ~~von tc.;.ul t plr~n~ Ji'l~' 1.horo ~re 't"To C.l'11.i co,l. 

poz1t.i.on~- izl wl'tiC.h tt;.c tidG•Pl~o!lueine· boey ·~ 

exorc!.-oo J t ~t'Y.1!!u~., infl.ucnou . Tt1e•e ure ( 'rtt1 or '! 2 ) 

to~ nor~~ t~ultt~ Mrl (5.'1 o:r r 2) end ~"'4 
.:J 

r~or revox·ucd fcul tu . 

l.y ~~olog1 ·c~.l csx~oinJ.:.tion will , ln ~n;~t 

Clt.,I)P ~rovitl~ ~~~:;t.leiottt ®tt~ to leo.d to tu 

tcrmlnnttnn of thaec tuo cr1 t .1cul poui ti()ne for 

i 'Yen faul·~. 1 t t.a cJ.eur t.llc. t tbc oun • o ot coon • 

.lntlu~noe io .not tt, l:l!1."t.i:.o:~n.. G~cc.pt in , .. G~7 rZJvcoinl 

cone .. . unen the tic1q ... l)rot1u.cirlg boey iu 01. tb 
~S . 

r1lUun ; ond llcncc tno lLw t:hicll 1':lcrrt:~ o•nu.ncic.t 

to tbi:l ,effect 1o hero ohovm t 

irt . Uoroov(•r ~. <\e lJm!tflenuu de 

i.vo otr:,t1ottccl 1nvov·t1eet1on 

t t~c lc.vr doeu not bol4 . even ocptr1.cc..11.y.. I 

uet bt~~ ·rom\trnborod, hQt'!~vcr,, in 3uet.ico to Pel~!' 

thQ>t; the lnw Of ~:JD,xtrmm ·cnrttu;zualr.o trequonr.y nt tll . 
t:lrneu ,of the r1oon' a ~eridio~n naoo(l,,a~ wna cnuno1ot 
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the oortb n ncaentcd l>oetulu.tc o£ olony; .n 

tnc-. ·~o l"UQVUl' 10. to pon tuo rccorau ·oi' 

ono <1ia tl'ict o l .:: ... J. Ql' .n.1 ell , 1nCl d • t Y 1fOll 

llol d i:f one of the cti tloll.l. l'osi tiono ·Ovm:tcnticmed 

liu ·on ·t ~c:Jc:r.ldta.~ .. . 

. It cia.'lt u.ppo~.r at :L~il: ·s ·t aieht thnt n:inoe the rcl 

:l.o.n of t t'l dli.l c-.t:r·e.oe.<w to .an:rtllC"t.l~-...1"~ ph em omen 

invol both tho ..;tirGc t i on ~c>.cnd er:tOWlt of tllc dip of 

the fnul 1t plut tl (1 :i.r.. n1 ti ·on atuul dilt~.acti~n 

of tt•o novo tlW.'i; \.J.l~ ·OU:.ty toetin!-;. ta 

.. !fo<Jt ot ~ne ti~LJ. U·L:t(ruuea in uc:ccntlW.tinn em•tn• 

quu~tl 1'requtyncy wouid 'be tc e~t.:u'":l in:e t <mta for 

ctsch en.x• tilt~uti.l~ epc.ru·~ely. :fllia no d.oub.t ?rould 

;provo the r~1o~t ~QJ'~ple ~o ~~it.cl 11so.t! ofuctory line of 

!:nvontigation nnd wey :pol·.im.ns be pocail)l" .lu :.wrtl 
I-}~ d(J. 1-a . 

es Quro in tile :t'u tur·e . Unf'o.:L'tu_nntely, h.owe·, nr •A 1oe 

not .ut tb1JJ junctuJ.'C pe.rm!.l <lf r;uch e>.L1VcOt1r.ution . In 
A 

·very fe;v cnoeu i.od~e<t hne tho t:;.C. tunl fu·ul t oo.uaully 

oo.r::.t1eotc.d with t: r.:. €nJ·- t..a'.d'Ur:..f.:& t.e:er-& dci'inltcly geologi-

cu.lly located. ~llor~ Hl-o two d:i..ff1 cul t.i oo wilic 

n tnn c! l1lt.e 1ono ~. ~~ tr.rJ pi~:~n .. 
,.,. 

fnl! :f1rt.> t t 
J.. 

t 

rt!llqu~ea are dull! to O"J"' n" hie •.• ~i.l .no·t. 

o;u , r:u.: au:r~uo:l G1.' '-11~ onr~h l'lld t' 
I 

DOCOild .L v tht: i :j,' &l~t. m,.j O#:'l,'~.f (J:f t.;L.:t ;;..:lQU 

oo1; 

r 

of ovc::otllelooa taw C t:!HU't'.l problc 

1a .not. n ~uoolublu •:we. The dv.tc. .nvnf.l&lJ 
• 

V'C il in ;t, e-onarnl "'DY tuld rurniG 

ra·tue:r atru•tlis OI)I'AClUfJ~ on . 

n ny t:~.t.nti .,ticu.l 1nvc.tet1«.11t1 

r or aour.oe bo cxercit~fld in th 

A 



27. 
poe;,ib111 ty ot C!. eelec·tion which ~er:tbro.oee a.t.noraal 

oondl t1 ona . In the tollowinc discuaoion ·tho choice 

was I!W.de of tho wo:rld tihnk1nn eurthctuultea which were 
five 

recorded f'or thH,t_yeara 1899 to 1903 1nol·uuive. !r.heae 

huve been tc.bu1ated b,y 'tlle Ueismolonic~:•l Comalttee 

of the .Dr1t1nh Acaoc.iution for the .Advanoe:n.ent or 

Sc.ience and ehould be thoroughly r()presentatlYa ot• 

tlle phono~ena with reanrcl to tlleil' diatribut1on both 

in ·tltJe nnd apace . ~lle7 a.ro, moreover , ,al:l 

inatrumeato.lly recorded. 'l'bo publ1shad list g1voe tno 

latitude and lonc1tude for ouch ea~.rtllquuke and ,also 
I 

1 t'll tlmo o:f occurrence . 

It wne :nec\}~Janr~ tor tho purpoae ·ot tho in~estiG&t* 

to ce.leulnte 1tho follouina Gl,emtulto ~ lot: each earth• 

ou.alre nt tlt~ time oi' tho ul1oolc . 

(1) ~rhe lrltitude an~ longitude of t.b.e sun nnd 

moen . 

(2) !J'he zenith diatunce of bath 1un f'lld moon 

mf!luau:red froo the ea.rtncua.ke contra. 

{ 3) '['lle Az1:outhal n.ngle ot both sun and moon 

l"leo.o 1,1rcd tror:r tlle r.tcri diu_n. 

4) The unp;ulo:r diatonae lHttw¢en tho sun u.nd moo 

subtttnd~ed at the earth' r. CE!lltre. 

(5) rhe nngle oubtotH\•d .v,t tho el.U'thquake centre 

by the ax1mutho.l cUreotione. •r tn.e •un 

nd moon • 
• 

As the liaJt, ·employed embr&cea 316 •arthqU&.!:oa 

the labour involved in tho neceesary oLlcalationa 

h&uJ been conaidurc..'ble, and should .not ha.,.e been 

cool!lpl1slled 'but for tll• kind •••iatnnce ~or rq •eriior 
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•tudenta ••~*~•,.·~-~,.-~•wtt. Tile oo.lculuti ot~c were ~d 

ild ch•okert ·by ttu,:rty ntu.don't..e uorl:ins 1n pu.i:ra .and 

1 t '-~• bel,i ovt!!d tno. t tau; r<lf.Htl tR lo.rc -reaoonnbly 

.tree f'l!'m~ erro:r.• .. .Jl¥ vf th.~ cnlculnt1ons v 

be•n ~'.i tlln '!uth()l" nnd ucro tou.nd 

tJnt.intucto::;. Tn.e .rPHUlto obtn)ned. re tu.bulnted 

nd ta• renult .v~.:c.ltod in ·xoblc.a 1 nnd 11. 

••tc i::r.~" ' (iC'~~t1a.need. bJ u,m1n.G: tho 

rctnultc :>f til , IV , V, and Jl . Lince the 

ti ·dn.l IJt'l"t'EBer. t: tt.· hn t1ttract.tn ~ d,t i.n 41. ,gi von 

'})OCit~ ·~n (I.I·O ttl me ·(vory eloccly) UD thoou d.u.e 

to :c.n~ ,., o 1.!1 \'itt\.in 1.t 11(~0 in QXactly the OPJ)OU1 to 

~or a1.ntipocJ0l plai t1 on \d tn rc~~lrtl to U~c Cl.t.rtJa , 

' 
1 t '1748 ·OHlJ.r liOCCf.lilH-l".J to t..t\1:0 

0 . 
rm:u~c froi!! IJ to 

900 for 1;:1a ~iHHleu Q\)tu.inod iu 7'n1Jl·cti lll . l.V. v. VI . 

~hili i'£H'k"c£ •tu.\~ d1 ~1 dod into 9 intc:rvule 

auc.n . 0 " f of 1'' m'ld tn(.ll .u~ .. "'or o , ~t~~~n-

'-~ Al t:iG c.CJrrGLJ;t:.r..C:ir.~ to cu~h r.uo 

s t.ti.un t.t~1- ~l~~ tecl. T~OLt; l"c~:ul:tu uro ci·ven 
-

in ti {' (t{:~. 

v~ t~ l}e1• of PU.;r IJ£1.ccto oeourri ng 

wl'.u!n the ow·-·., r.1 th d!" tbncca fram the cOl"'ruapond• 

in£ t!l u !. •.:lit ll"i'\r::l 0 to 100, 11 to 20°, otc . 

1voc tbo cor1·c••pon1Unc rt r of ~urthqt:a .:o 

. tor thu no n'' ni 1 in tJ:Ul o o 'l • 

nuribcr· or .cnrtliqUukea eorroaponding 

·to ant;ult.!.r ~in tr,nci:o btJt •• i'o~n t.uo oun 

f'ro.m 0 t.o .lGO , ll to .20° otc . nnci 

t:ioon .rnngi 1 

;"S1~il·t VI ttlo llUl''lbor of earthqufitoa cor:reel'lO!ld• 

1 nn to 't.!lG 'Y taG !BUn 4 U on(! I!IOOn 1 8 



2") . 

z! t!'.l tJu~). rU :r ..: ·~" .. d .. CnU! f 0 r t.t:.;: 01i", 

~f C:tl to lt•o:: lit~ lo 2~,,, , Uv'liir 

,,,. cr~r.)'.t!c"' ,_ :"!.~~-·~{J.IH'"·· f' . t'-~ .• i~'l, .,r P.•. c·1. c;rv.: 

t ·•1J1er in ~t1 :1.- :.:·:.. \~\•I {I 
·,1 l. 

--"•· 1 Cis' u 

,._ 9 to ~,,,,, "i '~ ·. lt r.o 
1 " · 

II \::4' ~c,:.;,.,. t,.t.~ 

( .. • f w:. 4 •! "';'' tIL'. £~r.r. nf t-,_ll.f• CtF',IfH:. 
~ .. -.................. """• ...... ~...........- ....,.~.-.... -..~----· 

""'*-- - ·- ---. .. .. . -- -~' .. ::.!..4~ . ..-. , ·~ a v r•nu . 
~-· --

,..,_,lL·Hrl~. ,f! .. 10 "?!l .. n • ; "j ~ 'n ~-~c :'.,.l't••Jt~t?(1 t!'t '· t' L~ .... - .. 

• :.,·+:.1 c·· " .4..{ ri•n ~ ... ~..,.~ ~!' : , r- ~ r·· . ~ 0' t1 ~-~_: .. -,; ··n (1 !t tlw n-.t;•"t:t:t' 
I 

.... r_;t :"'{ 1! .. ,. it. _i. t: r; nc-r~.r~ ; fl(· t\: r r. ';n c:,__, 

, .. , '~ 1tln, '!.1,.0 ·.c. ~~-"'ir(J ~~ ·c c • :.n! 

ct, r!FEH il rT ,, 1··r· , .. , rf .~ c nt til' ~ ':1 1'1 '· t.;. !·· ,,_,\ :J tr. tll'l fJ ,, nf 'tne 

'F•"" r~'on ... 
\ .... - 1 ·rr_ ! ' 1 .~ . '(: ·~ (~ .. -; f ,.l''C:.. II ·rw' ('\t'f'''~ l\i 

_,.~; f•,. J;"' n't:i "\:;; f·~, t· i'Pr .. 

'7J..:Jil: t~~~·~·o w;rf1 v-~~l".\.' rt;vt C13•t.1VjUf•.!~~C oc c ~2rtt·i r~a 

-"V!'"\ ':.~·'1 n~.ln '\ 11 Cl.O!'C tli ~~tH~ Y..t41.fli f..U f)f trr.o o£trtl'Jr!t.:t1 •· 

~,. ... "lf; -:-.~~~' 'fr:!!. C ,,!l ~t" r. Cit II'.' 41ll t~. "''~'11;1? (J'ilf.c'.HHJd to Perr 

·~ri "!~ ~htt t: <!~? ~ _ '"" ~ 't•LE r "~<' '":(J:'~' 1-: :c~.J -te ocot\r 'll!'ter; 

... ''" n tt",''".- t<t ') · " -: · '" • 1-iil: r:· 1 ~,_v;.~, ~ttr;, t:\" (:n •.nil otJ!q 

H. }~: " ,.. ,, ..... j 1r· ~ •1.-: «: "' ' ~ -c~ rt ~i 1 t .,o ~.riH! ~·\1 w· 

1 ·~'(':'!~ ~ , !'<\,.., ('-\·1,..,1 -.. ~I ) ... ~ ...... '-' ~- '-• e 

-P''"1.':-''I .('rt!r;-"!'4 t' ·.•tc :·.·.~· .. ;-t~""t": e:~u~o .. m.~n ttli."l nun 

~c~:r ~ 't1t ·"'l ~·\~.; --; ~ • .. !11 th.t.~- t'"'l''i . 

l)jl'U.fJ,~ S 

".!1 n m · :r·t.~1r~··~ h:·f 
d e. l-12 v ''7.. I p ~ 8 

f.~·rG~n r~~mu~ 1·"t~ nur ·!" ~ tt.a r1or-.t. 
• 

.... -- ;JI!'t- ":_.,.. .- r-~~ •'"!.ll~ 1 ~~~" ~;.~1:; tT:eco '":Oll I 0 
' ' r 

L-

iJ tJCUJmL -:m .. 

0 oocv.:r W.'!l<' 

tJl"" .~·mr.e f' ---·-~. •·' "";~~~t·~~ t~1. r: :.r t • ~'t ill frot 01°-~0° 

1 . a . "71ltm tho mm i1l neftr thf!? ho)•$ ':!.OJle 



)0. 

Th.1o a l'cmt n .own {"ilde p!' ~~ . ) "o b~t 1;uo poa1:~1on 

in ic.h the ter:6i onttl toron J'e. nt for atOtJ.p 

f':nult~ u.nd hetJC ilG,l ·tile ·t1dt~l f'ol"cc:s f'nvcur tlle 

oc:u:ul"renco o! 

J, ~.r,zi:r::.ulrJ !or: vn.l .uoa· ll 0to 40o 

nl1 n tl"it:~il-iur.:~ for vn1llnn 4l0 to ;oo. ~.U.ona ca.y 
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.. 4r: 
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i f1. f), t'lt· :X'lt-J• ;I. 'tA ... ~.nto;n•n.J. 4l to 50° 

( ~ .iniru'< ! 11 1;tl• Vl.Jl ;i.t0 tc 6D0 wni nn '{ '\ 

i'l \ c',r,ntlli.l !1"t." IW\Y v·.: .~o:..:t~ •J!.~,ntfJ.c:L! '~'!:-:! 
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t:_,c;; nrediot:!cm of the t1r;;s e• 

flU 

o~ of t"n~ oecu.rrenr.o o:t· ~n .cnrtll• 

tnt>. -t~npr'Q:.Iinote neriod a! ·t.ue •••• 

·OfU''Lll -.<~ c.\c:toTr.l'l.nnd y tt--, fli t ~.~.in o. rJcnth 

Ol' cv~n r;cntv.a. Thun "e Tu , 1 t 'f~ro , 

tno fino to r oe.r~t.tl.quuku nredicti·on 

;ppart~.tu-. z·eudy to h'-il!di b'Jt RO l' lock th 

COt~l'Ut! t! <lj ~UI li ,-~Ollt • 

\.;Ofl!,';lf!e;;-·tJ:."c:i-e -c~~~Ol .J·~;;tH-J hu.u h~~•-ovr,•:t· hacn I.:l& de in 

tbG ct:.<(;to· <lf til<" E pr~oritit\1< .. ~ pn•(11(; t1ol'~ of .:-:e..rtu ... 
Jl 

rtd r:.ur.h r.l!: .. V' !..:'P. t be lont'Il'Jd :!"rou. •::. &t-u~ ot 

tho :lew ~hcckr' t.n 'l t•.ft t•.., .o.hoc'.:n o.::· t~r .;·t.-ltl.l4:Sco whio 

ill o.at~iet in tht~t Go1.ution -of t 

"J.t . tn udd.1 t1.on, rt~te~rolor.ict.:.l llll"l-.tencaa oo tt..r:en 

int~ Cow ... .l •lQII'-'t:!.on J t lrtf.,.y ye~. t.c. l'!lL.Cltle to 1:1l"Oc!1o,. 

nf CU!' tll•H.t:~Gri W!i. 't, 
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ZllO)O~O. r ' l.o 11op.jj ~~1: , t tll1 R 

peruup~ 1 bG of ~~ 110 1~ tno tutur x·od1ct1o!l ar 

,f»UC.tl Gta_rtJVHlE:it.Cfi, ! .t:t; l;f•e•' 6 eon 1t && 1napir&t1on 

nd lll~cnti vo to tho t utnor ir~ hi 
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tterJpt to 

~.fellow the e"to 
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hoVt11l£1 ~ctl.rtb tides uncl ~ocean tidoc .. 

how inC! ti dn.l for~oco kftcr Darwin 

iia. 3 ,tihowi direction ol r.tovor;)ent in l!'luultin~:h 

I& g, • t!howi 1 ~ooountt :(V) and ditto:ronce (dV) of vertical ·tida.l 
fora a•. for Ci''V'en ,zenith distv.ncea of the 

~ Ghow.1:n 

tt.ra.cttnn bcd.y , rncu.ourod in 

ounta (H) 'and difi"cronoea (411,) ~ot tho bor.1zontu'l 
tidal for.oe t~or nny {!; iV·en ze.ui.th ~tU~ 'til.nce of t he 
ttrncttna: body ... cea.uurcd in dor:rceft . 

}l'ifh 6 D1 rae to ,illustrate tho cnlculu·tion ·Of t tle tidal ~treaoea 
<eet up pnrallel and perpondiculli.r to tile tuult 

plune. 

JfiCe 7 

E&•h 8 

ig. s 

llie lQ 

ahowinA; the iCJ".itico.l 'position of nn nttra.otin& 'iboey f ,or the 
tidal ntroaaee parullel and perpend1culur to the 

fnult•plnno. 

howini the ntu:~bo:r of cu.rthquukoa occurrin,n t~hen ·tho oun ' a 
zen1 th diut.u.ncc fr.om tht) cox·r,gzspogblf£ eo.rthqunke 

centro rnnr.:oe fl"on 0°• '10 , 11 •200 etc. 

it:lllowinu tno nuobor {)f ev.rthqu11l~oo ooour.rin& wllen t.no 
raoon '' ,• zeni ·th d1atn.ncoa trof!l t11ci oorreopondiru: enrtn• 

quuke oeotre rnne;eo froo (IO• lOO. l.l-200 etc. 

hcnrinQ t.hc numb cr of earthqU.nkoa ooot.l.l'r1ng when the 
ngular dist&moea botweon tho oun ,Wld coon run£;.G fe 

from O·lOo .l~•2UO • eto. 

Fig. U GhowinG the rnmber of ·oarthquQke• oorr~u,pondinQ to the 
nglca .ILlbtcndo~d by tho oun' a nnd ~aoon' tl 
aztmu.th.ul directions ~hen t h e ,auld l.l.nnle 

troc 0-10°_ .11• 200 • 
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~1 No. District. Date Hour. Lat. Long. Lat. Long. Lat. Long. '-9 [ 

1899 

282 A April 16 2:38 N 58° fl 138° 0 w 39° N 22° B 39° 1{ 10 
1 

w 15'0° 308b A .July 14 1:34 N ,6o0 N 22° '{{ 22° 8 70 B 36° 1 
333 ~1 Sept. 3 12:20 N 5'9° w 140° 

I 
N 70 . E 175° B 30 E 172° 

334 A Sept. 3 16:53 N 5'9° .. 140° ' B 0 ' E 107° B 70 R 95'0 7 1 \ 

337 Al Sept·.10 5:0 lf 590 w ~40~ 1f ,o , w 76° s 21° w 16° 
' 

.337b Sept.lO 8:43 N 59° ·w ;t.4oo !I 5~. w 132° s 21° 
. 0 

A 'il 70 l .~ 

338 A 
l 

Se,pt.lO 9:38 N 59° " 1.400 N 
. 

'~ I ·w 145° ~ ·: s 21° w 83° 

341 Al Sept.15 17:14 ll 59° \1 140° N e· 3 ·' -"'. 0 
E 1~1 ~ s 15° Vi 124° 

342 A Sept.l7 O: 51 N 59o " 140° .N 20 vi · 14° f) 9°·-.... . .. 139° l , " . • 
344 A Sept.22 23:04 u ~5° ·w 140° N oo E 12°' .lf 21.0 --~ • U.6 ° 

1 . 
345 A,_ Sept.23 1:43 N 55.0 W' l33° . oo VI 28° •\, u 21° w l5SC 

1900 "< 

391 A:J. :B'eb. 25 15:41 N 59° w 140° s 90 E _128° 
• 

78° s 1.90 11 

442, ~ Oct. 9 0:27 N 55° w 132° s 60 w 10° N 14° " 175° 
444 ~ Oot.16 23:2 N 55o w 132° 8 90 B 11° u 11 0 1J 64° 

1901 

460 Al Jan. 17 16:41 N 60° w 135° . s 21° E 113° s 21° E 78° 

539 A. Oct. 15 1:23 lf 23° VI 134° . a 80 w 24° s 18° • 11° 
Al w 130° 

() 
10 678 560 Nov.20 11:57 R .;-oo s 20° B 177 8 1J l 1902 

643 Al Oct. 2 5':48 B 580 w 145'0 s 30 w 90° s 90 w 760 



Earthquake Nautical Almanac Earthquake a Sun' s t!ooQ' a .;:;.. 
\ 

·No . District Date - .Hour .I. at. . Long. Lat . Long. Lat • i Lone. 
' I 
' ).903 

oC!O 
~ Al Ma:rch 15) 2:lj lf 'il'0 

, \7 1~8° 8 20 \1 31 u s 80 E l 

766 Al Copt. lO J. : 1-iJ 1.\ 5'8' lY lJOO ll 50 w '28° Ff 'J\) w !~68 

:H39') 

248 .A') J'ru1e :!. 3 1 ~-t: 3?' H 20° w 110 ° ~ ...... 1() . , l . ., o· t.:' 10° R, l'/3 ,.., S:.~- J) . t;. _I ~ ... ... 
3'l2 A •. 

~ 

f' . ~ .!.ieC e ~ 0 :~5 l~S ... "o •. .J ,, 8 J, ,-0 .... ( ('< ,, '.{ 0 
'-J '·-

. '7 60 ~. s c-o .... . ' 11 95 

1900 

4~2 A.2 Dec . 18 ll!l5 H 27° , ~ ""00 "' jL.-:. ~ '"'30 1.,.;: r',J- E l'(QO ~. 19° E J.32 

l90J. 

4 '!0. A2 l~r!-:r ~l! 2 l9: Ai·5 u A ,J j t;O \ ·' 1 '00 c no , .. , 670 l~ 10° w l3'i. .:. ) • . ' i ~· ,!.. , .... 'i 

472 A, l!:.!:I ' ch ~- 22:45 -~ 23 w 12:1° 
c. 

,. 
);) f/) 1' 2 2') n l '~ w 15'9 

.16!35 ti 37° Vi 117° 
.., 

E 107n )~~b A2 Nr.~v .1 3 8 18~ s 200 ~ l40 

564 A 
'J 

De c. 8 14:J.7 N 23° w 12',) 0 ~ 2 .:,.,:l ·-' ..) E :i..4·4° .. 
I,) .tee· :e 121 

'4 
1 ')03 

674 A~ JH.n . 23 • • ,. :C:"' .t~ 2'io w 120 "' s 15° ]1J Ll2° s 18° r 60 ._f.,. • .I ~., 

co 

1')02 

597 Aif3 liar ch 16 2j · -?~ . ~- .. rl 30° w 109° s 20 E 1 ,,o 
•• c. r:c 19° E l.07 

661 A·>E 
~ 

De,J.l2 11:05' l~ 23° \i 1136 . s 23° w 168° N 1~0 
"' 

w 20 

• 



~ . r "· / Earthquake Nautical Almanac Earthquakes Sun1 a Uoon'• . . / 
"' ' ~ ~ ··· , No . D1etriot Date Hour Lat·. Long. Lat. Long. Lat. Long. 
l 

1 1899 

2$0 B Jan. 24 11:45' N 17° VI 99° .s 19° w 173° N 220 \:1 14° 

264 B March 11 21 :37 .N 17° w 103° s 40 li 39° N 40 B 44° 

270 B !March 25' 2:27 B 10° w 870 N 20, w 35'0 H 10 :a 125'0 

1900 

38~ B .Tan. 19 18:32 II 19.0 w 108° s 20° E 85'0 0 w 490 

407 B May 16 8:13 N 20° " 105'
0 ~ 19° ... 1240 s 22° • 84° 

415 :B June 16 2:43 li )0 w 90° N 23° w 41° s 140 w 175'0 

417 :B J'une 21 8:56 N Jl.S'O w 86° N 23° • 134° N 13° E 154° 

447 B Nov~9 4 :7 "lt 11° w 96° · s 17 
0 

\1 66° tT 21° .B 152° 

1901 

5'36 B Oct.7 14:'16 N 70 w CJOO s 50 .E l~3° N 90 E 94° 

1902 • 
576 B Jan. 16 11:53 )T 1'10 w 99° s 21° w 76° ~~ 10° w 940 

5'78 JB .Tan. ·18 11: 23 N 16° \1 94° s 216 \l 168° N 17° VI 61° 

6o6a B April 18 14:22 N 15° w 91.3° N 11° E 145'0 N 20 w 75'0 

642 B Sept.23 8:16 N 15° "8 90° • 0 w 360 N 19° " 138° 

1903 

671 B Jan. 13 13:44 N 30 " 90° s '220 :1 15'6° 6 30 • 28° 



Ear thquake Nautical .Almru1ac Earthqual~ee Sun' s Moon' s ~\ 
fTo . Di stri ct Date Hour. Lat . Long. Lat . Long. Lat . Long. 

1899 

291 BD1 June 4 16:30 N. S 0 w 85° lT 22° E 112c N 18° E 74° 
1902 

6oOb BD1 March 24 15: 26 N 30 w 87° N 1.0 E 131° s so w 39° 

1899 

269 cl Jlarch 23 2: 26 N 220 w 59° If lo VI 34° N 11° E 106° 

292 c June 5 3:2 ' N 230 VI 73° N ·23° Yi 45° 1ll 20° w 78o 
1 

294 c l ,June 14 23:6 N 18° w 77° N 23° B 14° N 70 E 83° 

321 cl Aug. 2 3:16 N 230 w 760 lS 18° w 47° N 240 w 92° 

322 cl Aug. 2 5: 57 H 25° VI 90° ll 18° w 87° :ti 23° VI 130° 

1901 

498 ~ U:ay 27 4: 25 N 20° w 70° N 21° w 67° s 50 E 50° 

1902 
0 

s 18° 582 cl Jan. 28 6:48 N:J!J w 680 Yl 91° s 50' • E 1 360 

589a cl Feb. 16 12: 39 N 200 • 70° B 12° .B 174° llT 19 ° w 8oo 

600 cl !larch 24 .5: 58 N 310 w 80° N 10 w 87° s 60 E 980 

642 c . 
1 S~pt . 23 16: 54 . N 31° VI 80° 0 B 105° N 19° E so 

1903 

672 0 Jan. 17 4:12 il 25° w 88° s 21° w 61° N 10 E 173° 
1 

68.7 21 : 50 B 200 \T 81° eo 36° .20 
0 

cl Feb. 27 ·s E s E 42 

761 C1 .Aug. l6 1:'35 N 200 w 72° li 1.-:0 w 23° N 16° w :n.2o 



Earthquake liauticaJ. Almanac Earthquakes Sun's L!oon 'a 
~ 

I no. District Date Hour Lat. Long LO.t. Long. Lat. Long. 
1899 

361 c2 Nov. 18 2:,5 N 30 \'( 65'0 s 19° VI 48° N 23° B 147° 
1900 

422 c JtUly lS 6:49 N 120 VI 70° N 22° \"i 101° s 40 E 121° 2 
445 c2 Oct. ·28 21 :26 u 110 \1 6B 0 s 13° E 350 s 20° E 1040 

1902 
-580 c2 Jan. 21 9:40 !1 30 VI 71° S 2QO w 1420 N 19° ll 10 

1899 

303 D1 July 6 20:38 s 10° VI 90° N.23° E 52° lJ 22° B 47° 
1900 

432 D Aug. 31 19:56 N 10° w 94° .N 9o E 61° s 200 ll 1.36° 1 

I 1901 

455 Dl Jan. 6 12:30 s 20 w 82° s ,23° .E 174° li 13£) E 18° 
537 D l Oct.l6 14: 5'6 6 70 w 85° s 6o E 133° s 40 B 117 

1903 

67, D 
l 

Jan. 24 3:37 s 5o w .86° S 19o w 51" s 19o VI 98° 
676b Dl Fe'b.l 21:30 s 15° ll 100° s 17° B 17° N ]0 B 66° 

1899 
268 D Uarch 22 22:23 5 200 w 67° li 10 ll 26° u 120 E 16$0 2 . 

s 28° 67° 278 D2 April 12 5:23 \"1 ll 90 'if ~10 U. 220 lf 5'1° 
279 »2 April i2 15:36 s 29 .,o \7 6.7.0 - N .9.~ ____ E _l26_ ll .2':1 .11 16~ 



~\ 
-o;o , 

Earthqu.ake .llau tical Almanac Ear'thquake a Sun' s noon ' s 

No . District Date HouJ• Lat . Long. Lat. Lone. Lat . Long. 

1902 

593 D Uarch 5 7:3 s 20° w 83° s 6° w 103° .s 17° Vf 157° 
· 2 

605b .D.2 April ll 11: 55' s Z/0 w 65° ·lf 8° w 179° N 19° w 131° 

1903 

668 D2 Jan. 3 16: 53 8 15'0 w 83° s 23° E 1070 6 '0 E 175° 

69"8 D2? March 29 4 : 28 N 30 VI 66° lf 60 w 59° 

793b D2 Dec. 7 2:40 .s 28° w 11° s 230 \1 42° N ~7° .E 179° 

1901 

497 DlD2 T!a.y 25 19 : 40 S l5'o VI 63° N 21° E 64° N lo .B 168° 

1899 

295' E .June 16 13:8 lt 400 E 145° li 23° E 1630 '8 60 w 1010 .. 
1900 . 

397 E Karch 11 13: 32 .. N 38o 0 .B .142 . ~· 40 B 160 
0 

N 16° w 66° 
.40, E 'U.ay .ll 5: 21 N 39° E 1440 IT 18° • 81'0 S 11° lG 65'0 

425' B Aug. 4 16:18 N 39° E 144° !i 170 B 117° ,s 210 Y/ 132° 

431 E Aug. 28 14: 32 N 42° E ~45o N 10° E 142° s 11° w 179° 

450 E liov . 23 19:54 N 40° E 148° s 21° E 59° s 21° B 840 

1901 

458 B J .an . J.3 N 42° .B J.45° s 22° ,;a 23°· s 17° w 5'50 



~, 
Earthquuke Nautical AJ.mon:J.c Earthquake o Sun ' s neon ' s 

No. Dictrict Date llo1.Ar. l~at . l..or,rt • l.c.t . Long. Lat . Long. 

475 E 
). 

!larch 18 ll : 24 N 50° E 159° s 1° \..
1 1 690 s 50 E 168° 

475x Et I.i:arch 19 11 : 46 u 500 E 15? 
0 s 1° "- 174° - 0 E 17~0 

-
483 El Ap1•11. 5 11: 32 ll 44° E 149'0 N 6° \"i 172° s 15'0 

l E 28° 

493 Bl Mo.~· 13 18 : 49 N tl-20 E 148.0 N 18° l~ 77° ll 30 w \24° 

5'14 E Aue4 8 21 : 21 1l' 40° E 1'~<4°· ;~ 160 E 41° t:f 200 \1 25'0 
l 

5'16 E 
1 Aug . 9 6:32 N 40° E 144° 11 16° \I 97° li 20° l) 'lf)8 ° 

551 E 
l 

J.ov . 7 18:3 rr 40c J~ J.5'00 s 16° E 850 C ' u 70 E . 4lJ 0 

1902 

564 Ei Jnn . 30 1 : 59 n 43° .E 145° S 16° w 27° G 12° 'tl 143' 

585 E 1 J"an . 30 13 : fr-1 n 43° r: l4)0 
U 18° l:l E 1.58° s l.3° E 'Qi: 

. 
607 E Ma.y .. 23: 39 N 39° E 144° 1! J.50 E 40 s ·o \1 64° 1 .. 7 

1903 - • 

760 E 
1 

Aug. 13 ~ · 6 -· 11 r.~l E 14·6o l~ 150 'll 55° n 60 \J 179° 

1899 

267 D2 r.!a.:rcll 21 . : t. !! 24° E 129° 0 \1 36° N 19° E 83° 

307 E,.. July 10 
c. 19 : ~ H J.50 B 140° It 22° E 69° l~ 90 E 106° 

1900 

446 E 2 Nov . 4 19 : 39 lT 34° E 139° s l5° ~ 610 N 11 ° w 142° 

448 E llov . 9 5: 52 N 34° B l ~410 s 17!) \J 920 u 21° '\':\ .. -• 1'\ 
2 ~-"' • 
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ll'.99 

' 366 E 
'l 

nov . 24 
.., 

1 -

404 E ,3 JlJ)l"11 24 

11 }1,.,, Bunc 9 

lVW. 
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Juno 6 
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n 11° · E 142° 
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R 230 
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~ .10) 
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w 1.640 

D lCO'O 

lr .... O 

N lQO 

lJ su 

b ~ 
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~ 
Stm' o r- .. ' __ ..onn s 

.. ..;!str.let. lhtc nour Lat. Lonn. .Lnt. LOnl'9.e 

3 -¥ ' ...... '" or-7 !LJ: SO n 24\' E 122- 3 1.0 :s l5'SO 

1 18 lt;•: 36 l1 27~ I; 11l0 ll 110 .... 
6o9 ,J:;l idey 'l 1.4.: 19 n 3no E 132u 11170 E :14-ec jl J.6'V El 

3 Ito.~. 20 .2):17 ,:r; 8D E 124-v Ii 13~ E 1~ 0 \7 14 

'3 .u:w .• 14 .~!. : ,30 u '280 r; J..280 C 18v E 3 0 4 D1S0 :E 161 

l~l) 
,-··' n,w. 16 12: 36 ll 14° .1.;3 l] 121° 6 l.9° E .16£0 . U 1,-n - nO 

'3 .nov. 20 8:32 n 21'" E 121 D 20° 11 132v 1113Q Dl 

659 n3 Uov. 20 19: 3 ll1 .2lu E 12QV t; )!OV .E 'lOu 111 

l90.l 

b r; 3 lr.n. 3 ll."/: 1'1 n 13° E '1.20° S .230 .E J.Oi!O t:.l 14wr IJ J.!.} 

e 14-)0 • 
(fiQ I; Jc.n. ,f) '9 :'~9 D .340 lJ 1.240 b .230 1J 20 \1 73' 3 

3 ~~· 2.3 ) .. 0: '7 ,t; 70 B 126° D .20'3 w :1'3'' 
19 E3 tune 6 2J..: , f1 210 Bl~ rr 23° B ·44° . 6 14g Wl 

74-Bb n3 Ju.ly 23 1.0: 36 u 190 n 121° 'f1 ,2QO w .l!r?O li '17° r: :a66 . 

3 (:kr;t. ·6 '19 :14 !:l 23° E 122" l1 'flO B '72.~ 6 ,4,0 w 106' 

3 n 3 0-ist. 10 4 : 41 11320 n 132l 0 ,60 u 93° 1; 1'?~ E .1~ , E3 tiov. 17 :8 : 23 N 9"' I! 126° B 190 w llllo .G 11° wnn ~ 

790 %;-:_ Ike. i 2 : 21 u 240 l; 120"-' 6 ,~v ~ 3D"' li 9 
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365 
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37 
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1899 

.roll 7 

18_­

Ju.ly 116 

:• 3 

c,. :13 

ct·. 18 

OY • . 1 

ov . 2.3 

nov. 24 

1900 

·Inn . 1 

eb. :2 

J'uno 12 

t .. ua. 13 

i.JCl)t e 20 

Oct . 

ct. 7 

nouzo 

12: 53 

2:0 

16:4.3 

) :28 

21:16 

11: 43 

2l : f56 

6: 39 

Lat . 

33.8 

' .~o 

1-·0 

;o 
2,5'0 

'0 

~0 

21: !) s ; 

16:1 '!} H 2 

8 :'1~ 0 

8 :13 N ~ 

·6: 5'7 .N '50 

9: 
20 : 42 5 .12 

n• t!oon'' a 

;:'.\ 
~I 

Jd)ng. Mt. Long. 1,at . ~ong • 

1.36° G !}0 E 170° 19 118° 

3nO 

].20° 

1730 

1AMO 

l.·620 

1280 

:136° 

0 

170 

,so 

i.J 10° 

18° 

200 

210 

148° :s 220 

126<> s 170 

:13,0 !l .23° 

B '1370 ll 1,5'0 

J.36° 1i 1° 

1300 s ·so 
155'0 w so 

31° s 19° 

1'11'0 H 21° 

66° G 140 

37° N 16° 

1800 t1 20 

280 N 1.0° 

103° N 8° 
• 

133'0 

sf 
2,;:0 

1.38° 

~'10 

l.~O 

1640 

460 

1190 

'12"'10 

12~ 

.106° 

172° 

40 E 1'58o 

22° E '52° 

'o E :9$0 

9° tJ '1)90 

1390 

4?0 

31 

:@0 lii 13"0 
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rthqua.ke liuutiaal ~manac Ea.t•thquake ' e Sun' o moon' 

o. Di o t1·i ~ct. Dnto Hour Lat . Long. Lat. Lone. J.~n.t . Lon~~;;. 

746 Fl JUl.y 11 l7:ZJ s '0 ·o E 1!)0 .N 22° ,B 99° s 12° \1 ·?4° 

'77'J Fl Oot. 19 14:4? 8 '90 E 168° s 10° E 1340 s 60 E 128° 

?80 Fl Oct~ 29 2:19 s 20° _E 167o a 13o \1 39° s 120 .E 67° 

'781 ~l Oct, 29 ::.~: 54 ,S 20° E 1'7S0 s 1]0 n .118° a 1oo w 1290 

784 Fl Nov. 10 8 :46 16 i1° E 167 
0 s 17° 

•0 
.:i 144 N 15'0 ]] 123° 

1899 

247 F2 Jtm. ll ,20: 0 n ,20 E J.280 
, B 22° n ,620 G '19° B 1680 

. 20 347 F2 Sept. 29 5': 1 B 40 E 1290 s Y1 7'/o B 140 \1 1460 

355' F2 Oct. ,23 15:'57 ,s '90 E 124o a 110 E 117° N 220 E so 
1901 

71 F.2 llurcll 4 4: 1~ ,a 12° n 113° s 70 w 6oo N 30 . 1!1 1100 

~5'29 F;2 Sept. 7 10: 34. s ~so D 12r/' ,N 60 t1 158° ll 18° .E 1420 

1902 

162lb F 
,2 

Aug. 6 23 : 46 8 40 E 109° 11 17° E so 6 30 E ·490 

65511 F,2 liov . 14 21 : 33 s :200 n 105'0 s 18'0 D 33° N 15'0 \1 135'0 

1903 . 
682 F~ li"ab. 11 4 ::!j 6 ,eo E .119° s 14° V1 ~70 N 12° IJ 116' 

699 li'2 l.to.rch ;29 1:5' : ~3 s 30 E 126° u 3'0 E '130'0 
if ao E 14,3° 
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~ 
t\.c.al Al.C1!1Ce I!uthQ\lnke'' " llun1o t:oon' s 

• ~~ i:)t,t'l c t D3te nour last. i=Dng. Lnt. Long. Lat. ..uuuge 

74b yl oet • . 18 1S:5'ca :e 30 E ·980 8 90 l1 130° ,a 12-o I! 11 

0 .2 

. l.,, .22: 54 li 60 .E 122'6 u ]0 ~ :1"60 (l •5Q t; :),HOO 

190,3 

• ,c;•:r 'l : l4 N Jg E .l. m .. -u .R ·nnft ~- O'te.. v H '!l rf!!!n. 'f? 'll 

. 
so.2 .l?1E3 :t>eo. 21 l4: SO 1J JO E 123° 6 2)0 :E '139,. E i!JO \1 .l.2l'C 

:18 - : 

332 Plfh Aug. 24 '3:9 0 2!JO E :a.6S0 
til 11° L ·47u U l.~.u IS .1 

1 .. 

3v5 Ql. . Suly 9 7:8 0 ~0 E · 6~ 11220 w 1060 n 1:-.; 
• 

l 
r 

I 

,1) IQ 
1 

Apri1 30 "'·17 y,. H. 12° E ,4EjtJ If .1,0 a 1~50 u 210 ,,. 
3 ol Oct. 9 1~: 6 B .16° E . •600 s 160 E l.3l 0 If 16o \1 280 

1903 

'177 Gl Oct. 20 21·: 5'0 G .33° JJ ''j'O s lOo I1 29'0 G 140 l~ ~rro 

793 a, :uec. 6 ].{J: 48 s 410 n 4~ 6 .220 \'.~ 164·0 11 1Su l) ·4 

38.3 :an. ~ 1 l 
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:e Bt!Ut1oo.l JUmtmae Bar't.hcmflkc' e ~Mn'fit Uoon't 

• .VA.-~\r"'" ... \.0'"'• ~'""" a.&-V~~ ~~- .uv~• .;u;u"·• .u!Jil.fi• Lnt. ~~~· .. 
3'72 u Dec. 25 12: 2.3 u 30;\J ti 42V ti 23° E 1?40 ,Q '1.90 B9 

1900 

.la.n• .15 ? : 46 ,t{. s~ w 4()'0 G 210 ti 114° ll '1 

l 
' 

619 u lul.y 19 20:~ G ' ~ w 2;~ B' 21a E ~0 !J 1? 
I 

1903 -
?fO n Z11l_y ~'6 '22: 34 lf ,3)0 .if J$70 l1 '200 u 240 ll 40 B 164 

'1.5'1 JI luly 27 0 : 320lill ,1i 33° w 51• H 19° u ~ H 40 VJ li'IOO 

?tj1 n Se('lt . 13 3: 31 eB. If ~41° Yl 190 D ,.,.o w S4° 1i 1'70 Vfl 

l • r 

259 J i?eb. e'J 7&33 Ii ?00 8 ,toe s ,80 0 1100 B 11 • 
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