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crust spanning over the more or less vacant lava * reservoir,” this
being probably the main cause of the volcanic after-shocks. Hence,
~ the 1st displacement of the principal or maximum vibration of a
volcanic fore-shock ought most mnaturally to be directed outwards,
and that of volcanic after-shocks to be directed . origin-wards, as
illustrated diagrammﬁtiaally in figs. 13 and 14. This directional
difference is in harmony with the results of the instrumental
observations in Kagoshima (§ 51), where the 1st displacement of
' the principal portion of the fore-shocks was mostly directed towards
the S.W., and that of the after-shocks mostly toward the N.E.
In the above considerations respecting the direction of motion,
it is assumed that the application of the volcanic tension from
below did not rosult in a ‘marked -upheaval of a small central
area, In which case the 1st displacement ought to be directed

mwards, being virtually the first stage in a voleanic explosion.

' CHAPTER V. TROMOMETER OBSERVATION IN KAGO-
SHIMA OF THE SAKURA-JIMA AFTER-ERUPTIONS,
JAN. 16TH-FEB. 8TH, 1914.

54. Observation in Kagoshima. The compound of the Kago-
shima prefectural office, where the tromometer observation has been
carried on (§ 30), is situated 10 km. nearly westwards from the
centre of Sakura-jim‘a. Its position relative to the craterlets on
the two sides of the volecano, which were active at the time con-

cerned, was as follows :—

5.9 km. to the W. 5° N. from the Lowest Craterlet on the W. flank ;
85km. ,, W. 8N. Highest ,, s s
11.8km. , W.10°N. ,  No. 2 Craterlet on the S.E. flank;

143km. ,, W.11°N. ,  Towest , .,

"4
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The No. 2 a:d the lower craterlets on the S.E., or the Nabe-
yama, side remained active for diﬁ‘érent long time intervals, while
the craterlets on the W. side of the island ceased to be actlve on
or about the 25th of Jauualy (1914)

The two pointers of the tromometer were arranged so as to
register the motion in the directions W.8°N.-E.8°S., and S.8°W.— .
N.8“E. These corresponded, with regards to the cfaterlets, approxi- :
mately to the longitudinal and the transverse eomponents respective-
ly. In the following §§ are described the instrumental diaorams
of a number of the more prominent- after-eruptions observed in
Kaoosh1ma between Jan. 16th and Feb. 8th, 1914.

55. After-eruptions on evening of Jan.16th,1914. The maxi-

mum movements in some of the larger disturbances were as follows :

Longitudinal Component. ] Transverse Component.
0.064mm. ........... il 0.051 mm.
0.054 ,, i 0.047
0.042 ,,

0.041 ,,

56. Jan.17th,1914; 6.29.03 P.M. The very 1st displacement
was 0.0086 mm. toward S. 47°E. [Longit. compt.] During the 1sb
2.8 sec., the motion was very small. During the next 4.3 sec.:
T= 0.6 sec., 2a4=0.017 mm. Motion large for the next 21.5 sec.:
7=1.3 sec., 2a=0.041 mm. In the subsequent portion : =25
sec., 7'=1.2 sec., ete. [Transv. compt. | During the 1st 2.8 sec.,
the motion was small and slow. For the next 6.9 sec., the motion
was small, but active: 7=0.44 sec., 2a=0.022 mm.; 7T=0.88 sec.
During the next 17.5 sec., the motion was large and composed of
slow vibrations of 7=1.8 see. (2¢=0.048 mm,) mixed at first with
those of T:O.57'_ sec. In the subsequent portion: Z7'=2.7 sec.,
17'=1.4 sec., ete. ‘ '

-
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Longit. Compt.  Transv. Compt.

Duration Qf prel. tremor,.......... .. 2.8sec. 2.8 sec.
) » prine. portion, ...... e — 36.0
’ ,» specially active part, ....24.0 " 16.6
Total duration, .. .... e, over 91.0 73.0

57. Jan. 17th, 19143 6.17.25 P.M. The very 1st displacement
was 0.002 mm. directed toward, and the‘ 2nd was 0.01 mm. away
from, the Sakura-jima. ~The distinct motion occurred 6.2 sec.
earlier in the longit; than in the transv. ‘covmpo'nent., [ Longit.
compt.] For the 1st 5.5 sec.: 7=0.9 sec., 2¢=0.01 mm. In
the principal portion : .T:‘:l.ll sec., 2a=0.036 mm [Transv.
compt.] The preliminary tremor lasted 6.2 sec. Max. 2a=0.03 mm.,
T=1.0 sec. | o |
| Longit. Compt. Transy. Compt,

Duration of prel. tremor and prine. portion,.... 41.2 sec. 37.2 sec.

Duration of specially strong portion .......... 21.2 - 210

58. Jan.17¢h, 19145 7.13.17 P.M.  The 1st. displacement was
0.01 mm. directed away from the Sakura-jima. The motion be-
came distinct - 4.5 sec. earlier in the longit. than in the transv.
component. ‘[Longit. compt.] The motion was definite from the
commencement, giving no distinction between the prel. tremor and
the princ. portion. 7'=1.03 sec., 2a=0.02 mm. [Transv. compt.]
Max. 24=0.017 mm., 7'=0.98 sec. '

_ Longit. Compt. Transv. Compt.
- Duration of prel. tremor and prine. portion,.... 16.4 sec. 11.4 sec.

Total duration, ....................... ... 320 270

59. Jan. 18th, 1914; 6.57.04:P.M. The 1st displacement was
0.005 mm. directed away from the - Sakura-jima. [Longit. compt.]
Prel. tremor lastcd 4.1 sce. Active motion set in 6.4 see. after the
start. Max. 2a=0.036 mm., 7'=0.90 sec,; 7=1.62 sec. [Transv.
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compt.] Prel. tremor lasted 4.1 sec. Max. motion,=0.03 mm.,
oceurred 10.5 sec. after the start. 7'=0.91 sec.; 7'=1.56 sec.

‘ Longit. Compt. Transv. Compt.
Duration of principal portion,.......... 27.5 sec. 26.0 sec
” " spec. active portion, ...... 13.7 10.7
Total duration,........ e 62.0 53.0 -

60. Jan. 18th, 1914; 8.20.44 P.M. A _sinail disturbance,
which lasted 21 sec. and 17.7 gec. in the longit. and the transv.
components respectively, and then abruptly ended. The definite
motion in the longitudinal occurred 3.5 sec. earlier than that in

the transverse component.

- Longit. compt. .... Max. 2a=0.018 mm., 7'=1.57 sec. ; T'=2.05 sec.
Transv. compt. .... =0.015 ,,. I'=19 ,, .

61. Jan.19¢h, 19145 6.50. AM.  This was a fairly large dis-
turbance whose 1st motion was very small and directed toward
the origin, and whose 2nd motion was 0.0076 mm. due west,
(The diagram has been given in the Bulletin Vol. VIII, No. 1.)
The motion became distinect in the transverse component 4.8 sec.
later than in the longitudinal. The max. transv. displacement

occurred 13.8 sec. after‘thev start.

TLongit. Compt. Transv. Compt.
. Dur.=5.5 sec. Dur. =6.3 sec.
Prel. Tremor, . evvvevvnnonn. .. . . :
. 26 =0.012 am. (Motion very small.
Dur. of prine. portion,........ 46.5 sec. 40.5 sec.
Dur. of spec. strong part, .... 26.0 ,, 150 ,, .
Total duration, .............. - 114.0 ,, 114.0 ,,
Max. 2¢, . .ov oo i, 0.055 mm. ‘ 0.050 mm.
T, . S 1.13 sec. 1.15 sec.

62, Jan. 19th, 1914 ; 5.16.38 AM. The preliminary tremor

lasted 4.0 sec. in each component, the 1st displacement being-
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directed away from the Sakura-jima. In the transv. component,
the motion was small for 6.8 sec. The max. longit. and the max.
trangv. displacements occurred respectively 15.2 and 11.3 sec.
after the commencement. |

) ‘ Longit. Compt. Transv. Compt.
Duration of prine. portion .... = 41. sec. - 37 sec.
Total duration, .. ... ...... 114, ' —

Max. 2@, ......o.iiiinn.. . 0.038 mm. ~ 0.045 mm.
T 0.90 sec. ; 0.91 sec.
e e it teeeeee e 196 ., 110

 63. Jan.19th, 19143 4.47.00 AM. The longit. and the transv.
vibrations remained small for the first 8.5 and 6.0 sec. respectively ;
the motion becoming distinct in the former component 2.6 sec.
earlier than in the latter. The longit. motion was most active
during the interval of 17.5 to 26.5 sec. from the commencement,
max. displacements also occurring 8.5 and 12.0 sec. after the
same time moment. The max. transv. epoch set in 14.7 sec.
after the commencement, when the Iongit. motion was at a
minimum. |

Longit. Compt. Transv. Compt.

Duration of prel. tremor,...... 3.0 sec. 3.5 sec.

’ » Pprine. portion, .... 285 ,, 27.5 ,,

” _» Spec. strong part,.. 210 ,, 13.0 ,,
Total duration, .............. 100.0 ,, —
Max. 2a, ............ Ceeas 0.05 mm. 0.046 mm.

' ’ J 0.88 sec.
b D S 0.91 sec.

(177 ,,

64. Jan. 19th, 1914; 7.37.41 AM. JIn the transverse com-
ponent, the motion remained small for the 1st 8.4 sec., and the
max. displacement occurred 10.1 sec. after the commencement.
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Longit, Compt. Transv. Compt.
Duration of prel. tremor,.. .... ‘ 3.0 sec.

’ » prine. -portion, vee. o 42,0 sec. 40.0 ,,

’ » spec. strong part,..  27.5 ,, 23.0 ,,
Total duration, ....... e 67.0 ,, 67.0 ,,
Max. 2, vouinnian . . 0044 mm. 0.042 mm.

1.07 sec. {0.86 sec.
R ‘
1.03 ,, 11.24 '

65. Jan.19th, 1914; 8.48.36 P.M.  There is a doubtful trace
of prel. tremor of 5.5 and 2.5 sec. duration in the transv. and
dongit. components respectively. The moments of the commence-

ment when the motion became distinct were as follows :—

Longitudinal, 8. 48. 36.4p.M. Transverse, 8. 48. 39.8 p.u.

. Thus the longit. motion occurred 3.4 sec. earlier than the trans-
verse. [Longit. compt.] Duration of prine. portion=13.5 sec. Total
duration=27 sec. The most active portion, 2a=0.015 mm., 7'=
1.25 sec., occurred 9.4 scc. after the commencement. [Transv.
compt.|. Prine. portion lasted 14.4 sec., the max. displacement of
0.013 mm. having occurred 5.0 sec. after the commencement.
T'=0.86 sec. After the princ. portion, the motion was practically
wil | |

The elements of motion in some of the other aft-ei'-eruptions
on Jan. 19th are given in Table XVIII.

66. Jan. 21st, 1914; 8.44.38 P.M. In the longitudinal direction,
the prel. tremor lasted 10.9 sec.: 7'=2.4 sec. The principal por-
tion began simultaneounsly in the two componen’us, the longit. dis-
placement at the beginning being 0.013 mm. toward the Sakura-
jima, corresponding’to a complete oscillation in the transv. com-
ponent composed of the two displacements of 0.005 mm. toward
S. 8° W. and of 0.006 mm. toward N. 8°E.
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Longit Compt, Transv, Compt,.

Duration of prine. portion, ... e 11.5 sec. | 11.0 sec.
Max. 2a, ... 0 i . 0.029 mm. 0.017 mm.
' ' (-1.4 sec.
f EREED .. 1.2 sec. 1.07 ,,

TABLE XVIII. ELEMENTS OF MOTION IN SOME OF THE AFTER-
ERUPTIONS OBSERVED ON JAN, 19TH AND 21ST, 1914.

[
Longitudiral Component, Transverse Component.
Date Time
(Jan, | of Duration of Max. Motion, Duration of Max. Motion.
1914.) | Ocecurrence.
. Total . . Total
PPTH.]C Distur-| . 24 T -)Prf?c ‘Distur- 20 T
ortion. bance. Poriion. bance. | ,
. sec.
sec. sec, mn. sec, || sec. sec. mim. 0.88
19 2.36.10 At 25.5 69 0.025 11 —_ — 0,028 { 1.7
" '3.49.57 22.0 38 0.027 1.02 22.0 — 0.025 1.0
. 6.05.01 ,, .28.0 80 | 0035 124 — | — | o024 1t
» 6.31.46 ,, 2 27.5 75 0.038 1.2 28.0 —_ 0.038 114
0.80
. 80011 495| — | 0088 116| 310 — | 0038 [ 1o
N.9% 0.9
. 80831 , 3! — — | 0.037 { o 630 | 97 | 0036 [ o
. 8.49.26 p.u1. —_ — — — — 10.3 0.005 1.6
» 8.55.32 |, _ - 0.01 — 8.8 — 0011 —
21 34123 am ¢ 38.0 107 0.05 1.03 34.0 77 0.057 | 0.83
o4 | 11.9935 — 31 | 00620 09 — 31 | 0024 { 058
(1) Duration of prel. tremor (longit.)=6.2 sec.
(2) » » »  (transv)=14.2 sec.
(3) Duration of specially active part=18.4 sec. (longil.), 17.4 sec. (fransv.).
(4) 2 » 3 ”» 3 =14.0 sec. » 8.1 sec. 9

| 67. Jan. 21st, 19143 101153 PM. The longit. motion began
2.7 sec. earlier than the transverse, and the 1st displacement was
0.006 mm, directed away from the Sakura-jima. [Longit. compt.]
For the 1st 6.1 sec., the motion was small and composed ef 2%
slow oscillations of 7'=2.6 sec. (2¢=0.018 mm.) mixed with smaller

and quicker movements. For the next 20.8 sec., the motion was
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larger: 7'=2.6 sec., 2a:0.082 mm. ;  7T=1.04 sec., 2a=0.026 mm.
[Transv. compﬁ.j Motion small for the 1st 5.8 sec.; 7'=2.3 sec.,
20=0.017 mm.; 7=0.73 sec. For the next 8.1 sec., the motion
was larger, and composed of 4& vibrations of 7'=1.8 sec., 2a=
0.028 mm. The subsequent motion was much smaller: 7'=2.1 sce.,

20=0.016 mm.
: Longit. Compt. * Transv. Compt.

Duration of prel. tremor and prine. portion, 27.0 sec. 23.0 sec.
Duration of spec. strong part, .......... 18.6 ,, 18.7 ,,
Total duration, ................. . 38.2 ,, 34.5 ,,

6S. Jan. 21st, 19143 2.07.26 FM. The longitndinal motion
began 1.0 sec. earlier than the transv. The 1st displacement was
- 0.032 mam. toward S. 85° W. The first max. motion, which occurred
at the commencement of the principal portion of the transverse
component, was 0.048 mm. toward N. 58° E. [Longit. compt.]
Motion small for the 1st 7.0 sec.: I'=0.78 sec., 2¢=0.017 mm.
For the next 7.5 sec. the motion was most active (7=0.7 sec.),
beginning with an outward displacement of 0.033 mm. The two
max. movements of 0.037 mm. and 0.046 mm. occurred respectively
9.9 sec. and 14.2 sec. after the commencement. Thereafter the
period was 7'=0.8 sec. (2¢=0.026 mm.). At the end, the motion
was slow: 7=]1.25 sec. [Transv. compt.] Motion small for the
Ist 4.3 sec.: 7'=0.61 sec., 2a=0.01 mm. For the next 4.4 sec.,
the motion was a little larger : 7'=0.73 sec., 2a=0.016 mm. Then
there followed for 2.0 sec. the most active part : 1'=0.67 scc., 2a
—0.043 mm. Thereafter slow movements of 2’:.1.27 sec. were
mixed with those of 7'=0.66 sec. (2¢=0.031 mm.).

Longit. Compt. Transv. Compt.

Duration of prine. portion, .............. 3l.0sec.  25.4 sec.
o ,; spec. strong part, .......... 17.7 122 ,,
Total duration, ................ i .. 660, 55.0 ,,
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69. Jan. 22nd, 1914; 2.54.18 A M. This was a fairly large dis-
turbance, of the total duration of 76 sec. The princ. portion lasted
47 and 44 sec. respectively in the longit. and the transv. compo-
nents. The véry 1st displacement was small and directed toward
Sakura-jima, while the 2nd was 0.013 mm. toward N. 54° W.
The most active part, which lasted 22 sec., began 6.5 sec. later
on, commencing with the longit. displacement of 0.045 mm. toward
Sakura-jima, éfcec")mpanied by two transv. displacements of 0.015
mm. toward N. 8° E. and of 0.013 mm. toward S. 8 W. The
max. vibration, which occurred 16.5 sec. after the start, was as
follows : 2a=0.047 mm. toward N. 28°¢ W., 2¢=0.055 mm. toward
S. 484 E. In the transv. component, 7’=1.18 sec., 7'=2.24 sec.

70. Jan. 22nd, 1914 ; 9.38.45 A M. Total duration — 64 sec. ;
duration of prine. portion=38 sec. The 1st displacement (=0.01
mm.) in the longit. component occurred 1.3 sec. earlier than in the
transverse, and was directed away from Sakura-jima. Max. dis-
placement in each component was 0.037 mm. (slow motion), and
0.02 mm. (quick motion). ' _, |

71. Jan.22nd, 19145 10.45.20 AM.  Total duration =32.3 sec.
The 1st displacement (=0.013 mm.) in the longit. component oc-
curred 2.2 sec. earlier than in the transverse, and directed away
from Sakura-jima. |

Iongit. Max. 2@:0.025 mm., T=1.04sec,, P=1.16secc.
Transv. ,  =0.023 , , T=1.02sec., 7'=0.75 sec.

72. Jan. 22nd, 1914; 11.44.43 AM. The 1st displaéement was
0.011 mm. toward S. 70° W. The motion became well pronounced
4.0 sec. earlier in the longit. than in the transv. component.

Longit. Compt. Transv. Compt.
Duration of prel. tremor, .............. —  Sec. 4.0 sec.

' price. portion,.............. 26.5 ,, 22.0 ,,
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Total duration, ........ e ... 510 sec. —_
Max. 2a, .......... e e 0.028 mm. 0.024 mm.

/A 0.77 sec. 0.77 sec.

8. Jan. 22nd, 1914; 1.10.28 P.M. Definite movements oc-

curred 2.5 sec. earlier in the longit. than in the transv. component.

Longit. Compt. Transv. Compt.

Duration of prel. tremor, .............. — 4.4 sec.

7 ’s prine. portion,.............. 36.5 sec. 282 ,,
Total duration, ........................ 57.5 ,, 47.3 ,,
Max. 2a, ... i 0.023 mm. 0.024 mm.
T, o..... e e, 0.85 sec. —_

74. Jan. 22nd, 19143 7.47.50 PM.. This was a very small
disturbance composed of slow movements, and was due to an
outburst whose loud detonation was perceived in Kagoshima (at
the Satsumaya Hotel) at about 7.47.50 p.mM. The 1st definite mo-
tion occurred 2.8 sec. earlier in the longit. than in the transv.
component. Total duration =32 sec. [Longit. compt.] The princ.
portion appeared 5.4 sec. after the commencement : max. 2¢=0.012
mm., 7'=1.9sec. [Transv. compt.] Max. 2¢4=0.008mm., I'=1.3sec. A

75. Jan. 23rd, 19143 2.20.20 AM. Also a small and very
slow disturbance, due to an outburst whose loud booming sound
was perceived in Kagoshima at 2.20.37 am. The longit. motion
occurred 7.0 sec. earlier than the  transverse, the 1st displaeement
being 0.0015 mm. toward, and the 2nd 0.006 mm. away from
Sakura-jima. [Longit. compt.] Total duration =45.5 sec. Motiori
small for the 1st 8.0 sec. The princ.. portion lasted 15.0 sec.: T'=
1.9 sec., 2a=0.014 mm.; 7'=1.28 sec., 2a=0.012 mm. [Transv.
compt.] Total duration=27 sec., no prel. tremor being indicated.
The prine. portion lasted 16 sec, and was nearly uniform: 7=2.0
sec., 2¢=0.014 mm. ; 7=0.68 sec.
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76. Jan. 24th, 1914 6.28.43 P.M. The 1st distinct displace-
ment was 0.006 mm. toward S. 48° E.

Longif. Compt. Transv. Compt.

Duration of 'princ. portion, .............. 32.T sec. 19.8 sec.

Total duration, ....................... P — 67.0 ,,

Max. 23, .....ovvvvninnn.. e e 0.023 mm.  0.027 mm.

H POt 0.91sec. 0.73 sec.; 1.2 sec.

77. Jan. 24th, 1914; 3.28.54 P.M. [Prel. tremor. ] rThe 1st mo-
tion was directed away from Sakura-jima, and=0.009 mm., accom-
panied by a transverse vibration composed of two displacements of
0.002 mm. toward N. 8 E. and of 0.002 mm. toward S. 8 W.
Longit. : T=0.94 sec., 2a=0.009 mm. Zransv.: 7=0.73 sec., 2a=
0.005 mm. [Prine. portion.] The 1st displacement was 0.02 mm.
toward N. 60°E. Longit. : duration=21.8 sec., 7'=1.04 sec. Transv.,
duration=22.2 sec., 7'=0.89 sec.

78, Jan. 26th, 19143 1L18.57 P.M. Total duration = 43 sec.,
duration of princ. portion=23 sec. Longit.: T=0.9 sec., 2a=0.017
mm. Zransv.: T=0.8 sec., 2¢=0.023 mm.

79. Jan. 26th, 1914; 2.41.04 aM.  Total duration =69 sec. ;
duration of princ. portion=27.5 sec. Definite motion in the longit.
occurred 5.0 sec. earlier than in the transv. component, Longit., -
T=0.97 sec., 2¢4=0.024 mm. ; transv., 7'=0.91 sec., 2a¢=0.022 mm.

 80. Jan. 26th, 1914; 3.46.59 oM. Total duration =68 sec. ;
duration of prine. portion=24 sec. The well deﬁned'pri,nc. portion
began 6.5 sec. earlier in the longit. than in the transv. component,
the 1st displacement of this stage being 0.015 mm. toward S. 88°W.
The max. longit. motion of 0.034 mm. occurred 17.5 sec. after the
commencement of the prine. portion. Longit., T=1.33 sec,, 2a=

0.034 mm. ; transv., 7=1.35 sec., 2a=0.031 mm. | |
81, Jan. 26th, 19145 6.01.33 A.M. Total duration= 54 sec.; dura-



Tke Sakura-jima Eruptions and Earthquakes. V. 4925

tion of the prel. tremor=9.0 sec. The princ. portion in the longit.
occurred 4.9 sec. earlier than that in the transv. component. Léngit.,
7=1.03 sec., 24=0.019 mm. ; transv., T=1.03 sec., 2a=0.024 mm.

82. Jan. 26th, 1914; 9.00.09 AM. The disturbance was very
small and slow and was due to an outburst which caused a strong
detonation with shaking effects perceived in Kagoshima (at the
Satsumaya Hotel) at 9.01.01 am.

Longit. Compt. - Transv. Compt.

Duration of prine. portion,.......... 48.5 sec. 46.5 sec.

Total duration,.................... over 88. ,,A 91. ,,

Time of commencement, ............ 9.00.09 A.M. 9.00.09 A.M.

Motion slightly increased at ... ....9.00.17 9.00.153

1 »  became definite at ........ 9.00.23,6 9.00.29,4

Maximum portion began at ........9.00.34,8 9.00.40,3
- ended ab ........ 9.01.18,6 9.01.26,8

[Longi‘o. compt.]| . During the 1st 31 sec. of the prine. portion, 7’=2.4
sec., 2a=0.016 mm. Thereafter, 7'=1.26 sec., 2a=0.019mm. [Transv.
- compt.] 7T=2.6sec.; T'=1.4sec., 2a=0.012 mm. ; 7'=0.66 sec.
83. Jan. 29th, 1914 3 10.51.03 P.M. The motion became definite
in the transv. componeht 2.6 sec. later than in the ’longit. The
very lst quick displacement was 0.013 mm. directed away from
Sakura-jima, while the two slow vibrations at the commencement

were composed of the following displacements —

Ist displt.,....0.015 mm., toward due west.
nd , ....0018 ,, ,  due east
Ist  ,, ....0032 , , , S.55°W.
2nd (max.)....0.033 ,,, , N.T0°E.

1st Slow Vibration{

2nd Slow  ,, {

. Longit. Compt. Transv. Compt.
Duration of prel. tremor,......... e 3.3 sec. —

- -prine. portion, ......... e 24.7 ,, 19.7 sec.
Total duration, ........ .......... L ....35.0 ,, : —_—
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. . FR 1 0.94 sec. 0.92 sec.
Quick vibration ‘ ‘ - '

_ Max. 2a, .... ......... 0.024 mm. 0.019 mm.

Slow vibration, T, ....... e 2.1 sec. 1.9 sec.

84. Photographic enlargements. In §§ 85 to 89 are ~given
the results of analysis of the photographically enlarged copies of
the diagrams of the following 5 after-eruptions:—

Jan. 17th, 1914; 10.41.58% p..

, 18th, , ; 60742

. 63404

s ; 71540 -

oy, 21st, o, 5 21957,
The motion consisted of slow vibrations, as was the case with the
shakings of the ground caused by the Asama-yama explosions.
(See the Bulletin, Vols. VI and VIL) Illustrative diagrams are

reproduced in figs. 15 to 21 (Pls LXXIX to LXXXV).

85. Jan. 17th, 1914, 10.41.58; P.M. This was due to an out-
burst from one of the W. side craterlets, whose strong detonation
was perceived by the author a,t 10 42.13 p.m. at the Satsumaya
Hotel in Kao'osh1ma R

Longit. Coinpt:. Transv. Compt.
{Durafnlon of prel. tremor

and prince. portion,............. ... ..16.8 sec. 21.2 sec.
Duration of most active part, ............ — 11.0
Total duration, ............ ... ..., 68. ' 60.

The very first displacement was directed radially outwards from
Sakura-jima, and the transverse compohent was nearly zero during
the ﬁrst 1.5 see. [Longit. compt.] For the first 2.5sec.: 7=
1.01 sec., 24=0.016 mm. For the next 6.5 sec., the motion was
comparatively slow : 7'=2.15 sec., 2a=10.018 mm. Then, for 7.8sec.,
the motion was most active and regular (T: 1.2 sec.) and indicated

the following two maximum movements at the commencement and
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the end :—

1st Di‘spiacement 0.032 mm., toward S. 40°L.
Last , 0028, , , S 8L

This portion was essentially longitudinal in character, but for the
next 4.4 sec., the longitudinal component was nearly zero. Then
-ab 21.2sec. after the start, there occurred a well pronounced
displacement of 0.020 mm., toward N. 82°E. The subsequent motion
was much smaller, there being 6.3 sec. later on a few vibrations
of T=1.06sec., 24=0.01 mm. [Transv. compt.] " During the first
- 5.7 sec., the motion was small : 77=0.76 sec., 2a=0.011 mm. Then
there '13001(/ plaeve a prominent vibration of 7'==0.96 sec., and 2a¢=
0.020 mm., which was purely transverse ; the corresponding longi-
tudinal component being zero. The motion continued quick in period
for the next 4.9 sec.: 7=1.10 sec., (2¢=0.022 mm.). For the next
14.7 sec., the motion was large, but slow: 7'=2.1sec., 2¢4=0.021
mm. Thereafter the vibrations were abruptly reduced and remained
nearly uniform for 16sec.: 7'=2.1sec., 24=0.01 mm. The sub-
sequent motion was very small. ,
86. Jan.1Sth, 1914; 6.07.42 P.M.  (Fig. 19.) The very first
displacement was 0.0013 mm. directed outward from, and the 2nd
was 0.0043 mm. toward to, the Sa,kura-jima‘radiallry, the com-
mencement of the longitudinal motion being 2.0 sec. earlier than
that of the transverse.

Longit. Compt. Transv. Compt.

Duration of prel. tremor, ....... S 3.2s8ec. - = — sec.
' princ. portion, ...... e 38.5 ,, 325 ,,
’ most active part, ............ 20.6 ,, 16.1 ,,

Total duration, ..........c..cev.iiitL. 98. , 87.
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The movements during the successive stages were as follows: —

Longitudinal Component. Transverse Component.

} (i). Preliminary Tremor: Duration=23.2 sec.
Motion small and composed of Motion very small: 7'=0.9 sec.
two slow vibrations of 7'=1.58 | '
sec., 2a=10.0072 mm.

(ii). 8.4 sec.
Slow movements: 7'=1.05 sec., Quick vibrations: 7'=0.84 sec.,
- 2a=0.044 mm. | 2a=0.014 mm.

(iii). 3.8sec.: Motion essentially transverse.

Motion small: 7'=0.93 sec., 2a T=1.10sec. The 1st vibration
=0.019 mm. was a maximum, and composed of
the two displacements of 0.022 mm.
and 0.047 mm. directed toward |
S. 8° W. and N. 8° E. respectively ;
the simultaneous longit. component

being zero.

(iv). 8.6sec.: Motion most active and regular.

T=12sec. The 1st Vibration was a maximum and composed of the
following fwo displacements :—
1st Displacement 0.061 mm., toward N. 34°W.
2nd 0.062 ,, s S. 46°E.
‘The 1st displacement of the last but one vibration, which occurred
21.4 sec. after the start, was tl\le absolute maximum: 0.067 mm. toward

N. 76°W.

(v). 23.5sec.: Motion small.
T=1.13 sec., 2a=0.023 mm. | T=1.19 sec., 2a=0.019 mm.

The subsequent motion was very small.
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87. Jan. 18th, 1914: 6.34.04 P.M. (Fig. 21.) The very Ist
two quick displacements were entirely longitudinal, and respectively
0.007 mm. outward from, and 0.015 mm. toward the Sakura-jima.

The transverse component became distinct 3.0 sec. later than the

longitudinal.
Longit. Compt. Transv. Compt.
Duration of prel. tremor,............ 3.6 sec. 3.6 sec.
s prine. portion, .... ... ... 44, 37.
”» specially strong part,.... 30. ,, 22. ,,
Total duration, .................... 99. —_—
Longitudinal Component. . Transverse Component.

(i). Prel. Tremor: Duration=3.6 sec.

- T'=0.89 sec., 2a=0.015 mm. T= 0.74 sec., 2¢4=0.0035 mm.
Slow vibr., 2a=0.027 '

b

| (ii). 7.6 sec.
T=2.24 sec., 2a=0.045 mm. Motion uniform and composed
of 3 vibrations of 71'=2.35 sec.,
Qa =0.022 mm.

Té 0.78 sec., 2a=0.013 mm.

(iii) Max. Transverse Stage : Duration=9.1 sec.

Motion regular : o | DBegins with the absolute max.
T=1.32 sec., 2a=0.039 mm. 2a = 0.06 mm. directed toward
| S. 8° W., the simultaneous longit.
component _Being Zero.
T'=1.14 sec.

(iv). .Active Longitudinal Stage: Duration=>5.6 sec.
Motion regular: 7T'=1.24 sec. " Motion small :
B 7'=1.49 sec., 2a=0.03 mm.
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The three successive displacements at the commencement of this portion

~ were as follows :—

Ist Displacement=0.052 mm., toward S. 36°E.
2nd ’ =0051 ,, , ,  N.66°W.
4th » =0.052 ,, , ,  N.82°W.

(v). 17.8sec.: Motion smaller.

7=0.93 sec., 2a=0.021 mm. ‘ T=1.11 sec., 2a=0.018 min.

(vi). Motion very small.

, T=1.7 sec.

[

88. Jan. 1Sth, 1914; 7.15.40 P.M. (Fig. 20.) Total duration=

48 sec.
~Longit. Compt.  Transv. Compt.

* Duration of prel. tremor,.......... 6.5 sec. 10.7 sec.
’ prine. portion, ........ 24.0 ,, 184 ,,
Longitudinal Component. \ Transverse Componén‘c.

(i). 10.7 sec.

7=1.01 sec., 2a=0.034 mm. ' T=0.74 sec., 2a=0.012 mm.
| (ii). 5.7 sec.
Begins with the absolute max. Begins with a max. vibration
displacement : of the two displacements :—

Ist displ. =0.034 mm.,

toward N. 8°E.
|2nd displ. =0.027 mm.,
( toward S. 8°W.

The slow absolute max. vibr.

0.051 mm. toward Sakura-jima,

corresponding to...... e eee e

occurred 13.0 sec. after the start :—

-y
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Longit. motion=0.............. |1st displ. =0.042 mm.,—S.8°W.
=0.043mm. outward|2nd displ. =0.043 mm., ~N.8°E.

The latter gives the resultant motion of
24=0.061 mm., toward N. 30°W.
T=1.15 sec. ! T=1.64sec.; T=0.82sec.

(iii). 14.3 sec. -

Motion regular and began with a max. vibration :—
1st Displacement=0.035 mm., toward S. 57°E.
2nd » =0.046 ,, , » - N.BI°W.

T=1.13 sec. | T'=1.36 sec.

The subsequent motion was small.

82. Jan. 21st, 1914; 219.57 P.M.  (Fig. 16.) The very first
displacement was 0.0013 mm., directed toward N. 77°E. The dis-

turbance lasted 49 sec. and then ended abruptly.
‘ Longit. Compt.  Transv. Compt.

~ Dur. of prel. tremor,...... ..., 1.9 sec. 3.8 sec.
' prine. portion, ............ 31.7 ,, 27.5 ,,
» specially strong part, ...... 12.8 ,, 12.0 ,,
Longitudinal Component. Transverse Component.

(i). 1st 7.5 sec.

Motion small and slow :— "~ Motion small, but distinet :—

| ) T=0.72 sec., 2a=0.013 mm.
7=1.01 sec., 2a=0.026 mm. -
= T=198 ,, , 2a=0.015 ,,

(ii). 63 sec.

Motion was well-defined in both components, but more active in the
transverse than in the longitudinal direction. The first vibration was
entirely transverse and composed of the two displacements: 1st, 0.013
mm. toward S. 5°W. ; 2nd, 0.011 mm. toward N.5°E. ‘The next displace-
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ment was 0.023 mm. toward S.36°W. The 2nd displacement of the
4th (transverse) vibration, occurring 10.4 sec. after the start, was the
greatest transverse motion, of 2a=0.041 mm. Th's combined to the
outward (longit.) displacement of 0.024 mm. gives the resultant of 0.047
mm. toward N.22°W. ‘

(iii), Longit. Motion Stage : Duration=_8.3 sec.
Motion regular :
7' =0.83 sec.

Motion irregular and slow :
T=1.32sec.; T=0.52 sec.

1st Displacement 0.035 mm. toward N.38°W.

2nd » 0038, . ,  S62°L.
The 1st displt. of the last vibration, occurring 20.8 sec. after the
start, was the 2nd max. in this stage: 21=0.029 mm. toward S.74°E.

(iv) Last 11.8 sec.: Motion small and uniform.
1=1.10sec., 2a=0.017 mm. T=1.57sec., 2a=0.012 mm.
7=0.78 ,, , 2a=0.012 ,,

90. Dwration of the preliminary portion. The duration of
the introductory small motion in the diagrams of the different
after-eruptions was as follows :—

Longitudinal Component. Transverse Component.

sec. s€c.
- 1.9\ : 2.8
2.5 3.0
2.5 _ 3.5
2.8 3.6
3.0 | Mean, 3.8 | Mean,
3.2 % 3.6 sec. 4.0 4.8 sec.
3.6 4.1
4.0 ) 4.3 _
4.1 5.5
5.5 5.7
6.5 - 6.3

10.7
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The mean daration of the preliminary portion (=83.6sec.) in the
longitudinal component was.about 2.0 sec. longer than the duration
of the ordinary preZi'mz'nary tremor (=1.6 sec.) corresponding to the
distance of 11.8 kni. between the place of observatiénﬁ; »and the
craterlet No. 2 on the eastern, or Nabe-yama, side of Sakura-jima,
which was mcst acti:ve in the days in question. This time difference
may be assumed to indicate the duration of the preparatory stage
of the after-eruptions. In the transverse component, the mean
duration of ‘thé preliminary portion was. 4.8 sec., being 1.2 sec.
Ioncrer than in the loncrltudmal component.

91. Range of motion. The maximum range of motion, or
double amphtude_Za in either the longitudinal or the transverse
component of the aftel -eruption movements on the successive days
‘was as follows:—

Date. _ Absolute mazimum, 2¢

Jan. 16th............ .. ool 0.054 mm.
ITHR. e e ..0.048
18th.. ..., .. i, 0.062
196H . . e .. 0.055
DLSb « v et e e e 0.046
DA L e 0.055
23rd—24th . ..ot e 0.029
25th—26th .. .. .. ... R 0.034
29th. . . ... e 0.032

Thus, between the 16th and the 22nd the max. 2a was nearly
. constant and approx1mately equal to 0.05 mm. Between the 2 23rd
and the 29th, it was smaller and about 0.03 mm. '

92. Difference in times of arrival of longitudinal and
transverse vibrations. Distinct motion in the transverse compo- -
nent occurred, on the average, 3.9 sec. (=¢) later than that in the

longitudinal eomponent, as follows :—
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7=2.5 sec. 3.5 sec.
28 4.0
2.6 45
2.7 4.8
2.8 49
3.0 5.0
34 6.2
6.5
3.9 séc.'

-

93. Time of occurrence of maximum movemenits. In the
earthquake motion due to an after-eruption observed in Kagoshima,

the principal valucs of the avefage time interval between the com-

TABLE XIX, TROMOMETER OBSERVATION IN KAGOSHIMA: TIME IN-
TERVAL BETWEEN THE COMMENCEMENT AND THE OCCURRENCE-
OF THE MAXIMUM VIBRATION OR THE MOST ACTIVE POR-
TION OF THE ,EARTHQUAKE MOTION DUE

TO THE AFTER-ERUPTIONS. -

Longitudinal Component. .Transverse Component. .
sec, . sec. - sec. 8ec.

5.4\ 13.8 8.4 60 ) Mean,
6.3 142 8.7 63) 62
6.4 15.2 9.7

7.0 154 | Mean, 10.1 13.0

7.1 164 [ 168 104 138, Ni‘g‘g
8.0 | ean, 165 105 | yean, 14.7

85 [ 82 17.5 105 [ 110

9.0 175 J <106

9.4 20.3] 10.9

9.9 208 | Menn, 112

10.7 ora| A 113

10.9 21.4 116/
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mencement and the maximum vibration or the most active portion,

were, according to Table XIX, as follows :—

Longit. -Compt., ........ e 8.2 sec.; 15.8 sec.
Transv. Compt.,, ............ creeaee 11.0 ,,

Thus the 1st maximum motion oceurred gencrally 11.0-8.2=2.8
sec. earlier in the lengitudinal than in the transverse component. |
In the longitudinal component, the 1st mdximum occurring 8.2.
sec. after the commencement was often followed by a 2nd maxi-
mum about § sec. later on.

94. Direction of motion. The 1st distinct élisplacement in
the earthquake motion due to the Sakura-jima after-eruptions was
direeted mostly toward to, or away from, the source of disturbance.
Thus, of the 20 cases examined, the direction of the initial motion
~was as follows :— |

Toward the source of Jdisburbance, .. .....eeeanneannn.. 5 cases;
Away from ’ ’ e e 1, ;
Toward N. 77° E.; S. 47° E; S. T0°W,; S.48° L., ...... each, 1 case.

It is possible. that, in some instances, the initial displacement was
-»(Sbliterated by the small tremors of the ground existing more or
less in the days subsequent to the ‘commencement of the erup-
Ction. | o |
The mean directions of the maximum displacements in the
; :principél portion were, aécording to Table XX, as follows -

Longitudinal COmponent, .........eeeeees.n.. N. 70° W.—S. 70° E.
Transverse B 3 medees R N.1°E—S. 10°W.

‘These directions are approximately parallel and normal to the
straight line connecting the eraterlets on the two flanks of the

-volecano.
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Fig. 22. Tromometer Observation in Kagoshima of the Sakura-jima

After-eruptions :  Direction of the Maximum Vibration.

(Different After-eruptions taken together )

N

S

85. Period of vibration. Tables XXI émd XXII give lists of the-:
vibration periods in the rearthqua,ke motion caused by the different
after-eruptions. The mean values of the periods most frequently
occurring in the maximum phase of the longitudinal Qomponent.
were p=1.09 sec. and p.=2.22 sec. The pei*iod P, which is equal
to § X, was often found also in the parts preceding and following
~ the maximum phase of the longitudinal component and in" the
maximum phase -of the transverse component. Other periods fre-
quently occurring in the latter motion were 0.71 sec. and 1.39 to

1.7 sec.
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TABLE XX. TROMOMETER OBSERVATION OF THE SAKURA-JIMA AFTER-
ERUPTIONS IN KAGOSHIMA, JAN. 16TH-FEB. 8TH, 1914: DIRECTION
OF THE MAXIMUM MOVEMENTS IN THE PRINCIPAL PORTION.

¢

Longitudinal Motion. ' Transverse Motion.
N.2r W. S. 36° E. . N.5°E. S. 5° W.
N 28°3W. S. 40° . N. 8 E. S 8 W.
N. 30° W. 8. 4°E, N. 8° E. S 8 W
N. 84° W. S, 48%E. S 8 W.
N. 38° W. S. 57° . S. 8 W.
N. 59° W. 8. 62° E. S. 36° W.
N. 66° W. S. 74° .
di) N.10°E.—S. 10°W.
N. 75" W. 8. 82 E :
N. 82° W. S. 86° E.
w. "E.
S. 88° W. N. 82’ E.
8.55° W.  N.70°E
N. 60° E.
N. 58° E.
(i) N.70°W.—S. 70°E.

¥

Longit. Compt. Transv. Compt.
: sec., see.  sec. sec, sec. see.
Max. phase.............. 1.09; 1.55; 2.22  100; L7 ; 24

Parts preceding and fol-
lowing the max. phase,.. 0.99; 1.58; 2.4 0.71; 1.59; 2.3

(The frequently occurring periods are prin.ed in thick characters.)
Comparison with the Asama-yama and the Usu-san observations.
The mean values of the periods occurring in the earthquake motion
caused by the recent Asama-yama eruptions tromometrically ob-
served at several observing stations on the mountain slope and
base, at the distance of 2.3 to 6.35 km. from the centre of the

crater, were as follows* :—

* See the Bualletin, Vol. VII, No. 1.
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. TABLE XXI. AFTER-ERUPTIONS OBSERVED IN KAGOSHIMA :
PERIOD OF VIBRATION.

(Directly measured from the original tromometer diagrams.)

Longitudinal Component.

Transverse Component.

Max. Phase.

Parts preceding and
following the

Max. Phase.

Parts preceding and

following the

Max. Phase. Max. Phase.
0.70 sec. 1.52 sec. 0.60 sec. 0.57 sec. 1.35 sec. 0.44 sec.
0.77 1.57 0.78 058 140 0.61
0.85 155 0.80 0.66 1.40 0.66
0.90 - ©0.90 0.67 1.56 073
0.90 1.90 0.94 0.68 1.60 0.73
0.9.) 1.90 1.20 0.70 1.70 0.73
0.91 2.05 1.25 0.73 1.77 088
091 210 0.92 0.75 1.80 0.68
092 2.40 0.77 180
094 . 260 2,50 08) 1.80 1.97
097 '2.60 2.60 0.80 1.90 1.40
1.02 2.29 9,56 0.83 1.95 18
'1.03 086 2.00 ‘
1.03 086 - 1.7 21
1.03 0.88 2.3
1.03 0.88 2.94 9.4
1.04, 0.89 250 93
1.04 0.90 2.60
1.04 0.91 24
1.07 0.91
1.10 0.1
111 0.92
1.13 0.98
1.16 100
"1.16 1.00
1.20 102 i
1.26 1.03
1.24 1.10
1.25 1.10
1.26 1.14
1.26 1.15
1.28 1.18
1.30 1.20
1.33 1.20
1.06 1.21
124

0.92
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(a) 4.9 sec. . » (d) 0.85 sec.
(b 2.3 » (e) 037 ,
» (¢) 1.25

Of the five groups the most frequently occurring perioci were (d)
and (c), and then (b). Again, the mean values of the periods
existing in the micro-tremor motion observed at the time of the
Usu-san eruption, July-Aug., 1910, in the immediate Vlclmty of
the craterlets, were four- fold as follows*

(t/) 2.14 sec. (@) 1.08 sec.
) 159 . ' ‘ (e’ 0.53

TABLE XXII. AFTER-ERUPTIONS OBSERVED IN KAGOSHIMA :
- FPERIOD OF VIBRATION

(Measured from the photographic enlargements)

Longitudinal Component. - Transverse Component.

Max. Phase, | P et s 010n | s Phase, | s prstiog g o
0.83 sec. 0.89 sec. 1.58sec. 0.96 sec. 0.52sec. 1.11 sec.
1.13 0.93 110 072 1.19
1.20 0.93 215 1.10 0.74 1.28
1.20 1.01 2.24 S 114 0.74. 1.36
124 1.01 2.2 1.08 0.76 149
112 1.01 o 0.78 159

1.05 1.64 078 1.70
106 2.1  ost 139
1.10 19 090
1.13 0.75 2.10
115 ) o 2.35
132 : ' : : 2.2
1.05

* See the Bulletin, Vol. V, No, 1.
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b, ¢/, d', and e are not widely different respectively from the
periods b, ¢, d, and e, characterizing the Aéaﬁi@-yama eruptions.
The periods prevailing in the motion of the Sakura-jima after-
éruptions observed in Kagoshima were approximately equal to those
| found at the Asama-yama and Usu-san. In the case of the ob-
servations at the two latter placés‘, the vibration periods in the
eruptive earthquakes and in the voleanic micro-tremors were found
to be essentially identical with the slower periods existing in the
motion of ordinary earthquakes. A similar relation seems fo

exist also in the Kagoshima observations.

CHAPTER VI. TROMOMETER OBSERVATION AT FRUSATO
OF THE SAKURA-JIMA AFTER-ERUPTIONS.

| .96. Tromometer observation at Frusato. The portable hori-
zontal 4pendulum. tromometer, of the pointer magnification =200,
used in Kagoshima since Jan. 16th, 1914, (§ 30), was taken on
Feb. 9th to Sakura-jima and set up at the village of Frusato, 3.8
km. to the S. 45°W. from the centre of the craterlet-zone on the
S.E. side of the volcano. The two horizontal pointers of the tromo-
meter were oriented so as to register respectively the motion radial
~ and the motion transverse to the mean origin of the disturbance ;
the proper pendulum period being 4.5 sec. for éach component.
The first series of the tromometer observation at Frusato ex-
tended for 112 days from Feb. 9th to May 31st, 1914. The lower
craterlets on the S.E., or Nabe-vama, side maintained active out-
bursts for the several succeeding months; causing in the Autumn
next, amongst the others, a serious damage to the rice crop in the
vicinity of Kagoshima. At the request of the governor of the.



