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1. Introeduction. 'The Messina-Reggio earthquake of Dee.
28, 1908, was, as far as the loss of life is concerned, the great

ever recorded in history, and presented to seismologists an o
of study of intense interest. By order of Imperial Gove
the present author proceeded to Italy, to make seismole,

4 vestigations respecting the disaster, arriving in Messig
middle of February and remaining in the stricken dis
the end of April. Professor T. Nakamura, dispatched t
also by Government, has studied the effects of the em
from the architectural point of view.

2. Seismogram and time of oceurrence. According 1

scismographical observations in Tokyo, the Messina-Reggio ea.
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quake was in magnitude about three times larger than the Monte-
leone (Calabria) carthquake of Sep. 8, 1905, As will be seen
from Figs. 1 and 2, the telescismic movements in Tokyo in the
cases under consideration were almost exactly similar to cach
other, so that the individual vibrations can be identified in the
two diagrams, Thus in Tokyo, the carthquake of Dee. 28, 1008,
could from the instrumental records be at once ascertained as a
arcat shoek, which originated in or near Calabria and consequently
produced a large amount of casualty.

In Tokyo, the first preliminary trcmor lasted 11m 30 sce.,
the corresponding caleulated (arcual) distance of the earthquake
origin being 9030 km. The actual distance between Tokyo and
Messina is about 9900 km,

The seismie disturbance reached Tokyo at 1h 32m 08s pm.*
(on Dee, 28th). Caleulating from the duration of the lst pre-
liminary tremor, the time interval taken by the vibration of the
latter phase of motion in travelling through the distance between
Tokyo and the origin is found to be 11m 5ls, Consequently, the
lime of occurrence in the epicentral arvea ought to have been

at 1h 20m 17s of the Central Ewiope Time. As a matter of

o elock in Via Porta lmperiale in the city of Messina and
se of the Railway Station of Villa S, Giovanni were found
< the time of about 5h 20m, having been stopped by
"quake shock and left untouched during the several

t months. (See Fig. 6.)

Area of disturbance. The motion was distinetly sensible
n area of radius of 200 km or more from the origin. The
strong motion was, however, much smaller; and the city
ania, at an epiceniral distance of about 85 km, suffered no

4

- st Normal Japan Time, which is 8 bours abead of Centml Earvpe Time,
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harm from the shock. The arvea, within which buildings were
entively destroyed or very heavily damaged, formed, together
with the Messina Strait, an elliptical area, parallel N.-S,, of a
length of about 30 km and of a width of abont 20 km. (See Fig. 3.)
The regions of violent motion, which was thus quite limited in
extension, inclnded amongst others Messina on the Sicilian side
and Reggio on the Calabrian side; the populations of the two
cities, together with their suburbs, being about 150,000 and 40,000
respectively.  This fact accounts for the great superiority of
the amount of damage on the present oecasion over that of the
previons earthquakes in Calabria and Sicily.

1. Earthquake damage and intensity of motion. The enor-
mity of the destruction of Messina is really beyond one’s imagina-
tion. All the buildings in the city were, with a very few exeep-
tions, considerably ecracked or absolutely reduced to masses of
ruin, which looked like hills of debris; even those houses, whose
perimetral walls were not overthrown, had their roofs and floors
knocked down from top to bottom, so that the inside was filled
with debris ; it being not rare that 15 or more dead bodies were
found buried one upon the other in the space of a single sm
room at the ground floor, The city streets, whose maxim
width was less than about 11 metres were covered by th
of the houses, whose height varied from four to six s
from 40 to 60 feet. Especially, the two principal streets,
the Via Cavour and the Via Garibaldi were completel,
by the masses of stones and mud, whose average heig
about 5 metres. (See Figs. 7 and 8,) Under such circur
it was certainly impossible for the majority of the people
themselves, even if they had succeeded in escaping ont of
The approximate total number of the vietims was a little
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100,000, of which about 75,000 relate to Messina and the suburbs
and the remaining 25,000 relate to Reggio and other places in
Calabria.

The intensity of earthquake motion in Messina was, when
estimated from the overturning of bodies, found to be equivalent
to an acceleration of about 2000 mm per see. per sec. This is
a little smaller than the seismic intensity in the city of Nagoya
on the occasion of the great Mino-Owari emthquake (Japan) of
1891, where the maximum acceleration of motion was 2600 mm
per sec. per sec. The population of Nagoya in 1891 was 165,339,
which was nearly equal to that of Messina and the vicinity,
and of which only 190 were killed in the earthquake. Thus,
even supposing the intensity of seismic motion in Messina (1008)
to be equal to that in Nagoya (1891), the number of the persons
killed in the former city was about 430 times greafer than that
in the latter. That is to say, about 998 out of 1000 of the nnmber
of the killed in Messina must be regarded, when spoken in com-
parison to a Japanese city, as having fallen victims to seismolo-
csieally bad construction of the houses, The Mino-Owari distur-

nce was at least 10 times larger in extension, and 4 or 5 times

ater in intensity, than the Messina ecarthquake; the total
of the killed being, however, only 7273,

Origin and canse of earthguake. Judging from the form

don of the area of violent motion (Fig. 3), the origin

be situated in the Messina Strait. Further, the direc-

« the maximum earthquake motion, deduced from the

‘ions of overturned bodies, at Messina, Canitello, Villa

nni, Archi, Reggio, Gallina, Pellaro, and Lazzaro, seem as

in Fig. 3 to radiate more or less accurately from a point

<&l by an asterisk in the figure), which is situated in the
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Strait and between Messina and Reggio, a little nearer to the
latter than to the former; the approximate position of the point
or epicentre thus determined being
¢ =08 T} N,
4 = 15° 35" E. of Greenwich, or 3° 9 E. from the longitude
of Rome (Monte Mario.)

Again, according to the seismographic records obtained at
the seismological stations of Messina, Catania, Mineo, Mileto, and
Valle di Pompei, the direction of the very first displacement of
the earthquake motion at cach of these places, which was well
defined, was divergent, that is to say, directed outwards from the
centre. This is rather contrary to what would take place had
the earthquake, as popularly supposed, been cansed by a violent
volcanic explosion in the Strait; since, in the latter case, the
initial motion at a place sufliciently near the centre of disturbance
would be directed inwards, the second or counter motion being
directed outwards.* That the cause of the Messina carthquake
was not in a voleanie explosion seems also likely from the rela-

tion of the seismic disturbance in question to the other destruetive
shocks in Southern lfaly.

The earthquake was probably caused by the sudden fo.
tion or extension of a erack within the earth’s crust in a F
and WNW direction, whose plane was nearly vertical or inel
slightly towards NEN.

6.  Teunami maremoto. The secismic disaster wasg
vated by *tsunami" or tidal waves, which originated i
Messina Strait and attained a considerable violence on both.s?
of the latter. (See Fig. 9.) From accounts of the eve-wits

. - E - _
% d’l‘& chameteristio of mation due 10 an explosion has been verified in the expen
w yoamite at Akabane, Tokyos See the * Publioations,” No. 21.
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it seems that the waves followed the earthquake shock after a
time interval, which varied at the different points on the coasts
of the Strait from a few minutes to about 10 minutes.

The destructive effects of the fsunami were manifested along
the Calabrian coast for a distance of about 38 km between Cape
Pezzo on the north and Saline and Cape dell’Armi on the south ;
and along the Sicilian coast for a distance of nearly 100 km
between ;irotto (5 km to the north of Messina) on the uorth to
the vicinity of Catanin on the south, The greatest damage was
cansed at the south-western part of the eoast of Calabria betwoeen
the towns of Pellaro and Lazzaro, both inclusive, where the force
of water threw down a milway bridge girder of about 42 metrea
length ; shattered and washed away many dwelling houses, leaving
behind only their basements; and carried off the aamdy- shore
ground to a maximam breadth of about 100 metres, This last
phenomenon, which was observable also notably at zuwertfl places
between Reggio and Villa S, Giovanni on the Calabrian side, and
at Messina and Giampilieri on the Sicilian side, seems to have
leen more or less combined with the sinking or settlement of

~¢ g0il, such that certain buildings, formerly at some diatan.w

. the beach line, are now standing quite close to, or even in,

water. On the coast of Sieily the foree of the fsunanmi was

violent and shatterel some number of the houses at Giam-
., which is opposite to Pellaro, A few houses were also
ved by the waves at Messina near the mouth of the Torrente
I;.-gni. at Schiso, and at Riposto, "
The ftsunami was feable in the northern entrance of the Strait,
the narrow channel tarns towards ENE and makes an
v of about 60° with the axis of the main portion of the latter.
7. Cawse of tsumami. In Fig. 4 are indicated the direction

memmnwmmumnnm 43

of the tsunami at different places on the two sides of the Messina
Strait, determined chiefly from the observations of trees bent or
broken, and from bodies displaced, by the waves; cach of the
numbers denoting the height reached by the water.® One re-
markable fact is that the fsunami was strongest at those places
where the earthquake shock was no! most violent, indicating the
probable non-coincidence in position of the origin of the earth.
quake with that of the fsunami. The main centre of the latter
phenomenon was probably between Pellaro and Glampilieri, some-
where near the plice marked B. It is also possible that there
existed a secondary centre of the fsunami about {he cpicentre of
the carthquake, marked A; or, again, that the two centres B
and A formed together a continuous zone of disturbance,

The production of the fsunami was probably in a measure
due to the communication of the scismic cenargy to the water of
the Strait which forms a sort of fluid pendulum, but prineipally
to the sinking or depression of the ground under the portion of
sea in question. This latter action might consist in the scttlement
through a height of 1 or 2 metres of the loose superficial deposits
of the bottom of the Strait, as was actualy verified along '
coasts of the latter,

8. Relation of Messina-Reggio earthquake to other gi
destructive earthgquakes in Central and Southern Italy. |y
o are indicated the position of the area of violent motion (Acee
tion of the seismic motion=about 2000 mm per see. per so
the Messina-Reggio carthquake and those of the twelve other g
destructive shocks whiels bappened sinee 1638 in Central -
Southern Italy. The thirteen earthquakes, numbered from

¥ For many of the exact determinations of the height of water T am indelted to the
ness of the zealous foumami mvestigatue, Prof. G, Platauia,
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13 in order of date, may be divided into three groups A, B, C,

as follows ;—

R e T March 27, 1638,

Bibcibernen Nov. 5, 1659,

Ris v onbeds Jan., 11, 1693,

Groap d.eveveed Boiiiiiens ‘eb, 5, 1783,
 RPRGRIRE March 28, ,,

. SRS O Sept. 8, 1905

D05 s o b Dec., 28, 1908

- A W e June 5, 1688,

( Ponss siaday Sept. 8, 1694.

Group B-ooovones [ Wardsaisone March 29, 1732

l W icassiitds July 26, 1805,

| G WP e Dec. 16, 1857.

Group Cheveeeess  JONERRP 1 Jan, 14, 1705,

These three groups of destructive earthquakes form together a

continuous seismic zone, which extends from the neighbourhood

of Central Italy, through Calabria, down to the vicinity of Catania.

Among the earthquakes of group A, the numbers 9 and 12 may
regarded as forming a secondary or radial seismic line,

Fig. 5 illustrates very clearly the principle that grea carth-

Jes in a given region occur, not everywhere at random, but

. a definite line of weakness in the earth’s crust, namely, a

lie zone. Further, the areas of violent motion of the different

juakes are almost perfectly exclusive of each other, whence

ay be concluded that the great disturbances are not repeated

one and the same centre, but happen successively from dif-

_ points or portions along the seismic zone. In other words,

places seismically most dangerous in Central and Southern

aly are exactly those points along the seismic zone here defined

Preliminary Roport on the Messina-Regyio Farthquake of Dec. 28, 1908 15

which have not yet been visited by a very violent shoek. The two
cities of Messina and Reggio-Calabria, which formerly had not been
shaken by a great telluric convulsion originating ‘from a centre
close by, had evidently their turn on the present  occasion ‘uml
for that very reason may be supposed as being free fﬁin; the
danger of a future seismic catastrophe. Even in the case of a
great earthquake occurring along the seismic zone, the intensity
of motion at these two cities would, on account of the dislr;nco
from the centre, not be so very strong, and a certain precaution

taken in the construction of houses would be suflicient to prevent
the loss of life and property.

Tokyo. July 20, 1909,
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Fig. 1. Messina-Reggio Earthquake of Dec. 28, 1908,

Fig. 2. Monteleone (Calabria) Earthquake of Sept. 8, 1005
Fig. 3. Messiua-Reggio Earthquake of Dec. 28, 1908.

Map showing the boundary of the area of great seismic damage
and the direction of the maximmm motion at the different places,
The probable position of the earthquake centre is indicated by au
asterisk (»).

Fig. 4. Messina-Reggio Earthgquake of Dee. 28, 1908,

Map showing the direction and height of the tsunami (maremoto)
at different places on the coast of the Messina Steait.  The
probable position of the origin of the tsunami is indicated by a
circle (B), and that of the earthquake centre by an asferisk ( « ).

Fig. 5.  Map showing the Mutual Relations of the great
destructive earthquakes in Central and Southern Italy.

The live AABBC is the great earthquake zone extending through
the Central and Southern Italy. The asterisk () marks the
centre of the Messina-Reggio earthquake of Dec. 28, 1908, and
the small cross (x) the probable position of the origin of the
Mouteleone earthquake of 1903,

Fig. 6. Messina-Reggio Earthquake of Dee. 28, 1908,
A wrecked house on Via Porta Imperiale, Messinn, The clock on
the corner post indicates the time of occurrence, 5* 20" (morning).

Messina-Reggio Earthquake of Dec. 28, 1908: scene of des’

tion in the city of Messiun.

Fig. 7. Via Cavour, at its crossing with Via Idria, showin,
enormity of the mass of the debris which completely blocks
street to an average height of about 5 metres,

Fig. 8. A house on the eastern side of the Pingza Cava
posite the Collegio Militare), showing the complete destr
its front part due principally to the imperfect constructio.
roof and the bad quality of the builling material.

Fig. 9. Messina-Reggio Earthquake of Dee. 28, 1908,
Effect of the fsunami (maremoto), showing a lage coner
(2.6 x 2.5 x 1.2 metres) of the pier of the port of Reggio
away about 20 metres from its original position.
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Seismographical Observations in Tokyo.

Principal Portion of the NS Component. The letters a, b, ¢, d, e, f, g, Indicate some of the approximately

Magnification = 20. Pendulum Period =48.8 sec. corresponding vibrations in the two seismograms.

Fig. 1. Messina-Reggio Earthquake of Dec. 28, 1908.
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Fig. 8. Messina-Reggio Earthquake of Dec. 28, 1908. e

Map showing the boundary of the area of great seismic damage
and the direction of the maximum motion at the different places.

Arrow (—) indicates the direction of maximum seismic
movement. The oval is the boundary of the area, within
which the intensity of motion was equal to, or greater
than an acceleration of 2,000 mm per sec. per sec.
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Fig. 4. Messina-Reggio Earthquake of Dec. 28, 1908.

Map showing the direction and height of the Tsunami (maremoto)
at different places on the coast of the Messina Strait.

Arrow (—=) indicates the direction, and the numeral the height (in
metres), of the tsunami. (B)is the approximate position of the principal
centre, and (A) that of the secondary centre, of the tsunami.
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Fig.8. Map showing the Mutual Relations of the Great
Destructive Earthquakes in Central and Southern Italy.

The shaded area, No. 18, is the violent motion distriet of the
Messina-Reggio Earthquake; the other areas, Nos. 1 to 12,
are the similar districts for the previous 12 great earthquakes,
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Messina- Reggio Earthquake of Dee. 28, 1908,

A wrecked house on Via Porta Imperiale, Messina, The elock on the o

posit indicates the time of earthyuake oceurrence, 5% 2% (morning
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Fig. 7. Messina-Reggio Earthquake of Deec. 28, 1908,
Messina, A honse on the eastern gide of the Piazza Cavallotty, H’.il-r‘-i".n,; the

l'HIII]ll-'lI' destruction of its front part due I!rllu‘l]t::ﬂ}' to the 1mperfect
construction of the roof and the bad quality of the building material
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' Fig. 8. Messina-Reggio Earthquake of Dee. 28, 1908,

31! sl T \-In l'm--ur, at I1ts t‘hlﬂillﬂ W 1”1 \‘lzu l-il"].-l_ ﬂ‘;u“ ing 'Ihr @normin \J of 1[-,..' masa of

t]“ 'fth‘rll-", “L“'h- rl_llill‘h‘“'l}' l'll.'h tl"..' ﬂtl"l‘lt ll.l an aAvi hl!.:t' h‘tgllt .|!‘- :‘t. |”t :I' I!i"r"-‘_

b Pt 18

4




e

|

‘uonscd pronfuo s wmoay senewr oF jnoqe {vav peravo oiifeyy jo jaod oy o
jo (sogjowm o 1LX ﬂﬂ......n...ﬂ.. No01q e U0 ..“4..—_.._ 1) u::.ﬁ..;r ._“...w____:...:..:: nuilunsy nﬁd ! ﬁr.-q.r

"BO6T '8¢ 09 jo eyvubyjavy omBey-vumssoly ‘¢ S g

-
e

TRELE s
3
&

@

TIX Id

- faret o R NSRRTRS™ b8




Note on the Propagation Velocity of the Formosa

Earthquakes of 1906 and 1908.
By

F. OMORI, Se. D.,
Member of the Imperial Earthquake Investigation Committee.

With Plates XIII, XIV, and XV,
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Omi earthquake of Aug. 14, 1909,

Calabrian earthquake of Sept. 8, 1905,

Velocity v, calculated by the “ difference method.”
Velocity v, calculated by the “ direct method.”
Comparison of the rate of propagation of the Formosa
earthquake with that of the Calabrian earthquake of 1905,

won sOv a0s ol ofe ofe uOe OO MR o0
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1. Introduction. The present paper is a note on the rate
of propagation within the epicentral distance of about 3,000 km
of the 1st. preliminary tremor of the four strong Formosa earth-
quakes in 1906 and 1908, The velocity caleulation has been
made according to the * direct” as well as to the * difference™
method* ; the seismic waves being supposed to be propagated
along or parallel to the great circles of the earth. For the sake

of comparison are also considered the Calabrian earthquake of

™

Sept. 8, 1905, the Geiyo (Aki-Iyo) earthquake of 1905, and the »

Omi (Central Japan) earthquake of 1909.

* Bee the “ Bulletin,” Vol. I, No, 1,

)
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The times of oceurrence of the different Formosa and Japan
carthquakes are given in the 1st Normal Japan Time, or the

mean civil time of longitude 135° east of Greenwich, Following
notations are used :—

v, = Velocity of propagation corresponding to the commencement
of the earthquake motion.

T, = Time of earthquake occurrence at the origin (epicentre).

™ 5w " = at a given observing place,

2 = Epicentral (arcnal) distance.
The geographical positions of the different stations, whose observa-
tions have been utilized in the deduetion of the propagation veloeity
of the Formosa and Japan earthquakes, are as follows :—
ettt e —e e

Station. ; Latitude, N. Longitude, E.
{ i
Mizusawa, I' 39° 08' —" 141°07' "
Tokyo(} mmoleicl l 35 42 29 139 45 53
Oumka. 34 42 — T
Kobe, 34 41 — | 135 11 —
Taichu, 24 09 — 120 42 —
Manila. 14 84 41 120 58 33

e ———————————————— ——— =

2. Formosa earthquakes of April 11, 1906. (See Figs. 1
and 2, PL XIIL) The present author has experienced the severe
Kagi (Formosa) earthquake of April 14, 1906, in the city of
Taichu at an epicentral distance of about 90 km, and determined
with a fair acecuracy the time of ocemrrence in the above-named
place to be 8" 52" 22* am. In the early morning of the same
day, there was another shock nearly equal in extension, whose

Note on the Propagation Velocity of the Formosa Earthquakes of 1906 and 1908, 49

time of occurrence ohserved at the meteorological observatory of

Taichu was, with proper corrections, 4" 18" 20" am. These two
earthquakes, which may be regarded as belonging to the series
of secismic manifestations following the great destructive shock
of Mareh 17th in the same year, originated about 10 miles to
the south of the centre of the latter, probably in the vicinity of
the town of Tenshiko, at about .P:":!S 25’ N. 1=120" 80’ E.

The following table gives, for the different stations, the
epicentral distance,® the time of occurrence and the velocity v,
caleculated by the * direet method.”

FORMOSA EARTHQUAKES OF APRIL 14, 1906.

Origin...... ¢ = 25°2'N, i =120°30'E.
( 1st Earthquake...... T, = 4" 18" 00" am,
EEEY e T.=8 52 00 am.
”
Time of Oceurrence. . ks othod).
: Epicentral | (1gt Normal Japan Time). B, (IAch- hod)
Station | Distance, | M
st Eqke. | 2nd Eqke. || 1st Eqke. | 2ud Eqke.
|
Taichu, 90 km. 4"18™20" am.| 8"52"22" nm.|| — | o b
Manila. 983 19 56 53 52 8.48 8.78
p) h6 08
Kobe. 1859 21 50 0 ool o i
Osaka, 1922 | 121 51 o6 14
Tokyo. I 2300 | 2220 56 46 8.84 8.04
' |
Mizmsawa| 2611 | 22 58 5712 | 877 8,37
|
! .
BRI s 4 i a8 8.59 8.20

* In the “ Bullstin,” Vol 1, No. 2, the epicentral distance of Tokyo has by an nnfoﬂn‘nnln
mistake been taken to be 1710 km, instend of 2300 km, The result given there was sccordingly

entirely wrong
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The mean values of the veloeity v, calealated according to the
*“direct method ” are for the two earthquakes respectively 8.50
and 8.20 km per sec., with the average of 8.39 km per see.; the
limits of the epicentral distance being about 1000 km (Manila)
and about 2600 km (Mizusawa).

% Kagi (Formoesa) earthquake of march 17, 1906. (See
Fig. 3.) The origin of this destructive earthquake was a zone
extending in a WSW and ENE direction having its eentre in the
vicinity of the town of Baishiko, at ¢=23° 85 N, 1=120° 32’E.*
The approximate time (7)) of occurrence at the origin may be
estimated from a comparison with the earthquakes of April 14
in the same year (§2). Thus, it will be observed that the
opicentral distance of Manila in the cases of the earthquakes of
April 14, was practically equal to that in the case of the earth-
quake of Mareh 17. Now, assuming a transit veloeity of the
preliminary tremor to be 5 km per sec. for the epicentral distance
of 90 km between Taichu and the earthquake origin, the times

of occurrence of the two earthquakes at the origin itself were
probably as follows :—

(1) 8" 52° 04 am.  (2) 4" 18" 02* am.

The differences between these and the times of occurrence at
Manila, the station nearest to the origin, are :—

(1) 1™ 48
2) 1 54

Applying this result to the case of the earthquake of March 17
the approximate time of occurrence at the origin may be estimated
from the Manila observation to be about 7" 42* 49" am.

" — — ——

* An acoount of this cartbquake is given in the * Bulletin,” Vol. I, No. 2

Mmmm?ehﬂtydthrmhnhthdlﬂmdlm 51

FORMOSA EARTHQUAKE OF MARCH 17, 1906.
Origin. ,.... ¢=233° 35’ N, 1=120° 32 E.
Approximate 7,=T" 42" 49" am.

_———__——_—_T-TW
Station. Epicentral Distance. (1st. N. J. T.)
Manila. 1000 km ™ 44" 40° am.
Kobe. 1877 46 25
Oaids 1903 | @ 5
Tokyo. 2286 | ol

1. Formosa ecarthquake of Jan. 11, 1908 (See Fig. 4.)
This earthquake shook strongly the south-eastem‘ part of th{,
island  of Formosa, the origin being probably in thc- T[::U
longitudinal valley*.  The time of oceurrence at the cpicentre,

roughly estimated from that at Manila as in the preceding §, is
found to be 0 35* 10° pm.
PORMOSA BARTHQUAKE OF JAN. 11, 1908.

Origin, ... .. ¢=23° 37’ N, i=121° 15’ N.
7,=0" 85" 10* pm.

Blation, Distance. PmTrem. (1st N. J. T.)
+ cuss

Manila 1000 ki 1" 18 BT S
Gl 1844 4 49 58 87
Tokyo. 2935 3 o6 39 1

0 45
Mizusawa. 2644 3 it

__.—__—_______J——————

* See the “ Bulletin ', Vol. 11, No. 2
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5. Geiyo (Aki-Iyo) earthguake of June 2, 1905. The Gelyo
carthquake of June 2, 1905, which shook strongly the two ‘p.ro-
vinces of Aki and Iyo, originated in the Inland Sea, the position

OMI EARTHQUAKE OF AUG. 14, 1909,

Origin, .. ... ¢=356° 30" N, 1=136° 20’ E.
Approsimate 7,=3" 30" 40 pmn.

| di ' | : lllll‘“" ut \.\
of the seismic centre being, according to Dr. A. Imai

- ' e : | Time of Occurrence,
24° 8' N. 1=132" 24’ E. From the observations at the dif- Station. tpicentral Distance, | (Ist N. J. T.)
 E— ANy - - - | §" . l - —— 1

sorvatories in and near the meizoseisma

ferent meteorological observatories in | rR e, ket . ks
listrict, the time of oceurrence at the epicentre may be est
oy A the \'(‘ln(*it\' o, cal- Miztmnwu. H84 39 15
to be about 2" 39™ 30° pm. The values of the velocity v,
culated according to the * direct method "' are given below, Manila, 2783 | 86 17

B I T i i b e i ki St
at the Central Meteorological Observatory.)
¢=34° § N, 1=132° o' E.

GEIYO (AKI-IYO, EARTHQUAKE OF JUNE 2, 1905.

Onigin.. . ....
17,=2" 39" 3F pm.

7. Calabrian earthgquake of Sept. 8, 1905,
R S e (et S 12 1 AT CRPRRR L

Prof. G. B. Rizzo

| gives in his work “Sulla velocita d propagazione delle onde
| Foicentral | Duration”of "Piye of Occurrence, . ‘ sismiche del terremoto della Calabria del giorno 8 Settembre, 1905,
tati | L Preliminary st N. J.T.) |(Direct method.) : ' )
Station Distance. Tremor. | (I8t N. J. L s i1 & very valuable and elaborate discussion of the propagation velo-
| | o 4dm 33 | (3 90 b wes city of the Calabrian earthquake of 1905. The following table
Y | L Lok an 40 1920 puL. b = 1 )
Kobe, ‘ 264 km i | Ris embodies part of the results obtained by Prof. Rizzo, and relates
. . 2 el « . . . .
Owks. 202 20 - to the different stations whose epicentral distance was below
. ' B
e 03 i 16 U9 2500 km,
T“k“L 'Igli
h | 2 | 7.22
M izusawa. 954 == s |
A | | e | 9.40 CALABRIAN BARTHQUAKE OF SEPT. 8, 1905,
Manila, 2457 = { i |
— e —_—

Probable 7,=2" 43° 11°, Central Ewrope Time.,
6. Omi earthguake of Aug. 14, 1900. The mn't.]]lluul{u of

[ decording to Prof. G. B. Rizo,)
- violently the north-eastern part of the pro- _ﬁ\—_—————————-
:::ic :}lf' (;::;.9'0:::::; 1htll'l:l::ullo:’;.::s of 41 lives. The Orit,;'i‘u.scems to Station. | %};ml v, (dinxt-methu]l _ L,
have been situated among the mountains in the .\‘w”:,lt}: ul’rt‘hu Mossiza. T oy s
Torahime village, at about ¢=35 30" N, i=1_3'-" i ““.: Catania. 174 6.0 43 30
time of occurrence at the epicentre was approximately about 3 Caggiano, 200 g8 it
30" 40° pm.
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Station. m&zl v, (direct mutlun])t l, Station, I%?:ﬁli:] o, (diveot metbod) :
Tnchis, 274 km T 1 e SPepe o ' B5kmme | 10 45m 0
Roces di papa. 84 | 9.0 4 00 Tortosa, 1347 | 80 | 46 00
Mean. 354 8.3 43 54 Jena., 1393 ; 8.3 46 02
—~ — Leipzig. 2 | e | 5
Urbino. G16 11.3 4 "3 Goeltt.i:gﬂn. i:g‘lﬁ ?: II ::: 2‘;
Siena. 640 10.7 4 05 Mean. 1253 8.6 T
Athens, 673 9.2 4 |
Carloforte. 677 9.4 14 04 Potsdam. | 1536 8.0 | 46 2
Florence. (82 8.1 4 34 Uccle. b 1618 7.9 46 38
Quarto-Castello. (88 8.8 44 29 Hamburg. | 1703 7.7 16 55
Pola. 698 6.8 14 52 Shide, | 1896 8.5 16 47
Fiume. 21 | 6.7 45 00 Kew. 1900 83 | 47 00
Pelgrade, 757 5.7 5 2 8. Fernando. | 1979 gl | 47 4
Triest. 83 7.7 44 56 Batum, | 1998 8.5 47 11
Venice. 798 12.1 44 16 Mean, | 1803 81 46 51
Laibach. 798 12.1 419 Coimbra. 2104 8.6 7 03
Padua. 811 8.0 odlls s Liverpool. | 2178 9.1 7 02
Temesvar. 879 8.1 45 00 " — s v o l 2 5;
Salo. 883 8.2 % 0 Achalkalaki. 2336 8.1 | 47 58
N o " i Upsala. l 2341 8.5 i 47 50
Trin. 981 | 8.2 46 13 Edinburgh. 2376 8.2 48 00
Mean. | o 53 pa: Paisley. 2426 8.8 47 08
OGyalls. | 1020 \ 9.4 15 00 Tifls. W4T | .1 O
Kn.-nmmmﬂmtcr.i 1037 | 6.9 45 43 Moscow, 2464 8.0 ’ 48 19
Vienna, l 1048 ’| 8.3 46 18 Ll_mn__a;l#_
Minchen. | 1008 | 7.3 15 43
Hohenheim. ' 1232 | 8.2 45 42 The mean values of the velocity v, (direct method) obtained by
Strassburg. | 1374 : 125 oA properly grouping the 48 stations given in the above table, whose
Cracow. | 1287 '| 9.3 4? 0; epicentral distance varied from 273 km (Ischia) to 2464 km
Heidelberg. | 1297 | 8.6 - . (Moscow), are as follows :—

______'—_—__—___
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f
a Number of Stations Mean Epicentral v, The results for the two Formosa earthquakes of April 14, 1008
T | grouped togother. Distance. (direct method). and the Calabrian earthquake of Sept. 8, 1005, are based on the
—ll 2 " observatio
(i) 2 354 km. 8.3 km/sec. accurate ::amore numerous, and may be regarded as being more
(ii) 17 765 8.8 L2000 0 those for the remaining earthquakes. Calculating
(iii ) 13 1253 8.6 the average value we find :—
(iv) 7 1803 a1 e, (difference method)=8,86 km/sec.
(v) 9 2331 8.4 for....90 km < z < 2783 km,
—_*_____‘____—4_——_ ..
4 o o Velocity v, calevlated by the “ di =
The values of the velocity v, for the groups ii and iii are greater lowing table gives the values of the \elocT -lel'hloa;a w'll’he fol-
_ ¥ oy | 1e velocity v, calen bv th
than those for the ot:her groups, We -are. however, not w.nrranted direct method ™ for the different earthanake. | ‘ y the
to conclude from this that the velocity was really maximum at time (7;) of occurrence at the origin i + PO BN
the epicentral distances corresponding to the groups ii and iil, as OTigin 18 more or less accurately known.
" . . R
these latter include a number of those time observations which were v, (direct method) | M
: : : | ean,
probably not perfectly correct, and which gave exceptionally high Epicentral Sae s | P | g
values of the velocity varying from 10 to 12.5 km per sec. Distance. qulr,:g ?EJ April g:’:"“ &]kefn:fn . Epicentral
8. Velocity v, calenlated by the *difference method™ The Keigeon | e 1905, | Distance, »
mean values of the velocity », for the different earthquakes cal- 278 km —muee | GOImee]  _ km el
culated according to the * difference method ™ by Least Squares - = — | 8.3 li i ’ P
are as follows :— 693 -t 6se | '_h“—' =g
\ Limits of Relation h?twmn t - I 8.8 |
: epicentral distance ’ 9 | S amacde
Earthquake. epicentral -z and the time | Jifference method). o4 —~ .22 ) e
| distance («). | interval y(=1,— 1)) 983 863 P Y= { = 2083 i a8
' - i 1253 -
g Formoss Eghss |  o8® aatd™ | ™ agr it odm - - | &8 |
lof April 14'k]1;90{[=' % 611 | z—8.56 y+ 62=0 km/sec. " - | = I—
Formosa Eqke of | ¢ nd _ 103 — e .
{ March 17, 1326. 1000—-2286 | x—8.08 y—103=0 8.08 1899 7.09 TS » e =
Formosa Eqke of - & __ 1922 5 |
{Jan. 11, 1908, 1000-2544 | 2—945y+ 64=0| 945 s | - | |
Geio Eqko of | 9649457 | 2-8879+176=0| 88T B0 | g4 | — |
. 3 b |
(;:; I’l‘ "“19059 311—2783 | 2—8.02 y +224=0 8.92 :‘33‘ | - ] — 8.4 |
{&pt. 8, 1905, 273-2331 | 2843y~ = 2611 J 8.57 | - ol | l |
| | i |
f Mlﬂi
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The mean value of the velocity », thus varies, for the epicentral
distances of about 300 to 2500 km, from 7.16 fo 8.45 km per sec.,
agiving the general average of 7.88 km per sec. This latter value
is 0,78 km less than the average velocity v, caleulated by the
* difference method ™ (§ R).

10. Comparison of the rate of propagation of the Formeosa
earthguakes with that of the Calabrian earthgquake of 1905,
The time interval (f,—7,) taken by the seismic waves of the four
Formosa earthquakes in travelling the different epicentral distances
(x) are given in the following table,

|

Mean,

\. Eqke. A{Wﬂ‘14L“Pﬂﬂrltﬂfﬂnnﬂll7JJun.ll,l
s |418 A0, 052 AN 106 | 100 Epin | B,
' . |
088 km | 156 | 1mf% | = o | = -: 983w | 1w 521
' | | ', |
1844 g e o U 275,
1877 | — ‘ - - 3 36 — l
18890 | 3 60 | 4 08 | — — Llamsa |3 m
1903 i — (84| — |
1922 |‘ 3 5l 4 14 — — '
| |
2235 “ — — = 4 01
2286 ” - - & -1 - . 2280 4 24
2300 | 4 20 | 4 48| — | —
ana'y \ |
e o o Wl T . 8 } 2589 s 55
Il | 4 68 | 5 12 e —
PRSI, AR Ml N AT TR e L

For the Calabrian earthquake of 1905, the relation between the

Note on the Propagation Velocity of the Furmoss Earthquakes of 1006 and 1908, ;50

opicentral distance (r) and the time interval (1, —7)) are as
follows :—

Group U:;:? ey - Epicentral distance =z, | Time interval =t - 7,
; 354 km 0% 43
. 765 129
i 1253 2 %
- 1803 | 3 40
< 2331 \ 4 33

As is8 illustrated in Fig. 5 (PL XV), the relation between the
epicentral distance x and the time interval ({,—7)) is almost
identical for the Formosa earthquakes and for the Calabrian
carthquake, implying the approximate equality of the rate of
propagation in the cases under consideration. It is hereby to be
noticed that with respect to the Calabrian carthquake, all of the
stations, whose observations have been utilized in the caleulation
of the velocity (§ 7), are in BEurope; the earthquake motion
reaching, therefore, the different places by essentially continental
paths. Again, the seismic waves originating in Formosa are
propagated to the Main Island (Japan) and to Manila by
paths, which lie under the shallow seas in the immediate vieinity
of the south-eastern coast of Asia, and which my be regarded
also as being of a continental nature, The approximate identity
for the Formosan and Calabrian earthquakes of the relation
between the epicentral distance x and the time interval (¢, —7})
is probably due to the similarity of the nature of the paths of




Formosa Earthquakes. Relation between the Time of
Ocecurrence and the Epicentral Distance.

il
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seismic propagation. As will be seen from Fig. 5, the distance

and time relation for the Geiyo earthquake is, for the value of 2 Fig.1. Earthquake of April 14, 1908; 4" 18 am.

- p 3
d -'Tq'-_-' Hr ey 2
from 1500 to 2500 km, close enough to that in the cases above T T R T, HH
iyl‘?-“'—'rl.*'*l' [ ' » -il‘i:i; -nla.l'quf Itli;tll l:l 1]
: ‘ o 21 i-ir-5h1r11r¢+-|q¢ =t b b i S— = P = - -I 1 ]
considered. ¢ 26 oot HHHHHHH A H T
t'li-ij—*Iﬁ—l;l;l'F-'lrc!i I rrliirit [ F |
r"r 4*-:"'[411;* S -l; oy
.lit:p-q..-—-q--' pJI---n S nl!-ril'l "
..rijr—ilifri-; L . * & LS
nTTIT--rrIi e * LI Vo o +
aaoLﬁ-:fl—:%f—-- S
I--tin-l\'-Ilial--. . S - ..;l._r
n-filitanti--iap.‘.r.p--- . 1+ 4= % &4
‘4 L e R e lfii+1rll- i . 4 B
rfrtl.i-ll—--q.q--4l-;.|;tmtp - Ilrlaq
-rTf FJ;.[ifi:s-q-J.. ——
22“01 IJI+’+'IIhi-1JII.I-.d*.] ' O
i'll#iltr--t#-liqn & § # =l
-+---:l-l+1 e SN TR SRR 4 * I & &
*1Fr' i el o g ! w
L—;:,' — — . ; bl
rEEIw CUIT 111 i1l
& LA [ S rt- - L . SRR |
:} aa.ﬂ..usqp g -4 4 @& » " - .
S N Ll T $ —% -4 * - ] "
}lqrt I'I- ] & b 9 i ! 1] 111 ! ’ :
] @ 44— 9 w—e i % . = ' I
-11I,.. T " - - . L e T T T - L | T -
s S A e A R T W +* 9 = ® e e i & 8 ® s #
-t a4 9 = - + P —p + 4 [ L P s & = E
Mﬂaj' = & B b - L ol TR R N I S—_—_ + 4 - & b a—a  —® - & -4 -
L i $ & —% Ivl-#qi b —a . '
+ - 4+ T B B e L A *
. § =4 i -8 5 » } 'l ' # % @ % # =
i 4 - & % ¥ - % P =4 % -l . sl B e ——a B *
!s(m-"*i - = e b e PR e B & & & e » & & & 1 &
* T"_+"" #* oo e i - 4 & y &= 5% 9 & = B = B
, ] =% b b = B N ¥ i -4 -+ -I
g A ttli- 4 9 & ¥ - & » L] - 4
:+‘:-:‘1--1- T . ‘4 4- b —4 --1‘
IN 00 T T - oo e — LT

0 1000 2000 Joog ~=

Fig.2. Earthquake of April 14, 1906 ; 8. B2 am.
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On the Dependence of the Transit Veloceity of
Seismic Waves on the Nature of Path.
By

F. OMORI, Se. D,

Member of the Tmperial Earthquake Investigation Committee,

1. Entroduction. C(alculating hy the “ difference method,”
the transit velocity +, of the 1st preliminary tremor of the
Guatemala earthquake of April 19, 1902, is found to be 16.02 km
per sec., for the limits of the epicentral distance of 38°.6
(=4200 km) to 149°.3 (16590km)*. On the other hand. the
velocity », (difference method) of the Indian (Kangra) earthquake
of April 4, 1905, is found to be 11.36 km per sec., for the limits
of the epicentral distance of 27 57/ (=3110 km) to 1217 16/
(=13470 km)**, " Finally, the velocity v, (difference method) of the
San Francisco earthquake of April 18, 1906, is found to be about
13.97 km per see., for the epicentral distance of 30° 36’ (=3400 km)
to 108" 21" (=12040km)*. Thus it will be noticed that the
transit velocity v, of the Guatemala carthquake was greater
respectively 2.05 and 4.66 km per see. than those of the San
Francisco and Indian carthquakes. These differences in the values
of the transit velocity of the three great earthquakes are not
likely to be the result of accidental errors in the time determina-
tions, or of inaccuracies in the location of the seismic centres ;
as cach of the velocity ealeulations, which has been made according

* See the * Balletin,” Val. I, No. 1
** See the “ Publications™ No. 24, p. 155,
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62 F. Omori :—

to the *difference method,” is based on the observations at a
large number of seismological stations. In the * difference
method,” there is no need of the knowledge of the time of earth-
quake occurrence at the epicentre, while the error relating to the
position of the latter affects generally to a comparatively small
degree the results of the ealeulation. [ shall next examine the
broad features of the paths, along which the waves of the earth-
quakes under consideration reached the different seismological
stations.

2. Guatemala carthgquake of April 19, 1902. The majority
of the great circles connecting the different seismological stations
with the earthquake origin, whose position was, aecording to Mr.
R. D. Oldham, at ¢=14"% N, 1=01"} W, are sub-oceanic as

follows :—

#
Station or District. Path of the Seismic Waves.

Off the E. coast of Yukatan, then off the
rs Dl it et - const of the United States to the vicinity
(1) Greas Lntain, Spain, of Newfoundland, thence across the At-

lantic to Great Britain or to Spain,

o [Belgium, Germany, Austria, | »oac bsds
i) {Sunth Ty Nearly in the same direction as (i).
Across the Atlantic to Bay of Biseay,

(iii) Ceutral and Southern Ttaly, | thence passing into the Gallic and
Tyrrenean Seas,

Along the coast of Mexico up to Southern
Californin, then across the Pacifie, ing
(iv) Tokya, close to the Alentian Islands along
the Tuscarora Deep off the north-eastern
coasts of Japanese islands,

(v) New Zealand. Across the South Pacifie
vi) Parth W. A Across the Sonth Pacific and then off the
(vi) ke, W S | sonthern const of Australia.
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h

Station or District. Path of the Seismic Waves,

(vii) Batavia. Across the Pacific,

Across the Gulf of Mesico, the E. part
(viii) Calentia, of the United States, Central Canada,
the Arctic, Siberin, and Tibet, passing
almost exactly through the North Pole,

(ix) Kodaikaual, Bombay, Similar to (viii).

(x) Irkutsk. Through the United States, Canada, the
Arctic, and Siberia,

(xi) Cape Town. Across Columbin and Brazil, then scross
the South Atlantic,

Throngh Guatemals, Yukatan, Guolf of

(xii) Toronto, | Mexico, and the E. part of the United
States,
(xiii) Baltimore. Similar to (xiii).
(siv) Vietoria, B. C. Across Mexico and the W. part of the
- United States,
(xv) Cordova, Partly under the Pacific, and partly

throagh South America,

The paths of the seismic propagation to the 18 stations in Europe
(Groups i, ii, and iii) were almost entirely sub-Atlantic, while
those to the 5 stations of Tokyo, Wellington, Christchureh, Perth,
W.A., and Batavia, (Groups iv, v, and vi), were almost entirely
sub-Paecific. The three Indian stations of Calcutta, Kodaikanai,
and Bombay, were very nearly in, or not much out of, the great
circle passing through the origin and the North Pole, The paths
to the 5 stations of Irkutsk, Cape Town, Tashkent, Tiflis, and
Cordova, A.R., were partly sub-marine and partly through land;
only those to the 3 stations of Toronto, Baltimore, and Vietoria,
B. C.,, being essentially continental.
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3. Indian (Kangra) earthguake of April 4, 1905. The
Indian (Kangra) earthquake of April 4, 1905, which originated
among the sub-Himalayan ehains in the Punjab, with the epicentre

at about ¢=31" 49" N, i=77" 0/ E, was observed at a great
number of seismological stations®, The main features of the paths
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Station or District, | Path of the Seismic Waves.

1

Through India, along the coast of Burma
and Annam, and across Borneo s

- Australia,

(xiii) New Zealaud.

Across the Caspinn and Black Seas, and

of the seismic waves to these latter are indicated in the following

table,

Station or District,

Path of the Seismic Waves,

. [Colaba (Bombay),
(1) | Kodaikanal,

(i) Calcutta.
(iii) Tashkeut,

(iv) Irkutsk.
(v) Zikawei (Shangloi).

(vi) Japan,

(vii) Formosa, Mauila.

(viii) Cancasns,
(is) Beyrut.

(*) (Jurjew, Upsala.

Austro-Hungary, North Taly,
Serbin, Nicolajew,

(xi)

(xii) Batavia,

(Giveat Brituin, North Germany,

Across the Indiasn Peninsnla.

Along the convex, or outer, side of the
Himalayas,

Across the Hindu Kush and the platean

of Pamir,

Across the monntain ranges of the central
part of Asia,

Across Tibet and China,

Throngh the platean of Tibet, and across
North China and Corea.

Across the platenn  of Tibet, and the
mountainons districts of South China,

Across Afghan and Trans-Caspian districts,
Avross Afehanistan and Persia,
Across the flat regions of Earope.

Across the Caspian and along the northern
border of the Black Sea.

Across Tudia and the Bay of Bengal,

* For n foll discussion of the seismographical observations of the Eange earthquake the
reader 18 referred to the “ Publicastions,” No. 24

(Xiv)  Spain,

(xv)  Azores,
(xvi) Porto Rico,

(svii) Hounolulu.

(xviii) Samoa.

(xis) Rio de Jaueiro.

(xx) Mauritins,

(xxi) Cape Town.

(xxii) Tacubaya.

Toronto, Victoria, B, C, ;
(xxiii) { Washington, Cheltenham,
and Baltimore,

along the northern border of the Mediter-
TANSALL

Across Ewvope, from the Caspian to
France,

Across Emope mud the Atlantic,

Across North China and  through the
Pacific,

Across the south-eastern Asian and through
the Pucific,

Across Arabia, Africa, and the Atlantic,
Across Indis and the Indisn Ocean.

Across [ndia, throngh the Arabian Sea
ad the Indian Ocean, and across the

south-eastern Africa.

Across Siberia, the Arctic, and North
America,

Similar to (xxii).

S S S R,

The routes of the earthquake propagation to the different

stations of the 11 groups, (i) to (xi), were ecach entirely con-

tinental ; especially, those relating to the five groups (iii) to (vii)

being laid across the plateau of Tibet or the great mountain

ranges in the centre of Asia,

The seismic paths to the stations of

the 4 groups (xii) to (xv) were also for the greater part continental,

while those for the remaining 8 groups were partly submarine

 —



66 F. Omon :—

and partly continental. The stations of the two groups (xxii) and
(xxiii) were sitnated approximately on, or not very much out of,

the great circle passing through the origin and the North Pole,
1. San Francisco earthquake of April 18, 1906. The paths
of the secismic waves {o the different stations were as follows.

-

Station or District,

Path of the Seismic Waves,

(i) Sitka (Alaska).
(i)  Honolulo.

(iii) Japan, Formosa,
(iv) Batavia

(v) New Zealand.

Spain, Great Pritain,

\W4) Germany, Italy, Austria

(vii) Victorin, B.C.

Tacubaya, Torouto, Ottawa, |

(¥ iii'.thnshiugtmn, Cheltenham,

Baltimore,

(is) Porto Rico.

(x) Tiflis, Tashkent.

(si) Dritish Indin,

Off the Pacific coast,

" Entirely under the Pacific,
Do.

Do.

Do,

Through Canada, then across the North
Atlantic,

‘; Along the Pacific coast,
Eutirely continental.

Through the United States and the Canb-
bian Sea.

Nearly through the North Tole,

Along or off the Pacific coast of North
America, then throngh Asia, from the
| nortl-eastern part of Siberia to Tndia.

o S
The seismic waves reached the stations of the first 5 groups

by entirely sub-oceanic paths, and those of the 3 groups, vii, viii,
and ix, by entirely or almost entirely continental paths. The
creat circles conneeting the earthquake origin with the stations
of the remaining 3 groups, vi, x, and xi, are partly sub-oceanie

and partly continental,
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8. Remarks. From § 2, it will be seen that the motion of
the Guatemala earthquake reached the majority of the seismological
stations by trans-Atlantic or by trans-Pacific routes. On the ;on-
trary, the paths of the seismic propagation of the Indian (Rangra)
earthquake were, according to § 3, mainly confinental, being l;lid.
in many cases, across the plateau of Tibet or the great mountain
ranges in the centre of Asia. On these differences in the character
of the regions, through which the earthquake movements were
propagated, may possibly depend the marked diserepancy between
the transit velocities of the two earthquakes under consideration.
In other words, the earth's crust is to be supposed, in its con-
tinental parts and especially in the centre of Asia, to be abnormally
deficient in rigidity, giving the low transit veloeity of 11.36 kl;l
per sec. for the Indian earthquake. The earth's erust under the
Pacific and the Atlantic Oceans is, on the other hand, to be
supposed to be abnormally great in rigidity, giving the high
velocity of 16.02 km per sec. for the Guatemala earthquake, r;n
the case of the San Franciseo earthquake, some of the seismie
paths were sub-Pacifie, while the others were continental, or
partly continental and partly sub-marine (§ 4). Consequently, the
velocity of this earthquake was about 13.97 km per sec...heim'
nearly equal to the mean of the two carthquakes before om:I
sidered,

The idea respecting the seismie veloeity put forth in the

present note is simply a suggestion, which, if correct. requires
further verifications.

Oct., 1909,
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