THE SAKURA-JIMA ERUPTIONS AND
EARTHQUAKES. V.

- Seismographical Observations of the Fore-shocks, After-shocks,
and After-outbursts of the Great Sakura-jima Eruption of 1914.

By
F. Omori, Sc. D,

Member of the Imperial Farthquake Invésﬁga.‘uion Committee.

With Plates LXXVII-LXXXVIL

CHAPTER I. OBSERVATION OF THE FORE-SHOCKS AT THE
KAGOSHIMA METEOROLOGICAL OBSERVATORY.

1. &Gray- Milne seismograph observation at Kagoshima.

The Gmy-Mil}ne seismograph observation made on Jan. 11th and

12th, 1914, at the metéorologi’cal observatory of Kagoshima®* forms -

a valuable contribution to the knowledge of the fore-shocks of the
great Sakura-jima ’eruption which began on the 12th, at 10 a.m.
The instrument, at rest in ordinary times, registered only those shocks
which were intehse enough to affect the electric contact-maker
and thereby start the recording-drum into motion; the pointer
magnification being 5 for the E.W. and the N.S. components ‘and
10 for 'the,vert'ical component. As will be seen from the list in Table
I, the fore-shocks observed at Kagoshima numbered 418 in the
course of the first 304 hours between 8.41.20 am., on the 11th,

% See the Bulletin, Vol. VIII, No. 1.
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TABLE I. HOURLY FREQUENCY OF THE EARTHQUAKES OBSERVED AT

KAGOSHIMA ON JAN. 11TH AND 12TH, 1914, CLASSIFIED ACCORD-

ING TO THE INTENSITY OF MOTION.

Day.

11th.

12th.

Inten- Sensible. Sensible.
sity. i‘; ' : : ‘Eé | : :
3 : ) = . ] Lo, ) H R
0-1aaw 4| 16| 1| —| —| 17
1-2 2 —] =1 = 7
2-3 3 4| —| —| —| 4
3-4 2 1] —] -] — 1] 1] 1 1| —| —]| 13
45 5] 1 2| —| — 3 5 6 2| —| — 8
56, 2 2 1 | — 30 8| 1 1] —| —| 12
6-7 — = = =1 = = 3| 15 3| —| —| 18
7-8 1 1 _— —_— — 1 1 11 1 — — 12
89 50 2| —| —| —| 2| 12| 12| 1| —| —| 13
910 | 8| 1| —| 1| —| 2| w| 7| —| —| - 7
1011 3| —| —| —=| —| —| 18| 4| —| —| —| &
S11-12 ) 4 5 1] — — 6| 7 e — —| — 4
0-1 p.m. 6 1 1 1| — 3 5 1| —| —| —| 1
1-2 10 1 1 — — 2 3 - —_ = - —
2-3 8 5 1] — | — 6 75 — —_ — - —
N~ g . .
34 10 31, 1| — — 4 2 — — — — —
T 45 14 1 1| —| — 2 ol —| —| —] | —
5-6 10 4 1 — — 5 2 — — — — —
67 3| 5| 2| —| —| 7| —| —| —| — 1
7-8 3 5| —| — 8
89 15 10 3 —_ — 13
9-10 5| 10| 4 —| —| 1t
10 11 12| 11 3] —| —| 14
11212 5] 1] —| —| —| 15
Sum 127 | 82| a1 2| —| 1| 18| 10| 10| — 12t
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and 10 oM., on the 12th. Thereafter, with the commencement of -
the eruption, the frequency rapidly decreased, but the disturbances
continued to occur more or less for the several subsequent days.
In Table II the list extends to the 18th of January (1914), bring-
ing the seismic number up to 505. Had a tromometer been in
use in Kagoshima at the commencement of the eruption, the
earthquakes registered, both sensible and unfelt, would of course
have been considerably more numerous. |
- The Kagoshima meteorolocrlcal observatory stood on the top
- of a flat hill, 120 m. above sea-level, outside the northern end of
the city, at ¢=31° 36/ N., 2=130° 33/ E.* Tts site was at the dis-
tance of 10. 4 km. from the centre of the Minami-dake crater in
Sakura-jima, and’ was nearly in the accurate prolongation of the
N. 73° W.-S. 73° E. eruption zone conneetmcr the series of the
craterlets on the S.E. and the W. flanks of the mountain. I give
next a few remarks on the time relation of the fore-shocks.
2. ] Frequehéy distfibution of the foie-shoeks. ACC‘OI’ding f)O
Table I, the intensity distribution of the.467 shecks observed between
3 AM., on the 11th, and 7 p.M., on the 12th, was as follows :—

Earthquake : . Number of
Intensity. , Farthquakes,
(i) Unfel, ....... ... oL, e 235
© (i) Shight, L. e 192
(iii) Moderate, ... ..... e e 37
(iv) Strong, ......... et aeeaaas e, 2
(v) Violent (semi-destructive),............ 1

Thus the frequency of the (i) unfelt earthquakes was exactly 5026
and those of the sensible (ii) slight and (iii) moderate shocks
respectively 41 and 8% of the total number. The (iii) moderate .

* Removéd in 1915 to its present. position on the low suburb ground to the south of the
city, at @=31°34/ N, A=130"33%' . :
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earthquakes attained the maximum frequency between 6 .and
11 p.y., on the 11th; while the two Strong earthquakes took place
between 9 and 10 a.m., and between 0 and 1 p.m., on the 11th. -In
other words, the (iii) and (iv) shocks occurred or were most
numerous respectively -about 24 and 12 hours before the first
commencement of the ‘eruption at 10 am., on the 12th.

~As will seen from fig. 1, tho course of the time variation of
the frequency of the unfels earthquakes was different in several
points from that of the sensible on s. _ Amongst the others, during
‘the 1st 15 hours, i.e., from 3 aw. till 6 pm., on the 11th, the
hourly namber of the unfelt earthquakes remained on the whole
greater than that of the others, in the ratio of 83 to 40, or nearly
2:1; while, during. the next 15 hours, between GP.M., on the
11th, and 9 a.m., on the 12th, the sensible earthquakes became
‘more numerous than the unfelt, in the ratio of 175:96, or nearly
2:1. This latter pheanenoﬁ, or the frequency preponderance of
the stronger earthquakes over the smaller ones, is highly peculiar,
and probably implies the intensification of the individual seismic
movements  in the hours immediately preceding the eruption, a
supposition which is in accordance with the nature of the volcanic
disturbances consisting of an abundant emission of smokes and
ashes and an outflow of lava. From about 9 or 10.a.M., on the
12th, at the time of . commencement of the outbursts, the unfelt earth
quakes- became again more numerous than the sensible ones, both
- sorts of the shakings quickly decreasing till the time of occurrence
of the violent shock at 6% p.m. on the same day. Again, none “of
the premonitory earthquakes, which may be supposed to have
becn broﬁght practically to end at about 3 or 4 r.m., on the 12th,
was destructive or semi-destructive, and their maximum E.W. com-
ponent motion (2a) was, according to the tromometer record in

47
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- Tokjro;less than 0.03 mm., being .considerably smaller than the
corresponding maximum motion (=2.9 mm.) of the strong shock
above referred to. This shows that the latter was of a great
magnitude altogether different from the numerous precursory shak-
ings of the volcanic outbursts. These two facts relating to the
time of cccurrence and the magnitude of the strong shock in the

evening of the 12th seem to indicate that it was in nature a

large earthquake' and not local to the Sakura-jima only.

3. 3-hourly frequency of the fore-shocks. 'The 3-hom‘]y‘

frequency of the premonitory earthquakes was as follows :(—

Houz. . 11th. 12th. ~ Hour. 11th. 12th.
0-3 AM. 0 . 87 0-3p.u. © 35 14

. 3-8 16 60 3-6 6B 6
6-9 9 59 6-9 .50 2
912 18 59 912 | 65

It will be seen that the frequency increase during the 11th was
in a nearly linear relation to the time, with the mean rate of
about 3.0 shocks per hour.

‘In Table XIV of the Bulletin, Vol. VILI, No. 2, is given the
"hOurlyvalue of the barometric pressure at Kagoshima during the
5 days, from t_he 10th to the 14th bf January, 1914. Thére is

no apparent relation between the variation of the barometric pres-

sure and that of the earthquake frequency.

4. Diwrnal variation. From ‘Table 1 and the illustration in

fig. 2, it will be seen that the diurnal variation of the unfelt
earthquakes indicates the minimum hourly frequency at 6-8 A
and 6-8 p.r., and also at 1-2 am. and 1-2 p.M., being rather op-

posite to that of the sensible shocks. The frequency variation of

R
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Fig. 2. Diurnal Frequency Variaﬁon of the Sakura-jima Fore-shocks instru-

mentally registered at the Kagoshima Moteorological Observatory.
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(Cy Unfelt and Sensible Earthquakes taken together. '
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the unfelt and sensible carthquakes taken together shows 4 maxima
more or less distinc:ﬂy, at 8~9 AM. and p.M., and at 8-4 AM and
p.M. The diurnal frequenéy variation of the Sakura-jima fore-
shocks may thus be considered as having been maximum at the
hours of the barometric maximum and minimum : a result similar
" to the relation found of the ordinary earthquakes in Tokyo,
and of the jinari (earth sounds) at the hot spring place of
Arima. ' |

TABLE II. LIST OF THE VOLCANIC EARTHQUAKES REGISTERED WITH

A GRAY-MILNE SEISMOGRAPH AT THE METEOROLOGICAL OBSER-
VATORY OF KAGOSHIMA. JAN., 11TH TO 18TH, 1914.

No nglﬁfenoge. ::%’ Nature of motion. * No Oggg&gg o ;gg Nature of motion.*
Jan. 11th, 1914, ' Jan. 11th 1914,
h m s h m s\
1341 20am O _ 14 | 5 07 40am.| O
2| 4300 0 15| 27 45 1 | Quick.
3| 5900 1| Quick. 16| 5800 | 2 {ggfﬂws’;svgﬁgg'
' Quick, with vert. Oni
4l 40140 2 {vibmtions' 17 | 7 45 44 1 | Quick,
5 04 00 0 18| 59 00 0
6| 0620 0 19 | 8 01 00 0
7 08 20 0 20| 1300 0
3 15 15 1 | Quick. 21 23 00 1 | Quick.
Quick. with vert.
9 26 40 2 {vibrations; honses 22 29 00 0
: shaken, .
10| 45 40 0 23 | 30 40 0
11 54 00 0| 24| 39 00 0
12| 5 03 00 1| Quick. | 25| 5600 1 | Quick,
13| .07 15 0 26 | 9 02 00 1| Do.

* The intensity of earthquake inotion is distinguished ~as unfelf, slight, rather moderate,
moderale, rather strong, strong, and violent. These seven degrees are denoted.in this table re-
spectively by the numerals 0, 1, 2, 3, 4, 5, and 6:— . '

' 0, Unfelt; 1, Slight; 2, Rather Moderate.: 3, Moderate; 4, Rather Strong; 5, Strong;
6, Violent. ' - v :

e

~3

Y
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. g . : . i IF ,
No. Og:::;fegﬁ . :_E‘ %’ Natare of motion. No." nggﬁegﬁ . ﬁi’ . Nature of mo'ion.
Jan. 11lth, 1914. Jan. 11th, 1914.
h m s . h m s Quick,b with vert. mo-
97 | 9 07 Wan| © 56 | 124 00 p.v| 3 {ﬁon; vith vert. mo-
23| 2100 0 57 | 29 00 0 S
29| 8600 | 0 58 | 41 30 0
) Quick, with vert.
3| 57145 5 J,moﬁon; pendulumn | 59 | 45 00 0
clocks stopped. ,
31 10 37 30 0| U 6)| 4620 | 0
32| 4533 0 61| 50 00 0
33| 5800 0 62| 5125 1 | Quick.
31 (11 10 20 0 63| 5300 0
35| 1230 1| Quick. 64| 5400 0
36| 2800 1| Do. 65 | 2 01 00 0
37| 2000 0 66| 0230 0|
38 | 3200 1| Quick. 67| 0500 1| Quick.
39 | 3340 0 ¢8| 0730 0
40 |- 3825 1| Quick. 69 | 09 40 1| Quick.
41| 4200 1| Do. 70| 1500 0 |
42| 4500 0 | , 71 17 00 0}
Quick, with vert. mo- s
43| 4654 2 {tion; houses shaken, 2 2300 1| Quick.
44005 00pM| 1| Quick. ’ 73| 8010 0
45| 09 30 0 A 74| 3417 1 | Quick.
Strong vert. motion,
46 27 11 3 {With‘ earth sound; 75 36 25 0
. ground cracked. .
47 31 17 0 76 45 23 1 | Quick. -
43| 3400 0 77| 5100 0
' Quick, with vert. mo- Quick, with vert.
49 43 00 5 {tion; pendulumn 78| . 54 50 -2 {vibrntion. '
L ) clocks stopped. + 7 .
50 | 47 10 0 79 | 3 01 00 1| Quick.
51| 5000 0 80| 0920 0
52 | 5400 0 8L| 1420 0
53 |1 04 35 0 82| 1550 0
54 | 1900 0 83| 18 00 1 | Quick.
55| 2349 0 8| 8040 0
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No. chcixﬁfegﬁe, é g ‘Nature of. motion. No. Ogciﬂfeﬁgé. g%‘? Nature of motion.
Jan, 1ith, 1914. - Jan. 11th, 1914.
h m s ' b om s
85 | 3 34 00pac| 0 114 | 5 20 00par.| O
86| 36 40 0 115 | 21 00 0 _
METEE | s | o|{Qukyrit s mo
88| 46 34 0 117 | 2700 0
89| 50 CO 0 118 | 43 00 0
90 | 5130 1| Quick. 0 | n9} 4455 1| Quick.
91| 5210 | 2 {33:1"1‘]1‘723;16;’;&;22 120 | 50 00 0
92 | 58 €O 0 121 | 51 00 o|
93 1 401 20 0 122 58 00 1 Quick,
94| 07 00 0 123 | 59.00 1| Do.
95| 1210 2 { gg;"khvgﬁfe vert. 100 | 194 | 6 01 00 1| Do.
%6 | 14 00 0 125 | 01 30 1| Do.
97 | 17 25 0 126 | 14 20 0
98 | .20 00 0 127 | 15 40 o
99 | 2500 0 128 | 20 00 0
100 2700 | O 129 | 2200 1| Quick.-
101 | 38500 0 130 | 21 00 1| Do.
102 | 3800 0 181 2500 1| Do.
108 4200 | 0 132 4700 | 2 |{guck oun vot mo-
104 4320 0 133 | 53 00 2| Do.
105 | 47 00 0 134 | 7 01 00 2 | Do.
106 | 48929 | 1| Quick 185| 1000 | 1| Quick.
107 | 5620 0 | 136 | 1515 1| Do. .
18] 00 | 0 w2102 T ke,
109 | 5 €2 30 0 138 | 30 20 2 | Do.

110 | C4 00 1| Quick. 139 | 34 00 0 )
111 | 05 30 0 140 | 36 00 1| Quick. .
wm| nw | | o | o f{gn vt me
113 | 15 30 0 142 | 47 00 0 '
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Time of g B - : . : Time of g [~ . : "
No. | Oecurrence, E% Nuture of motion. No.. Occurrence: ,;3,«5- Nature of motion.
- i
Jan. 11th; 1914. Jan, 11th, 1914.
h m s . . i h m s :
Quick, with vert. mo- - S .
143 | 751 00| 3 {tion; oieh vert. Mo~ 1| 172 | 857 COpac| 1| Quick
144 | 53.00 0 ’ 173 | 58 00 1| Do.
‘ \ Quick, with vert. mo-
145 58 00 0 174, 9 00 00 -2 {tion; houses shaken.
146 | 8 00 00 1| Quick. 175 | 07 00 1 | Quick.

- - Quick, with vert. mo-
147 | 05 00 0 176 08 00 - 2 {tion; houses shaken.
148 | 08 00 0 197 | 12 00 1| Quick, -

149 | 1130 | 0} 178 | 18 C0 0

~ . Quick, with vert. mo- .
150 12 10 2 {tion; houases shaken. 179 23 00 1| Quick.
151 13 00 1 | Quick. 180 28 (0 1| Do.
152 | 18 00 o 181 30 00 1| Do.
153 | 19 00 0 182 | 33 00 0
156 2100 |0 » 183 | 37 00 1| Quick.
e Quick, with vert. mo-
155 23.00 2 {tion; houses shaken. 184 38 00 0
156 26 £0 1 | Quick. 183 39 00 1 | Quick.
157 | 28 00 0 196 | 44 00 0
"158 | 32 00 0 187 | 4500 | 1| Quick

Quick, with vert. mo-

159 34 00 2 {tion; ,houses shaken. 188 46 ,OO 1| Do.
160 41 00 0 ’ 189 | . 48 00 0
161 | 43 00 0 190 | 49 (0 1| Quick. ‘

' { Quick, with vert. mo-
162 44 00 0 191 52 00 2 |tion; houses shaken,
163 | 44 30 0| 192 | £9 00 2| Do.

164 | 45 00 1| Quick. 193 |10 €O 00 2 | Do.
165 | 46 00 1| Do. 194 | 01 00 0

166 | 48 00 0 195 | 03 00 1 | Quick.
167 | 48 30 0 196 | 04 00 1’| Do.
168 | 49 09 1| Quick. 197 | 07 00 1| Do.
169 | 51 00 1| Do. 198 | 11 00 1| Do.
170 55 00 0 199 13 00 0’

171 | 6 00 1| Quick, 200 | 16 00 0
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No. .ngg;fegﬁe. g% Nature of motion. No. Ogﬁfegge. g%‘, Nature of motion.

Jan. 11th, 1914, | Jan. 11th, 1914.
a1 [10 17700 % 0 230 11h2'8_mOOSP.M.’ 0l
2.9 9 €0 1 | Quick. 231 29 00 1 | Quick,
oc3 | 21 00 1| Do. 232 | 3000 1| Do.
204 | 22 00 0 ) 233 | 34 00 0
e | | Qa1 qu
206 | 27 00 0 285 | 3700 1| Do.
207 | 30 CO 0 236 | 51 00 1| Do.
208 | 31 00 1| Quick. 237 | 5300 | 1| Do.
209 1" 3500 1 | Do. 2:8 1 58 r0. 1| Do.
210 | 38 00 1| Do.

Jan. 12th, 1914,

211 39 09»‘ 1| Do.
219 | 44 00 0 239 | 0 €3 00am.| 1| Quick.
213 | 4500 0 210 | 0400 | 1| Do
214 | 47 00 0 241 | 05 00 0
915 | 49 00 0 242 | 06 CO 1| Quick.
216 | 50 00 0 243 | 09 00 1| Do.
217 | 51 00 1 | Quick. 244 | 14 00 0
218 | 58 00 3 {33;0";;;?;8"‘;1;&&3 245 | 18 00 1| Quick.
219 |11 03 0 1| Quick. 246 | 22 00 1| Do.
220 09 00 1 | Do. 247 24 00 1| Do.
201 | 1100 0 248 | 25 0 1| Do.
222 | 14 00 1| Quick. 249 | 8200 | 1| Do
223 | 15 00 1| Do. 950 | 83 10 1| Do.
224 | 17 00 0 251 | 034 CO 0
2% | 19 00 1| Quick, 252 | 35 00 1| Quick,
226 | 2 00 1| Do. 953 | 49 00 3 { 83;)0“111"1‘123532133
227 20 30 1| Do. 954 | 41 00 "1 | Quick,
228 | 23 00 0 955 | ~51 00 1| Do.
229 | 24 30 1| Quick. 956 | 52 00 1 Do.

!
ps
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No. Ogé:::fegfse. g%’ Nature Qf motion, No. 03‘;13; :egg o g gg‘ Nature of motion.
Jan. 12th, 1914, Jan. 12th, 1914.
957 | 0'54 00 8| 0 985 | 329700%aar| 1| Quick.
258 | 5500 1| Quick. 286 | 32 00 0l
259 | 57 00 1| Do. 287 | _ 35 00 2 { 33;“%2&3’;3"‘;%&3:
260 | 1 00 00 0 288 | 36 00 1| Quick.
261 | 08 00 0 289 | 3800 1! Do.
262 | 08 00 1| Quick. 290 | 4000 | 0
263 | 20 00 1| Do. 291 | 41 00 0
24 | 26 00 1| Do. 292 | 43 00 1| Quick.
9265 | 3100 1| Do. 293 4} 00 0
966 | 443 00 1| Do 294 | - 46 00 0
967 | 51 00 1| Do. 295 | 47 00 0
263 54 00 1| Do. i 296 | 48 00 0
969 | 2 05 00 1| Do. 297 | 50 00 1| Quick.
270 | 09 00 1| Do. 208 | 5L00 | 0
271 | 20 00 0 299 | 56 00 0
272 | ., 29 00 0 300 | 57 00 0
273 | 41 00 1| Quick. 301 | 5800 V
274 | 49 €O 1| Do. 302 | 59 00 0
275 | 54 00 0 303 | 4 04 00 1| Quick.
276 | 3 04 00 1| Quick 304 | 06 00 0
277 | 11 00 1| Do. 305 | o 08 00 2 {3320;1{’]:&?:25%;;5 Jao-
278 | 14 00 1| Do. 306 |0 09 00 1| Quick.
279 | , 16 00 1| Do. 3077 10 00 0
980 | 18 00 1] Do 308 | 2300 0
981 | 20 00 1| Do. 309 | o 30 ¢O 1| Quick.
282 | 22 00 0 310 8700 | O
283 | . 23 00 1| Quick. 311 | 42 09 0
284 | 27 06 0 ) 312 | , 43 00 2 {ggfhﬁs}é:ﬁagﬁ
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No. 7 ogﬁiegge, é%‘ - Nature of motion. No. O::I;;il?;fegcfze. g_g Nature of motion.
Jan. 12th, 1914. Jan. 12th, 1914.
313 | 4'46700% | 1 | Quick. 341 | 6"15"30% x| 2 | Quick; honses shaken.
314 | 49 €0 1| * Do. 342 | 25 00 1 | Quick.
315 | 56 00 1| * Do. 343 | 26 00 Do.
816 {50500 | 1| * Do 344 | 27 00 1| Do.
317 | 06 00 ‘1| Do. 315 | - 28 00 0
318 07 0V 0 346 | « 32 00 2 | Quick; housesshaken.
319 | 1500 0 47| 3400 1| Quick.
320 | 216 00 1| Quick. 348 | 38 00 i} Do.
821 17 00 1| Do. 349 | 41 00 1| Do
322 | 19 00 0 350 | 45 00 0
323 | 2100 0 351 | 47 00 0
324 | 23 00 0 352 | 52 00 1| * Quick.
325 | 29 00 0 333 | 5300 1 Do.
326 | 3100 1| Quick. 354 | 55 00 1| Do.
327 | 3300 1| Do. 355 | 57 00 i| Do
328 | 3500 1| Do. 356 | 59 00 1| Do.
329.| 3800 | o 357 | 7 03 00 1| Do.
330 | 41 00 1| Quick. 358 | 10 00 1| Do
331 | 47 00 1| Do. 359 | 14 00 1| Do.
332 | © 49 00 3 {gg;“kh‘g’;gg;‘;ﬁ‘gg 360 | 17 00 1| * Do.
333 | 5100 0. 361 | 23 00 1| Do
334 | 55 00 "1 | Quick. 362 2500 | 1| Do
3% | 57 00 1| Do. 363 | 32 00 1| Do
336 |.6 01 00 1| Do. 361 | 33 00 0
337 | 0 03 00 2 Slow ; houses shaken. | 365 34 00 1| ¥ Quick.
38| 0600 | 1| Quick. 366 | 41 00 1] * Slow.
339 | - (9 00 1 | Do. 367 46 00 2 | -Quick; houses shaken.
340 11 00 1 | Do. 368 47 00 | 1| * Quick.

* Not instrumentally registered.

4
A

e
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367 -
‘No. Og;?;igﬁe :zag Nature of motion. | No. 03‘011112 3 egﬁ . g%‘ Nature of motion.
Jan. 12th, 1914 Jan. 12th; 1914,
bom s : homos .

369 |.7 49 00am.| 1 | Quick. 597 | 9 08 00AM.| O

370 | 8 05 00 1| Do. 398 | 10O 0

3711 | 6 00 0 399 | 10 30 1 | Quick.
372 | 207 00 1| Quick. 400 | 12 00 0|

373 [0 (900 | 1| Do. 401| 13 00 1| Quick.
374 | 14 00 1| Do. 02| 16 €0 0|

375 | 1600 0. 403 | < 1700 | 1| Quick.
876 | < 17700 1| Quick. 106 | 20 00 0

377 | 19 00 0 405 | 26 00 0

378 | 23 00 0 406 | * 27 30 1| Quick.
379 | 25 00 1| Quick. 407 | 30 00 0|

880 | 27 00 3 | Quick;housesshaken.| 498 | 3200 | 0

381 | o 29 00 1| Quick. 409.| 34 00 0

382 | 3300 0 | 410 | 3300 0

383 35 00 0 411 37 00 - 1} Quick..
3% | 3535 1| Quick. 412 | 44 00 0

385 | 3800 1| Do. 413 | 45 00 0

386 39 60 - 1| Do. 414 48 00 0

387 | 41 00 1| Do. 415 | o100 1| Quick.
388 | 44 00 0 a6 | -5300 | 1| Do.
389 | 46 00 0 417 | 55 00 0

390 | 47 00 0 418.| = 57 00 0

391 | 5100 0 419 10 01 09 0

392 54 00 0 420 0400 | 0O

393 | 55 00 1| Quik’ 421 | ¢6 00 0

394 | 58 0.0 0 422°| 07 00 o.

395 | 9 05 00 0 423 | 14 00 1 | Quick
396 | 07 00 0 424 | . 16 30 1| Do.
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No. Ogsill:];geg(fze. ,g %‘ Nature of motion. No. Oglﬁ?e}(n)(f:e. g% Nature of motion.
Jan. 12th, 1914. Jan. 12th, 1914,
- h m 8 ‘ h m s .
495 |10 18 00 ant! O 433 | 1 06 O0pa| O
426 | 21 30 1| Quick 54| 14 G0 0
427 | 23 €0 0 455 | 28 20 0
428 | 24 CO 0 456 |2 18 30 0
499 | 32 (0 0 457 | 22 00 0
430 | 34 00 0 438 | 33 00 0
431 | 44 30 0 459 | 87 €0 0
432 49 00 1| Quick. 460 | 43 00 0
433 53 00 0 461 | 3 15 00 0
434 | 58 00 0 462 | 40 00 0
435 | 58 00 0 463 | 4 09 00 0
436 {11 00 00 0 4c4 [+ 28 00 0
437 | 02 00 1| Quick 465 .5 06 00 0
435 | 1333 1| Do. 466 |7 46 00 0
43| 15 ¢0 0 467 (/6 29 00 | 6| Z1 %
440 23 00 1| Quick. 468 8 1v1 00 1 | * Quick. .
441 27 00 1| Do. 469 | 9 13 00 1| * Do.
442 | 3200 0
) Jan. 13th, 1914.
443 | 34 00 0
444 | 38 00 0 470 | 9 36 00 Am. ._ 1 | * Quick.
45| 4200 0 471 | 4 09 00par| 4 { + Quick ; houses sha-
446 | 43 00 0 472 | 1100 1| * Quick.
447 | 0 06 30 P 1| Quick. 473 | 45 00 1| * Do.
448 | © 08 00 0 474 (11 45 00 1| * Do.
449 | 17 00 0
Jan. 14th, 1914.
450 | 20 00 0 :
451 | 3400 0 475 | 0 34 OOAM.‘ 1| * Quick.
452 | 57 00 0 476 | 2 10 00 ’ 1| * Do.

* Not instrumentally registered.

o
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- No. Oz‘él;rll‘:egﬁe. :Eg Nature of motidn. No. O?jﬁ:egﬁe. :gg Nature of motion.
Jan. 15th, 1914. 1 Jan. 16th, 1914.
477 | 1'42°00 %) 2 | Quick; houses shaken. | 493 | 0 37 00%az| 0
478 | 6 30 00 0 494 | 2 27 00 1| Quick.
479 | 50 CO 0 495 | 6 04 00 0
480 | 70500 | 1| Quick 496 | 20 00 0
81| 4800 | o
Jan. 17th, 1914,
482 | 50 00 '
483 | 9 25 00 o] 497 | 2 50 007ax| 1| Quick.
484 10 59 00 0 ws|53800 | 1| Do
485 |11 43 00 0 499 | 43 00 0
Jan. 16th, 1914 . Jan. 18tn, 1914.
426 { 4 50 00 A O 500 | 5 81 00am,) 1| x Quick.
487 | 5 10 00 0 501 11 33 00 1| x Do.
483 | 11 00 0 ) 502 |1 10 00pm! O x
489 | 7 18 00 0 503 | 2 43 00 0| x
490 |10 09 00 1| Quick. 504 | 3 11 00 0| x
491 |11 57 00 o 505 | 657 00 | 2 {\S’;lag;if’k; houses
492 | 015 002ae| ©

-

x Registered by a horizontal pen,(iulum tromometer.

5. Time difference between the succéssivé earthguake oc-
currences. The 471 Aearthquakes registered at the Kagoshima
meteorological observatory from Jan. 11th, 3.41.20 A.m. to the next
day, 9.13.00 pa., had the average interval of 5™18°. Of these,
404 occurred at successive time differences less than 5 minutes,
the maximum frequency, about 469% in amount, corresponding to
the interval of about 2 minutes. (See Table IIL.)

If we take the series of 2 or more earthquakes with time
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difference imdef 5 minutes as composing a group, and combine
their average time of occurrence with those of single earthquakes,
the maximum frequency corresponds to the intervals of 10 to 13
minutes. (See Tables IV and V.)

Comparison wzth the after-shocks of great tectonic earthguakes
Yor the sake of comparison I give in Tables III and V the re-
lative frequency of the shocks corresponding to the different lengths
of the successive interval for the cases of the ‘after-shocks of the
Mino-Owari, Nemro, and Akita earthqﬁakes, as follows :—

Mino-Owari Egke. of Oct. 28th, 1891, at 6.37 am.: 1258
after-shocks observed at the Gifu meteorological observatory bet-
ween Oct. 29th and Nov. 10th, 1891.

Nemro Eqke. of March 22nd, 1894, at 7.56 r.m. : 276 after-
shocks observed at the Nemro met. observatory between March
22nd (7.56.06 p.m.) and 25th (11.44.00 p.m.) 1894.

Riku-U Eqke. of Aug. 31st, 1896, at 5 p.m. : 88 after-shocks
observed at the Akita met. observatory between Aug. 31st (5.51.54
p.M.) and Sept. 1st (2.53.42 p.u.), 1896.

The numbers of the shocks occurrmg‘ at - successive intervals
less than 5 minutes were 681; 146 ; and 47 respectively for the
Mino-OWari, Nemro, and  Riku-U earthquakes; the maximum
frequency at Gifu and Nemro, 31 to 499%, corresponding to the
interval of about 2 minutes. The time interval in question must
depend, of course, on the magnitude of the volecanic tension or
seismic stress at the source of disturbance and the radial distance
of the observing place from the latter. Still the quick successive
occurrences of the voleanic earthquakes at Kagoshima and of
the tectonic after-shocks at Gifu and Nemro, as will be seen
from Table III and fig. 3, followed nearly similar courses, the

frequency culminating in each case at the interval of aboubt 2 min.,
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TABLE III. PERCENTAGE AMOUNT OF THE NUMBER OF THE EARTH-
QUAKES OCCURRING AT DIFFERENT SUCCESSIVE INTERVALS.

Interval. Kagoshima. Gifu. Nemro. Akita.
m s m S
0.00—0.30 0.09 0.49 219% —
0.30—1.30 125 18.7 149 —
1.30—2.30 477 30.6 49.0 —
2.30--3.30 171 24.3 19.1 —
3.30—4.30 10.2 14.1 85 —_—
4.30—5.30 12,5 119 6.4 —
Total nmumber of cases. 88 - 235 47 14
5‘0%
¢0
20 -
_ il \
) 20 7 \ \
3
L \
d
J 1 Z 3 & S Min

Fig. 3. Relative Frequency of the Different Values of the Time Interval

between the Successive Earthquake Occurrences.
G....Gifua.

K....Kagoshima.

N....Nemuro.
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The distances of the Kagoshima, Gifu, and Nemro meteorological
observatories from the mean centers of disturbance concerned were
respectively about 14; 10; and 120 km.

With respect to the interval over 5 minutes, the maximum
frequency occurred between 8 min. and 13 min. both at Gifu and
Nemro, being similar to the case at Kagoshima (Table V). Tak-
ing together the earthquakes at Kagoshima, Gifu, Nemro, and
Akita, the frequency was greateét“for the interval of 8 to 13 min.,
attaining the maximum at 10 and 11 min. Should a great number
of small shocks occur simultanecusly or within the time interval
of & min. or so from neighbouring points, the result would be a
considerable earthquake. A grcat destructive shock is, however,
not followed by such a disturbance, at least not in the same, or
a closely lying district. Hence it is conceivable that voleanic
earthquakes or after-shocks tend to occur most frequently at certain
“time intervals, dependent, amongst the others, on the imperfectly
elastic condition of the upper part of the earth’s crust.”

TABLE IV. SUCCESSIVE TIME DIFFERENCES OF THE EARTHQUAKES OR

EARTHQUAKE GROUPS OBSERVED AT THE KAGOSHIMA METEORO-
LOGICAL OBSERVATORY ON JAN. 11TH AND 12TH, 1914.

(Earthquakes oceurring at successive intervals under 5 minutes are treated as
forming a single group.)

Time of Earthquake Nu(r)réber Su%c:iis:lzive Time of Earthquake Nug%ber Su%‘;ﬁséve
Oconzrence. Eqkes. | Difference. Ocourzence. Eqkes. | Difference.
Jan. 11th ‘ Jan. 11th.

h m h m ) h m B m ! i
3 401~ 3 43 am. 2 m s 4 45% AM. 1 m 8
21 42 8 20
359 —4 8 5 4 54 1
1 23 , , 12
4 15% . 1 508 —5 T2 3 .
1 5 21 45
4 262 1 , 5 272 1
19 20 ‘ 30 15

* The time intervals between the successive small eruptions of the Asama-yama have been
considered in the Bulletin, Vol. VIL -
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Time of Earthquake Nug%ber Su(ix[?iensjzve " Time of Earthquake Nuf)x}fbex : Su%‘:izwe
- Qccurrence, Eqkes. | Difference. Occurrence. Egkes. | Difference.
Jan, 1lth. Jan. 11th.
n m h m h m h m
5 58 A.M. 1 ‘'m 8 3 01 P.M. 1 m g
107 44 15 23
7 4511 1 3 09i— 3 18 4
14 16 20 42
75 — 801 2 3 30— 3 89 4 '
‘ 13 i 14 59
8 13 1 3 465 3 521 4
. 10 24 35
8 23 1 : 3 58 — 427 9 '
6 50 : 27 38
8 29 — 8 30% 2 4 35 — 4 48} 6
~ 910 28 38
8 39 1 : 4 561— 5 27 11
22 40 36
8 56 — 9-07 1 ' 543 — 551 4
- 20 40 12 39
9 21 1 558 — 6 13 4
‘ 15 20 17
9 36 1 6 141— 6 25 6
- 21 26 50
9 57 1 6 47 1
40 30 6
10 873 1 6 53 1
8 8 ' : 8
10 45% .. . 1 71 1
‘ 13 38 . 9
10 58 1 7 10 1
. 13 25 515
11 10:—12 30 2 7 15% - . 1 .
, 25 35 6 55
11 28 —11 462 8 : 7 222 1
30 15 v 11 17
0 5—0 9tpm 2 7 301— 7 36 3 '
' 23 28 8 33
0 27— 0 34 3 ' 7 42 1
17 50 ' 5
043 — 0 54 - 4 7 47 1
16 02 5
1 4% 1 751 — 1753 2
19 22 ) 7
119 — 129 4 758 — 8 00 2
: 24 48 ' 14 54
1 413— 1 54 7 8 5— 813 5
16 35 11 20
201 — 209 5 8§18 — 8 34 8
: . : 10 40 18 46
215 — 217 2 841 — 851 10
o ‘ 7 12 48
2 23 1 855 — 9 00 5
10 37 . 10 18
2 30— 2 365 3 9 7—9 8 2
11 51 4 30
2 457 1 912 1
" 8 57 6
2 bt — 2 54§ 2 918 1 .
; 6 35 5
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Time of Earthquake Number | Successive } Time of Earthquake Number’ | Successive
of Time J of Time
Occurrence. Egkes. | Difference. | Oceurrence. Eqgkes. | Difference.
§‘ .
Jan. 11lth. Jan. 12th,
- h m h m h m h m
9 23 P.M. 1 m s 2 41 A M. 1 m 8
11 10 _ ' 8
9 98 — 9 39 6 : 2 49 1
] 13 10 5
9 44 — 9 52 6 2 b4 1 B
: 15 10
9 59 —10 07 6 3 04 1
9 40
10 11 —10 13 2 311 — 410 31
14 35
10 16 —10 39 12 . 4 23 1
v 21 05 7
10 44 —10 51 6 4 30 1
v 10 20 7
10 58 1 v 4 37 1
5 8
1103 1 442 — 4 49 4
19 49 11
11 09 —11 37 16 4 56 1
29 11 10
11 51 —11 53 2 505 — 5 07 3
6 12 50
11 58 1 515 — 5 23 6
724 15 01
Jan. 12th. 529 — 5 41 7
26 34
003 — 009 am. 5 547 — 6 154 11
10 36 33 53
014 — 018 2 6 25 — 6 47 10
7 40 22 12
022 — 0 23 3 652 — 703 6
10 50 ’ 17 10
032 —035 4 710 — 7 17 3
6 , 10 20
040 — 0 41 2 723 79 2 )
14 20 9
0.51 — 1 00 6 ‘ 732 — 1734 3.
' 12 10 8
106 — 108 2 7 41 1
. . 13 : 6 20
1 20 1 746 — 7 49 3
6 19 25
1 26 1 8 05 — 8 09 4
5 28 46
131 1 8 14 — 8 58 a1
12 36 20
143 1 905 — 920 10
930 , 1948
151 —~154 2 , 926 — 9 37 7
14 30 23 b4
205 —2(9 2 ‘ 9 44 —10 07 11
13 . : 24
2 20 1 10 14 —10 24 6
‘ 9 13 30
2 29 1 10 32 —10 34 2
12 ' 11

v
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Time of Farthquake Nun%ber ‘Surcl'jc-ie;s;ve Time of Karthquake Nu(r)réber Su%zie;s;ve
o
Occurrence. Eqkes. | Difference. Occurrence. Eqkes. | Difference.
Jan. 12th. Jan. 12th.
h m h m h m h m
10 44 AM. 1 m s 233 — 2 37TpM. 2 m s
12 20 ! 8
10 49 —11 02 6 2 43 1
17 49 32
11 13 —-11 15 2 315 . 1
‘ 11 o 25
11 23 —11 27 2 3 40 1
12 48 29
11 32 —11 43 b 4 09 1
29 13 19
006 — 0 08 p.m. 2 4 28 1
. 11 30 38
017 — 0 20 2 - 5 06 1
16 30 40
0 34 1 5 46 1
23 43
0 57 1 6 29 1 .
-9 102
1 06 1 - 8 11 . 1
114 1 . 9 13 1 :
. 14 ) 23
128 1 9 36 1
52 .
218 — 2 22 2
15

- TABLE V. INTERVALS BETWEEN THE SUCCESSIVE TIMES OF
EARTHQUAKE OCCURRENCE.

i Number of Earthquakes at
Time :

Interval. Sum.
Kagoshima. Gifu. Nemro. Akita. ’
jm 1 28 1 43
' Y} 5 45
21 4 5 38
36 12 1 58
44 5 6 62
10 10 | 40 1 60
11 14 44 9 4 71
12 8 3¢ 4 3 49
13 12 36 10 2 60
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. Number of Earthquakes at
- Time - , .
Interval. ' : . S,

Kagoshima. Gifu. Nemro. Akita.
14m 4 23 0 31
15 10 24 5 2 41
16 1 22 6 2 31
17 3 30 3 3 39
18 2 25 4 0 31
19 6 19 6 0 31
20 3 19 1 2 25
21 4 i6 4 24
22 3 16 5 3. 24
23 4 11 2 2 19
24 2 11 3 17
25 3 12 2 17
26 1 12 2 15
o 2 6 2 n
28 1 12 2 16
29 ‘5 11 3 19
30 2 7 0 9
31 0 7 1 15
32 1 , 3 9
33 0 11 0 12
34 1 2 12
35 0 P 6
36 2 6 2 10
37 0 5 0 1 6

38 1 8 0 1 1
39 0 9 1 10
40 1 6 2 9
41 1 5 2 8
42 5 2 7
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Time
Interval.

Number of Earthquakes at

Kagoshima. Gifu. Nemro.

Akita.

Sum.

43m
44
45

46
47
48
49
50

51

-53
54
55

56
57
58
59
60

61"
62
63
64
65

66
67
68
6
70
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