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RANTHGUALE FREQUENCY with epecisl reference to the tidal

stresses of the lithosphere.

-

from the very earliest times the attention of man

has been arrested by earthquake phcnonenu; This

is particularly the case in those countries whieh

have been tormented by diuuuirpun shocks., The Chineee

snd Japanese records contain frequent relerences to

the destruetive effects of the lurger shoeks snd these
hnvo provided material for the comprehensive oatnlocucs
publumd by m.b and mlnanor these countries.
- 'The importance attributed to sueh events may be well
illuatrutod by reference to the ohranologr of the

JC!'. The great earthquake whioh occurred in the ralul »
of Uula:g was used as o detum point to which sube :

sequent events were long after referred.

2€76 9 ©

Pueh events could not come and go without arouss
ing euriosity and speculation as to their origin, F,3
En uneivilised or semi-barbarous communities these .
speculations either asttributed the csuse of earthe
gquakes to the movements of some subterrancan monster
or to sup-:naturnl agencies, Amongst more onligh&oncﬁl
peoples & more rational éttituda of amind )ruvlilﬁd.
FYor example Aristotle, Pliny and others held the vicg'  5
that the movements were dua to 1mprtc§ned wind or -,f*u
vepours seeking to '‘escepe from beneath the tgrtﬁ?f;s

view after sll not far removed from the more medern

theory of & volosnie origin for enrthguakes. , -QE
' R i
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As the horizon of men became wider through geogruphe
“doul diseovery the intimte fnlatioa between the

distribution of velcances and earthquakes baéxma |
apparent, and it was natural that ourtnﬁuako phenomens
should be attributed to volecanie energy. This has been
the deminant view of the last century sid prevailed
until its lust decade. This may be seen from the view
expressed by nilncfotnn father of modern meismology,
as late as 1006, He says, in swmsrising s discussion
on the causes of earthquakes, 'Aitnnugn it would be
an emsy matter to discues the relationslips of earthe
guskes and other phenomena, we must conclude thay tae
primary cause of enrthquakes is endogenous to our
earth, and that exogenous phenomens, like the sttracte
ions of the sun and moon end baremetrie fluctustions
-play but & smell part in the actual production of
these phenomena, their greatest effect belng to

cuuse a llight preponderence in the number of’tnrth- '
quakes at particular sessons, They may, therefore

sometimes be regsrded ss final ceuses. The majority

(111 & D)

AP NIES

1nlnanigh£ggi. The greater number oﬁhnsa-'cxplonicu'
take plaece beneatih the sea, and ere probably due to

the adnission of water througn fissures to the heated
rocks beseath, A swaller nusber of Carthqu‘kuu : “nid

originite at anotual volcanoes,

4 2 CAC TG ' 1.3 1] 4 o4 K d J AtAME iy | L y
She produetion of faults. Thim may be sttridutable to
slresses brought sbout by elevatory pressure, lastly,

e

o
we have earthquakes due to the collupse of underground




3s
_(N.B,The italiecs are not z;m:.ﬁ but mine L.&.é.)
Eilne, of course, subnqumu.y modified this view but
it ie here guoted as evidence of uio opinion of the |
most eminent seismologiest at that date.

The voleanic theory is now generslly sbandoned as
the chief or even as & very important cause of gerthe
quakes, though it ie, of course, anduitted in speecisl
cases, Uome, however, still adhere to the velganie
't._h.oory and its chief advoeate would now appear to be
liugggo attributes volcanic end earthquake phenomena
to the penetration of sea water to the heated rocks
below, and the consequent development of vapour presse
ure. |

Barthguskes are now, however, almost universslly
recognised a8 being of tectonie nrikln. This change
in opinion has been brought sbout chiefly tiwough
the lsbours of M.de Nontéssus 4o Ballere and the 1ste
Edwurd Buusg.oanoth taese sutiorities have demonstrated
the intimate relntions between lines of crustal
weakness snd the distribution of esarthquake foed.

5

M,de Montessus de Ballore has attacked the problam on

a grend ecale taking the workd for his province.

Suess lwun partioularised snd demonstrated the mauon
for sueh diastricte os the Murz nncs.ebcmtaria? o:nd other
centres, |

v The most striking demonstrations of the truth of "

the tectonie 'mory were afforded by the surluce

desplacements along fault lines during the Minoe
3% 33
o_ln:l. the Assam and the San Franeisco Barthouskes.




A great moay otier workoru'; ,:?:?gut whom pcrm'pl/ Ont'n,?% & |
and Davison are pre-eminent, heave since investigsted the
relation of earthquake ecentres to f&ult-plln.l and the
tectonie origin of eurthquakes mny now be regurded se

beling firmly established,

Although the prime cause of ssrthquakes is now apparent

- much remnins te be done, OUne of the chief incentives to
the study of eanrthquuxes is the pousibility of prediecting
thelr oceurrence.

The spmlling loss of life cuused by desbesnesbon destructe
ive earthquukes claims the sympathy of all aud mekes an
imperative demund on selsmologists to discover ways and
means of mitigating their disastrous effects.

Duvinoszhan compiled statistice on the death rate of
enrthouskes wnd his paper records no less than 1,249,590
denths due ge deetructive snocks, DrakJérucordl & sisilar
number, 1,430,000 from the records of Chnina alone. Only
one earthguake, the Vekin earthquakes of 1731 A.D. which
enused 100,000 deaths is common to beth Devison's and
rake's lists solthat merc thnﬁ two and & half million
peéple are known to heve perished as the result of earthe
quakes, NMost of the lives have been lost throughé the
collapse of dwellings snd the impriseonment and.aru-hiaa
otrﬁhrqrtunatc victims beneath Lhe ruins, In many cases the
mortality is very high, often exceeding 50 pe t of the
populatien, Noy are the more recent earthquakes ghn least
disastrous, Two of the highest death rates are recorded lor
the Messina esrthquakes of 19080 und the &voa:nn‘ uafthqunxc
of 1915 4in whieh 6Y mnd 96 per cent of the reapective
9tpu1£tloaa perished.

!q. national importance of research in connection with

- T ol v, .} . . & T
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geismology has been rocogniged by the Government of_Jam-
whieh in 1092 established the lmperial Berthquake
Investigation Committee of Jupen, The work of this instite

ution has done mueh to adveace our knowledge of seismology i
The objects which il seekn urw sal forta as follmfi

fIn the first place to investigute whether there are ony
means of predieting earthquukes; sand in the neéon‘d place
to investigute wimt c¢mn be done to reduee the disastrous
effects of earthqualke shocks to & minimum, by tie cholce
of proper structures, materiale, positien, ata.?

A vary layge measure of puccess has crowned the second
of thess endeavours, snd it is now possible to design
bulcu'naa which are practically earthquake proof, Hand u
hand with this work the mepping of seismioc sress has gone
on, and the aduirable charts of M.de lontessus de Banonfs
mvum{oiud othars I::rve te indicate the nore dangerous
seisnic regiens)d Nevertheless the enormous majority of
dwelleres in esrthguaie countries still live in houses which
are potenticlbombs iad the event of the occcurrence of &
destiruetive thguake; and, since it is not poseible
for most people %o pull down thelir homes and rebuild
earihquake houses, this will undoubtedly remmin the case
for many yousus, |

It is then on the first object Ghaé esuen 0f the Larthauake
Investigution Committee that such people muy mﬂia their
hopes, lior is the futurq without such hope, For example
Heayes and Lewson _préuutod with some success the Nexicen
Rarthquelte of !9-07“; end Omori has shown by his prediction
of the ‘Valpmiuzomd ?omng4mthqudkoi how, in & very

genaral way, it may be mltbn wnnu rather wide limits to
- E s
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to spproximate both the time and place of wzn earthqueke, le
has-alsoe pointed ou‘nkhmt in & number of esmes there is an
incresse in seismic sctivity preceding & <Ciséstrous shock
80 that the study of instrumental seiswology may eentribute
its share to the solution of the problem of the prediction
of earthquukes,

thb.réwhal writen on this subjeet but, although sduitting
the feasibility of easrthquake praediction, he is disposed to
doubt the wyalue of wueh & prediction should it be found
practicable, He assunes that Sleveuidepesudd the prl*itl'on
dould néver be precise and that it would result in keeping
p-oplu'gg.; #tate of uneertainty and high nervous teu‘lon _
for considerable periods of time, This however would scarcey
be thi casa Bf the time of the event could be predicted wlth.
precision, end its occurrence with & high degree of probabik
ity.

8BS .
Schustar too is lunelined teo doubt the velue of surthe

quake predion, but for other rensons, It is "the fear of
ereating panics Ly premeture forecasta" that he eonceives |
to be the Jdiffloulty. He says "even if our knowledge should
ﬁllov'u- in the future to form predictions ¢f equal certainy
(te those of Weteorologial prediotion L.A.C.) the dangers
secompanying sueh predioetions way everbalance ita Lenefita®.
Gueh & view appesrs unduly pessimiotic. It is based meinly ‘
on the poesible dislocotion of trade evnd of the manner in |
which finsnedal interests might be affected. These
considerations, however, sre surely of minor importance wihen
contrasted with loas of life and physicul sufferiung. bnn is

Joculax S
tempted Lo think, from the rether lusewsous Wetting in which

"annntcr nas pluced these views that he did neot intend ther

= e T S
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te be taken too seriously.

hﬁuu.!zl'tn. hus discussed the subject of esrtn
wquake prediction, le considers that $ue to be
effective both the time and the plage of the sartiis
quake must be predicted with accuracy. He recognine
ee however that the problem is one of yrest hrpor{- :
snee and states "its solution would possess such
untold value for the dwellers in meismic countries
that 1t does séem worth while to exsuine the progress
that has been made in the hope that further knows
ledge and greater experience may in time te oolll'hﬂ_
load us to the desired gosl®, ¥From his consideration
of the pregress alrendy made Davison concludes thmt
the chlel hope appesrs to, lie in the mechaniecal
registration of some phenomenn wnich precede
enrtiaquoke shooka, Uucn mechunicsl meusurements may
either be trigonometricsl revealing earth movements
lecding to etrain, or they may be mude by seise
mogreopns recording setual mevements in progress,
It is conceivable that the former method migut have '
yielded important information with regerd to the
Gen Franeisco earthgquuke of 1906, The latter methody
a8 subsequently investiguted by h‘l‘llhﬂ? would ’,
clenrly have indieated the probable pesition of 3
the Mino=Owari earthquake of 1091 mnd would slse
have furnished some éwpews informstion s to the
possible time of ite occurrencey )

41 e
Agoin, Nilne hse recognised both the possibility
snd value of surthguake forecasts, le says "Ever

sinee selswology ias been studied one of the "h*ﬂfﬂfa

i o,



whienh 'o;u.d enable them to foretell the uom of wn ’
esrthqueke, and the attempls which have been mede oy v
workers in tuds country to correlute these occurrences
with other well marked natural phenonens, may, I

think, be regurded as sttempted in this direction.

Ability to hersald the appresch of these oanlamities
would unquestionzbly be sn inestimeble boen to ull
who dwell in eanrthquake shnken ep\mtr!n. aud- the
attempts whieh have beea :-ud. both here snd in eother
places ore ut.un«'ly laudable",

Words suecn as these from t.n; Yather of modern
seismology are an inspirstion to those :mo labour 4n -
this fleld of resenrch,

The problem of earthquuke prediction raises ianede
intely that of earthquake frequency and periodieity.

In the search for such phenomens one is neturally

led to the conddérstion of the periodieity of ether
natursl phenomena, Thus we have the rise asnd fall of
the Lides, the variations of te perature, bir:a.tru
pressure, -ﬁé"&l veloeity and direction ;r}ci roinfull. Thes
ean all of them be related to th'u movements of the
eurth with regard to the sunj or of the moon with
regard Lo the earth, A great many distinguished
selentific wen have invesiigated these questions and
wre still engaged in so doing; aand there im uuii
doubt that esech of the above meationed phenomensa uas,
in speecinl cnses at least, contributed an element
affecting esrthquake frequenay,

Bafore presenting his own contribution teo this by !
interesting investigation. the suthor mﬁlu to give

a8 aritionl revi nanarml{ahed !







BARTHQUAKE PREQUINCY and FERIODICITY,

Frior to the middle of tue nineteenth century there
were ne very comprehansive earthngqueake eantelogues .
svailable for study. The foundations for a statiséieal
investigation of eartiquekee frequency were lald by
the labours 'o't Perray wnd m11¢t361n the cutalogues
whien they prepared during tie peried 1840-15‘0a Tuis
work has since been aarrldd:on by M,de Montessus de
ﬁa&lerc. Milne, Omori and many otiers.
Mot of the records earlier than the last decade
of the daeteenth eeatury were not instrumestally
recorded « u fact wihleh emphasises Lhe rapid growih
of modern seiswology.
Nuntfoul attempte have been made to correlasta Lhe
. pccurrence of earthguakes with other nutural phencmnena
the chief efforts being included under one or more of
the followingie \
i. Aureral /displaye and She lusninous phenomesna
2., Mugnetic and electrical disturbances
3. Flanetery influences,

‘.‘ﬂuu ipots 3
5. Temperature
6, Burometriec Pressure '

7+ ¥ind Veloeity tolsr effeots
8. Rainfall and Snowfall _—
9. Oensonal periodieity %
10, Diurnal periodicity . _
11, Gcesn Tides '
12, Rarth tides i P :
13. O%hey Raviohie\ies



The pessible relation of earthnguaikes with the

sureora has been discussed by Hilnofﬂih. apparently
does not anttaoh mueh significunce to tas evidenoo so
for aveilable, Althaugh & number of striking examples
of the simulteneous oceurrence of an aurers with an
earthquake are recorded, » more extended statistical
investigation than has hitherto been mude seems
desirnble, The most comprehensive statiatical investe
figation undertaken so far appears to be that of
Blui3cc-prll1na data for the period 1534 to 1647, le
records in this interval 457 eerthquakes and 351
notices of aurora, On 48 occasions an earthqueke and
en surors ocourred on the ssme dayj on 30 of tiess
oocaeions approximately &t the same time; oad on J
ocensions utltno pame hour of the day. This degree
of ceoinecidence is perhaps, suggestive but does not
point o & very lntinnto-rolatiou vetween the phonoue.l
¥,de Hontessus de Balloro hn-dinuu-aud the relutbn
of earthquaukes and luminous phenomens, lie points out ‘
that sueh phenomena have been observed on the ocousion
of sbout 200 earthquaikes, snd tiat these have usually
been destructive esrthquekes, As 4136 destructive
earthquakes have been recorded by Milne for the
| Cnristian lra, the degree of coincidence of these tu;_
sets of phenomens is not striking, Probably, in -uhy
cuses, 88 in the Chilisn eurthquake of August 16th,
1906, & storm has coincided with the eartiquokes snd
the luminous phenomens sre due to thaet circunstance.
It is at least significant thut in the extensive =




and eleborate cutalogues of the Chinese no such phenomen

have been resorded, g
Ballore concludes as followsie o

"At the present stuge of our observations it is

not scientific or rational either to affirm or deay Lhe - ‘f':"

existence of luminous eartiquake phenomensaj but all 3

the arguments and fects at our command bear us out

in & negative conelusion®,

Mognetie snd electrignl disturbences.

The synchrenism of earthquskes with magnetic and
ulontricu;. dhturb@cn has, prequently been noted and
is probable thut the pnonon'ma ure interrelated, It
seams more feasible, however, Lhel such disturbances
are the result of eloctrical energy generated by the
slipping of the roeks along & fault during an esarthquake y
thas that thay have an influence in bringing asbout the ‘
garthquake, The question has been discussed by ni.ln:ernn‘ f
coneludes that such disturbances are more likely to be |
the rnulf than the causes of sarthquakes, : &
Elapetery influences. 4

mlm;ylsoa analyeing Perrey's catelogue of mt.h-
guskes embracing the perioed 1750 te 1042 found twe sets I

P

of muximu for esrthquake frequency commencing in 1756

e,

snd 1759 respectively, osd euch haviang o period of

"}?cl L

sbout ¥ 12 yes s, These groups he states coincide with
the times when Jupiter is in 265° and 135° celestial

lengitude, and is pessiag through meteor stresms in o8
those longitudes, le almo finds evidence of two otuer =
- proups of nmaxime commeneing in 1796 sad 1773 3 i

reupectively, each having a period of 20 years, These i

-

L mawims af aswbthaunles frasnsnsv hae atetse sainstda with 4%
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' gha ftnis when Saturn is phnalng t rough the neteor '
streams in longitudes 265° and 135° respeciively.

Hefalse attributes the meximum earthquake frequency
recorded by Perrey for lovember to the esrth's pussuge
through & neteor streum during that month,

1t seems scarcely eredible that the stresses set up
by the gravitutional sttraction of plamnets and meteors
should be of sufficient magnitude to affect earthquake
frequency, since such an effect would be maskad by the
enormously greater attraction of the sun and moonj and
also indeed by other influences.

Jempern turg.

Klua-zlnd others have indicnted &« rela ion bulween '
temperature mi earthquake frequency. This conclusion
eppears to rest upon the evidence of & winter maximum
for ti:thnunk- ﬂnquonby pnd shes the fact theat & greater
aumber of earthguakes have been recorded by aignt than
by day. The validity of the winter aand night maxinme
heve however been seriously challenged by N.de Montessus
de Ballore whoe attributes these muxime to physiolegiecsl
eonditions, It 1s well known that many eurtiquuies felt
by people at rest are not noticed by persons in -otxohg’
and the hours of rest are wmore frequent in ilntor and &t
night,

The solution of this problem must therefore rest upon
the svidence of instrumental records, &nd no conpre-

'hnupivi investigation on this bueis has yel been
attempted, ; .
1t i, however, difficult to imagine that ,W

ddurnel veristion in temperuture can directly suffect thﬂ;

Y



frequency of oarthguskes by strain of the rocks under
expansion and contreetioni for the diurnal temperature
wave affects uu_.v tm' mere surface of the sasé® enrth's
orust, |
Sun-Spots snd lnrthousike Fregueney. _
A nu’nb\ar of seismologists and others have sought for &
relation between perieds of sunvpot muxime and minima
and those or;(oai-thqunko )( frequency, tome or/lmu
attemptes have been discussed by Vilne who referred Lo
the works of Naumann, Jchmidt, Wolf, HKluge and Foey.
Keumsan and Sehmidt did not resech & result faveuring
& relution for these phenomens,
Wolf epparently considers that périeds of earthqueke
maxime coincide with thwse of sunspots,

Kluge, on the other hand, came te the conelusion
that the m;xina of earthguake frequency coinolﬁ with
the sun~spot mindue.

Poey, agein, from on examination of the esrthquakes
of Mexico and the Antilles stated thet earthquake '
frequency was at a mxlnunrror the period of boti
m!uu+nd minimum sun-spot ﬁothn:ﬁ He examined
thirty-eignt groups orlrenurds and found that uv’utonnl
ecourred at the maximum snd seventaeen ot the :min mum '
of sun-spot frequency. The rminm-rmw_ﬂgxoupa formed
axgeptions to Lhe rule,

m:lns‘oonemdod that both veleanic and seismic sctiviy
resched & muximum &t pariods of SUN-SPOL wekbee minime, #
and & minisun &t nsrioh of sune-spot meximad He ﬁlu
modified this view und coneluded thut the relation was
true Tor volemnic rether than for seismic smotivity. A




o > ] 15, | H
Jmnnzsrru the exanination of the guestion reached tho
conglusion that the maximum earthouske frequency is . fj
sssociated with the minimum sunespot soiivity. lie does tl
not however attribute tuils to & temperature effecs, ﬁ.a
pointing out that the annuul variutions of tempersture '.51
due to molar eneryy are slmost imperceptivle &t a depth
of 30 feet from ths earth's surfuce,

\ Hnntlngtoéatol. has reviewed the question dealing
chlefly with the work of layles esnd Jou:on; and apparend
1y aceepting their econclusioas,

The probles was agnin exsmined by faber for the b
cu:thqunkon-ot the Charleston distries. The pericd over Ei
whieh his investigutions exteanded, 1082-1913, embraced

three sun-spot mexime, but on only one of these sccasiom

- — i B

(the year 1893) was there & meximum of sarthouske

l

fregusney. "
Taber r-cnrda this &» & coincidence and concludes innt
his resulls do not furnish any avidence of such a r.l&tt. 3
a8 thst noted by other workers for different seisnic i
regionu, \
There is however other evidence of a eollateral
nature wulen may possibly huve some bearing on the |
subject, In an earlier ﬁurt of this paper 4t was noiod
thnt Delasuney 1ndi¢atcd # moximum of seismie froquanqy .
o.lnnidcnt with the pertodle revelution of Jupiter :_-ﬂ
abeut the sun - and this peried of about 1l yeurs
coineides with thel of the sun-apot muxime,

Again, Milne has indiculed « paried of 33,3 y.tr'

for the enrthquake frequency of Japan extending over thn v
interval from 666 A.D. to 1800 A.D. Buch o period would

V_b—-=l--——
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coincide with thres oyeles of sun=apol activity. |

As will be seen later there is some evidence of &

relation between reinfull and earthquake frequency, and’ ;:1

-

if tuie be the case the Druckne), cycle of /rainfell
belng eionoly equsl to three cycles of sun-spoi freguene¥ *T

way have séne bqafina on the subject,
At present the evidenwe io not conclusive but is
gertainly sufficiently suggestive to warrant further

investigation.

" LAl
= r——



ht‘tha time when the conception of & [luid nuoleus
for the earth dominated geologie thought it was very
natural that an cnquir} into the effect of chunges in
buremetrie pressure in relation Lo earthqueke frequency
should have been mude, Both Perrey end Mallet examined
the eviden & and the formey aaniocted maximun selsmioity
with minimunm barometric proessure acdompanied by s maxiow
range er barometric oscillation.

Iloriufqn early as 1834 pointed out that there was
an snnual peried of earthquake frequency.,

Mallet ianvestigated the frequency of eartlhiquakes in
relation to the rise and fall of the barometer and cone
cluded that the frequency wes about the same in each
case,

Similar investigations sre discussed by usmf abnt. the
dots employed in most of thess camer have been Loo
meagre, to furnish aay relisble counclusion.

The problem has however been investiguted since by
some of the most eminent seismolegists, and in spite of
the relatively small forces involved in burometric
fluctuations there does appear to be good reason fer
believing that in a number of cases such chaugesn in
pressure have contributed towards the precipitationk ef

an esringquake,

A new method of studying earthquuxke frequency wes
indieated snd employed Ly mttgsl.n 1806, He pointed out
‘ that & siaple l'itl-ouul process oould be used to
accentuate the rro'qumey of uny given period by‘ 8
suitable choiee of grouping and aﬂminz the records.




18,
He exanined the records of meny countries snd gave

both u tabular aad graphical representation of his
resulis, Hié enalysis snowed tust for all tie districts
considered there was an annuel msaximum of eartiguakes
frequency which eccurred during the winter months for
that distriet; and thet except in the cuse of the Nast
Indies there 42 also & well wmarked sewieannusl lhxipun
of earthguake frequency. After dlsauuniqg the pospible
cnuse of such Irequency Knott 0andludnd.thut it wue
probubly due to meteorological influences - particularly_
snowfall and barometric pressures,

Alﬁnouah the manner in wihien the mnnuel periedicity
might be dus to such & variation from the high pressure
of winter to the low pressure of summer is readily
intelligible, Knott does not show how the barometrie
variations could be harmonised with the observed seslie
ennuel peried of earthquske frequency.

nnvznojatoo e taken up the question of esrthquake
fraquency and 1a 1893 contributed u most comprehensive
and important memoir on the subject. His method of
ananlysis resomples that of Knott with slight modificute
ione, One innovetion is the exawination of seismic
sotivity seeording to its intensity. He effected this €
by dividing the earthquakes inte sligut shocks aud.lntltlx_:_
sufficient to damage buildings, This purt of the
investigation is limited Lo esrthquakes felt only in
the herthern hemisphere, the data being teken from - 9
Yallet's satalogue, e snalywis indiested both un wnoual
end & semi-annusl period, The mnnusl maximum for slight :
surthquokes fell fn the last fortaigit of Jusaj end the
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semfeannual maximum during the last fortaight of
January and July. On the other hand ia the case of the

destructive earthquekes the snnual maximum fell in the
last fortaight of Jenuury snd the semiesnnusl meximum
oceurred during ;h, last fortnight of Februatry and
August, Hence it uﬁyms that the annusel nexime for -wisd-
slight and etrong shocks ure opposite in phasej . but thi
is net the case for slight shocks,

In the second part oflhln investigation no distinctia i)
is mede betwean the slight and strohg shocks, but the
earthquakes are considered in groups weccording to their
sreal distribution, ®¥ea Altogether 62 seismic records
wore considered, 45 from the northern and 14 from the
southern hemisphere, The rensining 3 relate to oquntorill
countries, The snalyeis showed $hat only five eof
these slxty-two records failed to exhibvit &« well marked
snnuel period, and in each of the anomalous cases the
failure was considered to be probably due to incompletes
ness in the records, Davison remarks thut these results
'tfropcly support the view that thn moximum of the
annual peried ecours during the loeeal winter in eseh
hemiaphere¥,

Again "of the 62 records examined, only three fail teo
show a falrly well marked semiesnnual period, namely, :
Prence (Fuchs), Upain and Portugal (Perrey) and Cuili
(Fuchs); these fuilures are probebly due to incompletes
neas of the seismic records.,” After a comparison of the
amplitudes of the snnual snd semieshnual periods and
this district grouping Davison concludes "thet the 7

annual snd semie-annual periods must have entirely
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different origians®, A

.xn 8 disguusion dealing with the origin of the Annusl
Seismic Feriod Davison recognises that ﬁrehnb:.y the
majority of earthguakes are occasioned by the growth
of faults, and thnt peshedbeesdy periodicity may be
impressed on these by externsl ceuses. He suggests thst
the annual varietion is of n seasonal charscter and that
it is affected by the barometric pressure,

In tne case of 31 of the distriets deault with in
his paper & comparison between fhe eopochs of the seismic
and burometrio maxiss can be made. In 10 of these
districts there is an approximate coincidence in the
times of the mexime; 4in 9 cases the selsmic maximum
follows the barometric maximum efter an interWel of ene 'f
monthy and in 4 other ceses after an interval of two i
montne, In the remeining O detricts there are speecial
eircumstances which may mask such & relation, Davison
co;\cludn 1&&‘&' a8 & goneral rule, the epoch of the
seipmic muximum either coincides with that of the
barometriec maximum, or follows it b; & month or two,"

He points out that barometric pressure cannot affect
the frequency of submarine earthquakes as the pressure

on the sea n& will be unaltered owing to & dnphco? : j-gf:
ment of the sen waters under such pressure; and hence "h\ :
he explaine the anomalies in the case of insular o
countries such as Japan wnd Hew Zexlund, \;ﬂ"n

The semie-snnuel period remsine sn unsolved probl.g E.
for Davison coneludes "With regard to the origin of the
semi-annuel peried, I regret that I am unable to offer
‘wny definite muon'. '



The dl‘?uusion on the senle-sanuel period will be cone
sidered luter uader the section dealing with tidal
atroiucl.

.aoldlwin 1895 attacked the problem from a differsnt
point of view, He prepared a tsble showing the monthly
sarthouake frequengy of ﬁuropo for the period 306 A.D,
to 1842 A.D, He ul;b found the average montily distribe
ution of atmospheric pressure but insteand of compering
this with the montily earthaquake [requency he sdopted &
dirf¢§out method, His plan waﬁ t$ culculate the aversge

" barometrie gredient fpr each month end to compare this
with the eaursthqueke frequency. He expressed the
barometrie gradient in terme of millimetres per 2820
kilemetres and & messured from the continent towarde
the Atlantiec Ceean, fh- table given by him ie quoted
below. Jan, Feb.,} Mar. April May June

Barthquakes 147.7 138;6 119.4 104,06 94.7 95.4
Gredient 12,6  B,0 4,2 1.6 «0,2 0,6

Barthquakes July Gept., Oet, Nov. |Dec,

Gradient

In view of the goenesis of oarthqunxﬁo by disloeations of
the earth's erust, this iothnd of analysis is more
rational than that which considers only baromeirie =
maxims and minima; for the consideration of barometrie
érud&ont implies or may inply differentiul stresses on
opposite sides of thi foult plane which gives birth to
the esrthquake, -

The problem hes been further cohsidered by Baoknzin

‘his exsmination of the earthqusakes of OGraslitz for the

T —




& table and grephs to represent the average daily
barometric pressure and slso the delly eartiquake
frequenay, und cencluded that there was no obvious
rclatiﬁn between these phenomena, The limited nature of
the investigation, however, rather detracts from its
value, '

Omori, the furcmc:t of the Japancee seismologists,
hae slso directed his attention to this aspect of
earthquake trequuncyzfu. took us the basis of nig discuss-
ion a ontalogue of 18,279 earthquakes obtained from 26
stations and the majority of the records had the merit
of being instrumentally observed. Hecognising that the
time distribution might not be the same for the whole
‘of Japan he subdivided the island inte two more or less
netural divisions, The first of these comprised that

part which trends in o general north and south direction

and the second thot whieh trends abeut 2 30°N and which
comprises tie southern portion of the Jupuancse Fupire.
fle concluded thut for the northcrp part of Jupen “the

- annual vuriationref the seipmic frequency follows thut
of barometric pressure®; amd that for western Jepun ¥
#the snnual variation of the seismic frequency is the
reverae of that of the barometrie pressure on the land®.

In the same investigantion Omori examined the 1;

diurnal variations in -piamle setivity, He found these
to vary very considerably with different stations and
arronged the stations into groups characterised by

12, 8 snd 6 hour pnrioﬁ,‘f frequency respectively, le

next discussed the ddurnsl veriations of barometrie

presosure and sttributed the veariations in lenuic



i

N
H - ¥ - - a'y o ks
\ . o

frequency to -n;h : otrie influence -F.;r, ,
It should be pointed out that the dlurnal wave of

bnron;tric pressure is very constant for the different ;
stations coneidered and is quite normal in uharultcr; Vol
resembling that which characterises most meteorological :1
stations, On the other hand the seismiec freguency -
varies considerably in itsepochs for different districts ;

It would appear therefore thnt Omori's conclusions

with regard to the correspondence of the diurnal
barometric and sarthquake frequency are scarcely
justified by the evidence. : |

Some six years later, in 1908, Omorinhgain took up

the question of annual variation in seismic frequency,
restrioting his investigation to the esrthquakes of
Tokyo and Kyotod He showed that the seismic mexima
eceurred at different epochs for large and suall earthe
quakes and concluded as follows:=

"Prom the foregoing it is evidenmt that we must treat
small end large earthquakes separately, in the discussia
of seisnie rrequcnoy'with respect to the atmospherie
pro?aur.. the position of the moon, et%.'
In another paper on the “Becondary Causes of

3.rthqunkcl:m030rt deals more fully with the subject.
He gives a table showing the hourly distribution of
2,208 earthquakes instrumentally dbierveﬁ at. Tokyo
during the 24 yeare 1876-1899, A curve plotted to
illustrete the diurnal earthquake fregquency shows four
maxima, The diurnal barometrie curve was also plotted I‘P
shows & close correspondence in the times of its two _
mexime and two minims with the tiues of the four seismie

waxima,
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Another curve is drawn showing the earthguake frequeney
for 3 hourly periods and this follows closely the {
barometric curve. lence Omori concludes that "Ghe
ordinary (non-destructive) earthquakes felt in Tokye
happen more frequently with the high baromotog than with
the low,"

Another piece of evidence is furnished by an
oxnnlnniion of the records of the general weather condié
ions associated with the 18 destructive earthquekes
recorded in Japan from 1361 to 1891 A.D. The westher
conditions for these are as follows:=-

Falr or clear weather s..sses+12 gsarthouakes

Cloudy seessessesssns 2 earthquakes
Rainy or BnOwy cscescssescscss 3 .
Rainy and Windy secevocsescsse 3 .
Wet and BUlbrY ssvsssscsvssnce O »

Omori convludes from this investigation that the great
mejority of destructive earthquakes appear to have been
sssociated with fine clear weather - anticyclonic
conditions involving inereased barometric pressure.
It might, perhaps, have been worth while to have

compared these figures with the meteomlogical data
giving the average number pf fine, ecloudy, rainy, ete.
weather for Japani but thﬁ Omori does not appear to hawve
considered,

. 250 made in exmmination of the stPonger earthquakes from the
‘Isu Island zone, Fourteen such esrthguukes were cone
sidered nnd Omori eenddwded concludes that of theee
twelve are closely reluted in time to the two maxinme
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and two mindme of the diurnel barometriec wave.

The recent strong earthqualkes of Tokyo were also
exsmined, These are fouteen ia nuuber, Omori finde that
edght of these earthquales were sccompanied by marked
barenmctrie deprlsiions renging only from 741.5 to %
754.7 mme., while a ninth was accompanied by & very high

barometric pressure of 774 mm. He does not in this cuse
discuss the relation of these earthquakes %to the diurnal
barometric wave, An examination of the data indicates
that there is & correspondence witi the diurnal baromete
rie wave in only six of the fouteen earthquakes,

Again, in coneidering the sixteen earthquakes of
coantal and submerine origin in the neighbourhood of
Tokye Omoxi points out that thesge occur exelusively
between 6 and 12 p.m., He takes the average time of
ocourrence of the eartihguekes for each of these groups
and tiné; these times to correspond witlh those of the
barometric maxima. As, however, o considerable renge
of time is involved in sach case, it ufﬁ‘&umm 1§ suon
& method is valid,.

In his book "The Physics of Earthquake Fhenonena®
(1908) Knott3L¢n£n returns to the problem of earthguake
frequency and barometric pressure, lle rewviewa his own
earlier work snd the later papers of Cwori and Dauvison.
He points out that both these selunmclogisils correlate
earthquake frequency with barometric maxims and minima,

His own view is that the barometric gradieht is more
likely to be the determining feactor and ke interprets
the results of the investigations in thet light, He
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points out that the differcnces in baremetriec pressura

i

in a wp sateey barometriec gradient may disturb the
isostatic valance and so give rise to earthnuakes slong
the margins of the continents, Undoubtedly this view is
more in Xkeeping wi%h our knowledge of tne physies of
earthiquake phenomensy &8 it may involve & atress co=-
operating with the prime forces giving ride to an eprthe
quake, It is,on the other lhand, difficult to see how the
mere incrouse or decroase of pressure uniformly distribe
uted scross the earthquake srea could produce such a
reault,

In his fiael summary, howevery Knott appears
to think that the evidence ot present eveilable indicate
that cartﬁquukc-troquaney depends very elightly, il &t
&ll, upon sue¢h influences as barometrie phencmens.,

The search for such a relation hae not, however,
been abandoned, and two wery important centributions on
this subJect have been made since Knott's book was
published.

The first of these 18 a puper by ma'ﬁ;nn the earthe
quekes of China., The author of this paper has prepared '
a catalogue of 520 destructive eaurthquukes extending ovker
the last 4000 years, Of these 505 have ocourred during
the Christian Xre. Tuese are grouped in & dual fashion
according to districts snd sccording to their montildy
frequency. A diegram is given showing phe monthly

y To the
frequency for disiricts morth of the Yungetee=Kiang, to the
south of thati?1VIr aend for the wkeed whole of Chine,
The three curves have essentislly the same features in ~—
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common, The most prominent feature is the very large
maximum for July and August, The maximum is far too
large to be expluined by u chance distribution of
eartiquake frequeney., The study of the meteorologiecul
dnta disclowes the fwet that the dominant fanturc'for
South Chine is the snnual recurrence of the Summer
Monsoon, dpesaking of these rake says "The Lyphoons or
susmer monseons come during summer snd esrly fall} thy
strike the so:th and southeeast coust of China, more
towards tle northwest &nd north, and gradually lose
force a8 they pass over Chinaj they are preceded by
intense heat for several days snd & felling Larometler
and are accompanied by heavy rains and & rising barometier

barometric
the wewemedddevoriation during the storm is often
over two inches, UOpeaking of the typhoons of Bouthern
China Williams says the barometer not infrequently fulls
below 28 1n;h.l. This great variation in the air pressurce
applies nari.tapeclully to & hundred mile wide strip
along the south coast of China., The typhoons are
practically confined to July, August sand Beptember, and
are somewhat more common and severe during August mnd
bepteumber®,

Northern Chine on the other hand is hrinctynlly
uffected by the winter menseon which occurs during
winter and eerly epring.

It would therefore nalurslly be expected that ih;
summer moxaus of earthquake frequency would be more
marked in the case of Uouth China thon lorth Chdna,

The contrary, however, is actually the case.
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Drake records but does not appezy to have considered 1

anomely. He ha; however considered other mspects of the
problem of earthquake frequency and these will be L
| subsequently digcu-uod. With regard to berometrie

changes howevar he concludes "the rapid and stirong
etumospheric variations, sssisted to some extent by rain,
are the forces nmost effective in the finel stege of
eurthquake sctivity",

The second paper referred to sbove is that by Tubcral
dealing with the earthquaies of tlhe Churleston district.
Thie investigetion is probably Lhe moet complete enquiry
inte earthquake frequency that has ever been made for

2 single distiriet. Muny sepects of tue question in
relation to other natural phenomens are examined and some
of these will be convidered in other sections of this

papers. At this stage however only the question of
barometrie variations and earthquake frequency will bae
discussed, I
Tuber, purtly from geological and partly from
seismologicul evidence has indicated the position of a
large feult trending in s genersl nortieecastern
direction and passing betweeh the tflghs of Swmmerville
aend Charleston, He recognises that if barometrie
varistions are at all ;;rectiva in prométing earthouake
frequency & relation must be sought with the barometrie
gradient rether than with the maximum and niniugn
barometric pressures. An exemination was mede of the
state of the barometrie grndiint for 79 earthquakes
recorded in thé period 10981513, le found thatb4l of
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the earthquaikes occurred on days when the barometrie
gradient deereased from northeweet to southmesst; fife
teen shocks occurred when the gradient sloped in the
opposite direction; and on the remaining veventean

oceu.tons the barometriec gradient was slight or indeters

q

-lnnto. The meteorological record for the yearelifb=
1897 was not fully aveiluble and eould be sscertained
for only twunty-oight earthquakes, For these the bare
ometrie gradient sloped from northewest to south-sast
on twenty seven occasions and was only in the opposite
direction on one occeasion,

Taber also found that for the period 1898-1913 “the
atmespherie pressure on gartiguske diuys was sbove
normal for 58 per cent of the daye und below normal
for 41 per cent; and normal for one per cent., During
the period 1086+1897 the percentages were above normal
61, velow normal 37 and normal 2%, This might at firet
seem to favour a relation between earthquake frequency
and the times of maximum barometric pressure; but Taber
found that by taking meSeorclogical date extending over
four years, the barometric preesure was sbove normsl for
55 per ecent und below normal for 43 per cent of the time
This then leaves but o very smell excess of eartlguake
frequency &t the times of barometriec mexima,

It should be remarked that the direction of the
downthrowm of the assumed fault in relation to the
barometric gradient agrees with thst indicated by other
colluateral evidence,
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The foregoing review hes indioanted the divections in

which attempts nuve veen sade to correlate earthouake
frequency wmith burometric pressure. The results are not,
perhaps, conclusive; but they do sppesar to render it
highly probable tidet the uvtate of the baronetric grade
ient exercises some Ilnfluence on eartiquake rriqutnoy
or, at the very least, that both these svets of pheno=
mens are influenced by some COMmON CAUSe, It seenmn very
desirable that the investigation should be carried
further « particularly for small districts in whieh the
fault zone giving rise te the loeml earthquakes is

definitely loeated by geologicul evidence,

During etorms accompenied by « high wind veloeity the
wind pressure is often considerctble and it las been
competent
sugpested that suecn an increase in prasunrﬁany b.Ata ™
five, e it were, the sarthquake gun., Nilne has discussd
the possible relution of esrth tremors and wind veloeity
and there appesrs to be s body of evidence in support

of such & relation, He says, "For exanple, in 1887
strong winde were blowing in Central Jepsn edghty-six
times, snd it was only in six of these cases thut

tremors were not observed. On the contrary, when it wes
calm in Central Jepan, only extremely small tremors were
noted, and even this was of rare occourrence, An analysis :
of the tromometrie records from ilome showed that for
sixty-three incrcanses and decresses in microseismic
intensity, there had been forty-six increases and
decresees in the intensity of the wind; tue |
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corresponding numbers for Mocueo de Papa belng vixtye
four and faorty-six",

If such & relation existis for <¢erth tremors it mey
well be that wind veioeity econtributes a component to
earthquake frequency. This queetion is however only one
phase of the possible relation of eurthoueke Trequency
and buromatrie pressure; for steep barometrie gradients
are unstable and must inevitably give rise to wstrong
winds, It may well be, of course, that the momentun
of & large body of the atmosphere P& if suddenly arrestwed
would contribute an additionul feetor to that of the

statiec pressure due o ¢ bearomeirie gradient.
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Hainfell end earthounke frequency.

In countries where partiquakes are of frequent ocourre
ence it i2 natural that many speculations as to the cause
of earthquakes should arise. The coincidence of & storm,
an oppresive day ete, wi'h an earthquake is sufficient
to establish in many untrained minds & causal relation
between two such events, Consequently meny persons have
believed that earthquakes are associated with certain
types of wentnereeurtiguaice wenther « os it is deseribed.

uiln;ygn 1001 states that a relation between the raine
fall and earthquakes of Japan has been sought but with neo
satisfactory result, liis own conception of such & relation
was, at that time, strongly coloured bx_hia belief in

the volosnic origin of sarthquakes, He says:e

"It does not seem to be altogether beyond the pele of
possibility that the roain which fells upon & velecanie
country may have an influence either in soaking downwards
and becoming converted into steam, or in simply loolcnidg
the ground", He records that he Las noted that "microe-
phones burwied in pits during & heavy shower of :sinlare
sometimes very active", Although some coincidence between
rainfall and earthquake frequency has been noted Milne
thought that this being dependent on température, barometkric
pressure, ete. is a "econgruent effect of more general
causes”,

KnnttF%:tcr an investigution on sanual periodicity
suggested snowfall as a2 possible factor in dnttti;ning

sarthquake frequency. After a lapse of twenty-two yeors

in & comprehensive review of the subject of eerthnguake
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p.riidﬁclw Knott sgain suggests that rainfall and snowe
fall may play some poart in affecting the ;rmonor of
earthguakes, Shortly after this opinion had been expressed
there appesred a very importent memoir 3”4 Omord on what
ha calls aneondnry ghuses of mthquaku“.wm- contains
what was probably at hhét time the nont systematic enquiry
into rainfall and earthquaxe periodicity, and indeed into
seconday couses in generasl, Omori examined the records o;’
earthquakes which were instrumentally recorded at Tokyo
for the period 1676-1907. He found that the eerthquiice
frequency at Tokye bore "no mariked gencral relation te
that of the amount of precipitation”, at Tokyo itselr,
on the other hsnd when the rainfell curve for the mean of
the yearly precipiiation at Akita and Nilgata was examined
for tne period 158241907 (no earlier recerds were aveilabile
there wvas found tc he & siriking degree of correspondence
between the curves illustrating yearly earthguske fregueny
and precipitation, The ity of Niigute ie sbout 260 kilowd
metres north wast, and that of Alita is about 440 kilee
metres nortn of Tokyo. Omori concludes that "This coincide
ence ig probably not acoidental, and the waristion of
the yemrly numbzy of carthquakes felt in Tokyo may be
taken as approximutely prepoeriicanl tn the smount of
precipitation along the norti:s westarn nide of the main
‘island®,

U,.de Mentossue de Ballere in 1912 made am snquiry into a
possible relation between earthquake frequensy and 19:15
peariod variations 1‘::{\»:.-: Cyclem) of ;rmiﬂuumb.s Thie
will be conaidered later in more detail, l+me1udcd that
thare was no evidence of any relation Wetween earthouake
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vortﬁd&city Knott again suggeets that rainfall and snowe 1

fall may play some purt in affecting the ;rmeney of
earthguaikes, Shortly after this opinion hud been expressed
there appesred a very important memoir ‘:gd Omord on what

he ecalls “ncondary chusen of mthqunxon‘:wm- contains
what was probably at that time the most systemstic enquiry
into reinfrll and earthgusike periodicity, and indeoed into
seconday causes in genersi, Omori examined the records ef
eartnquakes which were instrumerntally recordeqd st Tokyo
for tine periocd 18761907, He found that the earthquake

freguency at Tokye bore “no maried generel relation te

that of the amount of precipitation™, 4t Tokyo itselr,
Un the other hmnd when the rainfell curve for the mean of
the yearly precipiiation at Akita and Nilgata was exanmined
for the period 158241907 (no enrlier recerds were availablle
there was found tc ve & siriking degree of cerrespondence
betwaen the eurves illustrating yearly earthouske frogueng
and precipitation, The city of Niigute ie sbout 260 kilowd
metres north wast, wnd that of Akita is about 440 kileoe
metres nortn of Tokyo. Umori concludes thet "This coincide
ence ie probably net acoidental, and the weriation of
the yemrly number of sarthguakes felt in Tokyo may be
taken os upproximately proporticnzl to the smount of
precipitation along the north westarn side of the main
‘18land®,

- H.de Bontoasus de Ballere in 1912 made am enquiry inteo &
possible relztion between eartnguske frequency and long
period variations urim Cyclen) of wn&pi‘uuons.s This
will be conmidered loter in more detail, ligoncluded that

© there was no evidence of any relation wetween eartianualie
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frequency snd these cycllic variations in rainfell.

In the following year he published another ,.p.rﬁkn the
subject in which e examined the data with regerd to
eeasonsal chenges in rainfall, He used &8s the basis feor
his investigation lilpiiﬂinnn recently published cataloge
ue of destructive larihquakcn. Aitlgethlr 4136 earthguaies
are recorded in this dmysluable eatalogue which covers
the period from A.D.79 to A.D. 1899, Montessus de Ballore
first prepared tebles in which each main district woe
considered soparately and for which the monthly earthqueie
frequieney and precipitation were compured. He does not
furnish any details of his results but ntates that the
tables so compiled were so irregular as to indisa'e no
relution,

He next grouped the ohservations into three monthly
periods and found the results to beas follows:e

(1) The dyﬂnq}o maximum falls in the quarter (3 months)

of maximum precipitation for Manch@ris, Ocesnias,
Feru and Soudan, the number of earthguskes roco?d.d
in these countries totalling 527 sltogether,

(2) The seismic minimum falls in the guarter of minimum
precipitation for the Amazon Valley, Breton, Mexice
and Ukraine, The total number of earthquakes being
836 for these districts,

(3) The seismic maximum fslls in the quarter of mininum
precipitation for the Andes, Paris and the Funjab,
with a total of 225 earthquakes,

(4) The seismic minimim falls in the sane quarter as
the maxirum precipitation for the Aretic rogion, the
dunube, India, Norway, Portugal, Folynesia, Bahars,
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Senegel, Siam and Uyria, with a total of 1783 enrthquakes,
(5) Neithar the muximum nor the minimum of seisnic |

frequency falls in either the querter of nsxlnu?‘r

minimum precipitation in the case of .rebie, Bengal,

Chinn, Greace and Uiberia,with a totnl of 6571 w=weswwwn

earthounices, .
lentessus de Ballore points out that the eclimatic condite
ions of the countries ahgvc considered sre distributed at
rendom 4n the five urauqbgl given. e pointa oul moreover
that if one takes the difference hetwesa the seismie
mexine sad sinina and axpreosses thie &8 o parcentage of
the total carlagunicess $he resuld is alsways spall, and it
is further diminshad Ly taking indo consideraltion more and
more duse, This, he considers, indicaies tae lack of sny
relatian such as tant sougnt after, Hier conclusion 12 ae
followste

"Bn sdsund, 41 aly a nucune relation de couse & effet
entre les tr;ﬁhlamants de Larre desiruateuwrs et lee
pregipitations staouphd;iqnea. @t cela aa prd‘aate sucen
1aterat ds constater par axsinple que tel grand d?iﬁlnont
simsioue » sulvi une paPicde d'inondations, ainsi qu'on
1'a souvant Isit®,
The rainfall data used by Nontessus de saullore for

this investigation were taken from the reinfull maps in
de Martennce's bock on Geographie Puysique,

The ecaelugion reached by Nentesaus is, Lne aulaer
belisvez, open to qﬁesblou. und sill be discussed later om
At the time of the publication of ‘Swméa_the above paper

Montessus de Ballore has appapently not seon the work of

©
brph‘ whish weas published a little earlier, Thias
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Ymppe important memcir contoins & most extensive catelogue
of tie destructive earthauakes of Chinaj wand tae author
haes discussed the dats in s most flluminnting fasnion,
Amongst other investigations he enquires into the gquestion
of rainfaull, After grouping the earthquakes aceording te
the monthe in whiog'bhey occur he finds evidence of a very
strong annual maxipum of esrthguake frequency fer the
months of July and August. Thie he regerds as a seasonal
periodicity associanted with the summer wmonseon which is
‘::,aourse & poriod of heavy reinfell, While regurding the
the changes in barometrie pressure as th;\phinf factors
influencing the porlodieity.hn considers that the reinfell
contributes an important purt of the changes in »ressure
involved, It i» not so much the statie pressure, he con=
siders, o8 the rapid rate of loading and unloading which
affects the earthguake wreswwsa freocuenay.

in the fgllowlng year Baylnasittuakcd the provlem using
a8 the sources for his earthguake catialogues the account
of destructive eaurthquakes given in the following pube

lientions and for the periocds statedi=-

(1) Nature = from 1871 to 1910,

(2) The London Times from 1871 to 1910.

(3) Whitaker's Almanne from 1871 to 1909,

He has illustruted his prper by drawing & curve for
the total eanrthquake frequency, and salso sn additional
curve for eartiquakes naving an inteonsity greater than
VII on the lossieForel scule.

He has alse drawn a curve illustrating the differences
from the average for the rainfall of the United Ltates
for the eorr-ipnndtns pariod.
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There appears to be a g;;:rul similarilty between these
eurves and uuylol\ while being somewhat gusrded in nis
conclusion, considers that the subject is certainly worthy
of further investigution,
The question was again taken up by Thher?;n 1914, He
focnnlqd nie attention upen a relatively amall ares and

attacked the problem in & most systematie manner. There

can be little doubt that his work marks the most distinet
advance yel made in this direction. Previous investigatiomns
have sought to correlate the seismic maxims and maxima of
precipitation, Teber rightly points out that wg§ if on
enrthquakeX is caused by movement eslong s fault plane
appropriste
the ront sessesbssds siroess Lo shew give rise Lo moves
ment will be a differential one operating in conjunetion
with the prime ssartiiguuke forces, It does not follow thst
the time of maximum precipitation will coinecide with that
when the differenticl stresses on opposite sides of the
fault plnn;'nre o maximumi but it is with such & differemni=
isl stress, if st all, thet the eurthquake fragquency |
should be correbtad. After submitting geologieal and
pelamographical evidence for a feult passing between
Summerville and Cherleston and trending in & northeeant
direction Taber commences to anulyse the reinfall data.
He found that there was & close correspondence with the
ihrco curves representing the reilfall at Summerville and
at Charleston, and the earthquake frequency. The rainfall
6t Summerville was constzntly in excess of that of
Charleston sand tide excess increased withe the total
precipitation, It iz teo the excess of ruinfall slong the
north western (Summerville) side of the fmult that Taber
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attributes the gragtor part of the corresponding excess in
the earthquake frequency. This ressoning is certaianly
gound and furanishes strong evidence of & relation between
earthquake freqguency wnd rainfull. This conclusion is
further supported hy‘hll examination of the conditions
influencing the level of the water table and by collateral
evidence with regard te the distribuvion of atmospheric
pressure. The fact thut the total rainfell curves also

follow the curve for earthquake frequency is 1ncidentalﬁq
and 18 & natursl enough relation Swws between the total
"reinfall and the excess of rainfall at the two geatres,
The csuses whicn contrel a difference in precipitation at
two ndjmeent santres must be chiefly topographiocal or
releted to their proximity to & coset line; as such
¢oogruphioal factors remuin constant the difference in
rainfall will nsaturslly be closely proportional te the
total rainfall, For this reasson it may well be that the
converse is true and that where eartinquake freguency
has been directly dorrelated with total precipitation the
reason is that taere exists & difference in reinfell ever
some www_critical zone and that this hes also been
increased, It will be obvious enough that if the differenc
in reinfall across a fault zone operate in the opposite
direction to the natursl earthquuke forces an ineressed
precipitation will be unfavoursble to tue occurrance of
earthquakes; and in this case the meximum reinfall mey
correspond to & minimun ewhkséaed of eartiquake frequency.

d
If one now returas to the evidence assembleN by Xone

6
tessus de Ballore Lna examines it in the light of Taber's
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work it appears thas in 21 out of 26 districts whioh
icntolnuu has considered, either the maxiusum or mialmum
eurtiquake frequency falls in one or other of the gquartel
year intervals corresponding to s maxioum or minirum of
total rainfell; snd that to these 21 districts are te

. or mora taan 80 per cent of the
be referred 1371 (ewt—ei—bhe 4024 eurthquakes considered.

Gince it nas been shown that sccording &8s the stress
differsnce dues to \{m excane of rainfnll on one side of
tne fault mey assist or oppose the netural esrthauske
forces so the maximum earthouske freaguency moy coinecide

either with maximum or minimum difference in ruinfall;
and eines the difference in rainfall is probably in mest
waser proportional te the amount of rainfall; it follows
that the data used by Hontessus to refute sny relation
between reinfall and earthqurice freguency has actually,
in the lignt of luter research, furnished strong support
in fevour of the relation postulated, It is true thati the
differaences between the maxima and minima of the earthe
gquake freguencies examined by him ifﬁfiiﬁix. but, on the
other hund, this is certainly to be mntieipated, mince
the influence of excese pressure due to differentiel
rainfell is itzell swall and iaqz:.tnc prime csune of
earthquekes} but at best only one of several secondary
CLUSES,
79 e

The investigations of Omori for Juran, of Drake for
Chins and the more general work of ﬁu.ylngsnch teke on an
sdded significance in the lignt of Taber's wo;k?‘

There can now be little doubt tast rainfall exere
cises an important inllusuce on the eertiqueke Ire-

aueney of partain ddetwdaéa —~
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Beasonul rreguency of JSuritigu Keds
The search for & seusonal frequency for earthquakes ilgf_
of course the same as for sn snnual period., The earliest

36
systematic work is that of Perrey who grouped 2299 eartin=-

quakes sccording to their monthly frequency. These he
conuidered for each distriot in which they were recorded #
and drew up tables to show the monthly frequency for the
particular districte,.

He next grouped the earthquakes sccording to the seasons
taking Jenuary, Februsry and Maren for the winter periad,
April, Msy and June for the Spring, July, August, tembe
for OBummer and Cectober, November and December fnr':z;kgﬁf@i
As the result of his lsbours do not eppear to have been
presented in an sbbreviated form they are here condensaed

in the following Teblete
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Pistrict s T winter ng Bummer
Beandinavis and lceland 74 9 48 53
British Isles & Korthern lsles 56 42 52 "
Spanish Feninsule 55 41 46 59
¥rence, Belgium end Holland 200 133 137 186

Basin of the lthone 62 a2 a7 53

Basin of the Rhine & Switzerland
160 103 w0l 165

Besin of the Dunube 76 60 67 67
Italian Peninsula with Sicily,

Sardinia and Melta 298 250 203 213
Algeria and lorthern Africa 13 12 o 13
Tureo=Hellenie Territory,lyria,

the Aegaean Islands & Levantl0b 102 115 100
United States and Canadn 40 16 32 46
Mexice and Central America 16 16 10 10
The Antilles 54 A 65 53
Cuba 13 10 13 15
Chili and basin of lLa Plata EX! a1 a8 46
Hesume of the Eurthd&nkea of
Kurope and sagjecent parts of
Asie from A.D.306 to 1843, 589 404 442 526
Northern Zene of Europe 54 30 25 39
Northern Zone of Asia 27 13 23 18

1t will be noted that of the eighteen groupings

condidered fourtesen exhibit & wmaximum for the sutumn
winter i.e, for the months Uetober to March, This work
has been generslly regurded as establishing a winter

frequency for earthquakes,

T
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Eallet examined an even larger number of enrthouakes and
found a distribution indicuted in the following table:s

Teasons Leasons

lonth Horthern  Uouthern lorth  South,
Junuary . 627 19
Yebruary 539 14
¥arcn 5013 9 1669 42
April ' 489 17
Nay 438 20
June 428 19 1355 56
July 415 18
August 458 12
September 463 17 1366 47
Uctober 516 25
Novembar 473 32
December 500 21 1489 78
5879 223 5079 233

Here again the law of & winter maximum frequeney for
earthquakes is predeminant, This frequency Pdrroy regurded
as being worthy of aeceptunch a8 un eupiriec law for Europe
&t least having some doubt if it can be extended to the
douthern hemisphere, .

mu¢e271nvo-tigatod the seasonal frequency for earthe
quaces of the northern hemisphere recorded during 1055 and
1856, He found the distribution as followsie

Spring 51; Cummer 57; Autumn 773 Winter 91.
A8 his seavconal groupings correspond with those of Ferrey
and Mallet this agein confdrms the law of & winter

B ) - -
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maximum for earthgueke frequency in the northern hemise :
phere,

The prollem of seasonal periodicity was later inves
ed by mlnosqtor the chief earthquakes of Japan recorded
during the period from 295 5,C, to 1072 A,D. Using the
same seasonal goupl;ic ¥ilne's resulte ere &8s followsie

Winter 74; Upring 95; Summer 93; Autumn 90,
It 1@ Tlear that the earthquakes of Japan do not conform
to the supposed law, '

Milne noted that the exceptions to the supposed law in

Mallet's Tuble oceour only in eguatorisl countries where th
seasons are fairly unifipg@m throughout the year, He attribe
utes the winter maximus for countries in higner latituds
to the feeot that people are more indoors in winter and are
conmequaently more likely to notice urthquiutu. Dimcussing
the problem again in 1886 l&iln:%rlorly reviews the work
of 'Pcrroy_.and Mallet aocepting Mallet's evidence as the
most complete simtement at that dute. He notes that the
maximum frequency for the northern hemisphere gocurs near
the time of perihelion, and the minimum nesr aphelion, He
also notes that Kluge's statistice and Lnose of Merian
for the earthquakes of Banle folleow the same law of
distribution,
Knottﬁe writing in the same year as Milne, noted the

law of winter meximum promulgated by Perrey and }lnnot.
He pointed out, however, tiut the choice of the winter
season might be improved by including tlie wonths December,
Junuary and Februsry instead of January, February sand : |

¥areh, iie then subjected the data to harmonie analysis

with # wisw af findine {f resnl snnual snd semieannual
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periods do exist, Forthis purpose he made use of uilne's ,
Catalogue of Japanese earthqueakes for the period 1872 te

1880, Other catalogues were slso employed later, He found
that there existed sn annual paiodieity for the o&rthnuskl'}

frequency, and considered that it might be due to sonme '
meteorological oadie.

A fTew you}u later (1891) Mentessus de Ballore

undertook & aeritical examination of the whole subject
of the seasonrl frequency of ourtnquakga and published

two important memoirs enlthc nubJact?b;n pointed out
that Wkven nitherte the investigation had rested upon
soanty evidence which was insufficient either to establish
or refute the law of u winter maxinun, weg AS, however,
he had at that time sssembled records of 63,555 eartlquakes
from 309 distriets he concluded the time wae ripe for a
more complete investigation of the subject. As seasonsl
periodicity was the matter in question it was necessary
to reject ;11 records which did not extend ever & whole
year, Agein in many cases the same eartiiquake was recorded
in the records of different districts. To meet this
diffieulty he declded to record only the days on which
the earthquakes occurred, so that an sarthqueake recorded
et several near stations on the same day would be recorded
a8 one “"earthguake day",

The limitations so imposed reduced the svailable
records to 38,967 earthquuke days from 165 districts,
| He divided the year into summer snd winter from the

L

equinoxes, lie found that & firat glence ut- the statistice
suggested that if there was any law it should be expended
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by stating thet 1t would appear that earthquakes ocour
more frequently in sutumn and winter than in spring and

sumer, On examining the stutistice he found that there
were 85 meries of records including 20,258 earthquake days
which favoured the law and 80 series of records with
18,709 earthquuske days which were opposed to it. The
1

difference he pointed out is only 19 of the total.

lie next examined each district separately and has
given graphiecal roprcnontations of 39 districtes, s s
St , A8 Lhe records ore net sll
of equal relisbility he has grouped them into seven
cltogogica acoording to their scientific value, These sre
as followsi=

(1) Series of historical records - sporadie in charactiker

(2) Observations from metsorologicel records

(3) Records of careful observers residing in earthe

quake centress
(4) Seismological records from countries whére earthe
quakes are the object of special study by
lesurned societies, ;
(5) Beries from geodynamical observatories
(6) and (7) Beries of whessssbemie Microseisms or shoomks
sensible only to instruments = gorresponding
to intensities I and II on the HossieVorel scole

Jontessus pointed out that &f any sessonnl law exists it
should be strengthened by support from the records of
higher rather then lower scientific volue, e stutes thet
this was not found te be the case, His results may be

tabulated Smwa as follows:i=
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_gupportfng Yerrey's Epponn'd to Jerre
Law Law

No. Of Ho.0f No. of llo, O
Series Records Harthquake days HRecords Harth

"hﬁfifg?*%él regords - 59 12,012 52 9,328
R-tooroﬁgh}al records __ 8 49353

Competent obmervers in
Sarthquake districts 9 2,947 3 1,544

gﬂe*mlof):lm récords 7 2,315 10 1,660

%Ml Venesds
observations 4 727 2 526
Series (6) e 3 691

Instrumental
gSeries (7) 6 2,263 2 601

Totnls 85 20,264 8o 18,703

ﬂontu;tu statea that there is zome reson to discredit

the ovldénoo of the instrumental records but this statement
appears open %o nuestion, The geographical representations
which he hms given, however, indicate that in many cases #n
annurl periodicity ie well marked. It does not, it is true,
elweys @s fell in the winter season so that in the statistie
grouping of the records adopted by Nontessus the annusl peri
icity as distinet from Ferrey's law of winter frequency, is
obscured; though it is well represented by hie frequency
disgrams, Altogether it appesrs to the author that.the evid
presented by lMontessus furnishes strong support to the hypoth
esis that there is in general an annual periodieity of earthe
guake frequency that esch distriet has its own sharacteristio



epoch,
: Nontessua also noted that the difference between the seasolral
mexima and minima of earthquake frequency diminished with the
ineresse in the total number of records, This is certainly
. epposed to the application of Perrey's law of a winter maximum
for the whole world bﬁt is still in hermony with an hypothesis
of » seasonal frequency with a characteristic epoch for each
earthquake distriet. In conclusion Nontessus expresses his
views.as followsie
"Toutes ces coulidi;uttons concﬂrd&nton entre slles montrent
bienque 1la r‘bartltion lailonniéro des niilmw- enoncea par
Parrey et toutes celles du mamre genre, doivent Stre dof!nitlv;-
ment sbandonnees et considérdes corme de simples sacecidents de
statistiques insuffisantes, Ce ne sont pus des lois naturelles”,
It is diffiqult to mee, on the evidence presented by
these rccords..tnnt lontessus is juastified in making =o strong
a statement., It appesars to the mutner that although the world
wide upplicnilon of Verrey's law of & winter maximum is
chellenged the ececurrence of seasonsl or annual periodiecity
is evident in most of the groups represented,
nnviaogain 1893 approsched the subject from a methematical
point of view., We After rewlewing Knott's investigution of 1806
ae pointed out that elthough this had indiceted both sn annual
and semieannual period his data were lacking in coampletencas, Th
method of harmonic snalysis employed by Dovison is essentially
the same in prineiple as that used by “nott but is sowewhat
simpler in form.
Devison ke first examined the records with regard to their
!gtmuy using Mallet's wor]: eatalogue and that of Milne for
ke sawthminiems af Jawan Aurine the veriod 18651889, For the
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r:unu of Harthquake Humber qg%\jc o’ Time
' Records, of i raum of

the purpose of thia review his results may be summrised

_ Barthquake Year
9
inuw- Catulogue ;
January b
© (4) slight earthquakes 187 ‘16 June b .27 July »
March 8
Septerber &
(41) Destrustive
Earthquakes, 641 *13 Jenuary b «98 Mrun{ 1
August
¥ilne's Catalogue
Japanese Ilarthquakes
Septenber » Merch a
(1) Blight earthquakes 2256 ‘14 Oetober b  °12 Septerber &
(41) Barthquakes of ' February b
. medium intensity 565 «17 Mareh b «16 June a
Decenber a
ii11) Stromglarthquakes 176 1 Mareh b *12 March &
g s i i deptesbver &

He next made & comprehensive survey of 62 seismic records 45 of whiel

3 to equatorial countries, The results of his wor: I have

sumperised in the following tablesie

| i

==
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Seismic Periodicity in the Northern Hemisphere,

Annuzl Periods senf=innual

Yeriods.
Hymb er Amplitude Time Amplitude Time
of of of of of
Barthquakes Maximum Yeur Moximum Year
: ' T Jebrunry &
isphere 5879 ‘11 Dacerber b <07 August s
" (Mallet)
3 Aprilbh
eHemisphere (Fuchs) 8133 29 December ® *11 October b
urope 5499 35 December ® *11 April
f Cetober
February a
jeendinavia & Iceland 234 *30 December b *22 August a
ireat Britain 217 *32 October ® +0B April a
(Perrey) Cetober a
ireat Pritain 205 ‘49 lovember b *16 March &
(David Hilne) : September a
Mareh &
Grui(; nrl.t?in 297 *29 Junuary ®» 11 September a
Roper
France ‘(‘lualu.l 193 AL Decenber © none
4 . Jonuary a
¥ronce (Perreay) 656 33 Jepnusyy ® *10 July a
Spain and Portugal 201 22 Decenber B Frobably
, none
oussved ay b June a
Austria 461 . Junuary ® 22 lov.b Dec.s
tia & June &
ol m..‘ 384 *31 December ® *30 mn‘:cr a
e
Gwitzerland & Tyrol 524 *56 Junuury ® *37 Decenber B
: “46 Noveuber & °*1 Jan.s Feb.e
Basin of HRhone 184 3 e a
p— i Beesh
gt . J b » ar &
ng: ormm & 529 38 y T
Basin of Imnube 268 14 November ® °*30 ms.
984 ‘19 Maxoh b  *O8  September &
Beptember b
April ®

2350 14 Decesber b *14 Uotober b
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Beiemic Periodicity of Northern Hemisphere (Continued).

TEarthquake Tt er AnNnuni Ferioas Cemi=-Annusi Feriods
ef Amplitude Time Amplitude Time
District HBarthqguskes of of of of
Meximum Yeur Max A mum Yaar,
Italy - BExeluding Sieily & Septs ® April
Vesuvius, 1513 *21 Novg b ‘17 Uctober
Itely = Vesuvius district " Junes &
“sheddy. 513 25 Aug. ® *25 ?:g.e
Sleily 324 67 May ® “4é Aug.d
Bielly « omitting o June ®
March 108813 242 50 July b *19 Dec.b
Florenee = Tromometer
observations (1872-1887) May a Junei
61,732 49 Deec, b 06 ::v.l. Deg.
P
do. 1876-1887 18,546 ‘46  Dee, b ‘04 Revea
a
do. 1876-1887 38,546 ‘49 Dec, b 03 ::y'.'
Yeb.a
Bouthegaet Hurope 423 Irregular ‘08 Aug.a
rey Earch &
8,8.Burope (Schmidt) 2470 21 Dec, b .25 Sept, &
Balkan Peninsuls & ¥eb,.b
sdjacent islands 624 *27 Dec. b 37 Aag.®
June 8
Lante !.'Iu"bhnl) 1326 *10 Aug. © ‘19 Dec. &
Zante (de) 1663 *29 Aug. b *35 Moy &
Hov.a
Zonte (schmidt & Fuchs) 246 *29 March a
Juee be *33 dept. &
X June
Algerie 135 *67 Dece ® E goc.
éb, B
Asie 458 *33 Feob b *14 Aug. &
FYeb.a
Caucasia 152 *56 Jan, b *38 Aug.a
0 March a
Japan 2997 08 Oct. b d ::;t.a :
a
Tokio 1104 *19 Feb, b ‘21 Nov.a
Tokio - omitting the May a
record for 1885, 1039 ‘19 Fob, b *22 :w.:
e
Tekio 246 *46 Dec. » *19 gul.r :
; Glle
Yokohama 130 ‘41 Dec. b *29 July ®
Narch b . Jan, a
Indie m .5 Oets b, ']8 :m B



Selemic Periodicity in the Northern Hemisphere (Continued),

W cepiesnnusl Periods
larthquake Number of Amplitude me
¥arthquakes of of Amplitude Time
Districts, Meux 4 rmam Yenr of of
4 Maximum Year.
7 i april a
lorth Ameriea 552 ‘35 Noved *14 Oct, &
Infted Gtates & Jane 8
Canads , 134 46 Dec. B ‘15 July &,
; June b
fer England 212 *51 Dec. ¥ *25 Deec. b
}elifornim 949 30 Oct. b 16 Sp:il a
Ctes &
Jelifornin 768 ‘19 Octe ® *16 April &
O T T Uate &
April a
Jan Francisco 254 *41 Dece b *21 Octs &
jan Jose and Marcn a
Santa Clara 54 56 Dec. b *33 Sept. a
Aprile &
fexico 86 43 Deas b 79 Oct. &
, Aprile &
lentral Asmerica 190 32 April b *25 Oot. &
June b
Vest Indes (Fuchs) 209 *59 Uete b * 59 '::c. ®
Ts 2
fest Indes (Perrey) *16 Sept. &
*11 Auge b RS
IGs ,.bl b
Sandwich lslands 245 *33 June b 29 Aug. ®
Beismic Periodicity in Sountries near tie Hquator,

inlay Archipelsago
(Fuens) 598

islay Archipelago
(Knott) 515
Sew Granada and

Venezuela 272

*19 May ©® 25
Ir;ogular *11
*64 Febe b *27

Jm. &
July =

Mar, a
vapt. &

¥arch
Bapt,




SBeismic Periodicity in the Southern Homisphere,

Barthquake | Ho. of m!!tuﬂo '%m Anpl?tude ﬁmo
of of of

Barthquakes of w

Pistricts, Haximum Year Maax & mam Yoar
| . ¥ay a
Gouthern lMemisphere = 223 - 24 Nove ® «13 Nov, &
(Mmllet) - Jan.e Mar.e
$.Hemiaphere (Vuehs 751 *37 aug. b «06  July m Hepta
New South Wales,
Vietoria and South ¥eb.s
Australia, A 4B Hay b *43 Aug.n
Rar.b Yeba
New Zesland (Hector) 641 ] May b *13 AUg.n
d6,d0. Ventral N 184 22 - RS ) et i
I;lnnd. ; April b S
reb-u‘
do.do.2,c0u8t do.do. 188 11 May a ‘26 Aug.a
Mar.a
do.do W.const 8,Island 88 *32 July ® 20 Septl.a
Har.a
dosdo.B,00nst do.do, 98 Irregular *28 Bapt.a
o
ﬂ..”"omt do, do. 30 lrl'onllll‘ .56 moﬁ
betwean Fet.a
Sew Zealand (Hogben) 737 U6 June b & Uet.b 21 Auges
Feb,n
edss. - WSy M5 24 July b 23 Aug.s
Jnild (Fuchs) 178 14 Aug. b irregular
June a
3!1111 ‘m@tt) 212 ‘43 M" '17 Dec. &
Jen, o
‘eru, Bolivia & Quite 350 48 July b " 24 July a

In the sbove tebles the letters & and b plased after

the months signify the first and last fortnights rupuotivol.r.

The amplitude of the maximum is galouluted from the

montialy

Mermoniec ansljeis, The sversge esrthquake frequency is
represented by unity so that an splitude of +25 sugnifies
4 25 per sent incresse in frequeney for the month of the
maximum and & oorraspodirpg decreane of 25 per cent for the
month of the minimum, The [igures of course referring to the

vraault a® tha harmnonie analveis and not to the actual number



of earthquakes for the montias concerned,

i

Devison has sunmarised these results for the anausl a4

ncni-annﬁnl maxima in the following tub}aa whiech are

quoted from his menmoir,

hngusl Period.
uonth‘ Nortnern Zgquatorial douthern

Heminphere Countries Hemisphere.
January 6 0 0
February 1 e 0
March o 0 0
April | 0 2
Nay 1 1 2
June 1 © v
July 0 0 3
August 1 0 2
Beptenber 0 0 )
Oetober 3 o 0
Hovenber " A 0 v
Deceriber 16 0 0
Total 34 2 9

The numbers indieate the numbaer of times in whieh the

annual maxima fall in she months indicated,
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demi=fnnuel Fexriod.
Northern Bquaterial  Scutiern

Helf-months Hemisphere Couniries denisphera,
January & and July b 4 1 1
Junuary b u';‘a July b U 0 0
FYelruary a snd August a 4 U 4
February b and August ® 3 o v}
¥arch a and September & Y i 3
Mayeh b and September b O Y] 0
April a and Oetober a 5 ¢ 0
April b and Oetober b 2 v 0
Koy & nnd November a 0 0 b\
¥May b and Hovember b Y] e ]
June a and Decenber a 3 2 1
June b and December b 2 o Y

~ . Totals 28 2 9

In the abtove tables for the annubl snd semi-anaual periocds the
records for Italy, %ente and Jupan tha Veat lndes and the
Southern llemisphere (&s & whole) are excluded by levison as
being enomalous, Bpeaking of the table for the Jnnusl)l Period

he says “"These figures strongly support the view thet the wewia

The average amplitude obtained from 57 records is +33

and this indicates that the ratio of the maximum to minimunm

freguency is about 3 3 2. The average amplitude for the semie
»

annual periocd is-24,

__Devison points out that the burometric pressure reaches its
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maximum 4dn most paris of the lorthern lemisphere duriang
Novermbar or December aud ke attributes the annusl seismie
maxime to its iufluencs, The A'mumauon of tha senieoanual
period is lese obvious, ilavison says “With regerd te the origin
of the seml.annual perioed, I regrot tant I am uasble to offer
any definite cua:;;cnu.cm.'n _

Bchunergz.n 1097 made & rigorous exsmination of swrthgusice
periodicities with a view of testing whether the frequencies
recorded ware greater then could be antiecipated for random -
evente. le discussed, smongst otner work, that of Davison and
concluded that there is s wellemarked annual period which
cannot be explained by probability for random events, This
investigation lends stireng support to Davison's work,

The next lmportant contributions to this subjeot were made
by anr:tia e noted first in his exsmination of the anfter shocks
of the Kumamoto earthguace that these were characteriszed by an
aenaual periodieity naving three naxima ss in tos wenthe of
Karch, May and October and three mmeks minime 8o April,
September snd Decerbery The ordinary earthquakes recorded at
Tokyo he found slsdo to have snnual maxima in 'm&eh. lisy and
December and minima in Januery, April snd August-ieptenber,

He than exmmined the frequency of ordinary earthqusices
for the whole of Japan for the intervol l885«1869¢ and found
three snnuel maxims in February, lay end November and three
minima in April, August and Decsmber,

The results of this investigation 2o impressed Omori thset he
wrote as followsiw

"I believe that periodieity playga very importunt part in the
rfnnoncy of earthquakes, and its attentive stady may bve of

N

M
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Jhelp in the prediction of changes in seismic activity
and other evenis,"

auncﬂsm four yeara laver roviewed this subject and after
referring to the work oi Knott and Devison ian particular
says “"From the littllftnat has bteen said it sappenrs, theree
fore, that the only pronou:ced periodicities which eartie

quakes present are the sunual and semi-annual mexine
poriodicities.” Milns ia this paper mekes & valuasble
observation whien is 2:; being confhrmed by later work,
Hiwn vwrdonhinnaykax- worthy of quotation are "Considering

the labour expended upon the analysis of earthquake
eutalogues, at first sight it sppears siraage that the
definite resulte have been so few in nunmber, To explain
thds, however, we have not far to seek, Although intervals
of time approximately following socme definite law may be
oceupied before and sres under secular geologie influences
may repeatedly resch s stote of seismic sensibility, there
does not appear to Lhe any vmlid reason to suppose thut in
widely sepurated districts tiasee times should be coineident
or necesagarily follow the sawme luw, If we, tharefore, hope
to discover any law bearing upen ithe recurreince of eartie
quake suseeptibility, itscens necessary that we should fiwrst
obtain sets of records the entries in sach of whieh refer
to the same orogenie fold," -

The truth of this statement wes well illustrated by an
investigation esrried out by Unlrinuna published in the
following year (1899). In thie peper Cuwori tabulated the
menthly frequeney for 222 destructiVe earthquakes reecorded
4n Japanese history. He slsc tebulated in the same woy the



228 strong shouks falt &t Kyoto, These results are given

cin the following teblele

¥ontuly Grouping Ceevonsl Grouping
¥onth Japan . iyoto Leason Japan Hyoteo.
karch 16 22
Jpril 12 14  Opring 48 54
Many 8 18
June 19 16
July 23 20 Buraner 74 65
August 32 e
september 16 13
Cetober 19 17 m 49 52
Hovember 14 22 '
December 22 28
January 1w 16 Vinter 45 57
Februnry : 13 i3

Omori pointed out for Japan as & whole the warmer months
from April te Beptember have 120 shoeks as sgainst 96 for
colder nmonths from Uectober to Merch, Um Lhe other hand
for Kyoto the number for the warmer months is only 110
end reaches 118 for the colder montis,

Again in exanining the frequency of the ordinary small
eartihguakes for both district groupings he Pwg finds that
¥ua for the same district the {requency of the small
shogks is the reverse of thot of the strong or destrucuiive
shocks} Tile holds ¥me both for Kyoto snd for Jupsn as &
whole,
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About three years later (1902) Onnl";'onl’m up this
line of research by & mueh more extonsive iavestigation.
For this purpose he employed the records of some 18,279
earthquakes the majority of which were insirumentally
observed at 26 Japanese stations, Recognising that the
time distributiom might not be the same for different
stations he exasmined enoh record wepssadeny n-mnuly.
The whole work constitutes & very detuiled and o{ahmto

pioce of roBeAYCh,FIRFensntinEstRIRIwEwaesionss, Shw
Omori found it possible to arreange the 26 districts
into two groups in each of which there wos & certain

n
degree of mbesmd interyal harmony., The chief results
with regard to seasonal and snnual frequency he has

tebulated in the following tables representing these

two groups,—

=y kﬁ—-l.‘ug,.a__,. s |
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- Sxoun A,
Distriet lionth of the Season of the
Noximum Minioum o xd mum Hinimum,
Sapporo ' Ogtober January Autimn Surmer
Hakodate October September Autumn Sunmer
Tokyo lay September Spring Autumn
Niigaya fpril Becember Spring .t\tutqr
Nagano iny August Spring Gumner
HNumszu January August dpring Sumnmer
Hamams tsu lovember July Winter Sumner
Hegoya meVRehe® Spring Autumn
January November
Gifu April August Upring Sumner
Tsu January July Spring Autumn
Febyuary
dakayane Uay December Spring Winter
Hiroshima January Jume - Winter Summer
Oite liovenmber May Autumn Sumnmer
Spring
Kumamoto January July - vunmer
Kggoshime ' - April July Spring Swnmer
Seasonal mit.ﬂhuut_m of Spring - 10 Swmer - 10
Maxima and Minima Aatumn = 3 Autumn « 3
Winter =« 2  Winter = 2

e ——




Sroup B. oo
Distriet Month of the Sesson of the
‘ Maxinun Minioum Haximar Hinimum
TR - N - - S s
Akita October Heptember . »
Yamegats August November o Autumn
Miyakeo Tuly Februsry N Winter
Ishinomaid August January . ”
Fukushima April Decenber . ¢
Utsunomiya August September . Autumn
Maebashi Harch January Autumn Winter
Hikone August September 'suunor Autumn
Hamada October 3:{;1 - Autumn Spring
Kochdi February Hay ¥inter Autunmn
Seasonsl distribution of Swmer « 8 Vinter - 6
Maxima and Minima , Autunn = 2 Autunn « 4

Winter - 1 dpring - 1

The results are obviously variable. Group A comprises districts
forming the western and southern portion of Japani and Group B
the eastern ond northern parts. It appears from the location of the
epicentres that the earthquaices of Group A mostly have an inland
origin; while those of Uroup B are chiefly of submarine origin.
Omori concludes that Gronp A nave ehde their maxioum seisnmiec free
queney in winter and ﬂroup B a maximun in summer,

It i interesting to ecarry the analysis & step further and
tabulate the number of times in whieh the maxima fell into the
different monthe for the 26 groups. This, givee the following

resultie




bl
Group A (Oroup B Group A Group B
Jenuary 5 0 July 0 B
February O 1 August G 4
¥arch o 1 September O 4]
April 3 i Uctober 2 2
Moy 3 i November 2 0
June 0 1 December o v

This aMusnﬁ chows 9 summer and 6 winter maxima for Group
A, 8nd 6 summer und 9 winter maximu for Group B, Hence ae Umori
points out the periods of muxime sad minime have opposite
relation for the two groups.

After & study of the semsonal distribution of barometric

pressure Omori comcludes as followsie

"(A) region: The earthquakes are mostly of inland origin and
the snnual variation of the selsnie frequency follows that of

barometric pressure,

(B) region: The esarthquuies are mostly of suboeesnic origin oal

the snnual variation of the seispic frequency is the reverse of
that of the barometrie pressure on lend e

.um.u sﬁbuqumm revieved this peper snd endorsed the views
put forwerd by Omori,

The guestion of annusl periodicity was touched upon from &
different point of view by (:vlclhangl6 in the following year. Oldnam
investigated the aftersshocks of the great Msssm Harthquakes for
diurnel snd lunar periodieity. This work will be discussed
subeequently in ’nn gpproprinte place, For the present it may be
noted that Oldham found tist "earthquekes were proportionstely
more frequent during the nignt in winter snd during the day in
summer, & resulis which agrees with what would be antutp.u’d

i MW&&LQWA:IW .

if the tideeproducing forces, set up by the sun, hed some effect

=
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In the following year (1904) Baron Mﬂ;uhuam & full and
nnt useful summary of the seismologionl worlk whien up to that
cht.c had been necomplishaed in Jepan, and apparently necepts the
reality of the snnuel seismic period,

In 'm- Bakerisn lecture to the Royel Boeiety of London (1906)
Mlne agun reverts to the subject of sessonal periodicity, He
points out that for the six yeers ending in 1904 there were off
the west comst pf North Americes 51 esrthquakes during the winter
end 315 during the swamer months, Again off the esst comst of

Asie the winter number was 49 and that of the smummer 43, lHence
for the Horth Pacific border we have in this period 100 earthe
quakes during the winter and 78 during the summer halves of the
year,

In the Central Asian and Himdlayan region there were 25
earthquakes in winter and 27 in swumer. Reviewing these frcte
he says" Beneath the ocesn, therefore mome indication has been
obteined of sensonal seismic frequeney, while on & continental
surface no such frequency has yet been indiceted®, Unless this
conelusion is intended, es is probable, to refer only to the abowe
investigation 1t is clearly strengly at varisnce with tiie results
previously obtained by Devison, Knott and Omors,

It was now (1906) some fifteen yeurs sine Montessus de
Ballore had attacked Perrey's law 'of & winter maximum od seisnic
activity and had expressed his opinion that there was no evidence
of semsonal periodieity in general., In view of the amount of work
which had been published ksde &ince his st memoir on this Sube
:cct uoutuuul felt Justified in ugain examining the question,

He aay- thut the persistence with which these lsws are atill
promulguted justifies anotner attempt to refute them, By this
tiue his immense cntmlogue of curthquakes hed grown to inelude
754737 records of earthquakes representing about 60,000 different



63
shocks, He employed 81 catalogues which were sube@ivided into
two ¢roupalu.oordinn en they reluted to countries lying to the
north or south of latitude 45‘. Me found tast there were uapparent

maxime of eerthquake frequency datributed es followsie

Latitude Apperent Mexice falling in the period
Ootobereiarch il tembe
greater than 45° BB preT 0 per
90 per 100 '
Lees than 45° - 49 " 100 49 * 100

fhis result he belioves to have o wimphke simple interpretation. X
In mortnerly latitudes people are much more indoors and at rest
during the winter thon the summer months, This iz not the case
in pemperate and tropiesl regions. Agein slight shooks are much
more frequent than hesvy ones nnd hence woud be recorded under
the most favourable oondltiﬁnn during the winter period, The
more or less egual distribution during summer and Wter of earile
quakes occurring in latitudes less than 45' lends strong support
to this view; and indeed his earlier paper in 1091 showed thal
the general application of Perrey's winter low wes reandered less
probable as the statistics inerensed in mumber, But uliuc and
Cmori have pointed out the ilportanic of ﬁiltriot groupinge in
considering say relation of natural phenomena with earthquake
frequency and have shown that even prominent maxims may be neuts=
ralised when compared with statisties from & differeht area.
Keeping this in view one must disagree with llontessun' cone
clusion that larthqulkc"lmhiblt no seasonal or onnual periods
igity but are equally lisble to oceur at any time of the year.
Inotfyaanin returned to the subject in his book published
some two yours -.0 later on thn rPaysics of Iarthquake Fhenomenss
Here he reviewed his own earlier work and the later investigution
of Davison. After gorrecting on aceideantal error in his earlier

paper he accepts Davisods work as confirming his own views as to

L NN e e B hcs al awm
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Enott considers that this change in barometrie pressure is
sufficient to disturb the isostatic balance along the margine

of the continents and this becomes effective in accentuating -
eartihquake frequeney, lMe suggeste that the difference between the
average summer and winter barometric gradients may account for
the semie-pnnual eurthquake periodicity indicated by the analysis.
He next reviewed Omord's work en the seasonal periodieity of
Japanese earthquakes, He states that there was & goéd deal of
erigreriness in the wanner in which Umori selected his carthe
quake date - excluding s»s he did a certain number as represente
ing the after shocks of large eartiquakes, NMe therefore sube
Jeeted Omori's data to reinvestigation but concluded that the
general conclusion, after all, is trustworthy.

Onori published in thae same year (1908) the results of =
further study in seasonul portodiatty. taking for nis data the
nrthqunkn of Tokye and m{o. As his previous work had ine
dicoted that the ordinnry and destructive mthqu-hs wppear to

have sn hwgru relation in frequency he separnted the onrtiu-
qm;n for these districts on the basis indicated, snd gave his
resultes in the following tablesie




ﬁt reality of en snnusl snd semi-sanual periodicity by earthe
quakes, He then diecussed the application of Fourier's series
to sueh ﬂj problens and stated that his opinion as to the value

of sueh a process for this'purpose has conuiderably changed}
and coneluded tant "sufficient scouracy is atteined by use of
the purely ari_timatln.l overlapping summations over suitable
intervels®, lHe then illustrated the application of this simple
method th-“}ulne'l cetnlogue of Jupanese earthquuakes for the
period 18721880, Ai‘tcr applying the eriteria suggested by
smt:: . for testing the relative values of the amplitude ud
“expecstaney” to his sarlier investigetiones for 1584, he concluded
thet for earthquake records there is evidence of & marked
mul periodieity giving in esch case » maximum earthquake
frequency in the winter seacon. The only excepthon is the case
of tne Zast Indes, which has no real winter season,

The statietics employed by Mﬂ.unqlu considered to be tn
many cuses too mesgre¥ lie soys "of the 62 different sets of
records made use of by Davison only 2\ may e be regurded =a
satisfactory, and sbout 7 others barely sdaissable®, uui 8
r;uu of these date he concluded that the snnual winter
maximum 18 well established but the semiesnnual maximum is 'too
weelk to be accepted as chnractertlu‘c.

Knott's views as to the cause of this winter frequengy differ
somewhat from those of Davison., The latter conésders that the

:
3
2

change of barometrie pressure over the seismic ares iteelf is

the prineipal factor, while the former attributes the frequency

sprather to “the whole manner in whieh the pressure veries »

the seismic region”,
There can be little doubt thmt EM;:!'I view is the more &

plene,



Seasonal Ueismic Frequency in Tokyo,

beason Fenn Sesponel
number of ordiaary
earthquakes.
Period 1876-1899,
Spring (MarcheMoy) 255
Summer (June-August) 19+1
Autunn (Beptember~liovember)l8e]

Winter

e

Number of fdestructive
and seniedostructive
eartnouaiess

Pariod 1615-1894,

(Decerberefebruary) 239

W VI g w

Nopehly Seismic Wrequency in Eyote (797-1867).

¥onth Crdinary Umall Destructive and
o, T
January 79 3
February 82 0
‘arch 110 0
Aprid 102 0
kay 95 3
June . 91 5
July 87 5
August 95 7
September 74 3
October 87 2
November 95 i
December 91 4

.

The small earthquukes give & maximum in March and a minimu in

September,

The larger give a minimum for the period February to April and a

meaximum in August,
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Shortly after the uppearence Omori publishedf in the same |
Journnl, one of his most impertant contributions tc seismole
oky. This peper desls with whet Omori cslls secondary wifees
of nrthqunkﬁ &8 In it he 0'::: ealled sttention to remarke
able examplee in which strong or great earthousices, in &
given region have oceurred spproxiumately in the same part
of the year and oven on the same dey in different years,
Thie he regards as more than & coincidence and attributes it
to semsonal influences depending on berometriec pressure,
The remsinder of this important paper Pefers to other
aspecte of earthquake frequency and is discussed uader
other sections of this review,

Under the section dealing with rainfall and earthquake
frequency refersnce wos mads Lo Lhe work of Drnko’éu )
connection with tne destructiwe eartihqualtes of China. liere {
agoin there is stirong evidence of an annual periodieity
" whieh in sssocimted with the tinme ofn the recurrence of
the monsoon snd which Trake hss therefore regorded ss being
caused by the influence of barometrie pressure and rainfall,

Aftor an interval of seven years since nis last ol
communication Montessus de lsnnoro 1n i 1913 again diseussed
the question of sessonal puiod:lcuy. He claims to have
denonstrated in his lost memoir on the subject tunt the
law of & winter seiomic maximum is ruliy due to a physiolog
feal cause affectiés the observations, and rendering the
conditions more favourable for recording small esrthouakes
in high than in low latitudes, As such sa influence cannot
-htur into the ¢émtalogue of megaseisms recently prepared
by Eilne he undertakes an investigation with the materisle
of this cetslogue. He tubulsted the monthly frequency ru-

esch distriect concerncd but usfortunately did not appesr to

- — i



gonsider it worth while t.o publish the numerical detuils
of this werk., He states, however, tart »# tue resuit of sven
snalysis he found the periods of ml-u*nd fininum
earthquake frequeney distributed as represented in the
following tablete
Table showing the number of times thaat the snnual maxima
and ‘minima of earthouake frequency for different districts

fell in esch month of the year,

Henth No, of Maxima Yo, of Minina,
January 8
Fabruary
April 1l 3
May i 2
June 2 8
July O Vi
August 1 0
October 6 0
November U
Deceunber 2 v b .

It is rother cudous that liontessus de lLallore has omitted
the mumbes months of Lerch and September from his table
without any comment, It would constitute u strong error if
due to an accidental omission; wend on the other hand it
would be very remarkable if not & single maximum nor minisum
was recorded for these two monthus, There is nothing in Hone
tessus' paper to indicate the resson for tne noneinclusion

of these montis wwd in his published tlbln. fils comment on
He ot sase dalpts Azeolo quo feeléius -

At -t %
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Les maxims prédominent nettement en janvie® ot ea octobre
et les minimume en Jugn et juillet, Meis le fait gue de:
nmaximunes et deos minimuns l.o recentirent dans de nombreux
Puires mols ¢t gue cerisimes vigions prébentent plusieurs
paximuas et minlmmme, semble prouver gqu'un meximum !,n"rani
ot un Minimus d8tival ne correspondent pes 8 une wie loi
neturelle géndérele®, :

lontessus then carried ads investigation further by
trbulating the percentage ratio of the pmriul diffarance
betwaesen the uverrges for ihe annual muxine snd minize to. th
aversge yearly nu-bnr' of earthquakes for each discirict, He
then erraaged the dietriets in order of tho number of m\h-l
quakes recorded for etch n-tiaot. a5 represented in the
following tablets
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Dlstrict No. of Hatio _E_ = 100
Burthaouaices
Holuques et Insulinde 144 9"'}0
Negions tropicales de 180 3-89
l'henisphere susirele
Amerigue temperee du tud 203 AL
Amerique pemperee du
© Nord 204 9+80
Amerique tropicale du Nord
217 599
 Bassin orientel de 1a
Uediterranee 238 6+72

Amerique du Jud 239 377

durope ceatrale ot
Septentrionale 249 6023

Dassin ocelidental de la
lediterranes (1850-122?)

566
Asie antericure 292 455
Hemisphere austral 383 | 287
Amerigue du Nord 421 4+ 75
Basoin oc#ihntal de la
dediterranee jusqu'a 1849 '
545 4+ 76
3 Anerique 624 4+49
Bassin oceidental de la
kediterreanee 810 3edb
Bassin de la Mediterranee
| , 1051 2+86 .
Extrene-~Orient 1081 3*24
Burope ¢ 1300 Y46
Asie 1373 2469
Le vieux monde 2673 1+95
Hemisphere boreal 3094 184

Le monde 41 - 142



Hontessus than dAirectaed sttention to the percentage ratioe
pointing out thutvthe wvalue of the rotio deereased as the
number of earthguakes inereased and hence concluded hie
iaventizution by the follewing remarkete
"Cot ssymptotimme vers zéve, ajoutd & 1'argument plus ‘

naut inXoque, donne le droit de penser cue, en vertu de . ;
la loi des grondes nembres, les maximx hivernsux et les
ntnir:uns"utimux ne sont gqu'une apparsnce fortuite dues sa

siuple haserd, sutrement dit oue les !ngs.lu/tm sont
inddpendents das mols ou des esisons,"

Thie conelusion dees rot wppear to be the only, or even

the most probable intorpretation of the facts presented in

the foregoing tables, A closer examinntion of ihe segond

tableb. A-ekesew shews thet, in sll those cuwes where the
percentage ratio ie smell the srew in which the -.nrthqmu g
are rvecorded is large, in moot cmses at least continental

in extent, and hence embraces many diverse regions. Again

both ¥ilne and Umori have emphasised the nocessity for
‘cmldorina the évidence for small areas sepavetely in order .

to avoid obsouring the special cheructeristies of each

area by merging ite deta into e large body of statistics,

It may vcr; well be, snd the detailed exsminstion of

separate districts by lnett, Davison snd Cmorl strongly Sujjorfs. o
Suppers the view, thnt a sessonal pericdicity is to be found

for the earthounkes of moet districts, Nevertheless ss the !
month of the seasonal maximum varies the smelgsmation of 21l ‘
the records might and generally would roduce the ll!iﬂﬂli ‘ |
and the more extensive the group the leas ipparont would
become the maxinum, This is probably the reason of the -

low value of the percentage ratio for records referring <3
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to large areas; and if so the ohdefl argument of ‘ontessus
sgainst the existence of seascnal frequency of earthguakes
fall to the froun(. It is one thing to state that the Ferrey S
law of » wianter maximum does not Hold for ull districts,
and gquite another to deny sessonal periodieity of any kind
whatever; and lontessus appears to iun overshot the mark
uimnttcr direction. '

In one ;f the most recent books on seismology tu.kuc-‘ ‘:xu
reviews the question of periodieity. He concludes that
"the annual periodicity with & meximun in winterscesvsvens

" eblained by Davison rro"n earthquake statistics may be

regoerded a8 fairly well established,® Valker also offers a
contribution to the subjeet from the result of Ml'Wn ;
observations at Nskdalemuir. le upplied Schuster's criteria
to 235 records of whien 16 are megaseismic, and concluded
that "the sesemk somieannual term is worthless while the
snnual term with its maximum at the end of AW! is importe
ant,
~ The work of ‘rahqu:m the earthquakes of the Charleston
district jas already been referred to in connection with
rainfall and barometric pressure; but in addition he almo
analysed his data for annual and semie-annual periodiecity.
For this purpose he used the method ndopted by fnott and
now generslly epproved as being simple sad effective, He
used &k two methods of grouping. In thefirst method he took
the retual aumber of earthquakes, but counted s eone any two
shocks occurrh;g within 15 minutes of each other, In the
second method he took aceount only of the "earthguake days®
thes counting as one all the earthquakes ocourring on aay
ene single day., Both methods indicated an annual periodicity
Cwith o mewdmum in Sevtember snd & mfmimum in Avril, with &



well marked secondary meximum in Mareh., There is slso & send
A . =unnual period w:lth-inxim in February and August, and in
addition a quarter-yearly periodiecity with maxima in the
monthe of March, June, September and December,
Using the eriterion suggested by Schuster that & periode
ieity may be regarded os real when it has en amplitude
| equal to four times the expectancy, he found that this is
| the m for both the snaual and the qurtu}vp-rioduttlug
but the probability, though favouring, does not support the
senlieannual periodicity to the same degrees
Bpaldinzo re-axsnined Taber's statistics and regroured
then :::: three monthly periods, ene about eseh of the
eaniénened equinoxes and solstices. lie found & very high
\ meximum in the quarter of the sutumnal equinox and three
i subsidiary maxina, -ouo in ench of his other subdivisions of
‘ the year, lle then carried his investigution further by

exanining four other earthgueke records which are listed eas

follows:=
(1) German Empire « 882 earthquakes mdﬁm
#eperb,ontalogue,
(2) Japaness fmpire = 216 earthquukes quoted from
Kikuchi's report,

(3) Pacific Comst of U,8,As = 768 earthquakes from liolden's
_ catalogue.

(4) Pagific Comst of U.,B8,As = MoAdies catalogue.

He found that 15 sach of these groups there is a well
mariced snnusl period sbout the time of the sutumnal equinoxe
ranging from August to October,

He next examined the date relating to Y155 earthgunkes

i taken from Mallet's catalogue in the same manner, This group

———r

i



e — - -

= -

-

shows two pronounced maxima, the prineipal one sbout the

wiator solstice and the other sbout the vernal equinox,
There is also s small maximum about the autumnal equinex end
a atrong minimum about the 2ummer eewbaex solstice.

Spulding concludes that there is atrong w“pu-:n of seasm
«al periodieity but for the present is content to record the
faots without nnlfktnc any definite pnfllcll‘cau-o other
thqn -mungg some general astronomicel relation with the
ur-tnqﬁn frequency.

67, 6%
The mont recent work on this subject is that of Cldham

who after an interval of some fifteen years, hes again taken

up the nubJo‘ct of earthquake frequency. OCldham's "ork is,
I believe, the most importent contribution yet made to the
subjeet of eerthguake frequency in relation to the tidal

" stresses set up by the sun and moon. Hie paper will be dise

cussed more fully under tie section of thie paper desling
with thnt subject, At this astage, however, it is important
to note that Oldham's results indigate & merked seasonal
periodicity 4in which the ratio of day and night shocks is the
periodic elemant, This retioc he has shown to be & maximum in
swaner and & minimum in winter, He has recently published two
papers dealing with thie phase of the subject and is still
engaged in a further study of the subject.

It will be seen from the foregoing discussion that the
uqestion of the seasonal periodieity of _urtnqm.i has
received o considerable amount of attention from the most
e-inent seismologists., Vnile the conclusion of Montessus
de lallore that ?moy'- law of winter frequency does not
apply to all districts may be accepted, it is clear that he
nas been earried too far by denying the existeace of seasone
al periodicity, His refutetion of seasonal periodicity rests

B — —
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upon the assumption that the semsonal of the mesimun
earthquake frequeney must be tho same for sl} earthquakes
distrdets, and depends for its conclusion on the mussed wesw
resulte of meny districts, This method tends to obseure the
laws which may separately characterise esch district, The
detailed work of many workers has now demonstrated beyond
any ressonsble doubt that seasonal periodieity exists dbut
that tl;fo time of the seasonal meximum is & fanction of
topographical slemente and geographical positioni and
probably also of geologicel structure,
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Diurnal Pericdicity of Harthquakes,

A diurnsal periodieity like sn sanual one implies some relate'
ion direct or otherwise with the sun, The following discusse
ion will be limited to the actunl record of such periodicity
and the consideration of indirect solar influences such as ¢
temperature and barometric pressure , The possible effect of
tidal stresees will be dealt with under & special section,
The firot systematic search for a diurnal periodicity
sppears to have been undertaken by Kluaii lie prepared a
catalogue of 472 shoeks and arrsnged them seccording to the
hours of their ocecurrence. The tnb;o given by him is given

belowt= _
Hours No, of Hours No.of Jours JNo. of Jiours No. of
A.M, Barthquakes P.M, E'qks, P.,M, H'qks, A.M, BSarthquakes,
6-7 8 Aol M 6y W M m
7=8 8 le2 10 7=8 9 “le2 44
B9 24 3 B 89 W 23 B
9=10 11 3=4 18 9-10 16 3-4 18
10«11 13 4a)y 14 10-11 25 ] 27
11«12 17 §«6 15 11=12 33 G=6 32

81 91 119 a8k

i — e e—

Total from 6 p.m. to 6 aum. .ye0ese 188 § 119 » 0
. * 64gm tp 6pmy ...... 81 ¢ ;

In sddition to these he hos record of 157 shoeks which
occurred during the night und 4 shooks during the day. The
hours at which th;ll ogcurred are not recorded so that they
coudd not be placed in the table given wesew below,

This mokes & total of 457 night shoecks ageinst 176 day
shocks, Kluge sppesrs to think that this night frequency is



is & function of the temperature but was apparently unsdble
to indicute precisely how the supposed ocause operated.
ul.ncp;wiucd the question some thirty yeers later, He
pointed out thut Fuchs dsedof Kluge's eatalogues for the .
period 18501857, snd found the mtﬂbuttoﬁ to be as followst —
Horthern hemisphere ........ day « 938; nignt 1592
Gouthern . sssssise ° 2923 v 357
Totals 12303 1949
in the northern hemisphere o meximum frequeancy of
160 earthquakes was recérded between 10 and 12 p.m. and &
minimum frequeney of 139 between 12 to 2 p.m, -
In the southerh hemisphere the maximum occurred between
midnight and la.m. and there were minima from 1 to 2 p.m.
end 4 to 5 p.m, These distinctions were found to be less
marked in egquatorial regions. .

Sohnt?lét found & maximum at 2:30 a.m, and & minisunm at
plp.m.for the earthquakes of tae Orient recorded for the
period 1774 snd 1873,

- -ﬁuno comments on these night frequencies as followsie
"iWith regerd to these conclusions, which have been reached ﬂ.t7
mueh labour, we might be inclined to think tha': they are
partislly to be explained on the supposition that more obsere
vations ere made during the aight than during the day. The
persoanl cxyorio;ﬂu of resideants in ux eartliquake country
being, that meany earthquakes whieh occur during the dey are
passaed by uanoticed, whilst those which oceur during the
night are recorded by thoussnds of observers, Juch a view is
certainly confirmed by the instrumental records obtained in

. J;m; ¥rom 1872 to 1080 inclusive there were 261 shocks
recorded 132 of whieh occurred between the hours of 6 p.m,
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Thle conclusion of lilne tl is also mj;nrud b} ontessus de
Bnllo:?%ho exapined the question for over 45,000 urthqukq.'
These records he divided into seven groups partly sccording
to & distriet grouping and pertly te the nature ot" the records
He then tabulated for each group thue hourly frequency for the
whole period of 24 hours, Except in the case of groups V and |
Vil which he discussed separately the records ha\u_n similar
diurnal periodiecity, He therefore combined groupe 1,2, 3.4,“( :
6 into‘em statiotical summary, The frequencies are illustrate
mphteal}y and indiecte a maximum froml to 4 a,m, the
frequency eurve then descends rapidly to 7 or 8 a.m., and
remaine fairly constant till midday. A minioum occurs at
eboutlp,m. mnd this is followed by & distinet mexirum from
3 to 4 p.m, The prineipel minimum is recorded alt sbout 6 p.m.
o:nd from this time onward there is w steady inerease in the |
rroquchw up to the maximum at 3 to 4 p.m, \
The interpretation of this curve of diurnal freguency

Vontessus considers is to be explsined by humen sctivities,
The maximuwat sbout 3 to 4 a.m, he explains in the following
words:e '

"Yers 3 heures du matin les sens sont déJ8 bien reposes et
percoivent repidement les ondulations du sol d'autant mieux
que la mejeure pertie des populations est still couchée".

There is probably a . good deal of remscn in this explanation

but it does not eppesr to be wholly satisfactory. It is not
very clear for example why persons should be more readily
: nnkonod or ll}nuld mu_fo reudily notice earthquakeshocks
between 3 snd 4 a.m, then between 4 snd § a.m. or from § to
6 a.m, L |

With incrsesing sctivities lontessus points out that fewer
shocks would be observed and thus explaines the moraing
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minimum, He finds himself unable to explain the minimum which
occurs from 1 to 2 p.m, &8 this is certainly not the period
of meximumbhumsn anetivity.0f the maximum whieh oeccures from
3 to 4 pom. he writes "C'est 1l'heure d'un repoo relantif dens
le pays temperés, de la sieste dans les pays chauds®. Tuis
physiological explanation is sgain unsatisfactory in that it
fails to explain the principal minimunst 6 p.m, Moatessus
-muu"rutm voguely that the relative minimum of the
early part of the night mey be sttiributed “aux heures du
premier et plus profond sommeil les sens sont irop fatigues
pour ne pas laisser perdre un grand nombre de petites secousse
But this explenation obviously cannet apply to the minimum
at 6 p.m,
The fifth goup drawn up by Montessus exhibits & meximum &t
about 1 a,m, This he attributes to Taulty observation u‘uunins
thet the night observaetions were mt/urrhd out so carefully
es those during the day,
The seventh group comprises the instrumental records of
_ the Italian geodynamical observatéries exteanding over the
21 yeers from 1862 to 1°85. These records indicate tust the
day frequency sxceeds that of the night, A clcué examination
however shows that this relution only holds for the period
10751885, Montessus points out that it was about 1875 that
the émed first sensitive seismographs were established; and
he atlrihufu the day meaxinum to the influence of such
human setivities as vehicles, trains, mine explosions, etd.
The frequency o.nm for thts‘ group h.- goneiders supports
this view as it reaches & mexinum about midday, It is eclesr
that ;hn Melnnion reached by ‘ontessus was not accepted by ;
all seismologists for seversl important investigatione inte |
Hs Aene? Aoo ool R donet g .
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in connection with sn exsninantion made by Omori cu the aftere
shocks of earthouakes, ile peinted out thet previous investe
igotion intoe diurnsl freoqueney rested upon noneinstrumental
recerde, snd were therefore of doubtful wvelue, The records
used by Omori were recorded st meteorologicul stations
provided with seismographs o he states "should have therefore
far greater weight then those hitherto obtained™, As the
Journal in whiwh Omori has published theese reecords is not
commonly availuble I have m‘rind hin rm'u and have
tabulated thes ans followsie

g’ e by SRR E—



Earthquuke Kumamoto Sinow=Uwari xngolhia-

Pelsmologice 5 e
Btntion Humsmo to Gifu lagoys Chiran
Feriod _—W-Anmut 31. Oetober %g:v"ﬁ bopteu’\;ogg?w
Hours Humber of Harthquakes,
Oel a,m, 7 56 J1 3
1-2 * -‘13 64 44 15
2.3 * 18 58 25 12
'3‘4 . 12 62 W 9
d4ey * 11 92 32 9
5«6 * 11 63 25 17
bey * 3 a7 16 9
e ¢ 6 53 22 12
8«9 " 4 49 26 10
9«10 * 2 41 20 15
1011 * 4 42 14 6
1l-12 " 3 56 21 11
Ol plm, 11 54 18 4
1.2 " : 5 40 17 12
2.3 * 2 38 15 13
3=4 L 36 23 8
4e5 4 36 16 10
56 3 47 18 4
67 8 51 15 20
7=8 4 & 24 11
8-9 5 58 22 3
910 2 51 23 8
1011 4 42 27 12
A - e -



The doy snd aignt frequencies from 6 a.m, to 6 p.m. and 6 p.m,

to 6 a.m, respectively are us followsie

- R et S S i B R R
Distriot Fumemoto Gifu Nagoya Chirsn
Duy 48 549 226 114
Nignt 100 9 346 119
Totals 148 1258 972 233

It is interesting to note tiat in each of the four cuses

there is a distinet prepondersnce of night over day shocks,
As Lheso shocks were instrumentally recorded and as the excess
poourred during the nignt in eaon case the ceriticisms of
Nontenssus de Bullore 4o not apply to this series ol records,

Omori has illustrated the diurnal frequencies by graphical
methods using & smooting proo#al which actually amounts to a
sumnation of overlapping metns for two hourly periods,
He found that for Gifu there were three diurnel maxine- os.nrrlng
botwncn 4-5 a.,m,} @and three ntnian whien occur respectively
between 9 wgd.10 s,m,, between 3} and 4 p.m, &nd «t 11 p.m,
The intervals between the mexime smd sre 7,8 and 9 hours, snd
between the minime 6,8 and 10 hours, ‘

At Nagoys he found that there were 6 more or less distinet
oscillations having & mean pericd of 4 pours, e says "It is
evident :::; both the 4«hour and the 8 hour periods existed
edgebher together, but that the loanger periocd predominsted in
the dinpa:l .artﬁqnakn frequency for Cifu and the shorter cne
in that ef for Nagoys", |

At Kumemoto snd Chiran the hourly distribution of shocks

was he considers®very similar respectively tp those of Cifu
SR g bye. A
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Metriot Tokyo Japan Jupan

Period 1676«1891 18851890 ineluding ‘the afte

: shoeks ot Gifu end
Chiran,

e Susber __of __ Jiaxthquskes

0wl aome 47 ¥33 ..

3.2 * 28 153 232

2.3 * I'49 _ 211 261

Jed * 313 176 247

45 * 42 139 240

§e6 " :6‘ m 246

67 * 58 153 209

748 * 52 162 227

89 " 44 151 220
- ge20 * 64 157 » 213

10e11 * 45 139 157

1112 * 18 155 gros

@=1 pem. 49 151 »9
R 55 186 e

2.3 * o i -

34 " 67 162 206

45 * 54 144 190

5eb * 44 132 183

6oy * 44 1395 196 !
7.8 * 43 156 | 244

g * 65 153 | 214

9e20 * 58 - 164 3

10-11 * 53 185 a

Ne128 52 Az b

Totals 1168 W42 5333
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The disposition of day snd night shoeks is as followst=
District Tokye Jupan Jupan and Gifu
and Chdrens
Day 608 1660 2543
- Might 560 2962 , 2790 -
Totals 1168 3842 ' 5333

Omori concluded that the earthquakes observed at Takyo exhibit
thtic ddurnal maxima oeo\:rﬂna respactively Wetween 9 and 10
Bem,} between 3 and 4 p.a, wnd between 8 sand 9 pom.; and taree
minima oeeurring respectively bewtesn 2 and 3} &.m. between
11 a.m, snd noon and between 6 aud 7 p.m. the intervals bvetween
the successive mexima ere 6,5,snd 13 hours and between the
minime 9,7 and 8 hours,

For the 3842 sartnquakes of Japan as & whole he found again

~ threes diurnal maxima oceurring between 2 und ) m.m.; between

2 and 3 p.m, and between 10 and 11l p.m,} and three minians
between midnight and 1 a.m., between 8 and 9 a.m, and between
5 and 6 p.m, The intervals between the maxima being 12,8 and 4
nours, and between the minime belng 8,9 and 7 hours.

In cogelusion Omori saye "Thrge distinet mexime and minima
occ:r in the diurnal fluetuation of tne frequency of after-shocks
as well as in mt- of ordinury earthquakes, The hours at whieh
these oocour seem Lo be different for different loculities and
therefore these may not each be shown, when we mix up sarthguakes
records it:l. distant places of tha world together,

Whether there u-; more eartiquakes during the night than
during the dsy is not certain®, !

In discussing the possible csus of the periodicity Omeori
says "To investigate the relations, #f sny,between esrthquaies
mnd the phases of the moon, gu-im. tenpereture of the -
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atmosphere, ete, seoms not likely to lead to valuuble results
end would be, us Mdllet remarked, » waste of scientific time and
labour, ¥itn atmespheric pressure it msy be different."

After briefly discussing the question he concludes ne followste

"A single sbrupt change in the stmospheric pressure is not
likely to be awcompanied by any fluctustions in the Irequency
of serthguukes. If however, barometric changes whether small °*
or great, ocecur at regular intervels then the sarth's crust iiy
fnslly assume +eén- cartain corresponding oseillations., Thus the
daily and snnual fluctustions in the seismie frequency muy
partly be due to those in the atmospueric pressure, lspecially
are the curvez of the wnnual burometric and seismic fluctuntions
very similar to eaecia other®,

From the sbove stutement i1t is clear tiat Omori recoguised

}hlt the dlurnsl barometriw wave waich hes twg meaxiow and minima
is not capable of affording & full explanation ¢of the seismic

frequency in whieh thore are turge maxime and minime. It may well |

‘be a8 he says thet berometric fluctuations may partly sffect

the frequency. e has not however indigeted how suen & relation=
ehip might be epecifically correlated in tne case of the diurnal g
wave, It is clear that other eagenis must be active -« possibly

some wnich he hes rejected as unprofitable lines of investigsation |
dueh apparently Qns been the view of Ilmvison, inott, Jchuster

and Cldham who shortly afterwards sought for selar u?d luner
periodieitice in eartnnuake frequency. nnviugg first led the way

by an investigation witn diurnal pericdicity. lie firet reviewed

the work of Montessus de Eallore and of Omori sad taen pro=

cemded to atteck the problem by meuns of harmoniec snalysis. In

order thut the earthquake frequency for different districts may

be more seoily compured he represented the aversge hourly |

nusber of oarthqusfes for uny given district es unity and

e - S ———
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celculated the rroqaopqy of the vexiss and minirs and the amplie
tude as decimol, The smplitude is one nalf of the difference
betwsen the peximum and minlaus valuq- of tae frequency as
determined by the harmonie analysis, He investigated in several
cases the first 6 harmonie components of the frequency represents
ing the hourly periods indicated in his tables, His examination
comprises » study of severul disirictis, He re-oxamined by the
method of hermonic sanalysis the records which Cmori had discussed
in connection with the Rn-nn;to. dinowOwari and Kagoshima earthe
quakes, and also those pertaining to Tokyo and Japan as & whole,
In addition he analysed earthquake catalogues fof the ;:111:312:
Islands and ltaly. The results of his anulynia'or Omori's duate
are very interesting and Davison's taltles for these are here

reproduced for comparison,

‘ngosidme
3& 31.2 to %CE. - gﬁ'oio- U.ﬂt! &2‘
iégetk 1593

15t = 24 hours *623 Oe3 163 219 +505 0O=15 *Y96 4a35
Z2nd = 12 " 456 235 089 5e20 *A71 1e25 *069

ird - 8 " Ay 2«57 2229 3«58 +111 1.17 +075
Ath « 6 " 214 1=56 *069 1-12 *068 1-41 *0B6
Sth « 48  * 4239 1e12 s051 0.50 072 133 *121

- - . B . .
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11, Ordinary Exrthquakes of Jepan,
(a) 1204 Parthouvekes recorded ut Tokyo 1876=1801 and 1803-1892.

Hermonie thole Year Winter Lummer
Component Ampl. Epoch impl. idpoch Aple Spoch.

h.n. nem, he.na,

18t « 24 hnours «1W 1C-14 093 1UL39 «176 9=50
2nd « 12 " 082 10e22 %23 926 0B  Ged2
ird - & " 098 6-28 086  6e31 111 625
4th « 6 " 218 a7 *143 256 096 326
Sth - 4§ * <030 1.8 s059  1ed) <060  4w2
Gthed % 028 3227 +007 3eld  +055  0.58
(b) 1175 earthquulies recorded for all Jupan for the years

1885 «1890
harmonie Ampl, lpoenh  Ampl., Xpoch Ampl., Epoeh
~Lomponent Llalls Dafls T P—

15t = 24 hours *147 1lle53 ;l- 11«50 +061 Om=2
2nd - 12 % <004 g8 035 9«48 +028 358
Ird « 8 % 4064 6-31 045  Gel2 +0B3 6240
Athe§ 0 o200 2039 <067 28 _ 146  2-53
In discuseing the Italian records evison admite the welgnht of

tae argument of lMontessus concerning the nideday maxioum for
the instrumentul records at the geo=dynamicul cbuervatories.
But he pointe out that there is however one station < Hocea di
Paps which asccording to Canesani is wholly uninfluenced by
vlbratloﬁa due to.hnnnn Qctlvltlou; ‘and tat the harmonie
saslysis of the records of this station too indicate o midday
maximum, A8 it ia found moreover that the records of 4k some
of the stations questioned by llontessus ecgree closely with
those of Rocea di Papa, the foree of his srgunent with regard



to human activities ie considerably weskened.
Duvison provides o sucoinot sumnury of nis results as :
followste , E
"The following conclusions may, I think, be drawn from the
resul ‘s of the sbove mnulysisie '
(1) The reality of the diurnal veriastion of eae eurthquakee
frequency seems to be proved by the approximate agreement in
epoch (mean loeal time) of the first from components fer the
whal year at Tokio und MYanile, and for the wianter and summer : |
halves of the year at Tokio,
(2) In ordinary earthquakes taere is in nearly every cese o
nmarked diurnal period, the maxioum geaerally oceurriang between
10 a.n, and noon, The seni-diurnal period, thnough less prouminent
is also clearly marked, the maximum oeccurring, ue & rule,
between 9 a.m. and noon and between 9 p.m, und midnignt. Other
important « the first maximum of the eightehour component
probatly oceurriag sbout 6330 a.m, and that of the six-pour
component about 3 or 4 a.ms; Dbut in these two epochs the
resulls are not always concordaat,
(3) Though the materisnls are insufficieat for any genernl eenedd
conolusion, a comparison of tne results for Tokio snd Rocea di
Papa seems to show th#t the slighter disturbances at the latter
pleoe are subjeet to a more marked diurnul periodicity.
(4) In the after-shocks of great eurthquakes the diurnal
periodieity) es & rule, is etrongly pronouncedd The maximum
of the diurnel poeriod ocours within a few hours sfter midenigut,
but the epochs of the other components wre subjeet to wide
varisnee, A special feature of after-shocks is the prominence
of eightehour and fours=hour components, After & year or two
there is some return to ordiaryg conditicns; but even when the d
average hourlye-number number of shocks is reduced to one- :

i .
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haadredtn of that during the fiist few days, bhe cluracteristies
of alter-shotks &re wtill perveptibie”,

Bevieon tunen undertook wn nersonic anwlyais of vareunetrig
pressure records in order Lo ssceriain Wixlaey aay periodisity
sisilar to Shat of earihguuike pesriodicity might exist in such
records his resulis saow some similurilty but many scomalies
he coneludes as rulowia-.

"1t seems evident, taereiore, tual we gaanot attrizute the
diurnsl vardation of eeienic freguency exclusively Lo that of
baromeirio pressure or of wind velogity but it is not improbable
that it mey result from u combinution of hot.ﬁ pacnomecnae that
the diurnel periodicity of orxdiaury esarthhuskes way bVe due
chiefly to that of wind velooity and the diurnal pericdieity
of after-shocke ehieily to that of baroumentric pressure,"

The resl somolusions from Duvisom's puper appeurs to be thut |
diurnal periedicity really exists in sarthquake fregquency; 4
that there 48 strong evideage Lhant 14 io ialluenced by

varistions in barowetr'e pressure at that probably otaer
influences at present uadetormined are uluo operutives

" The coaclusion of Iuvison thet vesl diuraal pericdicity
exinte 1s conlisued by sahun:rlriu & gritical examination
in which he desls witu tihe sru\{nhun;r of sueh ewrthgunike
frequengy resuliing {rom the yundom eccurrenceo! shocks,

Beaustor says * The roaldty of the daily parvicd ruet be
considersd establishéd unloss the evalumiion of the expectancy
is faulty owiag to thio fact theti the tremers ogour in groups
the good wgreomeit between the phoses of periodiecity uumsu—
of inel doubt¥,
in the year following ich@eter's eritieism Benhz'publim
un scoount of tho GFeslitz serthquakes Be tabulited some ;
W0 ahocks arouping thum first into 2 gourly periods wnd mewdy
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in threes=nourly intervals,Bhe graphicszl representation of both
methods are similar and indicte a mxm frequency in ihe
early houre of both morning snd evening he further analyseaq
s BmwetHeTREGFSARSR /110 mag&y geversl metiods of debe
grouping wecoording to the intensity of the shoek und found thnt
the distribution was much the same in snch case. He slso
ennst“rod-thn suggeetion thet tha’m shocks &t about mide
doy mignt be due to wesk shocks paseing uncbserved and the
minimum &bout midnight migut be due to the omission from the
record of weaker shocks not suffieciently stroag to aweken the
sleepers. The strong shocks however oleoo exhibit the sanme’
mtu.aly #8s the weaker ones aud hence the force of the
physiologieal argument is weakened., Decke considered the
poasibility of the frequency being s&ffected in tho same way

by the sun'e position., He pointed out that if this was the cese
the same relations should be manifesti for the moon, He therefore
anulysed the records sccording to the lunar dauy but did not
gonsider tne results confirmed as hypotheses, Thers are however
some important aspects wnich he overlooks and taese will be
disoussed later under the section dealing wita lunar periodige
ities,

Beake slemo examined but on aceount of luck of detu » im &
not very satisfactory way ‘the possible relations ef the earthe
quake frequency and bLarometrie veriation; snd he concluded
that there was no very obvious relation between these two
sets of M ‘

Illu“}m his book on seismology hse wlso discussed the
question of diurnal periodieity, lie tock up the disputed queste

1§normmm¢li‘iiMnnirwluumm




records, lin selected tnese used by Omori - tae snoc
&t Tokyo from 15761891 snd concluded that Lhese indicate

that esrthyueikes are &s froquenet during the night sa during
the day, He makes & very intersaling observation which deserves
further study,this resads ws followsie
® 1f ‘however we tabulate tho seme earthouskes in verticsl
eolwuiin aeeoi'dmu Lo tae l;ourn of the day ench coluun correspond
ing to = month of tm year, un inspeetion of thion table shows
that _upuhl.ly for the winter months there appears lor eaech
24 hours a meximus and minioumy snd paseing from menth to month
the time of the maximum, commences &t midnight ia Jauuery,
grows later until July whene it reaches midday, while from
July to December the Linme e‘f the maximus grows earlisx",
After the review of the work of Omori and Mviscn slready
disocussed in the paper he @neeivedie "Bince it is likely
that along « fault, possibly u hundred miles in length, for
m montihn after its formetion there mre points ut whigh |
erdtical wnditon are rapidly being produced, it is not improbabl
that yleldiug or secelerated settling should be effected by
“diurnal berometrioal changos.
It must, however, be noted thut in Japan these changes,
with & range of two millimetres have tieir maximum and
minimum about 9 s.m, and between 2 and 4 p.m., which are
hours far removed from thoso at ¥ which the maxinum of the
weaker ond after=shooks ehiefly tuke place.® - {-



In 1902 Omori took up the question fer the earthquakes of
Jum:, ‘Ig this dnvestigation he made o very detuiled
examination of 18,279 earticuukes recorded ut 26 different
stations. Recognising thuat the same laws of frequency may
not upply to all wreas he has considered sepurstely the
records of each of the 26 recording stations. The majority
of the earthquskes were observed instrumentully the seismosps
grephs used being of the OGray Milne type.The records are
sssenbled in tabuler form which shows cleurly the frequeacy
for esch hour of the day und also for esch month. In ﬂa
case of ench district On'oﬂ found & marked diurnsl frequency |
which howaver 18 not the ssme for the different stetions,

He found that it was possible to arrsnge the stations inte
four groups charecterised respectively by &« twelve, an elght
s 8im and & four hour pericdicity. In the cuse of those
stations #t which the total nurber of shocks for each
exceedod 400 he tebulsted the hours of the absolute maximum
and minimum a6 Tollowsie

55
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Hours of ocourrence of the absolute maximum snd minimun in

the diurnal seismic variation,

T Hours of ocourrence of o
Ltations Haximun Minimum,
Nemuro 11 a.me= noon 2«3 pem.

Miyako - Geb pom. 203 peme
Ishinomaki 2«3 pems Oel ®em.
Fukusihima - 9«10 pem. 4ef  Bem.
Ussunoniya 6=7 Beme 11 pem.-midnight
Tokyo Gell aem. 45 p.me
Hagoye 1e2 2eme (2:; pee

fifu 10«11 pem, §o5 peme

Teou 10=1l sem. Uel pome

( 78 pome

Vakayama Seb pem. 2-3 Polie
Rulmamoto Oell aeme 2«7 feme
Kagoshima 1=2 peme 45 Bette

-

Commenting on the cbove tuble Cmori remarks "From this
teble, 4t will be seen that the noursa of ocecurreace of the
ubsolute mhn snd minima in the ‘diursel seismie variation
are very diffferent for the different places. This may
pertly be due to the Jact tant eurtiquakes observed st some

of the ataticns are not sufficiently numerous, The probable
ecause is, however, the predominuuce of different periods
ielties at the different stations,”

Even in those mu cases where stutions have the smee sume
period the epoch ie often guite differemt, This will be seen
from the following tables wihieh are wiso gquoted .rrou

Omori's paperie



Gtations with 12 hours poriod.

Ttation Vukushise Utsuncmiys Vokeyems Cumsmoto.
Laxeox Nin, | b
1st Jex, 0wl fome  Dol0 Gemte 45 Beme 9wl0 BReme
2nd, * 8.9 Pellia 8.9 Peliie s-‘ Peitie Ge=lU Pl
lat ¥in. 237 feme 2«1 Ase Uel fame 2«1 Gems
2nd * a2t 2 DPeifle M Pelde 1U=11 Peliie 6.7 Pelie
: S— e — :“F

Stetions with @ hours pevied.
Utation “Henuro whyake  Ghbw  Gew

lLiynko Gitu Tsu
duxe or Min, e —
1ot Yexisum at 4 aeme le2 Bemte  4ef neme 203 Bem.
2nd * 11 f.m. = noon 9=10 geme U=l pem. 10«11 ame
Ird . m Ge? Peiie 6-7 Pele &t 9 pems 7-8 Pelie
1st ¥inivun 8«9 a.m. 6t 5 Beme FelU a.me Bt 7 Bome
2nd " 203 peme at 2 peme  Jed pume  1e2 pem.
rd - * 10ell peme 8t 11 peme 10«1l peme Vel Aeme
Gtutions with 6 hours period - Tekyo,
let Maximum 2«73 R.m, 1st Minimum 1le2 @.m.
2nd - Oell mom. 2nd - "-5 Beliie
Ird v Jed  pem. Ird . Ol peme
4th * G=10 pame “an " S5e6 pom.

The above tables erphasise the individuality of the records

for each ptation, snd furnish & strong srgument sgeinst

thedir correlation with barometrie pressure uxon.l"hxoh

is the only correlation attempted by Omori,

The next to take up the problem of 4diurnsl periodieity

b6
was Oldham, He polntud out that after & great enrthguake
there usually follows & long train of after shocksy due to

-
F

|

L ———— . o
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minor readjustnenis, before equilibrion is ruucuad:‘.and o

gonsidered tast such s veries of shocks wae well suived for

an Anvealigesion inte diurnul perivdicity. llo tuerefore
inguired inte tae auftor«gheexks { the Ureatl Assum earthe

| quake with this cbject in view. Ya order to sliminete errors

due to phaymiolozicel enuses he exmeined the records furniohd

¥y the Shilleong seissopraph, Me tsbulsated the carthounices

for each hour of the duy and found twe meaxine,cne botween

L

8 and 11 p.m. 8ad the other hetwney 3 end 6 v.m, e moutely / 3
remarks shat 4f this diatrpibution be due te the sun's '
attractive fores, = corresponding effect zhould sloe Ye

netad for the éﬂﬂﬂu He taerefors subdivided the luanay duy

ints
whtkh 24 aqunl parts snd grapateslly reprasanted the ey tie

i
. B e b T amie JUEEE S C it i s

auake frequency for esch pret for a period of 4 yeurs. e
found however that the result exhibitad Tdttle resonilaace

—y
Wl A

to tha solay ourve und hanoe made tho following vislenenlse
FPHencs we may oomelude that the ohgerved irvregularity of

éistribution of sarthauakes throurh the M4 hours of the day

¢

.Ei...‘s__ Bt A . i

gnd night, is now daraetly‘dﬁa to the gttrection of tho aun,
:-o....o.......... Thwough the observed Arregularily ia ‘
distridution of the sftereshocin gver the twealyefour Lours
of the day osnnot be ettributed Yo the direct sitrvetion

of the sun, 1t does not necespurily follow that tiis is

without effect, and 1t will be of interest o see whetaer

the attraction of tha sun and moon have way effsect ia

="

o 4 TN Y A ) LT EETE AT

determining the time of ceeurrence of eartiguakes”.

.

|

A fuller disacisseian of tals lavestigution will be
given under the section dealing vith earth tides. |
Although the froquency during the lunay sy does Bob
correspond to that of the soler dey Oldham thinks that iaa
" same fundemental relation may exist in both cases but thet
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the period of observations may not have been sufficiently ‘

long to eldiminate the solar influence from Lhe lunar
obeervatione,

Certeinly, however, & diurasl pericdicity seems to be
present and Oldensm is disposed to attribute it indirecte
- 1y to the tidal forces.

mn‘?;m eriticully reviewad Mri'l. Oldham's and
pevison's work in this connection. He discussed the
pericdiecities indicated for the Tokyo and Hagoys distriects
given by Omori and found no evidence of & daily maxima
though he believes there is some ground for the half end
ousrtar dedly periods. Mo has miso oriticised the methods
adopted hy Omori, pointing out thsat he did not use the
wethod of overlupping means which Kaoil considere nlmﬁﬂ
to tne investigation.

h reviewing Oldhan's work Xnott has culeuint-u the wuplite
udes and expectancy for the earthquuse frequency and cone
eluded that the results were negutive in eharacter,

In revieving Duvison'n work he nsonsidors taut more
definite results appesr from “he axamiaation of the Italian
records, In reference to these ettt writes "In the case of
Italy with its 8177 shocks the deily, helfedaily, und quarter
daily smplitudes sre ell comparetively large, and to that
extent support tue aypothesis of & true solar daily period".

In general he seyos “where comperison is possible the
results sgree sufficiently well with the results given by
Davison, st lebst as regards the puuses of iue uosuned
pericdicities.”

In the cese of the esrthounkes of Japsn however Knott has
exanined ¢ larger humber (3842) of shocks than those '
availeble (1175) at. the tiwe of Daviren's fnvestigution.
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Comparing the results for trde (rowp Ynett writes "Duvisen

finds for the times of mexine &6 the duily, aelf-dnily, taimd

daily znd foi:rtl:--.!x.ily huzponie the follewing valueSle
roon, 9 S.e., €°9 a.me ond 205 2.meg while my velues for
the ecorreepcnding quintivies ap gives by Jumori's larger
118t sre 2 a.m, 3 acon, & a.r, and 1°Y sems There 18
W" in one nsae only wad thaot is the elgut-hours
por:ledioi%y. ‘Tor the existenae of wakeh there is ab#olutely
no phyeienl bazis. The deily snd nelf-duily peviodicities
are guite d4iffereat,” '

It ma% bo kepl in mind however wien cne reads the above
statemant that Omor! lud ulrev.;i},t desopeirated susé Now
important it ie in inveutiputing esrthguilks frecusune; Lo
desl witn n;m dlstrict aem:rutely::‘-_and it mey well ba Lt
the larger aumbeyr of aartaguson iﬂ?ﬁi“i Lled by Hnatt Lae
volved a different distriet groupling from that of tue 1ist
employed by Duvison. Asuin after o perusal of part IX of thé
puper desling with “Pidol ctrewsos i Uw lithoeaphare® most
readers will probecly be propered Lo adndt LGt Lhere mey by
after ald, ¢ physionl bvrrds for un elghtehour pericodicity
in gertain ovuce, Lhertly safter Kuoctt'r reoview appoeered
Omori publisned & fnrinaer contribution te tas subjeet in
his peper desling wiv, m..‘-.-u ‘Gesondery causes of carthmkuf
He has given the sourly frequensr for 2200 earthquakus
tnstrumentally observed vt Tokyo for the 24 ysers 1876e1899,
m The Iregienagy curve uLas lour
maxine, e wwo ;umlpul ones coewrring et 9«10 e.a. wod
Gell peme wnd the Lo MAN0r oned 4l 2e) &de CRE Jed Palle
Wien bthe esrthevajgbre grouped in 3 heurly periods she
frequency curve huos only two msxclra hnd agrees well wita
the curve for the barometrie wressure. |
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Anothery filussireition of & remevksble diurpul Jddetsributlon

of the fveguenay 1o given by Gaord dn the following telilele

" (m) Ml. ¢f Croup linkes, of (s Enkea{;‘g? (%) Egkee.

Hour i %e IV Mroupe Geroupe I 30 IVIes Gre
(Ialond Grigin) ¥V o X (Inlund Origin)g V to

o2 0 et o\ 5\
1.2 \ i & i
23 & 4 ' 3 6
=4 3 e 4 ?28 2 - 2 e
4e5 4 “ 1 3
5=6 2 ¢/ 2 g
6e? 6\ %) 0 7
7-8 5 0 6
beg ¥ 20 » 1
ST S oy A
10e11 - ¢ i
il-12 “ e/ 4) 0

- ——
The pericdieity indicutad fn the sbove tabtlu 15 of course of & uest-d;urﬂl
charagter,
On the whole thea it mppesrs thet diursal periodiciiy Jus been noted for
meny enrthquuke distriets, but tnat tas epoch of the meximum if not ths
sase for sll districts but appears to be o chamrecteristic of eancl
perticular lcenlity. The attempis whien nave been made to ¢orrelate
the periodioity with berometrie choases while furniehing & partial
explanstion do not by sny mewns wholly sceecount for the observed

perisdicities,

"



. 200

It mignt be thought at firet sight that the investigation
of tidal forges would be the same for both the water and land
areas. This howaver is not the cmse for two reascns. In the
firat place there is invelved in the motious of tue water
tides the bodily transference of hirge amounts of water from
one wres to an adjacent one} "and in the second plave t)e
phases of tue high sand low tides wary very considerably fer
difflrc;at districts ns may be seen by tubles giving the
"estublishment of the pert”, Moreover there aredtucse whe /
are willing to udmit the influeuce of ocesn tides as & facter
in determining sartague<es Iregu-ongy, ond who do not sttach
/ & similar importance tp thae colpurdwl tides, Fow these rm'ons'/
them, it wao considered sdvieable (o divcuss the wuter tides
snd the earth tides separaiely, '

Probably the earliest relaerence to s possible relation
between tides cnd earthqueke frequency is an extract from the
diary of liiehard Coeks under the dote liovember 7th, 1618. The
“guotation is by lu.lnemlmd refers Lo the populer belief that
eartiiquases are «pt to occur at the times of high water,

: The wtresses set up by fluetuations of the water level
are consideravle ani grestly exceed Lhose due to variations
in varcmetrie pressure, Mwh’f hes csleulated that the tides
having e reage from Ligh to low water of sbout 16 feet actual
~l¥ operating on the coust of the atluntie are capuble of
cunsing & vertipel displecemsnt of Lhe solid earth's crust
emounting to 11°37 e.m. or nesxly j incues. ihe careful
enquiry dantc this probliem howevar ie of recent date, This may
be gathered from the following etatement mude by nnngvlf
10461e ' : ' 4

“Pa Astavmine how frr 814ss wmev A4 rentlv he asanaet



101
earthquakes, the necessary records have yet to bi exnmined®,
The sbsence of any reference to such an investigation
in Kikuchi's comprehensive r-vicvﬂif the Japanese work in
Seismology indicutes that even at this date (1904) nothing
of importanee had been done.

Avout the seme time (1904) Omeri, in an investigation
into the subject of the lunaredaily distribution of earthe
Qunﬁei? f&s led ta the conecludion that "the effect due to the
weight of the ses waters in the tidal motion® wus an effecte
ive agent in Inrlu-ncing..lrtnqulko frequency.

Ilmemure, too in an investigation lnt; Synodie monthly
frequenc;"reaehed tne cenclusion that the sea tides cone
tributed o componant, in conjunetion with barometrie pressure,
which influasnced the earthquuke frequency.

The problem appears to hnv#h.au first systematically
lmnnlncq by Omori, who nes discussed it in his paper on the
fgecondary ecsusaa of -urtnquako-ﬁt He investigsted four
dietinet series of recorde which &re ae foll&le-

{1) List of the recent stroager submarine earthquokes

» whieh originsied slong the Puji veleanic chain,

(2) List of strong earthquakes felt in Tokyo

(3) 2tronper earthouckes whose centree were not much

dintant from Tokyo, Inland origin.

(4) Btronger eartngueres whose centres were not much

distent from Tokyo - submurine origin,

The tablas prepared by Omeri give the date and time
of eaeh esarthofake snd the nearest time of high or low water.
A column is slso given expressing the difference between the
times of each earthouake sand the corresponding time of high
or low weter, From these statistics Omori records the number
of eavtheuzkes whicn secur nesr the times of high water, of
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low water and between tides,

For the first series relating to the Mujl voleanie
chain and eontaining 14 earthquakes, he draws the following
conclusion. "The difference between the time of earthquake
occurrence and the nearest moment of high ar low water of
the tide varied, except in the case of the 4th earthquake,
between O h, 12 m, and 2 h, 15 m. giving the average value
of 50 m, "

The second series contzins 14 strong shecks felt in Tokye.
Of these he writes,"The difference between the time of
earthqualle occurrence and that of the corresponding high and
low water of the tide varied in 11 out of the 14 cases,
between O h, O M, and 2 h, 21 m.}; only in the 3 remaining
cases, earthquakes happened midway between the high and low
waters®, .

The third series he has subdivided inte five groups. He
considers together groups I to IV as referring to earthquakes
of inlend origin, and states the relation of the 26 earth-
quakes concerned to the phases of the tide as follows:=

*({a) 11 occurred with the high tide

(b) 18 occurred with the low tide

(e) 3 oecourred between the high and low tides.

The earthquakes of Group V refer to coastal or submarine
regions. The total number of these eartiquakes is 39 of whish
%21 eccurred with the high water, 15 with the low water, a&nd
the remaining 2 between the high and low waters®,
The earthquakep of the fourth series comprise groups VI to X
and contain 80 earthquakes. Of these "33 each occurred with
the high and low waters, while the remaining 14 eccurred
between these two phases of the tide",

He has also given the distribution throughout the day of
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the earthguakes of the third and fourth series in a condensed

table whieh is reproduced ag followsie
Rdurnel varistion of tue seismie freguency in relation

o the phases of the tide.
Zarthouskes occurring

Ho

. with high water with low water between high and
0=1 AN, 4 2 0\
2e 0

’ L ,> 20 ? 1
Jed 3 4 0
45 3 4 0 :
56 s) 4 0<
6-5:} 3 i 1
?.8 3 : 3 8
f,-xo 4 0 2
;io-u 1 2 2|
1112 : 2 2/ 0)
*-1 A 4) 0)
g-z > & 0
’.3 3 ? 11 4 > 21 1 > 2
’_"’ 2 1 0
‘., 0 2 ]
5=6 e 1l
; J 5 <
g 2 . 3
7=8 4 i 1
8«9 0 0

3V a5 10 8
9-10 4 5 3 ?
10e1l 1 0
. [+]

11-22 2 64 1 62 1/ 19
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From the abo.n table there appears to be & great prepons
dersnce of earthque ces oceurring with the mexinmum and mine
dmum loading of th: coastal srem of Jupen in the neighe
bouriood of Tokye.

There is however o sirsnge lack of precision in Omeori's
greouping of the records in relation to the times of high
snd low weter, The lunsr day consists of about 24 hours
and 50+5 minutes so thst the aversge time between high and
low water is 6 hours 12+6 minutes. Ia order to group the
eartiquakes neoording to the times of high mnd low water
and between high snd low water this interval should be
subdivided inte four equal parts each 1 hour 1313 minutes in
length, Harthquakes ececurring within this period of the
times of high, low or middle wate =slould be relerred to
those standerds respectively. Omori, however, hes included
enrthqguakes o«urﬂu t-‘rar of f wa from the times of high
and low water as rd‘orﬂ_u to these periods.

Applying the new eriteria to Omori's tables the follewing
hruult‘l huve been derivedi- j
(1) The 14 earthguakes of the Muji voleunicone.
With high water 4 earthquakes
" low « 9 "
* middle tide 3 .
(2) The 14 styong shocks felt in Tokye
with high water, 5 earthquakes
L h' L ‘ L
" middle tide,5 "

(3) The 26 stronger earthquukes neur Tokye = Inlend origin

| (e) Groupe I te Iv of CGmori's table.

\
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with u;u water, 9 earthquakes
* low L] 13y L
* nmiddle tide 9 .
(v) The 19 earthquakes of Group V of Cmori's table
with high water, 16 earthquskes
" dow » 10 .
- " middle tide 13 ”
(4) ™he B0 earthquakes of submarine origin near Tokyo
with high water, 20 earthquakes
* low - o -
* middle tide 39 .
From the munner in whiech the time intervels are subdivided
tae number of earthquakes occurring st middle tide should
be equal to the sum of those st high and low tide unless
the frequency of the earthquakes ie affected by the ebb and
flow of the tides. It will be seen that the sum of the
nunbers for high and low tide exceeds thet for middie
tide by considersble emounts except in the cuse of the
submarine earthquakes, These results may now be tabulated

or an L Ge I0¥ L .
ageording to aocording te
13 11 i 3
i 9 3 ’
23 17 3 9
36 26 2 13

Thue sceording to Omori the ratio of the nuuber of earthe
quakes ocecourring at high and low tide to the nuuber cocurps
ing sbout middie tide is 149323 and aceording to my
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enleulationsn 104&69. In spite of thds sericur Jdiserepancy
both setes of figures favour & relation betwean cafthe
ouake frenuency mnd the times of high mnd low tide. If,
moreover, we put on one side the earthouakes of submarine
origin the corresponding retios are-Omori 83:9 and
Cotton 63:30, both of which strongly support some such
relation as thet suggested by Omori, lMore exteanded work
ie howu;cr raquimd on this subjeot,

The only other systemsatiao enquiry into the relation of
oeean tides snd earthqueke froquency sppeare to be that
nade by Teber in oconnection with the earthgquskes of the
Charleston djltrluéq He pletted the surtlhiquake frequeney
{for nourly periods corresponding to the phssges from high
water to the next veriod of high wuter and consludes as
fellowste *A omnreful exsamination of the curve showz that
the times of esrthguske nhogks are distributed without
referance to the hours of high and low wateri wsnd when
it is tested mathematioslly for & harmonic periocdieiuy,
the maximmnumber of shoecks is found %o ceccur about seven
hours und the minimum about sne hour bhefore high water,
but the smplitude iz less than twice the expectuncy. Viis
proves that the tides have had 1little if say influence in
determining tiue time of earghqultb shocks, 1t is intereste
tng, however, to note tiat the slight maximum eoceurs near
the time of low water, that is to say, when the affect of
sea~level height is to reduce to & minimum the load on the
southesast side of the assumed fault,

The distance of the fault from the sea count is
poseibly the explanation of the faat that tides seem to
have little or ne influence in determining the time of the
shoaok, *

-
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From thevforegoing disgpussion it would wppesr that the
question is still an open one und is worthy of further
investigution, It may well be, sad indeed is hignly proe
bable that aay componsnt of surthguake frequeney econnected
with ocean tides is due to differenticl losding of wdjecent
sreas rother than to the mseaximum snd minisum pressures
across the ecarthqueake region,
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The pelulilo relation between earthquake frequency and i(ida
ntresses in the litheosphere was first investiguted by the
fenous Alexis Perrey of Dldeﬁ{ Indeed this cuestion formed
the prineipal subject of his researcihes and his metinods of
atteeking the proillm have influenced moet subsequent workers,
Porrey sccepted the then current deetrine of a fluid pueleus
for the enétb. lle argued that this fluid pess, like the ocemn
waters, must be subjected to tidal movenmente, snd hence would

disturb the solid erust of the earth whieh they supported.

‘Mthourh: this view of the constitubtba of the earth's interdor

hes nov been demonstruated to be untrue, by virtue of the high
rigidity of the sarth sz ;holo.,tho work of Perrey esnnot be
set sside on this account; for his work is largely btascd
on ntatistionl methods, His conception of the earth's
interior influenced the plen of his investigations znd wee
uaoi to interpret his results; but the results theaselves
ere aot in sny wey depeéndent upon the theory im which he
belioved, It is wcll.to keep this ia wind for it has been
contended thet es Perrey's fundamental pestulate with regerd
to the esrth'es interior has been shown to he fullg tast the
lawse 'hich he promulgeted with regerd to esrthquake frequency
must be equally untrue,

. Perrey's methods appeur to have been followed by most
subsequent investigators snd it nlmost seems as if his pgeanius
nes so dominated the trend of thought as to render difficuld
the development i;t a fresh point of view,

Ferrey's work was communigated chiefly to the ¥irench
Acsdeny of Selence and wap discussed and approved by a
specisl committee of that o The full detsils of his earlie

ek o sat e B e s Wi conelusions
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with repgard tp seversl aspects of the question have baen '/
published ia peversal of hiv later memoirs, In 1053 Perrey
presented tn the Acadenmy = aﬁnelr entitled "Sur les rapports
oul peuvant exister entre 1la rr‘ﬁucne. des trevbloments de
terre et l'ﬂsa de 1s lune"} =nd in the rnilowina year a |
segond memoir sntitled "Bur la fr‘ﬁuenno der itremblements
‘de terra ro!utlvcnent-anx paguages de la lupo nu m‘;idiau'.

TheseYeports were not printed but the substznee of thelr
contents was published in & report by a seleot commitice wed
appointed to reviewwPerrey's éurk. Thain repert seeepte the
view of & fluid muecleus for the earth and regarde thie :
hypothesis ap competant to explain the results of Ferraey's
investigetions. :

Perrey fonnd himeel! confrented with an initial difficuliy
in hie statistical work. The records were not, of course,
&t that time inetrumentally made &nd the times of the
earthouskes wers not, in oonsequonecq recorded wita precision,
1t therefore happened, tisi on muny ocensions when surthfuakes
were recorded on the same qmy'rron different districts, there
“WaE B dnﬂhi ae to whether ome or more distinet earthounkes
ned sctualily teken place, To overcome tnile diffficulty he
undertook two methods of investigsatiocn,

In the first case he took ae sn "earthguske dey® & day in
whieh one Qr rore esarthquskes ocourred rognrdlols of other
eircumstances, This gave & list of 275 earthquaxe days for
the periocd 18011845 and & total of 5180 earthquuke duys tar
the period 1801.1850,

In the second esse he reckoned a® sn “earthquake day"
each shoek whieh eould be estshlished ar independent of others
as for example, iwo maﬁ whieh though simultaneous in time
were sepurated by regions unaffected by either phock, This



reised the numbbre from 2739 te 3041 and from 5388 to 6596
for the periods abovementioncd.

In both the first and second methods he veferred euch
earthoquake day to the corresponding lunar deay and found &

preponderance ut the sysygies as compered with the quadratures

He found moreover that tuis law held for esch of the gquarter

centuries comprising the interval from 1801 to 1850,

Perrey aleo smployed « third Inthnj in whieh he regarded
ue separate esmch of the individual shocks comprised in &
gingle earthouake, He had not the necessary date for thie in
general and eonfined his atteantion teo ; list o!f 913 shocks
recorded by Castellis from Bouth imeriem. The results of this
third method confirmed those previously obtained by his other
methods, The investigation wus carried further by exsnining
seperately some 422 earthquake days for the peried 108411845,
Even in this limited period the same conclusion is indicated.

Ferrey next investigated the nuesthn of effect of the varia
ble distance of the moon in descriding its elliptiesl erbit.
For this investiguntion he caleulanted, asceerding to the
different methods of tabulstion empleyed for his former
tebles, the sumber of times an earthquake has oceccurred on
the second day before, the day before, the day of, the
day following and the second day following perigee lnd-ﬁpcguc;
iie foun’ln sech case that there was a prepondersnce of eurthe
quakes at perigee, He next took the differences of the sarthe
quske doys between those of perigee and spogee snd divided
them by their corresponding suss thus ebtaining the following

quotients, l*'! . 1}-‘ 2*'!. %". ‘!FG. h'!,
$o-75
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The investigntion into the relation of earthqueke frequeaney
snd the times of the moon's passage across the neridiaun was
more restricted in character, For this purpose Yerrey regquir
the petual times of the earthouakes and ‘nc only list whien
he found peseible to make use of wap that of cuaﬁﬁ. le
examined 824 shocks recoerded at Arequipe and foung their
distribution througihout the lunaur dey. He subdivided the
luasr d;.y into 16 equrl parts whien he srrunged in pairs
forming groups. The repvert of the cormipaioners wiii regerd
to this pert of Perrey's work reads es followsle

"Sous ces deux formas, ot ulgro’ d'aseer fortes anomalies
gui ne nouvent mér- .mﬁuer de 8e prosenter dans un nombre
de faite ausesi ratreint encore que 824, len chiffrcs ebilenus,
dons 1'un et 1'elltre n@de de groupement, mettant en {vidence
l'existence dene le durde du jour lungire, de deux ‘puqun
de maximum pour 1a fr.’qumu des nombree des msecousses, et de
deux -{paqun de winimum, Lea eé deux o’paquu de raxigys ee
rapprochent des pasasges de la lune aux mérddiene supa/rhur
et infdrieur, Les c’poquu de minimum tombkent vers le milieu
des ictervalles®,

The commismion further r-port.# as followsie _

"M.Alexis Perrey est ainsi parvenu, per la simple discussion
des eatulogues qu'il avait pr&h’bluout fomi. \a oouh“;l'.
sous trois formes diverses et Wo
1'influence de la marche de la lune sur la production des
tresblements de terre, en fuaisant voir:

"19, Que la’fréquence des tremblesents de terre augmente

vers les _tmgau; :
20, Que leur tﬂ'fqmu augmente aussi dals la voisinage
du perigée de 1a lune, ot diminue, su contraire, vers

ia 1':1-"'.2



112
')'. Que les secousses de tremblements de terre sont plus
tnquoatu lorsque la lunc est dane le volasinage du
meridien que lorsqu'elle en est éloignee de 90 degres,”
The importance of Perrey's work was recognised by his con-
temporarise and Mallet was so impressed with its velue that
he ineorporated a translation of thg report of the French
Commission u?:huiul papcrgfmich‘lu presented to the
British Associatien for the Aﬂ-.qc'omnt of Geience in 1858.
The ¥rench Academy of Lcience granted Ferrey finaneial
agsistance to continue his research sacd in 1861 ke furnished
& further rmr?tg-u the subJect, In this memoir he discarded
the first method of mvnttgnuan used in nis earlier work
:‘;:ﬁ-::’c:”“ enly the secong methed 4.6, reckening esch /
dbedwhes oarthouske ss sn esrthquuke days Thelnvestigation
relutes to the period 3853 1751 to 1800, He found on thie
method of reckoning 3655 earthquake days,
He first grouped the urthquc’ according to the moon's /
age, c'nbununax the lunur month of 29+53 molar days inte
8 equsl parts, These he grouped in puirs se thut the first
end sighth correepond to new moon, the second and third te
the first quarter, the fourth and fifth to the full moon und
the 6th and 7th to the last quarter, For the whole period
from 17951 to 1800 he found the frequency to be as followsie
At the Byzygles .........1901+18 earthquake days
" Quadratures .....1293:82 v .
Difference 147+ 36
For the period 1801 to 1845 his results were
At the Syzygles esecoees 1420904 gurthquake days
" % gusdratures ..., 1304°06 " -l

Mfference 106.88 -



‘ i
Por the period 1001-1850 he found thnt for 5380 esvihquake
dys (using Lis firat method} the disiridutien was
At Lo SYRYELEB seeseesnss 2761048 eurthounke days
B8 QuAdraturen... ... . 2626:52 . .
I;trtorcmu 13496
and for bl ssise peried (using she sesond method) ke found
Sume for 6596 sarthgueie daye
A% S8 SYRYBias cesesese 834084
"' Busdratures  ....e 3161036
Differenca a7y-28
He next subdivided tao interval 1751-1800 into two poricds

'

of 25 yeurs osel snd found in eneh sase » preponderunces ot
the syzygies. Carrying the subdivisior into 5 perieds of
10n &dmwee—wae yeours ko atill found thet wlthout exception the
sausa prepoanderance for the syzyglen, Thir cneouraged nim to
/try & l‘uil turizmr subduvisiea into 7 yeariy’# periods, A%
this otﬁgo he found the nuabere swall and irrepguiny hut
nevertheless in 8 cases out of 10 there wes u prevondersnen
At the byﬂﬂ.‘i@. .
He next enquired inte the exrthquake frequeney st perigee
and mpogee t‘ot'bq the ouringquakes of the whole poriod 1791«
18CC, le found, follewing his former methody Ghsé the
following results ' — |
for the 5 days sbout perigee 526 earthgueke days

sesssnnsnsnessaANOOSA - .
mstmfu favour of pt;-uu m
and the rati - :

o ,
For 3 &8 sloul parigee 3134 sarthounke days ‘

sesssscsnsses ApOgos m-
)|ﬂ-¢f¢7ct 1;7 faw,u-v o penifee . _____”
9

.y
akd 'Ghe ut!o%

<
e
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M¢ resulte agree well with those of Lis earlier memoir

for whien the ecorresponding ratios were « for the

5 days sbout pcrig;c 21e

and apogee

3 LA R E BN NN

In sddition the records of

the earthquakes of leggio entered

in & journal kept by Aro.*ito give 473 shocks at the syszygies /
and 349 at the quadratures.

He next took up aguin the relation of eerthquake frnquoncq

and the moors meridiun passage, For the records 1751-1800

there were but few in which the time of the shoak was

cecurately recorded. T.e following five lists were the only

ones available, It is importaant te note that in this paper

Zas grester and less tien 49 degrees. His results I huve tube

B3 | 3T T WS W) § YL -
Distriet rcrlolt:b.n ket & : N . Difference
45%rom meridian | 459from meridisn
Jane Oct,
Nonteleone 1783 « 1786 475 1’6' 453 22
¥eb, Jen,
Meseine 1783 « 1784 84
Celanzaro ¥ob,e-July 1783 | 102
Seilla Oct, lov, } 140
o ~ D ' .II%**

In & later pupo;ggublilhcd

> — S r——————— e

in the Aumericsan Journal of Science

Perrey han reviewed his work and thie review nuﬁplnu-ntod

by n foot note gives an exc

allent swmsary Sw of n;,lono-rel
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to—tamb—detd, Ferruy also mentions tuet he has subdivded the
reconds from 1601 to 1850 inte two equal parts and leund the
law with regerd to the syzygies to Hold for each. A further 3
nuﬂaivlaion into § yearly periods snows that the law holéds

in 7 osmes fails in two while in the remaining cuse 1810-1815

there is no sensible maximum or minimwum, He pointed out
however thai da Lae wo cases wnare tae law failed tLhere was
a nariaﬁ of local snocks in a rogion where eartaquuxkes are
ualfrequent; wnd 1a the iaterval 181G-i815 tnc-gront wars of
Hurope divirasi the atteation of the j.u Journuie from
gsubterraneen disturbances,

Uafortunately Perrey wus never able Lo compleie his investe
igations owiug to the loss of his sight. His final amemeir »
on taa subjest sppeared 1n'1375 and, feeling thal tuis was
to be his finalm effort, he guve, in addition %o bringing nis
work up to duteo,a review of ais earlier work, He treated the
subject in yiree divisions corresponding to tle turee laws
which Le Las eauacisied.

In the first place he discuseed the relation of frequeney
with regerd to Lhe syzygles and qusdraturasJ Alber dividing
the lunstion inte cight equel parts of 3.69 days esel he r.&-t
thgt the eurtigiake freguency correspoading to tuese lateirvals
gave two maxima at the syzygles and two minime ut the
quadratures, le next grouped the eighth partd into four intere
vult’tvo of which correspond to ihe syqygtog and two to the

qunlrlturog,nnd gave the {ollowing teblelw

- .




Period

e B SO W e

At Sysygles W

Difference in
dtudied \uiaais new & full meon firet & lest Quarters of z;:;:n.
1643-1847 1604 650048 75352 96+ 96
1848-1852 2049 1053453 995.47 58-?6
1853-1857 3vig 153413 1463-87 50+26
1858-1862 040 1602.99 1537+01 65+98
18631867 20845  1463+42 1361+58 81+84
1868-1872 4593 233348 2259452 7396
18431872 17249 88138403 8410497 427496
18011845 1041 1604467 14360 33 168+54
1901-1850 6596  3434+64 3161436 273+28
AZ31=2800 3695 1904.28 275382 A2

In each case it is seen that there is & preponderance of
earthquake days at the syzygies,

In the second sew place Perrey discussed the earthounie '
frequency in relation to tie times of perigee mnd spogee.

_ The resulte of this investigetion he tabulated us followsje



ki

1843-1872 10 1-1845 LU L1850 1 751-180 1
4 ua 242 18
he five
645 81 244 113
days
600 23 256 99
bout perigee .
6Aa a8 234 102
662 . 249 104
582 of 20 90
the five
594 83 229 100
deye
618 75 219 9
wbout apogee
' 627 74 211 88
594 PN 231 27
Total for perigee’l2o0 262 1223 526
® ¥ apogee 015 232 1111 465
‘Difference in
: < ‘ 30 119 61
favour of perigee

Expresaing the differeaces in thaeir ratio %o the total numbe

of eurinnuake

nlumnl'h' 9

d;s: these give for the totuls of the four
y

o5 %72. 1%72 for the four columne of
tha above tables respectively, nuading from lelt i: right,.

By taicing into account only the three deye sbout perigee

end apogeme We obtained the foliewing tablele



18431872 18011850 17511800
Perigee 1979 734 314
Apogee 1839 661 278
Mfference in
140 73 36

favour of perigee

e —r— . 2 e ——- g oo e

The corresponding ratios of tue differences to the totals were

5?-! . 5’-1.'1*:‘ for the three columns respectively -

sgain reading in order from left to right,

The furtier investigelion of the tuird law relating to
_ourthqunko frequency and the meridian passage of the moon he
was unable to undertuake, Writing of this he says,

*J'aureis voulu m'occuper encore de W
péridien, comme je 1'ai fait d€je dans me noth du 2 jJanvier
16543 mais 1'etat de ms vue ne permet pas sujourd'hil cette
acuvelle discussion®,

While 4t is sad to think of the old mun being unsble to

corplete the labours of so mmny years it is,en the other hnad.'

some compensution thst it 1s just this uncompleted aspect of
his investigation waniel is least supported by luter cvldcneds
and that he has thue been spured much fruitless lsbour,
Perrey's closing words are worthy of mention as they
clearly indicate botn the importance he sttucned to his work
and &lso its limitations, He says "On a dit que j'attribuais
let# tremblemgnts de terre l l'action de 1lu lunej on & c:n;i?‘
mao paul‘o. Joln'ui pas fait une theorie -‘i-niqno. Oonlidi;lnt
le phonoi%no complexe, lzé’intinnlnnt a2 l'uotivitiftbl!lntquc

et dﬁ. dene son ensemble, Y plpliiro couses, j'al selcment

———
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en pour but fe¢ metive en dvidence 1'action pi't'dcnimn. ol
au moins dlrfu;'outiellc, de l'une de cus ceuses, Une thdorie
retionnelle devre tenir compte dos treis lois que j'al etablies
relativemant k 1'influence lunuire sur le trexblement do tcrrt.ﬁ

he loss to uqi?molagy eaused by tho decline in lerrey's
activities wes cospensated by the budding energies of Lhe
grcute-t_xnsllaﬁ exyonent of selsric epeisnce « John Vilne,
After muny years of labour in Jepan Milne publishaed 1nllE86 the
firet edition of hir Ybook on urtmmm}:oln this work he has
reviewed Perrey's memoirs, giving thc selient resulte, sud
pointing out cerizin sanomelies, He showad tus . Chmplin, ut Tokyo
had obtaired rvasults whiech did net support Perroy's laws, Ag,
hewever, Ckaplin's rosults were based on u small ausver of
surthquaiies, only 143 in all, this 18 mel surprinsing. Ferray
himselfl had peinted out thet in hie five yearly groupinge,
whigh on the average contained over 500 esrthquakes, wnonnlies
entered into the 2tatisticnl grouping.

R?.
In the same yeor that Rilne's boeok sppesred Kaott first teok

= el

Mp the guesition of ecarthguake frequeney. ile wus tae Jirst e
notes in sthies counaotian the bearing of the high wigidivy of the

b e

earth on this probl.ﬁ. end showed tnwb tie hypoethesizs of &
fluid earily gore could no longer be used to explein carthounke ;
end voleunie phenomenan, He ddoes noet appesr to ultach great '
weight to Farrey's lavg,yartxx'h-anucu of the small auserical
differences on which they are based, and partly becsuse of
snomalies such an indiested by Chuplin, Moreever with regard
t.ithn shert t;hll nariod he says “lIa all probability the !
senmiedinraal tidal! stresses lr; tco ggf;i to produce messurabl
deformstion in the wolid ewrthe® It siould be remsrkod huwever
that this view which wan later siured by G.l.Durvin hes ntm 3
haen disnroved by the lupuwtnuntal researches of Enallt<li _ag
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xzo
roum and ulmlun at Chicage and also, in the Southern

l,
Hemisphere oy sov, 4. Slgets 4. J. ACQbar (ncw South Wales). T

About the same tise that XNiln snd Ygoti becanme interested
in earthqueke frequency another great seivmologiest entered the
lists tilling ageinst Verrey's lswe., “his was llontessusz de

Yellors who khas new for nearly thirty yeors published fiom
time to time shexrt memnirs on this suljeci. 'z first paper
in 1857 eutlines & general plan of corvelation between any

two kinds if fects and wey jillustrated by referance to earthe
gquake Ifreguency ian relation te the position of the meen. He
concluded that there wna no evidence of aany auch relation frem
an exaniastionm ol 39,000 esrthouslke shockis] nut the paper is net
convincing as no statistics are given, Come two yeara‘}atax
contesaus published more eleborate investigations inte the

sub ject, He evtetea thet ned 1y act VYeen for semintal reasons
Ferrvey'slawne weuld have been sarlier refuted; aad in this
menoir ettackethe third law relating to sartnquake {requency
and the eulminetion of the moonglt will be recalled that
Ferrsy usoed two nmethods of investigatiocn in estebiizshing this
law. In the firet plsoe he exanined the fregquency during the
lun;r disy &nd found Lws moxima sbout the times of supevior and
inferior culminatien, and itwe maxiza at the middle times
petween tlese epochs, Thie investigution is beaed entirely en
some 524 shocks st /reguipn, In the gecond method Yerrey
enguired inte the numbers of earthquakes which nccurred when
tone mooun's disisnce wes less and greater taan 45° from the
meridian, «n tais case he employed some 227 corthguakes shooki
from Southern ItalJi

Although Perrey regarded tassecond metnod as supporting

his tnird law, thia is net naasssaxiij the eczze for the trae .

ayred W ‘r-p‘
maxima may have aé%;'nndlnﬂ nicuttnﬁéq; renge of 4%

1 Personal Communwahor . .
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pot negesperily st culwinntion,
-Montessus Ain nde criticism of this low employed ia (hde pupey
Poi'rq'a first method of invesuigailon, e rightly sseumes that
Af the law 18 et rll geaeral 1t puould manifest itself in wost
disirictes, He employed & large catalogue of mome 45,000 m.
queites from 302 different distrietn, He then divided the lunay
dey inte eight eousl paria the middle intervals of the Tirst
und fiftn of wnlen correspond to the 4times of wuperieor and
infarior eulsimntion, and illustrated grephioully his resulis.
The distribution muy be read from the grephs and hes bean

} follovine L

Bights 1 1 i1X ¢} N VI Viii
Barthquares 5579 55958 5611 5508 5302 5564 5571 5d62

Foreover for 100 of tne disiricts the distribution of the
mexime with repord to the partiouluar eighte of the lunar day
wee racorded, It wppears thut the maxloum eurthqueie Irequeney
oceurraed

in the riret eighth for 14 distriots

«snsssBacond ..........3 »
* tnira * Y 14
* fourtn " S T

" fith L] = 14 "

L] sixth " * 10 U]

* seeventh * i v

" dth"lh " " 15 L}
If Perre¥'s law ware true there sheuld heve been u Very grazi
praponderance of tae disurlets having thelr maxise in the firet |
end fifth periods, Buch overwhelming evidence is of eourse
meh stronger than thet upon which Parrvey's lew s Losed an




quite refutes the relmtion cleluad for esarthgunke freguency
with the ties of superier snd inferior culmination. |

in 1196 Bnott conmonced an exsaination of & poseible lunay

perﬁad!nity in ecrthguake rraqueneg? Ho tabulated the oarthe
quiktes acoording teo ths numher of duye each hnd oquurrad efter
apogee snd after secending n&du i.e, aeccording to e suomele y
istie and nodicnl lunar nonths, Hu‘tnan exuriined the twe l
tables po ovtrined by the method of harmenie snalysis and
founs that these gava “montanly, fortnigntly und weekly perioda
but tne fortnightly period 13 wore marivad in the nedissl aurvc'
than in the saslslictio, '
This ‘nvertication Tnett followed up in greater detuil
in = paner ’nhilshnd aarly in she Lollowing year. The concluse
ione of this puaper very strengly support the two lawe of |
Ferrey relsting te ?;rjgee and the Syzypies respeatively. {
Knott umed ng o basis for hiw work the then racently published
eartnguake entalogue of Jansnese cnrinqununc prepared by VYilne
e examined tho records Loilk for luner daily and menthly
periodieity, emplaying in enoh cuse thn method of harmonie /
'ﬁnnlytif. In the axeminstion for lunar dally periodicity the
hourly frequongy. was tabulatsd commencing with the tima of the
Moon's meridian passage, The tnble of frequency so obtuined
was pfcpured for harmonie :nulysis by taking everlapping
meana of esch asucecessive SIhnurl and dividing Lhe sum by the
mean of all, The earthqualkes were recerded frou 15 districts
some of which Xnott o;n:ati together giving 10 groupings in
‘all, Altogﬂhnr*g;!?l' warthquikes were considered., The harmone //
ie mnolysis indlcuted both lunar deily and Belf luner dally |
pericds the latter being the more strongly marked. The phuse
of the periodiecity in relaution to the time of the moon's

nmril&nn yucungu was dltt‘!il! ln nost lrcupa thue rnrul-hln[_g_g
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an srgument ago:tmn; Varrey's tadrd law, On thc’ other lw_ndﬁik e
!

sonidinrnel maximues thera dn o eertoln aswoust of reguleriity A

in the phase as in four disiricis tae maxdwmum fel} within Swe

nours of the anlf time between the dpper an%ﬁowtr wmarddiaa
pessage of Lhe moon] s&ud In tne othsrs witain two hours of i~
the times of upper sad lower meridicn pessuge, Two eof the

disiricts vigz. the 5,0,corner of Jupsn end Megoys cre speeisdly’

importsnt, thse former contoining shout onse sixilh and she latter i
neaxly che Qolf of the totsl number of eurthqueicen recorded. ;
The periodicities in these ssen ta be mere or lese couplonens S

tary snd fnott writes, "lTae curigua way in wilca the couperae R

tively prominent 1at harmoalca of these two disiricis tend
te cangol o0ao Baotaer, is 4 warnlag of the dunager of lunping Iﬂ
togetuer atatisties of Aifferent countries or diffsrvent :

aeinmiec arvas ia Lhe sosrch for possidble periodicitias,®

ik "

out that there wre 9 kinds of wmontlun,

In hia iavestigatien of thoe lunor =monthly frequeney nhie pcid";'a
=

i

3

ie
..' 2.
3
4,

9e

Sines ithe difference beiween tn; tropieel and sidereal monthe
i8 too smz=ll to ba meteble in the pariod of 8 yearn over
which the enrthaouaice records extend the siderecl monith wus
not considered. In order to srepara the records for harmonic

The whomeidstic month {27+545 deys) merkirg the peried
from perdgee te verigse. ' My

The tropiesl month (272322 days) marking the complete =

Y
-

period ia declination,
The symedic month {29+531 days) frem one te the noxt

Gl
L™ el T

L

noon .
fhe sidereal month (27°3228 dnxi) murking & complate
aysls with regard te She fixed stars,
The nodicsluonth (27.212 days) marking the period from
one ,to the next sscending node,

e
= f —

o R B g TN oy gt




analysiz the eaurthauakes waere tabulated in four ways according
to the iypas of months considered, The nfter shocks of the
HinosOwari earthnuake snd fther obvious aflteresnuoks ware
amitied so that the Lolel nusber of carthquekss used for this
pari of tho investigulion numbercd Ircm 4725 to 888 474)
gccording lo the meathly grouping used. Thae carihguaker were
telalsted gaoording te the mwdier of deys reckoned from |
apogea, Trom 0% eclination, from ancending nede and from full
moon, The four tubles so formed wera ench prepared by the
suwe procogs of overlapping meens used for the lunar deily
frequency, and then subjeoted to nurmonie asasnliysic, The
rasults feveur e ieluticn bhetween darthaganke freguensy end
tid&l gtress as the secdmin of tha mantnly frequoney for the
gnenulintie rmontlh is in the vieinity of perigee; ond the
ws X1 muny of'bua semi=monthly fraqueaey for tane synodle wonth
1ugs one dny bahingd full sad new moon,

frott's resulis are very impertant mnd were suunnrised by

him re followsiw
|

~MOgnaewsl sonalusions « The conelusions are swamurised under
elght hevds

{e) Thare is evidence thel the sarthquake freguency in
Japan is subject to ¢« periodicity sssosivted with the '
luner day.

(b) The lunar nelfedaily period is particularly in evidear |,
both by remson of its relutive promingace cand the
rmlutty.ﬂth whieh, in eswch of tne two groups of ¢
gseveral soismic districts, ite phase falle in relatic

_ thie time of meridian passage of the moon, ‘

(¢) Theve is no certain evidence thut the loading end un

lending due to the flow wad ebb of the osesn tides b

sny effeet on seisnmic frequency.



(d) Hence we munt Yook to tne &lrsct tidal stress of tue moon,
in %8 dally change éu e woat probalble cause of & raage
in frequenay which doee nat exceed 6 per cent of the
avarzzge fresuency.

{e) Yhere i- distinet evideacge, both ne ragards wapidtuds znd

| phese, of & Tortnightly periedieity ansosiated with the
timen of conjunetion and owposition of tue sun Gnd WOOR,

(f) Yo m‘rsnu- conclusion Gkn 'bc drewn from bhe sppayest
monthly and fordnightly periodicities which swem Lo be
sssocinied withk the pericdic ohanges in the Moon's distane
and dealination, for the simple resvon Lhat Tully s
prominent harmonie compomants exist when the atatiatics
&re anelysed sccording Lo the periodie ohenge da the
moon's position relutive to the egliptig, wad wits this
partieulny piriod ne tidal sirespes can Le directly
uBBoNilatad,

(g) Nevorihelsss, tha vslue of the phase lends soma support
te the view that there is & resl conneection batwyesa the
charge in Lhe woon's distence and serthqueke Iroauenuy,
nince the mexinun frequency fells near the tise of
narigee, :

{(h) Thsse ccnelusions have, in somparison with previous
iovestlgutions, & pesuldr value, inasmuen as they ure
beaded upon ulu;su ginfisties of fully 7«50 esrtigusles
ecourring within eight kewws yoars in a u-huu part of lh
earth's crust, throughout walca the seismic conditions
miy be sssugdod to be fairly wimilur from poiat to point®, .

The¥conelusions were challenged by Senustes in dhe
follewing year, He pointed cut that ultuouph Huelt't investe

-dgrtion mggented the iaterpreseiione which ne wd put upon

them the question is sfter all ones of probability. Schuster
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' then caleuleted the prebebility of the luner daily sand halfe
daily pervicds frgm inott's siatistics and errived ot e gone
elusion thamt ﬂ& the eurthousten hed been purely randen
events thers would have been sbout one ehence in four Liat
the lunar «&s doily period obtained would neve scourred and
about 2 chances in five for the helfelunar daily periods
Hence Schuster aomluﬁo that *"Wntil further evidence ie
brought forward, tae lunsr day cannot be considered to affect
eartaquaces®,

‘ﬁcmlatur aleo exmmined Xnott's work with regqurd to Lhe
suppesed monthly and malf-nonthly pericdicities. lie first
eritieised thc results on the ground pointed out by Hnctt
MM;lr tint the sirongest hslfemonthly [rogueucy is associnte
with the period of thwe nodical menth and stutes tini "As there
is ne coaceivuble reasen why the nedieel mouti uhouicx affout
earthgusices, the conelusion will reasomsbly be drawn from this
that uny peried chosen wi random would give similar resulta®,

This statement should nowever fnot be unreservedly zapepts
ed for ol the nodes there i8 & special arrengemsnt of the tids
forces dug to the fact that hota the tide producing bedies, the
sun and moon, are then in the plane of the esrth's wotion
about the sun, and it is not inconeelivable tismt under snah
eiroums tances the strains ast up mey be periodle in sharseter,

~ Horeovsr 1t should be notad theat 13 aodical montus are
nearly the same length as 12 aynodie nmonths the farmer

sewmé containing 35376 duys snd the latter 3154137 cmya.l u;
therefore, taere L6 Aso wn annual perisdicity in ewrthouuke
frequency = snd tils seems acoepted by Lchuster = it mey be
that the epparedt nedigal pericdieity of earthquuke frequency
is due to thlds relutioa.

Again as the nodical month nesvrly coincides with the



troph-:ul nanth, differias only by 12 days in Lhg sight yaare
over wiigh thgae sdrilqurke records extesd,i. Su'mﬂ. B
priefing thnt the perdiodicity for thage twye kinds of =mgathe
shpuld be mush Whs sume,

1 have sxonined Znott's statistics with a view of lLesting
tim probability with reuard to Perrey's lews relating to
perigan und the sysygies. It spposrs thut the chaness sgainat
.htainir;a: the smplitudéens indicaind Tor randem eventis in aboul
19 to 1 in the game eof perigee and sbout 400 to 1 in ihe
eage roloSing %o the syzygies. '

Gehuntar ndmites Lhat the numeriecal values of the nsplitudes
appenr Lo favour wsuch relations bul W sugguets tint the high
valuos of the nemlituden wey ba explained YWy arrord introduced
ints the sndeuletion of the expectancies dua o the tcndw
of asrthqgus-ep Lo oocur in pgroupn, |

Tt 1¢ oleerly the ecase thnt earthquakes do tund 1o eceur in
grope and If the grouns were regulur, oont;r-lnin,;r thie anne
| aunbor oL mwrthguakes per group, WGia would support Lehuster's
eententiong but tue groupiny is veary irrwnur and =8 1t
‘mmt be shom thet susch irregularity would upniformly wftect
the arplitudes jiteeomp béttor to aceept the (igures as
they minnd, Arpin the chrnoos that kgth tho uu reluting to
pariges and m‘Wga.u shouid be indicated 18 » everios of
random onrthquaies is very remote, cepecislly when it 1o 1]
mi«rod that the pluse ulmalmtorn inte Lthe question,

The chances that for rendom freguencies ths naximunw of the
pnomalistie monthly peried should fall within 3 .days eof perige
sre atout 1 in 10 while the chauces $hat the periedic seismie
maxine vhould eceur within 1} duys of Zull wad new moon =re
_®lso oaly wbeut 1 in 104 ’ o
The prebubility of besh the muplitudes nnd pheses &
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favouring ¢ reletion witi the moeon's pesition i therefore
‘b‘%@"ﬁ"&c or only 1 in 760,000,

This very high degree of prohsbility very strongly supporis
the two laws of Perrey relating to perigee anid syzygles,
As an example of o 11m£tna invastigation thst of Hecke on
the esrtﬁqunkan of Grnsltéi'for the month 24th October to
25¢h Novembor 10897 deserves mention. Becke divided the wonth
into f‘ﬁr eaqusl parts grouping them in pairs to cover the
syzygies and quadratures, le 1nvoatic#tnd both the lunar.dlily
and selar daily frequency arguing that if toe surthoguekes
were affected by tidal struine that similsr results should
be obtained from both methods of investigation., He plotted fem -
four curves one‘pttr for the svlar mad snother for the Iunar
freguency st both the syzygies and quadratﬁrea exabede, The
solar curves for Lhe syzygles and quadraturee exhibit sorme
degree of correspondence but there is little in cormon between
the twe lunar curves; nor is there any close correspondence
between the solar sud lunar curvee, lHence Becke concludus
thet no relation between eurthguake frequence snd tidal
-trcasoo‘lu indiested by nis work,
Thers are however certain feantures which he hag not noted
which suggest that, after woll, some relation may exist, ]
It_ies somewhat remarkevle tast in the case of three of the
four curves & large naximum oonurl $wo hours before and in
the fourth four hours before thl lowar culminations z the
sun and moon, Agsin in each of the four cases there is o
pronounced minimuwu st the times of the lower culminstions &nd
in three out of four ceses anciher prencunced mininum &t the
times of the upper culminations 6f the sun &nd moon.
The coinecidence of the minima with these meridisn passage
of the sun and moon is, of course, strongly opposed to Perreyh
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isw relating vo the wuridisn passsge of m moont bub 1t is
net negennurily gppesed L0 nootlgr conenpiion eof tue effeat
of the tidal strenmen, The depgres of correspondenna indionted
above eppenrs te me to sugpeds a rather strong prodebility

of some relation between tihe suitlquuke frogueney and tidal
ctrsases,

L‘ldhﬂ:n@fma aritieised Becke's pojér sud is not praparsd te
aduit nie conciusiong, e saye "ipsct from tuie, tnore seems
10 be u sove serious Tlaw in tae srgunent. Hery Booke nppears
to huwe ezpccf.od that the curve of frequancy Iby lunsz time -
ghould mhow msxisms sbout taree hours on either side of the
tiwe of the lowar wel meridica vesasange of Lus woon, Thie again
dapendn on Lae ssswption, teeltly rnuwde by svery calesulatoer
witli wivne vovrs 1 em sequeinted, tYhet tie froquency may be
expacted te Le & function of ihea houX augie®,

Oldhon then Look up Lie cussticn of distribution of the
tide)l foreces for a given positicn of the atlradetiing body -
sun & roon. e pointed out Lhat the Mm upwsrd force is.
exerted at eppovdte extremities of the esxia's dlaseter
with pointe towerde th2 sttracting Ledyi that the ‘mim
downward fares ogcenrs elong n great circle purpendieulsr
to thia dismeter; and sthal the moA L horigzental force m
&long two snmll eireles wnouse planes are also perpendicular,
to tue eald esurth dismeter, sad lie at 459 from the great
eirele of maximun downwerd force. e taen.spplied -these
erteris by Hecke's statistics and concluded tiat in ml
the obumu'.ml de support u relation between the eartihguake
frequoney wad the tidal stiresmes, : |
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In the following year Oldham undertonk an investigation on
 the mbove linee for tne Assam .lrthﬂilkOST-Hi prefaces lis
work by the following remark "Ever siice earthquaces were
first studied there have bLeen repeated snd persistent sttempts
to trace the adction of the sun, the moon and the planets in
producing them, or at least in influsncing théir relative
frequency®, He then brifly reviewed the work of Ferrey, Nallet
Cagani, Hontessus de Ballore and Davison, und pointed out thst
the question was still an open one . The after-shocks of the
Assanm esrthquace he considered specially adapted for use in
sueh an investigation, his views being that "if tuere was any
external cnuse at work it should he especially essy to trace
st a time when, snd in u region where, the essdh¥ carth's
grust wes ovtdcn;iy in an extremely unstable condition®y

Another festure in favour cof these rieordl was that the
shocks were imstrumentslly observed. His method of attueking
the problem was te ascertsin when the circles of maximum
horizoantal snd vertieal force passed through the sarthquake
area, In this paper he stated that "the norizontal foree
attains 1ts suxinum aloag twe circles distont sbout 54Y440
from the zenith and nedir roapoetiioly'. Thios ied,0f course,
incorrect the distences being 45° tnif-nd of 54044%, The latter
angle represents the distence of the smell enpie cirecle slong
which the forces sre wholly ¢ norimental. .

He pointed out that in lutitudes greater than 26°5 wnd 8

neithar the sun nor moon can ever be in the zenith and hence
eannot exert tﬁ;ir upvard meximun force. The cireles of
maxims downwerd nnd muximd hosizontsl foree however cen
operate ia emich higher letitudes and will intersect any given
meridian »t hours ecuslly epeced from the time of the meridian
pasange of the attrecting Yody. The sctusl hour, however, will



be & functic:n of tine btody's declination. Hence in searc
for any such relation it ie necessary to group the earth
unccording to their place of origin, and to have regerd to
declination of the sttracting body.

The Assam esrthouakes all lie in about latitude 26%N,
Oldham then esleoulated, for vurlgu- declinations, the times o.
the passage of the circles of muxivum downward and horizontal
force acrons the nmeridiasn., He summarised his resulte in the
following table:=

Teble showing times of passage of circles of maxinum

horizontal and vertiesl tide producing force cslculated

40
Hor!soutig force Vertical force Torizontal force

Deelination !
Direct Downward. Indirect.
Time Time Tine
12 hours = 0 hours * Q hours <+
4 hrs. 1 .
26° w v ’: 4 he 3B me o
9% ¥ 3 » - ga } 2 e 14 m.
2' 59.
q. ‘I Q" 2" ,’ﬂ
,.3 2 ° 14 * 6 " 26 * 3! 31.
2‘.‘ 7' nn 4 " 1’.

From the above tubio it would appear that "the effect of the
horizontal foree must be looked for between 3§ and 4 hours
before and after midday, and within two hours sa esch aide
of midnight; 4in the mecond group the effect iz to be looked
for betwesn 3 mand 1} hours on either mide of midnight and
midday; while in the third the condition will be the senme
as in the first, with the substitution of midnight and
midday"®,

Oldnam also recoguised that the effeet on the production
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in the amount, than to the sctusl amount of the force exerted
and he nlso suggested that some lag may oceur thus delaying

the time of earthquake occurrence,
- alse
Anotiner table was prepared by Cldham showing tpe times when

the effect of the maximum rete of change of the vertical
‘foree would be experienced for 2 plece in latitude 26'!. AB
before ne hes considered veveral declinations for the sttract
eing body. His teble 1e as followsie

"Times of passage of eireles of maximus rete of change of

hh—-m‘b
Declination DMirect Indirect.

12 hours § 0 hours <
26° u 3 he 22um.
9° N 2" 56" 1a. 56 m
(#1] 20 330 2' 33!1
,.. 1" 5" an" s‘!
=l
2° 8 e  LoRY L.

In the sbove table the circles of nuxtnnjﬁato of change are
taken nt 459 frem the attracting body.

After this theoretical discusdon Oldhams proceeded to an
examination of the records, These he tabulated for each hour
of the day. He found that the graphieal representation of the
hourly frequeney indicated two maxims one from 10 te 11 p.m,
and the other from 6 to 7 a.m. For theee he has not been able
to offer sn explanation, But superimposed on this frequency
there are other pericdieities. When the frecuencies were
grouped according to the sun's declinstion there wee found
to be a fairly cleose correspondence in the time of tie obsere
ved and eniculatod meaximas but as the smplituden were smell
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it wee found desirsble to sdoptsome method of grouping to cut

out diurasl varistions whieh were not connected with tidal
stresses, This was effected by grouping the earthquaikes so
thn:a:;.l;rneon were taken wi'li those of midnight and those ey
of each successive hour of the day with those of the correse-
ponding hour of the night, This grouping showed "two very
marked muxima, in th; distribution of the shocks, one during
the fifth hour after, the other during the second hour before,
the meridian passage, and these maxime may be taken as being
grouped asround 44 hours and 10§ hours of the morning and
efternoon, That is to say they both follow by li hours the
epoch corresponding to '‘hree hours before &bd after the
medé meridian paalago.‘a time which corresponds more closely
te the passage of the maximum fato of chunge of tidal force,
than to that of the eirele of maximum Horizental siress”.
Cldhan recognised that :: the solar stress is rexlly effective
that & still more pronounced effect shouid be shown in connect
=iof with the lunar stress, He found, however, thal the ;oricn
of ohaservations wus not long encugh to eliminate diurnal
irregularities and had therefore to absndon this test.

Another important investigation whiceh Uldhen has recently
taken up was foreshadowed in this paper and +1il11l be discussed |
later, This releted to the relation to. the seaconsl variastion
in the ratie of the day asnd night shocks, .

Oldhmmd conclusions may be guoted as followsie

"It appears then that thé tidal stresses nave a distinct
effect in dattrq}nlng the time of origin of earthquekes,
though their influence is smell in proportion to other causes,
but at the ssme time it is necessary o enter &« caution that,
though the faots in this case seenm to support the concluaion,
they ave fur from proving it.csecescecssssscsssvsnnsssnssnse

sesssees These conclusions must be taken as purely provisisoe



and require verification from & more extended series of

otservations®, _
This paper of Cldham's was by far the most impertant contribe
~ution to tie subJeet of diurnal earthguake frequency in relate
ion to tidal stresses which had sppeared fp to the dute of
ite publication, It marks not enly a distinet bresk from the
line of investigetion undertaken by Perrey but offers u
rational basis for investigation on the luter conception of &
rigid eafth.
The same subject wue discussed in further detuil by Oldham
in the following yeur in a memoir of the $eologliesl Survey
of Indli‘f In this paper he spplied the seme method of investe
igotion but atressed more fully the dgnificonce of the ratio
of the day to the night shocks for the sun's north and south
declinationsy He pointed out that f&r nothh latitudes,
when the sun is in north declination, both the range in the
amount, and the seage rate of change in the tidal stress is
greater during the day tusn during the night; and that the
contrary relation obtaine when the sun is in south declinztion z
hrnu distribution of the tidel forees would Lead to increase
the ratio of the doy and night shoeks in vusmer end te decrease /
them in vlnto;. Aa‘qznminutien of the rocorin ahows thet this
relation holds good. If this relation holds good for the sun
1t should of course be nlsc menifested for tighoon's motion
in declination, Oldnunm consequently examined tie records of
the Shilléng seissograph with this in view, and found thet the
resulte indicated the same relatlion but in n lesssr degree.
The difforence’in degrees he considered to ba due to the
number of shocie u.{ag insufficient to eliminete the solar
effect, liis finel conclusion reads aus {ollowsie

"From the foregoing considersatione it seems probable that the

=
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tide=producing stresses are not without effect in determining
the tini of origin of eurthquakes, lo far as the s8sam records
go, it appears that the horizontal tide producing foree is
more effective than the vertioal one, and tuat any effect
produced is due more Lo & rapid rate of change in amount and
directien of the forces that to their setusl magnitude. The
records obteined in one lecslitiy only, especinlly if limited
to o few yeurs in duration, are not, however, sufficient to
establich this conclusion as proved =« perhups even insuffieien
to establish & it as probable.”

In the sbove investigution Oldhem assumes that the eircles
of maximum horizontal force are st 54%14'14% from the attrzote
ing body, whereas the thue distence is, of course, 459, This
difference ®§ in 9° does not, however, invalidate the argument
presented in his memolir,

In view of the foregoing review it is rather surprising to
find Dutton’rln the following yeer(1904) meking the following
statementie

“Since Perrey's manouncements the subject hes been followed
up by several investigutors with & repidly increasing amount
of data, The number of recorded eartihiquakes which have been
catelogued 19 now in the neighbeourhoed of 140,000, and the
records of the newly sequired ones huve & much grester
scientifie value than the old ones of Ferrey's tims.‘rhu
renults has been that s the number and eelentific securacy o
the dste have incressed, the prepondersnces which Perrey found
at syzygleas, at porigee &nd &t lunar culmination have dwindled
ainy to almost ﬁ;tnln‘. end in many localities have been
quite reversed. Horoovof. the theory of a -ﬁltqd interior of
the eartn has in ‘ngland, America and Italy been definitely
sbendoned in fovour of mn earth possessing & high dogree of

' 2 L""?"‘"“"‘““"j‘ M)l'& ‘0 :e‘sl ? v 7 s
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gaining ground in Cermeny., In Freace the cultivators of earth
physics seem to be shaken in their belief in « liquid interior
though they are still very conservative in their views, With
ite fundemental postulate fast vanishing, with support derived
from statisticsl comparisons dissolved away, little remains of
the tidul theory of earthaoun:ec esusation®,

Vhile it is true that the conception of = molten interior
of the earth had been abandoned and tnat Ferrey's law with sesg
regard to the meridisn lunsar ﬁn.tago had been refuted by
further investigution, 1t was net correct that FPerrey's laws
relating to perigee and the sysygies had been disproved,

Dutton seems to have been ov-ﬁ#nriulnecd in his statement
by the fact that Perrey sougnt to interpret his laws on the
postulate of a molten interior of the eerth; and the phrase
"earthquake sausation” suggests that he ws misunderstood
Verrey's conception of the relation between tidul forces und
earthouake frequeney.

Two importent papeps deauling witn the lunar periodidiy of
earthguakes asppenred sholy after the publication of Dutton's
book., The first of these was that of Omori who investigsated
the question for the lunar dni%a and the second by Imamura
discuseed earthgqurke ea frequency inbrelation te the synodie
monthly poriod.ZJ

Crmori first briefly rovlcioi the work of lLontessrue de Lullore
end Enott snd then proceeded te examine certein Japanese
esrthauske records, le pointed oht that the after-shocks of s»
- grest esrthouskes representing repid resdjustment to equile
ibrium rollevina‘the relief of great stiresses are particularly
suitable for such en investigation. The recorde exwmined
sompone comprise the uftere-shocks of tue MinosOwari sarthouaice

recorded at Nagoysn and of the Hokkauideo eurthguake felt st
. Nemure.
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For the sake of eeipsrl-ou he also c;nutnnd the records of tne
ordinary sheets felt at Tokyo. At all tprco centres the shoek
were instrumentelly ebserved, He divided the luner day inte
24 lunur hours commencing with the moon's upper culmination
for Tokyo.

The exunination of\tha eurthaunkes at Nagoya comprised

1270 shocke extending over eight years (1891-1899). The
frequency. was plotted se & curve in the ususl way and exhibit
~ed & very irregular distribution of<bue—iegaueney, hen
however 3 hourl? mesns were taken the resulting curve became
mueh more regular and showed t#no prominent raxioe and minima
The maxime oceurred about 3§ and 16 ours ufter eculmination
and the minima about 10§ and 21§ hours after culmination.

The records of the earthquukes observed ant Hemuro
comprised 799 shocks extending over five yeurs (1U94-1899),
Here egain the hourly distribution is very irregular but the
3 hourly mes®f) provide & smooth curve indicating two maxime
and two minima, The maxima ocour st sbout 4§ lhours and 14
hours at'ter culmination; eand the minime &t about 8 and 214
hours after culmination,

The esarthquskes of Tokyo comprise a series of 1462 shoois
extending over esleven jcara(1888-1899). The taree hourly
ditribution 2lso indicates for these two maxime and minima,
The xaxina sccur from the O to 3rd hours and f{rom tae 12th
to 15th hours} &nd the minime from the 9th to 12th Bours
and from the Elﬁt tp 24th houre.

Quori cénclude, that "the occurrence of the twe eseismic
maximi, at & mesn interval of 12 hours, snd approximately at,
or & little after, the meridian possuges of tie moon, may
probatly be due to the stress in the earth's crust csused
by the direct satirsction of the moon." |




Umori also considercd the inumt «ffect of the lunar ’_33;',1
sttraction in the londing and unloading of the coustal ares [
by the ocesn tides, and concluded that this preobably hwd some
affect in determining emrthquake frequency? lie slse studied

the barometrie variations whieh also uppear to have contribut -
~ad & factor towerds the frequaency.

In conclusion Omori remarks *It ki thus seems tuat a
conlidcidblt proportion of earthquakes, from some 50 to Box,
are cuused, or accelerated %o occur, by the agencies of the
stmospharic pressure and the moon's influence or tidal atress

It will be noticed that ths times of occurrence of the
maxims noted are not elesely reluted to the lunar culminstion
and 8o furnish @ still further statisticsl negation of Terreyg
law reluting to %.e meridian paasage af’the moon .

Omori's peper has been discussed by Rnotéw;ha tocok c:scption
to the method of I hourly grouping which he employed. Knott
pointed out thet the only satisfoctory method, zpert from ua heume
haruwonie analysis by Fourier series, is t¢ take "overlapping
sums over suitable intervals®, He reexsauined Cmori's duta by this
method snd srrived nt'noncwhst different resilis, There is,
nevertheless, some mesmsure of agreement in the Limes of the half
lunsr daily memsssomans modhs wilel sccording to Omori's results
ocour from 3 to¢ 4 hours, from 2 to 5 hours, and from U to 3 hours
after the culainations; and aecording tp ‘nott at about 3§ hours
2% hours sad 3} hours after culminations for Rusoyn. lierure and
Teokyn respectively. In the case of Huge:u and Nemure the alplltta
ealeulated by inott considerably exceed the sxpectaney; but is
less than the cxpoetancy for those of Tokyeo.

ST

/ltogether thl evidence polints towards &« relstion betwean thn
tidal foreom rnd the earthqueke rrcqu«nqy. buy is not coneclusiy

Bide by side with Umori's paper sppeared the work of Imamurs
in the same ern:'l‘. The lutter undertook n investigation of
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of Perrey's law relating tp the syzygies nnd quedratures for
the eerthoguakes of Jupan., At the outset Inenura stiressed the
iwportance of the distriet grouping of -eurthquake phenomens.
He then briefly discussed the recent work of OQort. Knott and
Oldham and 1ndtc-tod.tu¢ neture of his own conelusions. liis
method of sanalysis is based on tne fuct that &« complete
synodic montn is equal to 29+53 solar days. He hes therefore
taken the numbers of earthoguukes for tne first 29 gglsr deys
of a montn us representing Lhoere of luasr duys and hus incresase
the number oceurring on the 30th soler day in the ratio of

100 to 53 in order to meke the value for this day commensurate
with thet of the other days. This method of anslysis is not,
of coursem,sirictly correct but is sufficlently sceurate for
the purpose of Immmura's investijation,

The first snalysis geve the synodie-didly dastrivution of
1871 earthgueakes reccorded in Japan ag & whole from 416 to 1860
AeDs The sarthnousies were distinguished secording to their
intensity smd in sddition to the sctual nnnbar-{or serthouakes
fu weighted sum was oalculsted in whieh the values one, two and
three were assigned to the smell, strong and destructive nhnck‘
respectively., The weighted sume for each synodie dsy were then
plotted grasphically auccording to & method previously employed
by Crorl which practieally swounts to the use of overlepping
means for say two ooﬁ:ocutlvo days, Ae stated by lmamura "Phe
curves indieate two distfnet puirs of mexims on the lst and 14%
and the 7th snd 248hecesevsvsscsii regards the caouses of the tw
peirs of maxima, the first is probably dus to the uaﬁhtuﬁiﬂwﬂ.
tidal effort of tni sun and noon, and the second to’thn resulte
ent of tidul mnd baromstric pressures®,

The lccaai analyeis geve the corresponding data for the
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sartiguaies recorded =t Kyoto for the same interval of time,

The results sgreed closely with those arrived at for Jepan as
# whole,
imanure next grouped ihs recent earthque .es of Japan from
1873 to 1902 mecording to the stations at whiech they were reco®ed
ed, The great bulk of these observations were instrumentally
recorded,
He employed altogetusr 22 distinet district groupings. In orde
to eliminate the influence of the enormous number of shocks
which usually rolloaﬁnnudintexy after u greatl earthguake he has
| omitted from the records sil esrvhgurke shoecks which oceurred
during the period of one montn following such & large earthqueke /
This mdjustment still leaves hin with & total of 13,678 enes
shocks, tne greatesi number occurring in eny one of the 22
distriets being those of Tokyo which number 2464, |
He next analysed the date for esch district using the
recerded numbers only and euploying the meighted sums &8 in the
first two invastigrtions., Tebles Guowiag the synodicedaily
distribution for encihh distriet are given and ihcno ure esch
illustrated graphically by Umeri's method. The results of this
investigation are discussed by Immmurs al.followl:-
"Drawing the frequency CUIVEB.esess W& NOtica firstly, taat
_in most casee therse cecur two distinct puirs of ruxime, ene™”
ebout tue times of conjJunetion end eopposition of the sun and
moon, aad the olther at intermediate times; and swcondly that the /’
firet peir of maxins is pronounced nt eertain stations , und the
second pair ot somg oller statiens, while =t the remaining
stations the two pairs develop equally well., The relation expres® ~
ed in the second statement may poseibly be due to the fact thet
the observed earthsucies were mostly of inlind origin, er ef

gubmarine, or of both origins, With this view, 1 have grouped the
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differeént stations into three sets (A)o(B) and (C), seccording as
"thalr pbservatione related mostly to inland emrthouskes, boeth
inlend end submarine,and submsarine rsspectively.®

hle

rnu’- Heta:rolag re Day of MNaxirum Seismie ‘umber
PUR—— U
Hagoya 2 a8 6 26
Fukuoks . 30 A8 “ 23
A Nidgate 0 18 i1 23
Tokyo e a8 7 23
Kagosiima 29 26 14 s e .
Gitu 9 pr o 5
Osaks 28 A2 - .
Hagoys = i5 Al 20,29
B Wokaysin 28 14 4 x
Asmori a4 Adw 2 20
Oita 2 18 ) k2
Hikone 29 14 b o
Maebnsind k) A | b | a5 24
‘Mite 30 14 5 26
Hakodate 28 - 8 21
Nemure e 18 9 26
c Yamage ta i 15 Z 23
Pukushim 2 i3 7 24
Ishinomaki i 16 10 23
Utsunosiys 29 a2 6 24
Akita £ 3 Az 6 23
Miyuko W 17 & 24
AVersge ~30 ~15 7 23



The nuibcri in the abeve table riprcuent the days of Lhe
synodie month commencing with new roon, The numberz unders
lined represent the duys on whicn the more pronounced of the
four maxime oe¢curred,

Imemura then discussed the tabulated results in detuil, He
pointed out thst the two muxima wt the times of conjunction
2nd opnodsition might be sttributed to the tidel stresses
of tha sun and moen, With regerd to the other pair of maxima
pceurring at the 7th and 23rd daye he offers an explaartion
in terss of barometrie pressure and oosunic tidale lond on
the coastnl areas, His srgument is reproduced as followsile

"iecording to Dr.Omori, the barometric pressure heas marked
influence upon thn seiemic frequency in Jupunj the curves
show!ng the time varisntione of the two quantities being

, Blpilar %o euch otuer, Now the barometrie pressure which
resches in ite diurnal varistion its meximum «t 9 h, and 22
h,, v#ill interfere with the tidal foree helping or cancellin
the latter ceeording as hign water or low water eccurs at
these times, In Tokyo, the lynodls days .erroaponilni to
the former csse mre the 7th and 22nd, the days corresponding
to the latter are the 12th and 27th, Allowing an hour or
two for time #iffarence of occurrence of maximum tidal aad
barometrie¢ prassures st other loewlities, the days 6th=9th
end 2l8t=24th are ones in which the resultast of tne two
influencss becomes mont effective, Thus we may look for the
maximus seisnic numbers about the 7th sad 22nd vhich corress
pond roughly te the setunl maxima in question®,

The results of Imamura's investigation are very sérenghy
striking and anpear to support the view that the curporeal
tides, tue ocesnic tides und tue hnr?nenria pressure all

esntridbute factore influencing earthouske freausneyi end
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thet of Ltlhese the ipfluence of the corporesl tides is the
moat prominent, _

Imamurse's conclusions huve, however, been chsallenged by
Knott wio wrole as tonwl:-? l

"The method of analysis employed by Imumurs is identical

with thet used by Omori, and is purely AR graphical .eeees
ssscsasssslne vardeties of sreph are nearly as numerous as 44
the pleces for whiciu they are drawn, In &ll cases there are
from ten to fifteen crests and hollows of varying asmplitudes
but it cannot Le seid taat there is & tendency for the erest
of greatest waplitude to occour at the same time for even the
mejority of thie SLatlionBesessesencnssvssssssscsssssnsnnssnsse
Imasira considers thet he finds evidence of the existence
of four prineipel sexims throughout the lunsr menth. Two

ef these hs‘ennaoaSn with the times of opvosition and
conjunction of the sun and moon; wmand the otner twn he
connects in & very ingenious, but in my opinion,very
ertifieisl and forced manner witi the concurrence of tha
tires of dnlly barometrie meximum and ordinsry high tide.
‘It i» obvious that with erests ocecurring on tlues average
every two or three duys it is not difficult to find four
such coming within a day or two br vartioular dates; and
heving regurd to the meagreness of the statiscics in most
instoncoes, and the doubtful aceursecy of the method of
smoothing, 1 guestion if any confidence cen be pluced on
the reeults indicated”,
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' Although thee ie @ great desl of truth in lnott's eri
Imamura's results should not be sltogetier set aside - .
peeme® to be too much uniformity in his results to be aect
-ed for by his somewnat doubtful metlhcds slonej but the
further examination of hie data suppears to be desirsble,
%nott has slso reviewed Oldhnem's work on the Assam earthquake
and has regrouped tue date mnd csloulated the amplitudea,
phases and expectancies for the daily, half-dsily and
qun;ter daily lunar periodicities] aand wleo the sams
elements for the solar periodiecity. The ranulti of thess
ctleulatione Knott hws tabulated comevhet 26 followsie
lager Dey keriodicilies.
le., of
Deelination ey Half=day uerter Day Lxpectuney
Eqkes,
= Thase |Ampl, Phase Ampl, Fhase Awmpl,
°xa 510 18 hy +099| 4 hy +099( 3°5 B *099 078
9% to 9% 1333 18 hy *147 8 hy *308 5°F m. *099 *097
9%s 3 431 24 hq *20 1 h4 *128 Ue5 *113 085
All 1?74 20 hgq -061 € hT 05| 1°*5 h. *04 ‘ *05
Boler Dey Verhdbeltlcs
We. of
Deelinstion Day Half-day Quarter-dey  Expectancy
Eokesd
Fhase 1, | Phase ’Anyl. Phave Ampl,
9° N & 436 17 he | «137| 9 he | *152 4 N *137 *083
9%k to 998 158 18°5 hn.+132 6 h. | *132 45 ha 255 *004
9° 5 4 480 | 1 h. -335 5 h.! *118 55 he | 092 *Q87
All 1274 1 h. *177| 9 he | *076 | 4°5 k. *144 05

From the above tables Xnott drew the followiang conclusionge

"Although it must LYo edmitted that the results se far are
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negetive, nevertheless the point of view which led Oldham

to diseriminate between eases anceording to Lhe declinatlion is
one deserving of more attention. It emphasises the posesibility
slready referred to in other connections, that in the
indiscriminate grouping smeecording to probable periodicities '
there mey be & balancing of effects, se that the periedie
eheneze looked for may esscape notice"?

The investigation may however be carried & step further
with very interesting resulte. It does not appear to hqvo
eccurred to &nﬁtt to investigute the prebability of okteining
such & series of resulie ag e whole, Whe following discussion
vitn resard te the solar snd lunar daily periodicities will !
illustrate my meaning.

If earthquake freguency is affected by tidal stresses taen
for s given range of declination the phree of ths maxiaum
tfequency should fall at the ssme period for both the solar &
ind luner duys. An examination of the above tables shows Lhat
for the whole duily periodieitiems there is » atrikins
agreenent in this reepect,

In the csse of declinationg greater than 9°n the phase for
the lunay day is at ::.:;a lta heur end Tor the ;!olar dny at
the 17th hour; for dedinations between 9°X énd 9‘8 it is
at tone 10ta ncur for tne moon &nd 2t the 18§ hours for the
Iuﬁ;; snd for declinetions prester than 998 at 24 hours for
the moon and an lhour luter (1 hsur) for the sun. In eacn case
therefore the phsse agrees te on= hour for the sun and moond
ow the probabjility that the phsse for tie sun and moon
snould sgre¢ te witin one hour in the 24 is g. This will be
seen from tue fuact thaat i: the lunar phase is fixed tne selar
phase mey fulfil the conditions by falling in the Hour before

the hour of 9% tha hour following the lunar phusej whilie y
s dabn'l weviem AR lnmaveanm da DA '&W M‘?M b& 2#‘ a1 il
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The probability thet in the phases should agree to an
in eseh of the three groupe according to declination is
-fore a X g X é
Agsin in each of the six ceses considered (three each t
the sun end moon) the emplitude exceeds the expectuncy. The
probability of this is clearly (#)6. Henee the probability
thet fpr random events the phuseg and amplitudes sliould have
oceurfed as found by Znott is not greater tnnn,éﬂlx/§6’=
i,
But the probsbility is seturlly a far smeller guantity, fer
the probability of the cmplitudes exceeding the cxpact&naici
by the given amounts is much grester then & for each ense,
1 heve ealculeted the actual probabilities that the
amplitudes should exceed the expectancies for the six cases

consldered and find them to be &5 follows:i=.

Frobabilities for luner end soler deily periodicities.

Na. of Probebilities Tor

Deelinations
kgkes, lunar day solar day.
‘ 7
9° N 3 510 226 *10
9% to 9% 333 ? *48 X 10"} *19
998 2 431 *90 X 10*2 . "17 X 106

The total probabilityes for tae unplitn;cl only is taerefore
the product of 2ach of the p:dbahilitiol given ia the above
table and &8 397 X 10'12
Vhen the probebility for the coincidence of the phsase is also

taken into account the totul probability becomes *776 X 10‘15
or one in 129 X 10%3

Thus the probability that the earthquake frequency coneide
ered could exhibit the lunar and solar daily periodicities

- - — ke B LAY .
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indicated with an additiousl agreement in phase for the s
and lunar termd is incredibly smsll; and is suffieient to
lit&hliﬁh beyend doubl & streng relution between esrthquake
frequency and the tidal forces of the sun and moon,

Agnin g the Malf duily pericdisities he exsamined in the
phme way it will he neticed thet although the phases of the
perinds do not agree ior the sun and noon‘tha amplitudes

in all cases exceod the mcotmcte, and the probability that
this should be the case for tue values given is only 277 X 10'7

or one in 44 X 106. Hence the semi-daily period is alse
emtablished beyond ressonublie doubt,

In 1911 Nontessus de Fallore again teook up the aquestion
of the validity of Perrey's law with rregard to the lysygifz /
Fer thie purpose he made use of megaseisme only taking tae
period from 1792 to 1899, This peried ne divided inte. ﬁwo
parts from 1792 to 1849 sha from 185G to 1899. He udopted a
twofeld methed of invesilipuiion, In the first he subdivided
the lunar month inte 28 esual intervals, and in the second
“inte 12 intervals, He itabulaled the frequengies for each
method but hes not so far published these results, which,
he stetes are being reserved for e spefcinl ameu". The numbaer
of shocks made use of is 2155 of which 1567 oeccur in the
leter period from 1850 to 1099, His $Hlan o investigation was
te detarmins in which of the intervsels the sbsolute maximum
and minimum of the serthgueke frequency eccurred and to
eompare this :‘.ptorvnl with the times of each luncr quarter,

lle states his resulte in tue following tablele
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. Humber of legnteismes, ;
Poeriod Lunation divided into

of Totsl . 28 4ntervals. 12 intervals
Time Hax, Min, Re HnX . Hin. J R
1792-1849 588 ' 21et 20th 292 7th 12th 239
18501899 1567 16th 4th 2°74 7th 10th 3138
1792-1899 2155 | 16th 4th | 2460 7th 2nd 285

The figures in the columns for the maximum and minimum are

the intervals in which the maximam and mininwa aamber of

gartuquakes w;ro recorded, Tha times of nsw moon, first

quarter, full moon snd last quarter correspond to Lie 4th,

11lth, LlOth and 25th intérvsls of tiae firef method and to the

2nd, 5th, 8th and 11th intervels in the second grouping. It

#111 be seen tust in the 20 intersvalyg grouping the intervals

have little ar no relstica to tie phases of the moon. In the

case of the 1Z intervel grouping, however it will be sesn

that for esch of ths subdivisions the weximum occurs within

one int;rval ef full woon und the minimum within an interval

of the lest quarier, The quansity R represents the percentage

difference batwesn  he maximunm sad minizum feEquency. Montessus

dlso sesembled his date by giving the weighted values 1, 2 and

3 to tne earthguakes sccording to their intensities, This does

not uppear to be o method adapted te the problem in hand, and

in any ecse the remulls which he oblalned are similar to those

whieh appeur in the tuble quoted above, .
It is d4fficult to wee how from this diecussion Montessus Y

arrived a% the coneclusion thaat "Il sewble done bien que les

’
nagna‘isncl na prégcntcnt sugune relation avee les phanses de

la lﬁnc.‘



The publication of the deteails promised Ly Lontessus ma|
pernaps make the results of this investigution more cleex.
Tabser in his investigation of the Charlestion Qurthqulh€q'
sleo saquired into the question of lumar puricdicity, He
plotted & curve of the esrthquake Trequency in relation te e
times of perigee and apogee, und Jor tue sysygles und cuadral -
ures, lis also analyzed the observations for monthly and semie
monthly poriodieities by the methods employed by Xnott, He
found sn excess sbout 2 to 3 deys after perigee and & ninimum
at apogees but considered that the ratio of tas amplitudes
to the expectancies were ;bo spell to establlish such = relation /
Quite receontly Oldhas has again taken up the eswvéd study of
onrthquax. frequeney and hes publisned two paperz on the
aubjeez In the first of these ae nxs tavulsted thue ratie of
the doy shocks to night shoeks for Italy, Japan znd for the
aftershocks of the Assam carthgquskes., In all three ceases this
ratio increases in summer and dinminisnes in wianter, This he
explainéd in his earlier mewcirs whicn have already been disew
cussed in this paper, The investigation ne has now however
garried & step further by cslculating the tidal siresses for
ench twoehourly peried; end aes {ound that there is & close
relation with the varistion ia the vertliesl tidul stress in th
case of the Itelien records., The surtiguske frequency increase
with incresse in thne 4bded total downwerd tidal siress, In
the case of wue aiter=shocks of the Hino«Uwvari sarthouskes
the gpponite reintion appeers to hﬂld/ul the earthquikes

frequency ineressed with a decreuse in the total downward

tidel stresse. ¢
b
In his second peper Oldham has investigeted thoe same guestion

in more detuil emnloying the records of 9066 enrthquuktl
recorded in Italy during the period 1891-191C; &and also
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8318 earthquaies recorded in Jepan between 1885 sad 1094
These records showed the Beme seasonal relution for the
retis of the day to Right shoeks as those previeusly econsideved

There a»ﬁ ke 1ittle doubt that Oldaam's Tesults strongly
luppo;ﬁigﬁiﬁﬁaa tidel siresses &nd esarthquake frequenay,

It i elesr from this genersl raview on ¢arihquse fruquou-r
that some of the most aminent seismelogists. huve 1ittle falth
in any relation between eartaqualice frequency and Ridnd tidal
Btresses in 4ha 1lithosphere, bome otheres ar; dispesed to
adnit suen a relation as probable dut tuere are few who /
eonsider the effact t0 be wun faportant One. Nevertheless the
dnalynrin of thae various cnatrihutlohu bo thiwm subject, purte
feularly of the work of Peviuon, Knott, Omeri sna Cldaham is,
80 it seems to e, wwedt surficient to eetablish such o relation
beyond all reasonable doubt; end at tie Stne time to point to
the relation being on- 6: Great impertasce,

The discussioen whieh follews in PLrt II of this pEper
demona t ratey f’nt'thn r2lotion is not so #imvle es hos
tommonly been sunnraged ond that 4t aay Ve aLrongly‘iarknd
whers lsast Buspected from thy older methods of investi‘utlng

the problem,




' In addition to the pericodicitics nlready discussed in Lhis

papsr thers sre others whien have been suggested from time
to time, It is proposed in this section to desl with these
somewhat miscellansous discussions on earthnuske frequeney.
Perhaps the moet important of fhese periodisities is that
which i8 ansscciated with the 33 years interval; or with seme
multiple or subemultiple of that times 49 |
¥ilae in his “letew on the Crest Varthouskes of Japan®
pointed outl Lhat the distribution of tlhese mhocks indiesnted
the follewing pericdicitieste
In the interval from 666 AJD. te 533 A.D. ther e appenrs to
be o recurrence of maximum sartiguake fraquency st intervals
of 33} yesra.
In the noried from 9313«1460 A.D. the lntu}ﬁvuln wero generaly
66 yours wpart only u few bedng of 33 yeers, irom 1460=1800
A.D, The intervals werae 113 yeurs, 100 yeurs, u Lfew 663 years
and the reet 335 years apurt.
Naumann has poianfed out tust tue Japsness racords indieate
v maried ayole of 68 yaargguna again s noled Lthat there is
en approximsete coincidence between many of the disturbances
and the meteorie showers which ovour at intervala of 33 years,
The correlation of earthguaxe frequendy with Bruckner eycles
smounte to mueh the nsme thing as the search for a 13 yesr per
=isdieity a0 that whalever uvidohuc sgpporis ::: 8! these
neriocds is also fevoursble to the other :: the renge btyh.k-l
over s century or fwo,
Agein it has been shown tust there is some evidence suggests=
ing o relesion belwesn lunquf'uotlvxty und earthaunke t!Oﬂﬂl“'
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and this involves & periodicity of 1ll«1 years which is, of
course, & sube-multiple of the 33% year period.

Schuster hns snalysed the data relating to sunspot sctivity

and has found evidence of other pcriod:h; rarticularly one
of 4+8 years en! ancther of 8+4 years!in addition he recoge
nised one of 11+125 yeurs, Chree ntm.a%" that "There has been
&t least one 33 year paeriod during which the mean velue of
the sunespot frequency has been exceptionally low",
It hes already bean mentionad thst Deluune;‘ielicvod that

he had detected an 11 yeur period in earthquake frequency

corremponding to the periodic time of Jupiter ian ite orbit.

¥ontessus de Ballore hms on the otaer hand investiguted

L 13 -
both sunepot activity and Iruckner cycles in relation to earth

=quake frequency and has concluded that there is no evidence
ef any connection befween these phenomena,

Nevertheleas the evidence discussed above is not to be
lightly set mside #nd & further investigation inte the 33%
year period with ite possible multiples and subemultiples seems
desiradle,

Omori his investigated the eariaguate frequency at Kyutgf
and ccnecluded tant for the Gih cealbury Lhis exhibvited "more or
lese definitely « period of 6} yesrs®. The énulyuiu of his
resuvlte, hewever, shows thstl the phrase "more or less" covers
& rether wide renge i vurietion. The following tvimes of the
maxime and the intervele between them were read from Umori's

frequency curvele

- + B
e e — k.. S i e o B BT LEE L e abh B e e o e L oad o acd e ol Lo e

\H—



159

Dete of Maximum Sarthaguake Veriod elapsed between
Frequency. consecutive muxinma.
8053 AdDs
8118 65
818+3 65
827-8 9°5
832-6 : 42
837+0 5e0 X
84240 §+0 g
8515 95 - |
8558 4.3
862+0 62
867+3 3
8728 -
881+0C 82
886.4 5°4

In order to asceriuin the most probable value of the
periodieity I heave employed the method of least aguares,
and found for the trial periods of Ik, i, 5, 5% and 6§

years the sums of the squares of the errord to be 18°6,
14.8, 11+0, 1862 and 26*1 respectively. This method is
of course not strictly applicable in this case where VArye-
ing periods are used us it tends to exaggerate the signifie {
cance of the smuller periodsd The fact that the sums of the |
errors for the 3} and 4} yesr periods exceeds that for the T
5 year period ..'ln tuerefore all the more Mporta-nt’ und poinu/ f
to the most probutle periodieity as being sbout, or a little \
greaster then, 9 yeurs. In this case the intervals of 8+2 and |
9«5 years might be regarded as somewhat anomelous double

pericds. d
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Omori has slso suggested & periodicity of 13% years for &
great earthgaukes of Japan dating from 1329 A.D. to 1868 A,
The succeasive intervals between the great earthounies or
groups of aarthqnakel.for the paricd are, comumencing at
1325 A.Dyee follewa:e 21,11, 14, 13, 13, 7, 15, 19, 24, 10,
20, 16, 13, 7. 17, 14, 15, 8, 13, 15, 17, 16,17,12, 8, 18,
14, 12, 23, 15, 14, 12, 10, 11, 8, 11,11, 14, 16 and 23 years /
Umori hes taken tne mean value of 13} yeurs as repres:nting
the most probable pericdieity. I have applied tue sanme test

of the sum of the least squares and obtained for periods of
10,11, 12 and 13} years the sunms of the squares of the error
381, 351, 381 and 467 respectively. This eleorly indicestes

that the most probable periodicity is zbout or &« little
more then 11 years and not 13§ years as suggested by Omori.

Although perhaps ne great weight cun be altacned to the

5 and 11 year periodicities indicuted sbove it was thought
edvisable to state these results rnr_nhnt they mcy be worth-
_particularly es Omori's perioeds of P 6 and 13} years have
been quoted a8 being well founded.

Indeed it seema that the suthors who have cited these
periodicilies hace attacned more weigiht to them then Omeri
himselfl appears Lo huve done,

Omori hes alse found evidence of periodicities having
pericds of 4%, 9, 12 and 313 days, and of 4§ menths. These
were indicated by the ufter-shocks of the Hummmote, ¥ino-
Cwari snd Khso;hinu oarthqunkclfq'

” e Eumsmoto eurtiagusnke guve periodicities of 4+6, 12
and 33 days and of 13 months, The Fino=Uwari eurthquake
records at 01!‘ indicated periods of 4§, 12+3 uand 33 days.



The Hagoshims after-shocks showed periods of 44, 12 and 33
A8 . |

Gome thirteen years later, % in 1908, Omori undertook &
metooreliegieal study on leng period veriations in the
atmospheric »ressure in Jamyﬁnd found that there was
evidence of periodicities having lerghs of 4°6, U7 und 33
days md aloo ) months, -

AL tihe sase Lime he found that t};o after-asiocke of Lhe
Teite earthcuuke (Foimcsa) geve & periodicity of 4+4 days.

Cuori therefore concludes thet there perieodicities are .
real and sre to be correlated with the corresponding
variations in simespheric prescure, .

Another periodicity waleh cluims allontion is Luae 4;52 dey
eycle suggestad by Turae‘!‘&frm his oxnuinaiien ef the
megaseismas of the period 1359-1889, This peried is particule
erly iatercstisg bBoecuuse iils length orpreximutes to thut
of the Chandler pericd of pregogsionel nutation, whieh hms
& length of 427 duye. '

k dilas who had previouely indicated & periodicity of

447 da;r: ?:ar the intervals of rest between the maximum
periode ef e¢arthouuice sctivity subsequently pointed 01::: imt
the reccrds about YNoveuber 20th, 1910 wrified his expectats
don for that year,

& siwller lavestiigetion from & @ifferent point of view
appears to be the correlation of emrthouave frequency with
the changes in the movoment of the sarthls sxis of rotation.

Any enenge ic the position of ths peles caudes & COrred=
ponding vuriation in lstitude, and it is from such latitude
voriations that the polar wandering is determined.

Hilne in 1893 was the first to point out & relation



Year
1595
1596
1897
1898
1899
1900
1901
1902

between the motion of the pole and earthngus ke frequency.

162
HR.

Heepubitnuandis Guneimyd—ome we o drew abttention to the
faot that the time of the maximum incresse in lutitude

at

Zerlin corresponded wita the maximus sf eartaguake

frequency for Japan. iie subsesuently examined the movement

of

the pele Tor the years 1895 to 1698 inelusive snd cone

cluded the! megeseismic cetivity reuchsd fis uaxirum with

the maximum polar displacemenie.

Ceounl followcd up Milne's fnvestigullion for the peried

1899 teo 1902. Hilne'n and Capani's results huve been

2
tobulanted by Cmori ia the following tatlele

Totrl latitude variastion

in
to

liwabor of ierge osrthquaies,
Degy" 9

" geg 18
1°07" 44 or 47
103" 3
0'72". 27

Ge 32" 17

Us 53" 22

Cegp® 29

1903 ¥ilne dnvestigoted the question for the period 1892

HEo.
1599. ile divided euch year into ten equal purts of 36+9

days and tabulsted the number of world ﬁhﬁklnﬁ eurthquukes

for eanch of taese periovds. ide then eomrared the earthaouske

A

frequency fer the intervals during which there wasg a uurkud "’
deflection
dibswhienmand in Lie polar wekdsms wovercnt with thet of

the intervals lmmediately preceding end fellowing the

deflection periods, He found that the total numbers of earth

=qustes belfore, during snd after the defiection periocds were
respectivaly 117,200 und 153, |

$ilne has interpreteud these results ane fellovele “"One
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inferende from this investigation is not that the molar
displucemente scconpenying large eartiquekes result in
polar displacements, but rather that changes in direction
of thess latter movements, particulsrly whea ‘the rete of
ghange hse been repid, have had an influence upon earthqual
frequency”,

Hilne brought this investigation up to date in 19661‘“’

He showed thnt outl of « total of 27 deflection pericds
there ure 10 cuses in which the maximus esrthquaxe mqusniy
coincides with a defliection pericd, e total nwibey of
sarthouakes ovourring hefore, c:urlr.g/ and after comparuble /
deflection periods were found to be 167,207 und 217 respects

ively.

lie 8160 iacicated & Aew mdliod of cnclysing the dete by

expressing the deflectious bLelween vucecssive periods in
angular 2eksurxe., le lound Laet g wunll) deflections of from .
0 to 10% were onilted thmt "the averags nustar of enrthqusks s / ‘
in sny period is approximately direcily proportionesl to
nngul.#r deflections of the pole-path during taut perioed®,

In the following yesr Knott exesmined ‘uu dute from & sones

wint different point of 712:?' He considered that the enriie-
quasice freguency siould not b2 compured with the astual
fleflectionn themselves but with the deviations of these
defleclloas from Vhelr zoan wvalue, He seoordingly snslysed )
the recvds by tiis aethed and fouad thet for smell deviations /
the w¥#e aversge nuuiber of scriligucies wes 11'1, while for

the large deviations the average wes 10+1. le concluded that
this result "leads & certain smount of support to Milne's

view that there 8 wome conneciien between the occurrence ofl
ﬁrsc worldeshnking earthquakens and the movenments of the
earti:'s pole", Knott however is disjosed to interpret this



result in « cemewhat different manner, He is inclined to |
attribute the relation to some local change in the earth's i
rigidity resulting from sn esrthquake ruther thsn to the ' i
direct effect of m"mmantl. Thus Milne appears to con= ‘,
sider the poler movement to be the cause of the earthguake Y
rhytium, while Tnott looks upon the polar wmovement ag possibe
1y an indiract reault of the earthquake,

Gmori nea elmo 4aken up Lhis gquestion for the earthquakes
ef Jug-.l-‘-u[wg: B e dned Lav lstitude variutione at Tokye for
tas poriod 10uY to 1U3,compered it with the Fesew frequensy
of tue samelble earilhguekes at Tokis, and concluded that s |
bore pe relution Lo lhe variations in latitude, The case 1
aroved auite cthervise hewever bn ';tF regard to the large j
gerthnunise of Jepan, Unori found that "the grest dastriete |
ive revfuauelkes of Japsn heve « murked tendency to oceur in
the epochs 3f the maximus aya winicu latitude of Tokye, & /
conclitolien whign 18 La derwony with the resulie slready
abtoined LWy rrefs Milne." !
in the eame psper Umori points eut thet Kirura has shown
Limt the lecilude vuristion has sxhibised e-six yours' period ,‘
{or Lhe interved 1890 to 19023 &ad Omori is disposed to ?i
conneet this variation with the 6y yeurd' periodicity which j
he hae indlected Tor the earthquekes observed at Kyeto ' !{

during the Qth ecentury.




Longlusion.

The search for earthquake frequengy has lud & fanednetien
for maay workers and its nuunerous aspects have heen diligeatly
exenined by o number of distingulshed waisnologists and
coblacuta. Ths results of tnese investigations are widely f
scatterad in geologieal literaturs snd in many GAses are at
varisnee one with saother) It Ay has been the object of the
sutior to aseexdle this litersture as completely &s posnible,
snd it is soped that the discussion of the various papers
included in this memoir may serve to give & genersal vﬁw of
the progress that has so far been made in this direction.

Even new thare sre but few who mcoept as proved the relatione ]
ship betwesn serthquake fraquency and other natural phenomens,
wnile others notably Montessus de Bellore hoeld the decided
view that sarthqueikes frequency is entirely independent of.w
such relation. The moBt recently expressed views of some of
the leaders in tais field of research will serve to indieute
the present trend of thought and eriticimm. The following
erief summary of these is theraefore sppended as followste

Schusiter was the firet to examine tne statistics relatiag
Lo .urmm frogueacy from the point of view of probabilitie
for raadonm m&’( After discussing the anaual period whieh
mavison hed indiested he says "The probability of the secidental }
asture of 0 large an smplitude 48 in the first cuse ealy 1 ia -
300,000 sad in the second almost iafinitesimally swmell. The
reality of the period would be thereby sstoblished beyond
resscnable doudt, ualess the peculisrity of esrthquakes ‘
ocecurring in groupu. a8 discussed in the _’nﬂm section,
cnn be showa to raise the expectancy sufficiently. The fact,
nowever, that in esnch hemisphere the phase of the periodielty
found is nesrly identicsl in & great number of ceses disposss
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of all doubt which migaht remain on tais poeint.®
Although tne—nmplitudcs calculated by Schuster alseo favour
2 lunar periodicity heris not dispesed to scecept this periocdiei
ty as real because of certsin snomellee, and also on account
of the occurrence of earthiguakes in groups of twe or more.
Omori in 1902 writing the conclusions éf nis investigetlons
into the "Annual snd Diurnzl Varietione of seismic frequency in
Japa;%ézLyu "according to whet has been seid thus far tae
selsmic Irequency seong to have a close relation to the
atmospheric pressure,”
Oldham in 1903 prefaces his study of diurnal frequency in
Assem by tue following remarka:-s5
"Eapthquakes ere, and are generally scknowladzed to he,,
purely geoleogical plienonens, yet there i3 & constant tendancy ,
end have been repeated endeavours, to trace the influence eithe;
of the sun and the planets, or, ian more recent yeare, of
changes in barometric pressure or temmerafure on the time of
ocgurrcncc of eesrthauakes, |
Leaving out of account, as unmeccounteble the purely age
trological influencs of the wlineta, it Is not inconceivable
that, thohgh the cause of &an earthguaike iz Lerrestrial, the
exnct time of its eccurrence might he decided by eonme
astrononical or meteorological influence. n olier words
the exact time whnen a slowly growing strain becomes too
grest for tha resintance opuvofed ts it by the solidity of the
rock compoding the esarth's crust muy be determined Ly the
additional stress, - enell e» it iz - impesed by a change in
tne barometric pressure,. or by the stresses sat up by the
attraction of tne sun and tie wmoon,” _
Again, Umori uftef‘investigatinﬂ the lunay day frequency
'-nynzs'xt thus seems thet a considarable »roportion of earthe



quakes, from 50 te 807, are caused,. or aceelerated te ocecur ,

by the agencies of Lhse atimoopheric pregsure and the moon's
influence cp tidal stresses”

Hisviews with regerd to eurthqueke frequency &nd veriation
in latitude have been previously quoted. In mnother paper on
the “Oecondary Causes of Earthqulkonzehe goncludes as follows:-

“The results obtained........which are only fragnentury
netes en the secondary seismic pauses, ahow nevertheless thut
these latter play a very important pert in the distributien of
earthquaces during the day, the year, the lunar dey,ete, 4B
these secondary couses\probably determine the unltimate moment
when & long-continued underground 2%rees gives rise to a
sudden disturbsnce their careful study will be, in conjunction
with tre observation of the W........ua the invests
fgatior on earthquake-zones, of help inapproximately predicting
under faveursble eircunmstances the esrthquakes likely to happen
in = given distriet.” , '

Lmamurs: efter an eaguiry into the "synodic-meonthly
variation of seismic frequesey in .’apm%¢cancludod that
"eurtihguake oscurrences in Japen, waen they sre distriduted

in synodic days reach the greatest number at teo pairs of
times, manaly:-

¥irstly,, &t the times of the conjunet-iou and oppesition
of tae sun and moon, the combined effort of the two heuvenly
bodies being the eaude; ._/

Secondly,,at tho times of quadrature, tn&umbtﬁii effort
of the woon sad barometric pressure being the cause.”
mttonnin his book on sarthquakes has expressed his

opinion that "with its fundamental postulate fast venishing, wi
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l@”tt derived fyrom stutistionl cemparisons dissolved n.m.'
1ittle remains of the tidal theory of eartigquake _unnuca'.

Hobbe has discussed Milune's papers on the possible
relation of earthquake frequency snd the movesent of the sarth'p
pole and has 'l‘iti:l‘lz-'ll itself, Yilnae's theory is most plausible
for the migrations of the polae carrespond to changes in lstitude, '
and these must lavolWe migrations within the mobile portions
of the earth's crust, consequent upon the distortions of the

sphereid. Yhen the direction of pole movement 18 reversed,
sudden mnd temporary changes in the uouut_l.cn of compreseion
within the zone of fracture (like the loosening of & vise) may
precipitete an adjustnent of blocks whieh was before impending®.
¥nott hes written n grest desl on earthguske frequency. He
studied in partioular the question of & lunenr frequency for
earthnuakes end writes as ronmi’.’.

*As regards the -muo month, the greatuess of the Jwlife
_m:m: suplitude as compared with the mentuly smplitude, and
the times of occurrence of the maxims and minima, lead some
support to the view that we nave wn indleation of tidal effect.
The mexime oocur at times of new moon aad full moon, Just ubln_

tae times,when, in virtue of the cosbined sotien of the sun mﬂ
moon, the ocesn tides attain their mexinma®, le nlso remurks

*The eanuse of esrthgquakes is probably te he referred to the :
earth's heterogeneity of structure or to the inequality of stress
due to irregularitiecs of ite surface. Rupturing or yielding is
not determined by thehmount of sirese only; it upufi in grest
messure upon how the siress is spplied. Por rupture to take place
the stress must be different in diffeéerent direotions; umd the
difference between the groatest and least aumn' is an imports
ant detum in estimating the tendeney to bresk. So t-.yh enn bo
fudsed, the only veriocdie stresses tint exist of period loug
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enough to tell upen the earth's subsiencs are tue fortnightly,
montily, sesieannusl snd annusl tides, the annusl varistien of
snowfsll, and the steady sunnusl and perlinpes seni-snsusl ﬁautlllt- ,.
ione of baromaetrie pressure ovir the eerti's surfuce. Tnasmuch &8
the earthqueke frequency resaches ites maxiuum in winter wienever
there is » marked winter season, we wust pass Troem the annusl
tidal -t:nua'duc 50 shn sun as of 1little sccount. We scenm, How=
ever, to fiund in the secoumulation of winter snow, and in tae
long period oscillations of the stmospherie pressure, two
Gilbert in a paper dulm,with she predicticn eof ﬁ.‘rihquflo

writes ®The prinsipul kn.un-cnunos of portqdia variation of
ptress are bodily tides of the earth} oceanic tides, whien
alternately load ind unload the sesa bed near the sheorej the
winter load of suow on parts of the lend; spausl and diurasl
voristione of barometric peessusejgradient; aad the wanderingee
of the earti's axis of rotation. The relative impertence of the
several latlucaect cun not yet be indicated, but it is known
that their sbsolute importance is not the same inall places.
Tharee belong to the comstal belis, two te the land; and twe
belong to land and esea, but vary with latitude. Their relative
impartance in sny particular loeslity may depend gloo on the

direction of the slowly growing tectonie strea: 6: the erusty fo7r / 

in order to be effective the temporary or adventitious stresses
wust be of such caaracter as to sufnent the tectonle stresses®.
#ilne has expressed his views in the recent {(1911) edition of
his book on Iarthqunkiﬁi He mays “"speaking generally, as far a8

I know, neither tidal, barometrie, thermometrie, solar, iunar or |
otuer epigene iufluences beyond those mentioned, show u relatione o
ship to the pericdieity or {roqucaqy of meguseisnic wetivity.

1 S
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Their frequency is sppurently governed by setivitios of hypogens
origin®, ; < |

Walker too, appears %o hold b this p vh;y:rh‘lm-z he hus quoted
as the most muthoritsative statement on the subjeect, Le doec net
however sppecy to think the uurul:f for periodiciiy & vain one
for he writes "ccessscccettatintion ubout sarthaueies sre ropldly
inereasing in dumber and the search for periodieity will agsin be
taken up. It is desirable tnst the sesrch should proceed on the
lines indleorted by Schuster®,

Druke believes that in the case of Chins reinfull has been &
determining fecter in enrthquake frequency. ile wruaﬁé"suu of
the most atriking evidences of the foregoing data ure the follows
ing probable rules; first the rapid and strong simoespheric
variationa, sseisted to some extent by rain, are the foroes most
effective in the final stage of eurthquuie metivity”.

Gnyles has alee investiguted this sspect of eartusuake
frequency snd rmlz "As far as tais worlk on the earthsunkes of
the world and raiafall of the United States nae gone, I ngree
with Professor Drake very elosely on his esrthquelke and rainfall
uam;rr.....................m recent work with seismographs
fdas revealed facts whish eunnot be ignered; movements eof the
erust felt for some miles from the Gomet due to the incoming sad
outgeing of the tides;, sinking aad rising of Lhe erust under
high and low pressure barometric aressj the transmisasion eof
microseisms through the crust caused by the brenking of waves on
the const, The enrih is not &8 pigid ses has been thought, but
epperently in extremely delicate equilibrium,’

Taber in hils work en the eart quuikes of the Charlesten distriel

hes discussed the question of tidal frequeney. He writes us
followsie 4! |

e R g -
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®Many sttespts have Leen made to correlate lunar periodicities
with the earthquaice frequency of individuel distriote and of
the asrth sus n whole; bdut, with the sceusulation of sceurate
statistice, it has beon shown that the attruction exerted by
the sun and n;on on the earth's surfoce has little if say
influence in determining tho sime of earthquakes. Loglcally ne
ch.r.eoncluuian gould be expected in the cuse of tectoaic earthe
quakes, rorlthe sttraction of the sun snd weon is unilornmly
distributed over larpe arees of the ewrti's surface, and therefer
can directly cause very little difference in Lie slreases on
opposits sides of frults, tince the ocesnie Lides sre dus L0
tho-uttrnctlon of the sun and noon, &nd tidel losding on the
surface neerpthe cosst line does produce differeatisl slreusnes,
the positlion cf the heavenly bediea relstiive 3o ihe gurth oay
indaireetly recult in the development, in coustul reglonz, of
strosses suffielent in megnitude to control t.e¢ time of fsult dis
eplicesents”, In hisz conclusicns he also writes "The most imporie
eat fectory affecting the relative pressure on opposite sides
of }h. foult snd thus contrelling the esrthgquske frequency are
tlinflll. height of the weteretable sad barometrie pressure”.
The view fﬁﬂﬂﬁﬁﬁi-d l; Taber thet any forces affectiag /
earthgusie frequency must be such that they operste ilrtnroatlallv /
on opposite sides of the feult plase has also been prozulgated
independently by Knott. Gilbert too has recognised that the
dirvection of the growing stress pust be ednutdernd.
Thesee sspects of the guestion @ together with certain geole

ogiesl considerations with regurd to fuults are discussed by the
author ia Fart II of thie paper desling with the 'Tidal Gtresses

o e agiﬂhvqux."
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Yart 11,
Tidal stresses in the Lithosphere.

in the preceding ertile (Part I) an enquiry was nade
inte the subject of thw wocondury couves of earthe
-qulko-. Alth&usn thae avidanoi is somewiwt conilicte
ing there is a strong probability that the s=ell
streine st up in the sarth's erust &s the result

of berometric ehunges, oeoan tides along certain
conet lines, and tidal stressee in the eurtn's solid
eruet sve effective in detoermining the sctusl time o
of cecourrencs of the earthquake shock, It is clear
fronm the diverse opinions held by eminent seismolo=
glets that, us yet, the earth tides are not generall
recognised as being competent to precipitate an
esringuaie, A-nnsIxx3h.-c—ii-—h-§t~e-aro-cd—--o
bell '
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Thus the relation of ecerthquukes and earth tides
Jtnndu at present in the reslm of controversy.
Hony of the opinions quoted however were
expressed before the receat work of CUldnam, Omori
end Tmmanura and others was available for discusse
ion and may not now represent the views of those
quoted.

There appeuars to be, however, at present a
dispesition to attach rather more importance to
barometric changes then to wartih tides as possible
Secondary causes of oarthquukes., This is evidest

R a2 R
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In view of the faet that barometric changes have
been hore smnng accepted a» pocsible secondury
cnusaes of urthquml than eartn tides it is
interesting to compare the effeats of the two
sets of Torges. This mey best be done by comparing
the maximun stroine ofﬂatod'\w ench set of forces
wnd u.n.nuv(fg' hes in differeat places caloulated
the strain due to the tidal foroes ud merw fas.
oxpressed it as &« frection of tie watar tides, lle
concludes thet the earts tides are sufficiently
large to diminish the appurent height of the
water tides to twe thirds of their actual value.
Thies is 1llustrated by fig. / ¥rom this
diagrom 4t is elenr thut the earth tide must have
an smplitude ona third of thmt of the water tide.
The doudle wmplitude of tiw meximum or spring
t1de ideal ocena 1s caloulsble from & formuls
i venby Gm.| and noounts to 2456 feet or-oii 76
On the othar band G.ﬂ.hmé has ecstimated the
elTect of poarallel barometrie waves sosumed to
have o weve length of $000 miles and a double
gmplitude nmounting to 50 m.m, of meroury., He
concludes that if the ecarth's crust be as rigid as
the mont rigid gless that & correspondiang esrth
wove having & double mmplitude of 9 oms. would be
eauned by such a barometric load.

Q‘o/ﬁiﬁ@ ﬂ,g.,{“@a dfrfa Qﬁwm y MAM-{
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Hence the effect due to the surth tides iv zeecn
%0 be nearly three times that die to maxirum
bearometrie changes. :

The barometric changes however are not due teo
& system of purallel waves as caloulated by Darwin
but to subcirculsar domes of high pressure and
basins of low pressure} sedShenTOTTET distence
from—Saecumtres—of —the—enticiimy I proveviy—tos

. than S000 miles, In addition it is prebable taat

the rigidity of that part of the eurth which up
affocted is considerably grester than the most
rigid glass, These factors would sll tend to
diminish the value of 9 ems, quoted above. Hense
it is probable thut the double amplitude of the
maxioum esarth tides 1is coasiderably more then
three times that set up by the maximum barometrie :
changes,
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fhue 4t epponre that the movenment of the
esrthi's crust in greater under tidal stresces
tiwn under the influence of barometric changes,
If therefore Yarometrie changes influence the
time of ceourrence of earthquukes one might expect
to fiad » still more intimste ralution for the
earth tidoes,

ﬂqﬁnlgiﬁﬁ others have published data wihiech
strohgly suggest a relation between reilfall and
earinguaike periodicity. Meﬂm

The baremetric rasage of 50 n.u. ehnoon by
Lerwin is cquivulcnt‘;: & pressure of sbout 26
inches of wuater; uadﬁonxy wuier pressure which
is effeetive is that walch sesks into the ground =

5

usually taken se one ihird of the rainfall, Hence
in order 1o have a strein set up egual to that
due to the maximusm barometric wave there would
ioquxru to be 78 inches more wnter retained in
one erea than in adjacent one,

duch a condition could only be rarely if
evar realised over larjge areas a?d haence suech
& relation as that suggeoted would be of muech less
importence thun that due to the earth iid...

The search for earthqueke periodicity has
hitherto proceeded nlong mathematical u’d
atatfltxoal lines wituout taidag into mcoount the
:oaloaical espects of the subjoct. The matter is

1
J
3
1

approachaed in thls paper chiefly frow its goelo;ﬁ- 4

enl azped pnd from these & mathenstical thuﬂ
ie developed. ;
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Althougn rmcy‘? ‘uﬂy veatured the hypothesis tiat

sarthquaikes might be caused by the fracturing of A

the earth's crust this view was not accepted ss th

prime cause of oartiguaces until & mach later

pcx:ioi_. for ciuph Shat eminent seismologist |

J.IIIIH.O sppesars au late ss 1856/ to have neld the ;'

view that esrthquakes were primerily caused by

voloanic motivity. This may be seen from the

following ﬁuoutton from nie book on earthguakes ‘

published in 18661= b
Hilne'= darthquakes. pp.295,296. . il

"Conglusion.~ Although it would be an easy mutter

'to discuss the relationship of earthquakes and

‘other phenomens, we must conclude that the j

‘primary ceuse of earthguekes ia endogenous to

‘our earth, and that exogenous phenomons, like

‘the attraction of tihe sua and moon and barometrie

‘fluctuations, play but &« eowll part in the

‘actusl production of these phenomens, their

‘greatest effevct beoing to cause & slight pree

‘ponderasnce in the number of earthquakes &t =

"purtioulsr sessons, They may, therefore, scme= i

'timos be regarded as final causeés., Zhe mejority

'od ouriiouesos sro due £0 Lie giploaive oiforis |

‘st voloanic fogl. The grestest number of these ‘

‘explopions take pluce benoath the sea, and are

‘probably due to the nqulm of water through

‘fissures to the hested rocks beneath, A smeller

‘number of earthguskes originate at sotual

'voleanoes, : ._‘



A : J ‘ | *
"of xooky strats or tiw productien e Saulte. Tais
Ymay be sttributable to stresses brought sbout er
‘elevatory pressure, lastly, we huve earthquekes due
to the collapse of underground excevetions®,

Ty Shaas St sion o o ronipmmtit weladied
of feults and earthquakes is due chniefly to the grest
lubours of N,de Meniteasus de Ballore and tne late
. Bueas f“n.au ¥ontessus de Bulloriahno undu:-oqt
elaborate and thorough study of the distribution of
anrthguskes nnd has shown in & most convineing -nhncr
their intimate relation te the two great zones of
wesknesas in Lae sarth's erust. This work has
revolufioningd seisuwologioal seience and stands as
& monument merkieg the commen ground of -oiinoloay
oad geoloyy. The relstion of fault xenes and eurtihe
qualkes was first noted by Luess as the result of his
studies of the surthquakes of the Murz 1iggf'0runt
progress has since bpen pade, and as several of the
more recent cbd severe sartaniakes hLave setunlly
given rise to suriscce displacements along feult linas

these have been mads the subject of special study.
The eprisgizals el ssoT oot Tr ore ot—follewel -

£Tr.



e R ——————

=

10
This has beean particulerly tihe case for the n:tno)mn. the
Asenm and the Sen Froncisco sartiquaices.

The Mino~Owari Tarthquaied of Japu_r? 2;n}:cum'x'ml on the 20th of
October 1591, The shock was extremely leavy &and slhook an area of
243,000 equere kilometres or more than 6GF of the whole Japanese
BEupire, The mest unique sccampuniment of the enrtinuske Wini, the
eppearence ot the surfece of tue ground of a great fuult trending
in & gmer&l south esst to north west direotion snd extending
elong & length of at lesst 40 miles, Physiogrupaie evidence points /
to the fuult being at lesst 112 kilomeires in length. The surfuce
displacements involved both vertical and horizontal metions. The
eastern elde of the foult wae, in geanernl the downtlrow side and
was slso displaced horlzoatally, perallel to the fault place, in
a north westerly direction reletively Lo Lae otaer side of the
fault, This horizental mevement was on tae avernge from mno to
#ix feet, The verticsl displacenent ewexgubsriy Sasuns ene
smnémun susshard varied from zere %o about 10 feet but singulure /
1y enouzh the meximum verticsl movement had the downthrow
6 metres on the westeorn side of the fuult; althougn here us
ollﬁhcra the horisentel movement was in the ususl direcetion
previously indiented, It i® notable thut even where ne verticsl
displacement oceurred the horizoatal wovemeni smounted to several
metres.,

The greai issan hrthmktéi:;urr-d on the 12th of June 1097.
This earthouske shook sn area of 1,750,000 squeare miles and its
destriwtive effects were felt over about one teati of this arem.
The earthoueke wes ‘attended by numerous surface displacesents the
most important of which is the Chedrang feult., This extended in
8 genersl northenorthewest direction for au distance of about
12 miles, The chief festures of interest with regurd to this

fault have been suwanmerised by Oldhaam as followsie
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"Firstly, =lthougn the tarow of the fault varies from over
15 feet to nothing, yet wherever there is any perceptible turew
the upthrow is alvnis on the emst and tae downtrow oa the west
Beecondly, I wae unable te detect sny proncuaced hoerizoatsl
- movemeit of ohe side with reference to the otaer, in otuer
worde the displacement sppears to have beea simply up or down.’
-no thst the feult is & fault pure snd simple, and not & heave,
Thirdiy, wherever the plane of tne fault could be meen in roek
it was practierlly vertiesl, with no preacunced hade in either
dirgetion. Fourthly, the Adisplacemens appesrs Lo have been
prineipelly, :: not entirely, an elevation of the uptirow side
and not « depression of the downthrow side of the fuult®,

The San franeisco earthqueke took plamce oa tae 13ta of April
1906, surfece displacements elwo necompunied this carthquuike.
The "Earthquake orsek® se it was called closely followed &
direction about north 35° west, aad nes been traced for a
digtunce of 185 milees. The phyriographic evidence suows that
thie "creok®™ oceurs slong o greet rift which is snown to extend
. for 400 milen, As. in the Assanm earthquuie the movement ecourred
ileng vertical planes, but it also resembled the Lino=Owari
frectu e inssmuch as both vertioal displaceaments ond horizeatal
mevenents perallel to the fault were conspiouocusly developed.
In thie cnse the horizontal shift was in tae dirsction epposite
to that of the UinosOwari fracture, #0 thst the ares oan the
west of the feult was moved towards tie nertheweest rolsttvgly

to thuat on the east side of the fault, Thais horlzentel
displacenant voried from & few up to as muehn &8 twenty fyot.
The vertieal throw did not exceed four feet and the uplifted
ares wes generelly on the wentern side of the feult. This was
lvﬁ. howaver, lavuriphly the cnee a8 iu & lew instances th.?

eastern side wae uplifted to amounts of about two feet.
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It may be regerded as being now well established
that the immediate cuuse of earthquakes is in
most cases a moveament along fault frectures. The
study of faults enanbles them to be clmssified inte
two main groups - normal and reversed faults. In
the case of normal fuulte the motion is caused by
tonsionnl forces while in reversed faults come
pressive siresses are operative, The differeat
asture of theme forces must be tuken into account
in any sttempt to investigate the secondary
cuuses of earthnuakes, :

Although the motion whichk gives rise to
displagements along fault plasnes is often a.pnu\l.-
metely dn the direction of the dip of the fault,
d+e. in the direction in whieh motion would ocour
under the section of gravity, this is by ne means
always the case. This is clearly indicated by
the displacenent no'tod in connection with the
San m,..i.ii and M'mqmu. More=-
over the study of older fauults often reveals the
’mmod of slickensnides which indicate the
direction of the displacement and consequently
that of the resultant porces,

The principsal elements which are required
for the determination of the direction of the
stresses slong a fault plane are then us followsie
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(#) The direction of the trace of the fault on o
horizontal surfece, or, in other words, the
strike of the fault.

(b) The inclinstion of the fuult plane messured
from either the morizentsl (tae dip) or from
the vertieal (the hade).

{e) The direction, in azimuth, of the motion as
deternined by the slickenasides or sny other
method.

The discussion of the magnitude of the tidul siresses
and of the positions of the tide producing bodies when
they exert their maximum forece in the direction of
displacenent for any given fault is dealt with in the
sppendix, The genersl course of the argumeant, however,
muy be gathered from the decusasion whieh follows here.
This nmnznimt wa uuaus;od bast sn 1t sakes the
nature of the argument clearer for those who do not
read uethematics,
In the firet plece we muy reproduce the figure

publisied by G.I.Mil:f representing the direetious

- and relative magnitudes of the tide producing forces

due to o single attructing body. A
It will be seon from the diagras/that for asay given
place the tide generuting force will be & muxioum -
when the attracting bﬂ! is in the zenith snd & ninie
mun when it 48 on the horizon, lereover, in esch of
these Mimaw cuses the forces are wholly vertiesl,
It will ‘alse be seen that the tide generating
force is wholly horizontal when the attracting body

is at @ zenith distance of about 55° from & given Pl

Al
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The question now arises as to now these fcrm
nay operate to aasist faulting. We may first
consider the case of faults in whieh the displace=
meat 18 ian & plane perpendicular te the strike of
the fault, This may ocour in both nermsl snd

- reversed faults but is, from the nature of the

ease, becausa of the foree of gravity, mere likely
to oeeur in the former Lthan in the latter type.
Horms) Faults. Let the strike of the nermal
' feult be represented by the
line ¥¥° u‘ﬂm 3. « e
direction of Lhe movement is
represanted by the arrow
whieh is directed towarde the
down thrown sid e of the
foult, This is aleo the dire
ection of the dip of tlu fault, which is an
taroughout, here assumed to We & plane surface,
The foreces operating to produce mevement may be
represented bty two components, one normal %o the
fault plane and the other lying in the plane of the
fault and alse in the direction eof dip. The first
of these components tends to open the fracture, &l
henee, by lessening the 5-“-:“"“ mlnuun.’%
sssists mevement under the setion of gravity. The
Becond component tends to cause movewent ii the
setusl direction & the displacement.

.
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The following queations now arisel=

() How may the tidal stresses co-operate
with the earth's internal forces to assisti
ian producing movement?

(b) In what positions must the attrscting bedy
be to axert its maximum force in the
direetion of one or other of the components
of the internsl earth siresses, i.e.
parallel uia perpendicular to the fault
plane? | '

Suestion (a).

The tidal foree ncting on o small part of the
earth's ml; tends to draw taat part away from the
sarth ouss a8 » whole, If the same force acts on
an adjacant and sinilar port of the earth's crust
both parts sre drawn away from the main earth mnss.
but tpere ie ne epprecisHeltendency to sepnrute
lheg. Thus two small aresns of rook &t A and B
fig. 3 are acted on by pructically the same force
snd witout any apprecisble tendency to_nwuu
along the feult F¥F'., If, nowever, stirips of
some upprecisble width such ss FPQEF' snd FIQIFPY
be taken one on each side of the fault, the nvm
forces over sach sueh sirip due to the tidal mul
will not be the same and the dutmo between
the tidal forces on the opposite zones will
constitute a syster of foreces tending to cause
movement ulong the {mult plane, If these forces
operate in conjunction with internsl forces
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to produce rupture thay 5111 esuse the esarthquake
to oeeur anrlier than if they did not exist. PRy T
gimilarly if the tidal férees are opposed to the
internel forces they will delay the time of
pcourrence of tho sarthquake.
Suestion (b).

¥e have seen from fig. £, that the tidsl
forees resch n waximum for any given loeality with
ecertain positions of the attrocting body. In
previous jnvestigutions of tiaie eharscter it has
been usluméd that the times of ocourrence of ihe
peximuz tidal foreces are tha mont Xikely times for
the oceeurrence of esrthquakes, The investigations
of ?-rrz; and others on the relstion of esrthoqunkes
te the passage of the noonlasra-- the meridian are
vused on this hypothesis. Oldhﬂg has modified .
Perrey's hypothesis by suggesting that the time of
oocurronoa-of enrthouakes may coincide with that
of the aeeirrence of the maximum horizontal
component of the tide producing force at the earthe=
quake eentre.and he has further modified this
;nfﬁéﬁiby suggesting that tne rate of ehnnéo of the
tidal forces may be norof.frcetivo than the actual
pagnitude of the foreas thenselves - an hypothesis
which deserves further investigation.

As was shown under question (a) the setusl
-tﬁituﬁc of the tidul force at any point is not
the determining factor in setting up forces whien
‘mey precipitate earthqurkes, The essentinl t;otor

is the differance in the foreeas acting on zones

s By RS
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of the earti's crust bordering the fault plane,
Zhsss serihgunce Qrscipituting forces do mok
Lansh Rheir mexing wt the times of the usxiue of
the tideproducias forces. The saslytical proof
of this is given in the apponﬂix. but it may be
geometricunlly demonstrated by the following diae=
grems,

If figeeliand 4§ are represented the verticsl
and horizontal components respectively of the tidee~
ﬁromm fores. Vrom fig. [ we see that when the
tide-producing vody s ia the zenith of & point on
an eartihquake fracture or fuuly the vertical tide-
producing rnrooﬁjﬂpcrutiug on thhe zone on «ach wnide
of the fault are the same, so that although the
tide=producing forces are at n maximum the differe
ential ltrnu{dbvctnu the two xones is zere, or o
mininmum,

Jet us sssuwse that the distance between the
centres of the two zones is say an arce messuring
10° then we way see from fig. /4 that the greste
ent dlrt-rcnc;iin the vertical stresses for the
twe szenes would ogour when the zenith distance of

the tide-producing bvody was 45° from « point.

distance of 459 from the esrthquake centre,

Similarly if the curve r-oprninntinc the

horizontel component of the tidee-producing force .
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illustrated
demenstsnted in fig. © be examined it will be

seen that the maximu: horizental tono:}um when
the tide-producing body las s senith distunce of

450, But from fig.o it vuflgboo -m that the
maximum difference in I:,:fk:lm form uung en the zons
in question will be resched when the horizontal
tide-producing forces are actually mere, that id,
when the tide-producing bedy is either on the
horizon or on the zenith, In the former case the
forces are tensional and so favour faulting and

in the latter ease they are compressive add by
inereasing frictional resistsnce tend to prevent

motion,..

_l'n the preceding discussion ne acecount has

been taken of the amount or direction of dip of the
fault plane, It isnnecessary to consider this
factor in order to determine that position of the
tideeproducing body at which it exerts its
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maximum force in the direction of sssisting the
earthquake forces proper. ¥he necessary anslyticel
treatment will be found in the appendix. The
result 6f this investigation may be geometrically
illustrated by mesns of the sceoupanying ulérn.
(figd2 N
Lat the etﬂl;ihz{:%. represent a section
passing through the earth's centre and the eurthe
quake ecentre E; and let the section de taken
perpendicular to the fsult plane #¥! -
Let the hade of the fault be & and let 7 be
the zenith distance of the attracting bvody M.
Let the vertiesl snd horizontal eomponents of
the tide-producing forces at ¥ be represented
by V and H respectively.
It is required to find the value of #.
(a) for » muximum differenmce in the tidal
forces on eithaer side of the fault plane
FF' in & direction parallel to F¥F'
(b) the maximum differamce in the tidal
forces perpendiculor to FF' tending to
open the fault fissure,
These omdtﬁm have already Leen shown to be
those whioh are most favoursble in assisting

fmuﬂ.o
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are most fovoursble to normal faulting when ¢=k5-°+§i
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The conclusions teached (vide appendix) are as
follown:-

,“ﬂ)u forcaes meting parsllel to the fault plane
™

2.

Hﬁ} end the feult dipe away from

the attracting beody sad are (b) mest faveurshle
to éovnrund foulting when
Vs 145044 wud the feult dips towards the
ettracting body.
The results may be stated in words as
follows:-

(1) Tas tide-uroduging forces seting perellel
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Agedn it 48 shewn (vide sppondix ) that the
tansional forees perpondicular to the plune of the feult

——

&

resmch a maximum whan |/ 2 (90° « §)
end that She goupreasive forages in the same direction
resen o masisunm whan R = :2
Theae conalasions may be expressed in words as

followsie ‘

(3) Tag 38de peediaing fovaes satiag perpendioular
w9 i Lauds nlaas o mosk favourehle e Leulting, kath
nalal apd gevecsed, wied he genith disvsnce of the
Abbxaesian hadr Lron ths feull plane 19 equed Lo sinety
didureas ginus ong holf the eagde of hedel  end the
Lealt nling.

(4} Tha side=praoducing forean nre most unfavoarabls
to faulting when the attrscting body lies at & zenitn
distaace from tihe ruuj.t. plene equal w0 one half the

hmde of the fault.

Loot Fota. .
% the snse whers /e 00° ‘f'! is identionl with that

in which ¥'m 9008 aince tae tidel forces are the |
gaze both in the directisn of the sttrseting body and

-

in the opposita diraction. |
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Let ue mow coneider the csse of fuults in which L '1
the displacenont {v not in the direction of the dip.
Sugk s ease may be rapreseated by fige J :
 Hewe M ropreseats the direcstion of the v
dierlucemant. A9 before the wones FQIF' snd PN ;

are thoza on which the i(idal Torces act. r

The vartisul and herizontal tide-producing forees I'l
ney ba vesolved as before aleng the directions La »‘
in the plane of tha fault and &leng the normal to ! !

: tha fault plane,

The eeaditien for the tenslionul mnd compressive
forses perpeadicular to ths fault plane is abvicuse
ly $he nnwsa an in the preseding dizeussaion s0 thaat
laws (3) and (4) held quite genarally.The conditions ‘4
for Siae maximan affeot of the tide~sraducing ferces. 4
lying in iho visne of the fauly are however modified

L

but thay may be Wataed hj substituting the temm l
"apparant nede® for hade ia the preceding luws

A ek - &

atnted da {1} ana (2). Y
Tha 4“erm "spparent Jade™ 15 to be defined as %
the Nidesddch the feult plene vould eéppear to have l
ir = vorties) séction drawa in the direction of j
the Maplm;mnmt o (£ig. 3 } -1“1'
4

|

g

o

| b

L
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¥rom the preceding discussion it will bLe seen
et r;hure are certain eriticel pesitions in

which the tideeprodi cing body exercises its
maxirum influcace in sssidting the sarta's

iaternal forces whioh ere primoarily raponsible
Tor cousing faultiag. Sieh eritieal position
may ba determhbd vhen ths full geologfsal data
regarding the feult plane ure hmm. Thie may
ba gesmetrically slwwn as followsie
Let '¥' ropresent ‘I.m-‘ trace of a fault plane
paki i Sl o aith S divechoy of fhe d;sﬁfﬂceryv?ﬁ-
/V/‘/’ ot Lldustrated ia Tig. 7 .

Let 3 Ya the eorthqusiie centre.
Let the feult dip ia sie direction indiceted hy
the srrow sud let sihe smount of dAip he 2009,
The hade 1is therefore 9.
Let the sctiuel direciion of moverent be the
direction 7 _E N
Let %Pbo the direction perpendicular to the
fault, First émihr the cuse in which the
fauls 4m normal, In tiis case tne tensisaal fore
28 perpeadigular te ths fault plane resach a ‘
mesximan whon ths tidew-producing body is in the
directiosn KD and has & gzenith distance of
900-3 from K, Let T represent this position.
Byt sinee tihe wraess set up by the tide-producing
body ore approximutely tie weme an appouite mide
of tiae eurtn i.e. &t places where zenitis are

= 1508 apurt, there is snother position T, in
the direction AD' aand at & distance 9094 "%.
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~ Wnieh produces the sane f.cmlom Btresscs
perpendieculnr to the fault plane, lence the
positions of Ty and T, are ideniicul. The forces
soting pmu;{o'l to the plune of the fault in the
direction FH*H are most favourable to faulting
when the tide producing vady acts along the
ﬁ'irnuan #5Y and 48 at o genith distance from

i = 4-5'-{—3 whare &' 18 the apperent hade in the

direciion ¥, Let tils paoition be represented
+‘b;r ‘1'3.
Jdepigal seulls.
When Lae direction of the displavement coine

oldes with that of the dip the positions
40T, 8ad T3 all lie in & direction perpendiculs
ar to ‘tzm strike of the feult. Horeover since
the distance of Ty frem tae eurthguake centre
is 90° +§ and thet of Ty 1 4§°+g the

e anguler distance batwegn-ﬂiﬁtl ?3 is (90°+ !)
- (45°+ §) = 45° 6y

_\_Ihmco under the sonditiona, wh{icn are cmlj
spproximetiely fmifdilled in teamicnal or normal
fanlte, the engle betwecn the two ceritical
peaitions is 499, If, therefore, t‘ﬁo.lun and
moon @ot Joiatly their effeect is & maximum when
they are in conjunetion nenr either of the
eriticel poriticns; I3 or T3 or whea they are
separated by about 45° ench being near one of

the critical positions Ty or l3.
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In ths cese of reversed faulte the poeiticne
I‘ end 1'2 for the tideeproducing body agein fevour
movement but the forces acting persllel te the
plane of the fault are most fuvourable to wovemeant
when the tidesproducing body scts along direction
B8 snd ‘e at & senith distence from ¥ equal to
3"—" wherae 6 ic agaln the apporent lwde in the
airoction X,

Let ¥, represent this positien.

It will thus bec seen that for sny given positica
% onn o given fuult plane VM there are two oritical
positions in which the tide-producing body may
exercise it mexisun influence. These sre (T, or Ty)
and T for normel feults end (¥, or T,) end T,
for rzurud foults,

A purely geologicsl exmwinetion will, in many
onsas provids sufficient date to lesd to the
determination of these two critiesl positions fer
a given fault, It im clear that the aun's or moon's
influence is not & maximum, mcm.t in very speecinl
coses, when the tide-produeing body is on the

3.
neridisn; and hence the lew wihich Ferrey emnunciate

to thisn effect is here shown to huve no physiesl

HT, K

basin, Horeover il.de Moutessus de Ssllore uas shown
by & very cosprelensive statistical investigation
thet thé law does not hold even empiriecally, It
must be rembmbered, newever, in justice to Ferrey
thet the law of maximum serthquaice frequency at the
times of the -mn'.a neridian passege was enuneisted

nt & tima -m-n tha sonasntion of n flutd nuelena for

A
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the earth wos en noeepted postulate of geology; and
thnt morseover the law rested upon the records of
one disitriet only -~ f{or wniech, indeed, it may well
hold if one eof the citical positions abovementioned
lie on the meridiand..

It migat wppesr at Tirst sight that since the relad
ion of the tidal rtresece to enrthouveze pheaomens
invelvée both the direciion snd emount of the dip of
the ngit pl;ni and in sddition the asctuesl directisa
of ih. movemdeint, Liaié wae onldy melnod of testing the
cfreit oi Lhe tided surqessn in sccensunting sarthe-

gquake [requency wouid be to exmmine the dats for
esch earthquake veperutely. This no doublk would
prove the most complete and satisinetory line of
invastigation and way periups be pollibl; in some
mesgure in the future. Unfortunately, hovch?ifS:;a
not &t this juncture permit of -uchiznvotttantlou. in

very few cases iadeed has the sctusl fault causally
eonnacted with an esartugueke been definitely geologle
cully located. There &xe two daifficulties whien
stand like lions in tho putn, The rirltfthnt most
eartagueaces are due to amovements whienh do not
sotually resch thu Bursies of whe sorth and the
second is Lass the gra&t kJority of enrthquakee are
of submarine origin. Nevertheless tue general problem
18 nol altopsiier sa insoluble one. The deta availabd
have been exsmined in &» genarsl! way sand furnish a
rathner stertling cenclusion.
 In undertaking ony statistical investigetion
great ewms cure must of course be exercised in the

shnina af tha date to be used. There must be no



pesnibility of & melection whiech erbraces abmnormel
conditions, In the following discusmion the cheice
was mude of the world shaking serthquakes which were
recordad for thi:;:lrl 1899 te 1902 inclusive. These
have been tabulated by the Beismelogical donnxttoo'
of the British Association for the Advencenent of
Science and should be thoroughly representative of
the phenomena with regurd to their distribution both
in time and lpnoo.lrhar are, moregover, all
instrumentnlly recorded, The published list gives the
latitude and longitude for each earthquake and also
its time o} ocoeurrenace, :
It was neceasary for the pukpono of the 1nyaltignti
to calenlate the followiag azcnont-'tor ench earthe
quaice at the time of tho shoolk. g
(1) The lotitude and longitude of the sun and
moon. '
(2) The zenith distance of both sus and moon
sessufed frea the earthquake centre,
(3) The Azimuthal angle of both sun and moon
measured from the meridian,
' {4) the sngular distence vetween the sun end mom
subtended at the earth's aentre.
(5) the angle subtended st the earthquake centre
by the aximuthal directions #f the sun
- and moon.
As the list employed embraces 316 earthquakes
the labour inveolved in the necessary culculations
has been considerable, and should not have been

sccompiished bus for the kind assistance of my senior



students WW' The oal_onlaum;l were wade
and cheeked by thirty studen’ts working in puirs and
it im believed that tue results sare remsenably

frea from errors. Jony of the ealculations have

been ngrin checeked vy tha auther and were found

- #atisfucsory. Tne rosults obiained were tabulated

and tae results are ropregeatad ia Tedblea I and Il
These inve necr further condansed by grouping the
results of Tsbnles IXIX, IV, V, and ¥I, Biace the

tldil stressens due tc «n astracting body in & nvm_l
position are the seme (very closely) as those due

%o the m« body whea 1% lies in exaetly the opposite
or antipodal position wizn regurd to she earth,
lt\m mly fnecesaary to Snke a range from o® _to

909 for wvaa angles obtoined in Tubles LII IV, V, VI, ;

- This runge of 99° wao subdivided inte § interyals |

ssoh having = ruage of 10° and the number of sarshe |

1
ouakes whden oceuired sorresponcing to erch suoh
dnterval wes tuen talulsated, Thece results are given

in Tebles pentioned, -
kle 151 give whe nusber of eurthquecos ecourring - g
i

when the suwn's zenith dintences from the correspoide
4
1

e

ing earthousles yenge from O to 109,11 te 20°,et0.
Inkle 1V gives the correspoading auuber of mumuo

Ay u_h

for tie moon's zeaith distnages,
Julile Y give tie number of eartiquakes corrmmih'
to angulay dietences bolween the sun and mooa m
from O %o 160, 11 to 20° ate, and 7
Zudle VI givos the number of earthguakes mmj
1ag %o the angles subtended by tae sun's aad “".--_l
%)

»
!L L

)
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4.6, vaen the sun in near the liovizon.

szimithnl e&:ﬁs!m for Lthe sane mm- istorvale _

T af 09 %o 100, 1198 La 200, atd.

& praphies) represerteilon of ench ol the above ‘
tehler i0 nlse giwen, Mo, & corresponde Lo 7 ¥
Tokle IXT: Mg, C} to Tebie IV: Fig. /O %0 Tshle ¥y
snd Tigs )] te Teble VI, 3

=0y
3 ting Tahle .

Tho anrve ahoen in Ma, g in an arvanged thet the
vertio: ‘lintr::‘tme ¥ ordinaton yapresent She nunbey
a® mprthounken pceurrisg foP cash of the intagyels
N to 109, 110 1o 2009 ape. wnlch ore plotted me
eheelpnoe nnd ropresent the sentih diatanses of the \
sue fron e strlinnoale ¢antyrae, The ourve has
sovernl dierinotive footures, .-‘-J

Firgt there sre very lew surthquakes eceurring :
wMsa the aun {9 cleue te the zeaith of the nﬂhmmkt‘

asad=e, This 18 of courss Afrsatly oprosed 1o ?mwﬁ 7l

)

wlaw that eartigw kas nre 1ML linely te ocodr when 10

- i

the attracting hody 12 on the aenith. Ca the atasy
hand 1t hes bean damonatratad 44 the preceding

Afneusziar (vid: 5,80 ) that ths maxises comnressian e
parrendionisr o tne sl plasa ssgurs when the m i
ir ness tha peaifh und the Pauls s stesp. Suen L
coaprentin” br Inarsanin: Mrlationel resinsencs M

. - delevippes —IF
the ‘ur.ﬂmg-.mkes foraea propur =nd honce &= 'zno HOsT Fi-‘”

urtAvaneshla tins for aurtnouskes. Tals sgrees well

with She Forn ol tus owrve whider discueslione

A P
Dpoond, e lnrge aupber of serthquakes ocour whea
tha sun'e zonith peeisies Alalenge ie from 01%50%



30. :
- This has been suown (vide p. 2/ ) to be tae pesition
in which the tensional foroes are grdutu't for ntepp

faults and henee when the tidal forcee favour the
ocourrange of eprthquaikes.
Zuird.Bhe curve has 5 mexdmum for values 31%to 40e -
and n ninieus for valuen 41%to 509, These may
reprenent irregularities in the curve or may perhaps
have sobe sigaillonace,.
Joursije The nnmmuy/nmabn:!or eurthquakes oagur when
the sun's zaenith distence is from 619to 700, It can
be ghoeun that such & maxisuw is ia aceord with the
daneniesl theory outlined la this paper, provided
thet fuulte neving & hade of sbout 459 ere as
gormaon a8 those having other values for the hﬁ;l.o
Por if a aormul fuult have u hade of 459 the eriticml
pesitionel tae sttrasting body for the forces
parsllel to the fault planc i at & zenith distance
¢ 2 456 + 43 = 6'}-.&': and the eritical
muhm'or tno nimctz.ng tady for ferces perpens -
dieular so the sullt planas ie fﬁ - 90'-";’ which
alee = 6749, Henece the gwg oritical positions have
eaoh & zenith Jistoncs of 0740 and even if faults
having & uade of 459 sre rolntively less commen than

pthers cne might atill expect &n exceptionslly '1
large rumber of onrthquakes 1o oceur when the ntru@ i
ing hady is £t & zenith distance of about 67§° or : L::
theresboute, : Jﬂ

If the curve of I'ig. is now exmmined it will Jf-!"«i
be seen to ave the same general form s that of - y
£4g.'S o This would bo sntieipated sinée the meon j?}



i
axaraines m aome Kind of umnu- w@ the sune
Fireg. The minlews aghin soeurs when the moon i
pasr the menith of tus enrlaquake eentre,

facpnd. A large cunber of enrthyunkes goeur wien the

mann A goar ths -Horigof,
Tnted, Thers is » meximan An She intexval Al te 5o®

srf & pindmum dn the interval 51%e 60° wnien wey be

sngldenta) or may hava sowe signifiensneay

Poazihe There is sgedn epparont & moximum Tor zenith
Motnnoes of thk atiraeting budy renging from ol te
79,

Wext, {f the curve fur 'wble V, ¥ige /0 be aow
exsmined it will be sean tnel fhe mexdoum enriiie
surg Froonency COPFOENSHGE L0 AN eugulEr dhm
Yetwaen tne sun ond mosn of frew 1% to 50, 1t hes
naan shown dn the precoding lincusaios (vide pege )
thet sueh 5 seximum spe 30 have been expesiode -
Yereover the psce nrgmeent fuplics LI8% the eallie
auake fresveney should Lo goerier vhen the angalar
distonge petyesn tue sun ond seen 16 small swy

frénﬁto W00 Shea when it e lurge esy from GU9 %o

000% in fnspectlon of %ae gd¥ve ELowd thnd thie also

in the esdd. ' ;
M=y ml the cen@iderstion of Teble VI and.
the Wdﬁw‘mu saows da ¥ig. ; » Tuin
m‘m & very aign nexinu for sagulnr values
from O to 100 with a Papid falliag off in eextie
ndnke fraquenay nn §he sngular YL Uae _tmwnma.u'

009, The significance of Lhis curve 1s vury greats it
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that they exert their tidel siresses in the wame
direction thore is a grest vaximu of enrthquakse
frequensy. Thiv curve provides very swrong proof
indead of & meat intimate relstion belween eartuquake
freguency sad the tidul stresmses set up by the sun
wnd moon., Tae fuet tuwt She sun wnd moon are Jelnw
relatad by this curve with earilguese frequency
resders it higily provable tost the caief relation
i directly due to tidal strossed and not. to seconds
ary ocmuses such as temperature or baromotrie chauges
whioh sare a function of the sun's and not of the
noon's npositica. The conglusion indicated is of such
importansce tant it is desiveble to mske sn estimste
of the probability of ebtulning suth o gurve of th‘
surthquuied wors mirely random uv&atal anconnceted
with tae positicas of tus sun and moon, 1t is 'm
in toe wppondir (Bection ﬂ: } thet the probebility

of obtadnlug sucn » eurve [roi cunden events 8 less
| then 1 in 276 1019. indeed Shie probebility that

the eartuquake Srecucncy should be even at least
ui crimt @B thny ladiented for tim$ purt of the curve
renging from 0 %6 30% le enly 1 ia 45 x20%3,
In otner words toe odds agsinst rendom events ziﬂu »

rise tu sueh B reia'c.irm are 8t lewst ar grewt e

456, G00,000,000,W0 to 1. This eaormously high |

ratio furnisies the clearont proof thut eurthquakes _

are very generwily procipiteted by the tidel stresses k

due to She attrections of the sun nad moon. x
ne imperteace of such a cengluvion is at enee

oWvious. it prevides for eseh particulsr sarthquake :‘i

i
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33. ’ ¥
geatre oriteria fer the prediection of the time of

40 within an hour) of the gcourrence of an earthe

qwl.l:e. if onceé the spproximete period of the ﬂﬂ
earthgualke can be detarnined sey teo wituin o meath
or even & feéw neains, Thua we bave,ps it ware,
tho fine adjustnent te our asrthgquake prediotion
zpparatus ready %o hand; but s far we lsek the
coarae andjustuent,
Copclderuble progrese hee however heen mede in
the mattor of ﬁhe appréxlmata prediction of earthe
qnak-:. end much mey yet be learned frow o study of 3
the few ghoecke pnd sfter shoszs of endthquaies whiech ‘
will assist in the solution of tae provlem. -
If, in addition, metesralegicel influences be taken
ints considernsion it mey yet be poeeible to predict
ha ogcurrease of earthguzkens with sGifielient R
acourracy to provida timely warningn of dissstreus
anonis, The hepe taat this iavesvigution mightl, 4
= peraups, da of velus in the future prediction of I
suen eurtiqQuekes, Las Leer & constant ek inepirstion ’
end m?entiw to the ruthor in his sttempt to
*follow the gleam”., S
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Fig, ) Bhowing earth tides and ocean tides,
Fig, 2 Bhowing tidal forces after Darwin
Jig. 3 Showing direction of movement in Faulting.

2ig, 4 Ehowing amounts (V) and difference (dV) of vertical tidal
forees.for given genith distances of the
attracting body memnsured in degrees,

m Showing amounts (H) mnd differences (ﬂz of the horizontal
- tidal foree for any given zenith distance of the
attracting body - measured in degrees,

Jig. 6 Disgram to illustrate the calculation of the tidal stresses
net 13 parallel and perpendicular to the fault
P L

Fife 7 OShowing the eritienl poeition of an attracting body for the
tidal stresses parallel and perpendigular to the
: fllllﬁ.ﬂllﬂ..

Jig, 8 GShowing the number of esrthquakes occurring when the sun's
zenith distance from the oorr,ago‘ins earthquake
. eentre renges from 09=10°,11%200 ate,

Fig. 9 BMing the number of esrthquakes ocourring when the
moon's gzenith distances from tae corresponding enurthe
guske centre ranges from (%=100,11-20° ste,.

Hige 10 Ghowing the mumber of esrthquakes oecurring when the
angular distances between the sun and moon range Femm
from 0=10°,11200¢, ate.

Jige. 1l Showing the number of earthquakes omnpunnf to the
angles mubtended by the sun's and #oon's
azimuthal duat%m when the ssid angles
range from 0-10°_ 11209, ete..
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~ angle @ with the vertienl X'CE through the peint B,

Given & plsne fraoture in the surface zone of the
easrth's erust, to determine, for & given point en

the fraeture, Lthe genith distance of wn sttracting
body in & vertiesl plone perpendicular teo the plane
of thae fraoture sueh thati,

(a) the gifferences in the components of the tidel
forees, taken mormel to the plane of the frecture, ad
seting on adjacent masees on ovposites sides of the

fragture, are n maxisumj end,

(b) the differencges in the components of the tidal
tmni-. taken parallel to thcplﬁn of the fracture,
and acting on sadjecent masses on oppesites of the
fracture, are v mexiwmum

Let Rzu* be o contral section of the ourth, whieh
in sssumed to be -Ml:l. taken perpendiculer %o 2
tha given plene fracture FiF*, : |

Let the truce of the fracture plane FEF' make an

Let the required pesition of the sttracting ‘body E.
lie in the direction C#A meking un angle ¥ with lﬂ
the vertioal at I. nad ot o dlutonce whien is
remote as u-pn'od with the esrtn's redius.

Lot MN' be the nor=sl te the fracture plane -
through M, ' " '
 The sttraeting bedy lylng in & direction oM.
oxereises & tide producing force at ¥, tno smount of
which mny be dorives from the potentizl at X, _' .
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It 48 well knomn u-twsu- muuumu;; ~*‘

| nunttn P

e e ing 2

l. ;

P 18 given by the mm
o 75397 (condfed) vorrreiine )
mn_u-h the muse of the stiracting body, r its
distance from the eartn's ceantre, p the mm’i |
redius and #/ the angle between r and pe
Tads tide gemersting petentisl ¥ yives rise
to &« tide produming foree wileh may he roprescated
by its vertieal sad herizontel components, Let these
be denoted by V sad ¥ reaspectively. Mu ean be 3
readily shown | by differenting the tide Generative

Y .-"’(‘ mnV- 1) sowsemanias ‘2)

ne x” p .‘.F.“ﬁ;wl.'t!.or&ttono‘3) -

r . -

where V mey be tuken as positive when directed
swsy from the esria's centre, and X s positive vhen

directed towards the sttracting bedys, e
By resolving aleag taw acrmal NN' we have the

forces ulosg @O represented by By vhere o
By e Heos 0 eV En 6 seierreeae(d)

L . - . S ki _:h”-: "Z" |
= o.n.m -wa- S -

:mmmww.gmuuumsa
» Volul, pefl0e "1;":!-_\‘-:--'
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Similarly by reselving parellel te ¥#' we have the
forees along UF' represented by ¥, where

¥, ® il oin & 4V cos .

Now let the differonces in the gompenents of the

tidel forces on adjacent mmssen on oppesite sides
of the fracturse plane be ‘
afy in & driution normel to tue fracture plaag

- These values will consequently be given by

the relntions g

B8 (3 % sinf cos ) e0u o-—x(pu?pﬂd),abw}:
ﬁlz o {- i K -u;ﬂm,ﬂom + K(3 _eu’ | ;a)m ¢
where K & B '

fience g 3K osn (278) seeiciiessl§)
and ® « 3K sin (:ﬂnﬂ esassesani)
As &y and dF, represent the forces tending te
produce rolutive movement of mosses on epposite sides
of the fracture plane, the mont favourable conditiens
for movement occur when dfy and lla resch their
maximum aumeriesl valuee without regard to esign.

From (5) we see that ‘ul l.:'a.un v d raum
sumerieal values when

cos ('z;ﬂ- 9) st

fcocownen 24 « 9 20 or T
T Y /{*f Eeganvinitl

being pesitive In the former and segative in the
letter cose. ' '




N ! _
Stidlarly from (6) we mee tust di, has its meximus pumerid
values whea
- sin(2¢ w8) &8 11
or when 20 =6 = _31';;- g

B

.0, when P\ 1[;; ,‘;‘g vissspaatl)
being positive in the former end negetive in the latter
cave,

From (7) we see tas:
to thae fracture plane will aperats to cuune compression

tending te close the fracture and thet when § 8%"4_%

g g the forces neting normel.

these forces will eperate to cuuse tension yending te
open the fracture,

| mutr.t&)nmmtml-,t+‘
seting parallel te the fructure plane will tend to meve
that part of the earth's u-uu. whiech lies wbove the
fracture plane dewnwards towards the eerth's iaterior
when the motion is considered relatively to the mues lying

the forces

under the fracture plane; : - Tl

end Im
'i*‘!“”m uu/nunnm»m
relative notion in the oppotite direction.

Now it is known thatl the tideepreducing forces at any
part X (llz.*el) ure the same whether the attracting Lody '
lies in the direction CA or in the oppesite direction |
CAY, the direction r being in each cnse the same,

Hence the dispesition of the tidul forces in cach of
the ecnsen nbwq'u'ruidcnd will be the same if the sagle
T+ ¢ be substituted for ¥ in sach case.







The | Froblea Ltated,

A gertain series of 316 measurements were made comprisg
~ing sngles which ranged from O to 90°, These were -
grouped in § sets as shown in the following Table

ienge for each
of measurenents

Y| e =
Noiin duch growy B0 50 49 20 B 2) 17 26 19

If these represent random measuremonts what is the
probability of obtaining suoh an srrangenent as that
indlcated in the first three groups?




Au&r way of looking st thne problom is te enguire
ghet ere the wrobsuilities of of e’ o of the pensure
Hents Onlliag within She reage C=10% of 50 of the
repudnder Lalliug in the xenge MA%-209; gad of 49 of
e revainder felline within tue raage 21%30°.

" It 48 shown in textebooks dealing with probability *
that the probebility P, thet sn event happen on et lepal
r out of n oceasiony where it is in quiltton is given
by the relation

P » aCep"a™™T 1 nop u***.“-rﬂ.........ic,,_,,n-xg,"

nola |cm

whare the zelsties 18 the same an Lunt of—Sthe-precedias
' ddseusaten, adopled by Chvyslal-
Thie formule 18 méxly derived from thnt giving the

probability of the event occcurring mo_uy r times,
since it represents the swa of the pro‘babntu'n thut

the event ocour exmelly ¥y ¥1ly.esse s Gnd n tines,

low from the nuture of the cese when r exceeds tne

expactancy, the eveat is lesnas likely to cecour r. 1 times
tisn r times} r+2 times Shan P+1 tinesi and 80 on. Henecs
each of the terms in the above expression is less Lhen tis

= ﬂnmm-alat'hm Vol il,pe503.

| e

. . o > . " N T o I S Ly -y
. " by (R % . . o - r ¥ 5 B . 4 - J
'. | " '; A - . : o‘ f ik : 9
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SRl - - np - 8 3 -
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one whleh precaedes *Pl- and therefore the wum of the
Be 1 terms must be less thun(uer 1) times the value
of the first term. ; _
Thecefore, the nrobsbility that of /80 of the
nessurements Lall witnin the renge 00¢10° is
o P (nerd)nCppTeher

7o
< Td-lké'ﬁ'ioﬂ
Hence the total probability that the nunbérs of nessuroe

menta resch of Lt 80,50 and 49 for the respeative
groups considered is &a less then the product PP 'xp"

i.0, is lems thun WS « —h’ m‘&ﬁto?
i.0, <_m3
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Earthquake

282
3081
333
334
337
337
338
341
342
344
345

391
442

539

643

District,

o YD " G g o " RS G0 S IV BY 5 TR T

Nautieal Almanac

Date

1899

April 16

July 14
Scpt. 3
Sept. 3

Sept.10

Sept.10
Sept.l0
Sept.15
Sept.l7
Sept.22
Septe.23
1900
Feb. 25
Octs 9
Oetl16
1501
Jan, 17
Qete 15
1583

Oct, 2

Hour,.

2:38
1:34
12:20

23:04
1:43

15:41
0327
23:2

16:41

1:23
11:57

5:48

Barthquakes.
Lat. Long.
N 58° w 138°
N 60° w150°
N 59° w 140°
N 59° w 140°
N 59° w 140°
¥ 59° ‘w240°
N 59° w 140°
N 59° w 2140°
N 59° w140°
N 65° waa0®
N 55° w133°
¥ 59° w 140°
¥55° wa32°
N 55° w132°
¥ 60° wa3s°
¥ 23° w34
N 50° w130

N 58° W 145°

Sun's
Lat. Long.
¥10° w39°
N 22° w22°
7 st
7° = 107°
50 W 76°
5% wa32®
59 W 3450
3 zam®
2° ¥ 14°
¢ =
2° w 28%
9° =®2128°
6° w 10°
8 9© ® 11°
s 2° E 113°
8 8° w 242
8 20° E 177
8 3° w 90°

Moon's
Late. w. .
N22° B 3"—;
8 7° = 36°
¥ 3° =ma72°
X7 =9
sa° w 16°
s n° w 7.-
sa’° w 83°
815° wa24°
8§ 9% wap®
¥a° =106
w2 wass®
$19° B 78°
N 14° wars®
¥F1° w 64°
82n° E 78°
518° = n°
8 1° w 2};‘



Earthquake

‘Noe

690
766

248
3va

452
470
472
5550
564

674

597

District

A

5

g

=
N

> >
n

e

AxB
AgB

Hagtt.tl Almanae

Date
1903
Harch 15
weplel0
1899
Jane 13
Dec, 25
1900
Decs 13
1603,
Marech 2
Moreh 4
Nov,.13
Dec, 8
19503
Jangsz3
1902
liarch 16

Dec.1l2

Hour

14237
0:25

11115

-19:45

22145

16:35

14:17

17:25%

23:22
11:05

Eartiquakes
Leat,. Long.
51 waz8e
K 8%  § 1300
N 200 ¥ 110°
N34 ¢y
N 27° ¥ 120°
¥ 25,300 w 120°
N 23 ¥ 120°
8 37°  wauars
N 23° wiz®
N 27° w1207
¥ 30° waie®
u 23° 1188

Sun's

Lat,  Long.

8 2° W 30

N o5°  wa°

s AY 4% 33>
5 239 W &9
8 23° E L1700
8 7% a3 M|
g & ‘B
s 18" B 107°
5 23° 344’
S 16° E 112°
s 2° 12°
8 23° ¥ 1680

Lat., | Long.
8 89 Rai7z2
9% w268
B 19% .8 a73
® 8w 95
€. 19° B 132
¥ 10° w3y
E 2% waise
8 200 ¥ 140
s 18¢ zaia
8 18° B &
¥ 19° =07
N 159  w 20



- - ” Earthquake Nautieal Almanac Barthquakes Sun's Hoon's

4
"'fﬁ"' No. District Date Beah Tk Besk  Bal B Sab et

1899

250 B Jan, 24 12:45 W 17° W99 519° wW173° N 220 W 149

264 B Mareh 11 21:37 F17° w1i03° s 4° B P° N 4° B

270 B March 25 2:27 N10° w 87° w 2° w 35° ¥ 10 B 125°
1900 . :

381 B Jan. 19 18:32 N 19° w2108° s 20° = 85° 0o w 49°

407 B May 16 8:13 ®20° wi05° w19° w1240 5 22° B 84°

415 B June 16 2:43 N 30 w 90° w23 w 4° 5140 waps®

417 B June 21 8:56 N 15 w 86° w23° w1’ ¥ 13° Ba15s°

447 B Nov.9 4:7 F1° w 96° 5170 w 6° ¥ 2a° ®152°
1901

536 B Oct.7 14:36 N 70 w 9° 8 5° EB143° ¥ 9° E 94°
1902 . »

576 B Jan, 16 11:53 H27° Ww 99° s 2° w 76° ¥ 10° w 940

578 B Jan. 18 12323 N16° w 94° 5210 wiés® ¥ 17° w @°

6062 B April 18 14322 N 15° W91.,3° N11° B145° N 20 w 75°

642 = Sept.23 8:16 N215° w90° N O w 36° N 19° wi38°
1903

671 B Jan. 13 13:44 N 3° woo® s220 mas6® 8 3° =® 28°



Earthquake

No, District

m m
600D BBy
269 ¢,
292 c1
294 ¢,
321 ¢,
322 ¢,
498 ¢
582 c,
589a ¢y
600 e |
642 ¢,
672 ¢
687 cy
761 51

Nautieal Almanae

Date

1899
June 4

1902
March 24

1899

Maren 23

June 5
June 14
Aug. 2
Aug. 2
1901
May 27
1902
Jen, 28
Feb,16
larech 24
Sept. 23
1903

Jan, 17 -

Febe. 27
“". 1‘

Houw,

16:30
15:26

2:26
22
23:6

3:16

5:57

6:48
12:39
5158

16:54

4:12
21:50
1:35

Earthquakes

Lat, LOD‘O
N.50 w 85°
N 3° w 87°
N 220 W 590
N2 w 73°
x:° w 77°
N 23° W 76°
N25° w 90°
¥ 2° w 72°

0

N 20 w 689
N 2° Ww 70°
N 310 w 80°
¥ n® w 8°
¥ 25° w 88°
N 20° w8°
N 200 w 72°

Sun's

Lat,

N 22°
N 10

¥ 21°
N 23°
N 23°
N 189
N 18°

s 18°
s 12°
¥ 1°

8 21°
g8 8o
N 14°

Long.

B 112°
B 131°

s = N = =
-
%

=

o

|
o

910
174°
87°
105°

w 23°

loon's \s\
Lat. Long.
N18° ® 74°
8 8° w 39°
N 11° E 106°
N20° w 78
N 7° E 83°
N240 w 92°
N 23° wa30°
8§ 59 =E 50°
8 59 .« E 1360
¥19° w 8oo
$ 6° & 980
N 19° B 8°
¥ 2° B 1730
s 220 = 42°
N 16° wan2e



Noe m.tﬂ“
361 C,
422 02
445 Cy
580 c,
303 Dy
432 D1
455 Dy
237 Dl
675 nl
6761v pl
268 Da
278 D,
279 D2

Nautieal Almanae

Date
1899
Nov. 18
1900
fuly 15
Oct. 28
1902
Jan, 21
1899
July 6
1900
Aug. 31
1901

‘ Jan, 6

Oct.1@
1903
Jan, 24
Feb.l

1899
March 22

April 12

April 12

Hour

2:55

-6:49
21:26

20:38
19:56

12:30
14:56

22:23
5:23
15:36

Lat. Long

N 3°

N 120
N 110

s 28°

W 650

W 70°
W 68°

v 7o

¥ 90°

W 94°

w 82°
W 85°

W 86°
W 100°

v 67°
W 67°

8 29.50 W 67°

8 199

N 22°
8 139

N 9°

8 23°
8 60

8 190
8 17°

N 230
N 90

W 48°

W 1010
E 350

W 1420

E 520

E 6°

E 174°
E 133°

w 59
2 17°

B 26°
v 8°

B 126

loon's nj
Lat. Long.
N23° =B 147°
B 4° E121°
8 20° ® 1040
N19° = 2°
N 22° ® apo
8 200 B 136°
¥13® =x18°
S 40 B 117

19¢ w 98°
N 3 B 66°
N 120 ® 169°
N 220 w50
N 23 ® 145



Larthquake

No,

593
605

668
698
793b
497
295

397
425
431
450

458

District

‘o

Nautical Almanae

Date
1902
Marech 5
April 11
1903
Jans 3
March 29
Decs 7
1901
Hay 25

June 16
1900
March 11
Hay 11
Aug. 4

m.ﬁ_

Hov, 23

1901
Jan. 13

Houy

7:3
11:55

16:53
4:28
2:40

Earthquakes
Lat. Iﬂ(u
8 20° wag3°
s27° w65
8 15° w83°
s28° wn®
8 150 W 63°
M 40° E 145°
N 38° =B 142°
N 39° B 1440
N 39° E 144°
¥ 42° = 245°
N 40° ® 148°
N 42° E 145°

Sun's

Late

8 6°

N 8°

s 23°
¥ 3°
8 230

N 2°

N 23
g 4°

N 18°

N 170
N 10°

8 22°

Lon‘.

W 103°
W 179°

E 107°
W 66°
W 420

E 64°

B 163°

E 160°
v 8°
E 117°
B 142°

E 59°

6%

Moon's

Lat,

8 17°

W 19°

s 5°
¥ 60
N 17°

N 16°
s 11°
8 21°
s 11°
8 2°

8 17°

Mn‘.

W 157°
v in®

E 175°
W 590
E 1790
B 168°

W 101°

W 66°
B 65°
w 132°
w 179°
E 840

LAE



Digtrict

Esrthguake
Ho.

475 EN
y 47 53( E 1
483 B,
493 o
514 xl
516 B,
551 E
584 By
585 By
607 By
760 B
267 By
307 E,
446 ' E,
“w 3

Hautical Almanac

Date

lMaxrch 18

. Maxch 19

April 5§
May 13
Mg, 8
Aug. 9

Love 7

1902

Jan., 30

- Jan, 30

Hay 1
1903
Auge. 13
1899
Marech 21
July 10
1900
Nov, 4
Hov,. 9

Hour,
11:24
11:46
12: 32
18:49
21:21

6132
18:3

1:59
13:41
23: 39

2: 31
19:29

19: 39
S92

Barthquakes
Lat, Long.
¥ 50° B 159°
N 500 E 159°
N 44° B 149°
N 42¢ B 148°
¥ 40° B 1449
N 40° R 144°
K 4Q° # 150°
N 43° E 145°
W 43° ®145°
N 39° E 144°
N 41 B 14609
i 249 B 129°
K 150 B 140°
N 34° ¥ 139°
N 34° E 1390

M's
Latse Leng.
81° ¥ 1690
§1° W 174°
N 6% - wa172°
N18° B 77°
¥160 3 410
N 16° w 970
8 16° 1B 850
8 189 w290
5 18° E B 158°
H15° B 40
K15° w s55°

0 36°
§22° = 6&°
815° ¥ é1°
s 17°

Meon's
Late  Longs

8 5° E 168°
S0 B 179°
8 15%. l_ ﬂ' '

N 3° W 24°

i 200 W .}25°
N 20° v’

8 7o B | 46°

gt !k

] ":

8 120 W 143x
513° E 588

s 7 W o 64°

N 6 W 179°

N 19° g 83°
N g° E 106° -
N 1u° W 1420




$38 Bi %

3

Dece 24 A732 B * B 146° 823 B10%° 3'1_2’.:149{
septe 21 13144 X13° = 13° u° k152 N 16® B 29°

Pabe 9 14:48 wW1° = 242° 815 R14® Hapo v 66°

1899

liove 24 6l N43® EIN® sA° wil® N 8° 2ibee
1900

Apeid 24 21314 N 27° K 126,50 N 1je vus' s §° m16°
June 9 0312 N 3° E1We N2je v J°' G 16° B aine
192 .

June 6 1233 X 23* BAn® E23® ®2ap* £13° B 8%
Fune 23 19:3 §25° 5135° ° ma3® = 7° s 6 E ke
Doce 14 10354 H 140 120 85 23° W164° 5 34° w1190

Febo 28 12003 N 24 £222° 5 8° 18° s217° x 70°



T arghiguake

Heoes Distriet.
e
60be ¥ of By
609 liy
025 By
655 By
656 3
658 - By
659 By
668 Iy
o
71Cw |
719 13
748% 5,
764w By
™o
785 5y
o - 5

limutierl Almanse Eerthquekes un's Yoon's
mte Hour Lat, Longe Lat, long, Late Longe
Mareh 19 13350 w24® 212" 5 20 B 155 w13® w 74°
April 28 14e36 w2 33" 0 wwe Eame w 2* wop
Bay 7 14509 N 3o ®132° M0 B 34a® m6° B 2470
Auge 20 23217 ¥ 8 =124 HN13® = 12 ¢ ¥144®
Howe 14 1P EW/ 2128° 528° B 34 wi1s® m1G
Hove 16 12336 N4 E21:® $19° =168° was® x 8°
Hov. 20 8332 =xa’° maia 820 wi3® wai3® =128
Nowe 20 1923 FA® H120° 520° B 920° w120 w 209
1903

Jan, 3 17317 ¥33° =100 82 202 5 4° B9
 Jane § 9399 E 349 E124% 523 wie® ¥ 2 w 7%
Eay 23 10:7 ¥ 7 B2126° H200 wis3® ¥ 8° = a68e
June 6 215 i2° =122 2% % &4° 5 14° wasy®
July 23 102 36 ¥19¢ =man’ H2° wWasye E17° wa66°
Bepte 6 19:14 ¥23 Ba122° N g0 B 92° 5 4° wioé®
" Oete 10 4340 w3m B132® 5 6 w 9 w1y masye
Nove 17 §:23 E 9% xa126° 519° w1i30e 5121° wnee
Bece 1 2521 © N 240 B 120° 628 w 3¥° 5 9° maid®



\
B -

larthquake
feo. lstriet.,
263  By;
310 »
32a 5
B2 B
354 ’1
W8 ¥
365 »
%6 7
377 By
3Bév - ¥,
414 '1
27 m
438 LN
a4 ¥
41 By

Hautieal Almenae EBarthguakes

Date

1899
Mareh 7
1899
July 16
Aug. 3
Oete 13
Ocgts 18
How. 12
liove 23
Hov, 24
1900
Jan. 10
Febhe 2
June 12

Auge 13

depte 20

Oects 7
Ogt. 7

four

12353

22:0
16343
5:28
21316
11343
21356
6339

21:5

16219
8215
8213
6157
9:0

20242

Lat.

. Longe

Sun's

Late

¥ 33.8 BE2136° s 5°

B 1300
B 120°
B 173°
E 148°
B 1620
B 128°
E 136°

E 148°
E 1260
®135°
B 1370
E 136°

s a’
¥ 17°
8 8°
s 10°
8 18°
8 200
8 a°

8 220
s 170
N 23°
N 159
s 3

Longe

E 1700

E n°
E 213°
v 86°
E 37
w 1800
E 28°
W 103°

B 46°
¥ 1190
¥ 124°
W 1220
W 206°

E1300 & 5° w1390
Bags® 8 5° w 4

&

Moon's

Tat, Long.

8 19° » ns®

¥a’ = 8
B 26°
W 338°
w 57
W 1680
B 1640

% 272°
E 1580
5§20
® 950
¥ 1390
E e
B 130°

- R omom e ® o
299z i



$ES EP¥E Py

sarthgacue
Hne Nictwiets
448% ¥
3
“ia W
403 11
‘515 '1
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