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for only about 11 sec. after the above-mentioned large movement.

The eruption in question was followed 23.4 sec. after by a
very small one of exactly the same character and of the total
duration of 14.5 sec. In this second shaking, the time of com-
mencement was 3.14.16 p.m., the motion being small and nearly
uniform during the first 9.0 sec. Then there followed a single
slow vibration consisting of the two displacements of 0.0007 and
0.0016 mm respectively away from, and toward to, the -crater.
The subsequent motion was very small.

At 1. 46. 26 p.m., on the same day, there was also a very
small earthquake of the same sort; and of the total duration of
30 sec., a single conspicuous vibration (1st motion=0.0006 mm,
2nd motion=10.0009 mm) occurring about 9.5 sec. after the com-

mencement.

CHAPTER IX. REMARKS ON THE SEISMOGRAPHICAL
OBSERVATIONS OF THE ASAMA-YAMA ERUPTIONS
AT YUNO-TAIRA, ASHINO-TAIRA, AND
THE ASAMA PASTURE GROUND.

89, Duration of motion of explosive Asama-yama erupiions.
According to Table XV, the total duration of the longitudinal earth-
quake motion due to the strong Asama-yama explosive eruptions
observed at the three stations of Yuno-taira, Ashino-taira, and the
Asama Pasture Ground, was on the average roughly 100 to 150
sec., as follows :—

~ Yuno-taira .... 50 to 260 sec.; mean, 118 sec.
Ashino-taira .. 70 ,, 116 ,, ; , , 96 ,,
Asama P. G. .. 110 ,, 240 ,, ; ,, , 156

The average duration of the principal portion was 25 sec. for
Yuno-taira, 21 sec. for Ashino-taira, and 29 sec. for the Asama

Pasture Ground. Again, the duration of the specially prominent
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part'varied' at Yuno-taira from 8.2 to 19.7 sec., with the average
of 15 sec., while the mean duration of the later small stage of the

principal portion was at the same observing place about 10 sec.

From these latter results for Yuno-taira, whose distance from the

crater is only 2.3 km, we may probably infer that the mean

durations of (i), the entire principal portion, (ii), the specially active
part, (iii), the secondary active part, and (iv), the tail or after
shakings, of the explosive process itself at the volcanic focus

were not much different respectively from (i) 25 sec., (ii) 15 sec.,
(iii) 10 sec., and (iv) 90 sec.

TABLE XV. THE TOTAL DURATION, AND THE DURATIONS OF THE
PRELIMINARY PORTION AND PRINCIPAL PORTION OF THE
EXPLOSIVE ERUPTIONS OF THE ASAMA-YAMA,
OBSERVED AT YUNO-TAIRA, ASHINO-TAIRA,
AND THE ASAMA PASTURE GROUND.

[Longitudinal Component,]

mglosion. | 50 | oty | Sl | Sy, gt
Yuno-taira.

May 16th. 0.26 95 28.2 16.2 1120
., 2Tth. — 73 29.4. 138 15.6
. 29th. 0.16 88 36.1 228 () « —

June 13th. — 72 23.2 134 | 98
, 17th. 0.37 115 33.8 — -
, 18th. — 113 24.0 16.4 7.6
,  20th. — 94 11.0 — —
. 24th. — 88 12.2 — —
,  26th @8 am) 0.47 115 157 8.2 7.5
, 26th aipm) | 0.7 150 28.5 15.3 13.2

July Tth (7am) — 78 12.4 — —
,  Tth @ pm) 0.47 126 14.6 11.3 3.3
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E losio;;x ' frelim, ‘ Total Principal Specially smI;?ltif: s;:;gof

P ’ ¢ Portion. | Duration. | Portion. | strong parb. \prine Portion.

' Yuno-taira.
July Sth. 0.29 50 299 13.1 9.1
,» 13th. 0.67 138 26.1 15.2 9.9
,, 18th. 0.29 148 25.6 15.2 10.4
,» 19th. 0.48 140 36.4 — —
 Aug. 12th (7 pm) — 120 28.8 19.7 9.1
» 12th (11 pm) 0.42 260 — —_ —
May 5th (1914) - 0.55 171 40.0 . 12.7 27.3
Ashino-taira.
Sept. 21st. 0.49 97 24.3 = >
Oct.  9th. 0.52 70 — — —
5 156th. 0.50 94 — — —
» 1Tth. —- 116 21.8 —_— —_
s 22nd. 1.0 104 16.2 — —
Asama Pasture Ground.

Sept. 2lst. 0.61 240 34.9 =
Oct.  Tth. — 130 — — —
5 22nd. 1.6 120 25.3 — S
Nov. 14th. 1.9 180 20.4 . — —

* Duration of the preliminary and principal portions,

90.

nent.

PDuration of preliminary portion in longitudinal compo-

The preliminary portion is in the present cases made up

of only one small outward movement, always very small and less

than 0.0051 mm, whose average duration was 0.40 sec. for Yuno-

taira, 0.63 sec. for Ashino-taira, and 1.4 sec. for the Asama

Pasture Ground, the approximate horizontal distances of these three
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places from the crater centre being 2,300; 4,850; and 6,350 m,
respectively. If we assume a linear relation of the form X™=
ky sec., between the horizontal radial distance (x) and the duration
(y) of the preliminary portion, we get the following values of the
constant k:

for Yuno-taira ........................ k=5.8
» Ashino-taira .................. L k=TT
,, Asama Pasture Ground ......... .. k=45

As the average from the results for the three places, we may
take k=6, the assumed equation becoming. '

- X"=6y sec., .. e (1)

which relation is of course a very rough one, as the distance x is
simply the horizontal distance from the crater centre. It is not
" clear why the very first, or preliminary, portion is directed out-
wards. It may be that the motion in question corresponds to the
2nd and large displacement of the ‘ initial vibration transmitted
(along the jp‘ath of the -quickest propagation, that corresponding to
the 1st displacement of the same vibration being obliterated on
account of the smallness of magnitude or some other circumstances.

91. Initial vibration. The ¢ initial vibration” (§ 82) forms
always a quite prominent feature at the commencement of the
longitudinal component principal portion of the strong detonative
explosions, and its period seems not to vary among the three -
observing stations of Yuno-taira, Ashino-taira, and the Asama
Pasture Ground. It is clearly indicated also in some of the dia-
grams of the strong non-detonative eruptions. In the following
table are given, for thé- “initial vibration” at the different places,
the 1st displ'aeement (=a1) and the 2nd displacement (=a.);
their durations, namely, what may be taken as the 1st half-period
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and the 2nd half-period; the ratio of a,/a;; and the complete
period T. E |

TABLE XVI. ELEMENTS OF THE «INITIAL VIBRATION.”

Range of Motion. Vibration Period. -

Eruption. ; :
(1913) 1st ]=)i:1pl’t 2nd=d;zpl’t Ratio: _:T ]Is’grli:)ﬂ.f Qggﬁfﬁf Sum T

Yuno-taira.

May 16th. 0070 | 0X02 | 146 | = | = 1.52
-, 2Tth. 0.045 | 0.062 | 1.38 — — 1.3
. 29th. 0.048 | 0.098 2.05 — — 2.6
June 13th. (Small) | (Small) - — o — .
| ., 17th. 0.053 | 0.110 2.08 1.0 1.8 2.8
. ,, 18th. (Small) | (Small) | = — . - .
,, 20th. 0.010 | 0.025 2.50 — — —

» 24t 0.014 | 0.040 2.85 — | —. | 18

,, 25th. 0.001 | 0.0034 | — — — 2.7
,, 26th® 0.021 | 0.0403 | 192 — — 1.74
G 0.064 | 0.093 146 | — — 2.3
Jay 1st. 0.0097 | 0.043 443 — — | 20
C L, T 0017 | 0037 | 218 | 07 | 078 | 148
w o @ | 0036 | 0080 | 292 — — 1.61

, Sth. | 0.046 | 0.088 1.91 — — 1.95

, 18th. 0.053 | 0.123 2.32 1.3 1.7 3.0

., 18th. 0.054 | 0.116 2.15 — — 2.2

,, 19th. 0104 | 0127 | 1.22 _ - 1.75
Aug. 12th.® 0.029 | 0.050 173 | — — 1.6
I 0.125 | 0.217 1.74 115 | 20 3.2
,, 15th. - || 0.010 | 0.034 3.40 — | — 2.1
May 5th (1914). | 0.081 | 0.143 | 1.77 — | = 2.16
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Range of Motion. Vibration Period.
Eruption.
(1913) 1st :D::pl’t 2nd :p;;;pl’t Ratio: _:% 1]?‘2]:%1.15 2;;1]: i(lﬁf Sam T,
Ashino-taira.
Sept. 21st. 0.0 | 0077 | as57 | o097 | 122 | 22
Oct.  9th. 0.0045 | 0.0175 3.89 | 1.06 1.21 2.3
»  15th. 0.009 | 0.085 3.89 1.05 1.15 2.2
,  1Tth. | — — — 15% | 1.2 2.7
»  22nd. 0.0012 | 0.0069 5.75 0.9 1.3 2.2
Asama Pasture Ground.

Sept. 2lst. 0.035 | 0.043 123 | 066 | 112 | 18
Oct.  17th. 0.0062 | 0.0206 | 3.32 1.27%*  1.26 2.54
»  22nd. 0.0018 | 0.0099 5.50 144 1.69 3.1
Nov. 14th. 0.038 0.063 1.66 — — 3.06
5  20th, 0.005 0.019 3.80 — — 2.5

(1) At 8.0940 am. (2) At 114159 p.m. (3) At 7.10.32. am. (4) At 9.46.53 pm. (5) At
7.45.08 p.m. (6) At 11.20.33 p.m. *% Tncluding the preliminary portion. »

According to Table XVI, the 2nd, or outward, displacement
(a,) was, for Yuno-taira, greater than the 1st, or inward, dis-
placement (a,), in the average ratio of 2.1:1. For Ashino-taira
and the Asama Pasture Ground, this ratio was greater, being 4.0
or 3.1. The complete period of the * initial vibration” at Yuno-
taira was with a few exceptions included between 1.6 and 2.8
sec., the average value being 2.1 sec. At Ashino-taira, it was
very uniform, being in the 4 out of the 5 cases, 2.2 or 2.3 sec.,
with the average of 2.3 sec. Finally, at the Asama Pasture
Ground, the period varied between 1.8 and 3.1 sec., with the
average of 2.6 sec. The total average, deduced from the observa-
tions at the three stations, is 2.2 sec., this being, according to
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my assumption explained in § 32, the time interval taken by the
actual outbursting, or the initial breaking process of the explosion.
Again, the approximate average value of the 1st half-period was
0.9 sec., while that of the 2nd half-period was 1.3 sec., which,
according to the same assumption are respectively the approximate
time interval of the upward push or shock of the explosive force,
and that of the quickly following formation of the eruptive aperture
by the exploding gases. The slow-period large displacements
succeeding the ¢ initial vibration ” may also be due to the propa-
gation of the state of the deformation and ultimate rupture of the
lava mass at the moment of the explosion.

In the following §§, are given 'remarks respecting the com-
parison of the longitudinal and the transverse components, the
period of the vibrations (the ¢ initial vibration” excepted), etc.

92. Observation at Asama Pasture Ground of strong ex-

‘plosions of 1913. The duration of the preliminary portion varied
in the transverse component, between 0.62 and 2.5 sec., with the
average of 2.1 sec., being 1.1 sec. longer than that in the longi-
tudinal component. The duration of the principal portion varied
between 22 and 36 sec., with the averages of 32 and 27 sec.
respectively for the longitudinal and the transverse components.

The mean value of the different group periods (Table XVII),
deduced from the longitudinal and transverse components, are:—
(i) 4.4 sec.; (i) 2.46 sec.; (iii) 1.0 sec.; (iv) 0.36 sec.

Group. Average Period. Max. 2a Max. 2Za
(Longit. Compt.) (Transv. Compt.)
i 44 sec. 0.035 mm. — mm.
ii 2.46 - 0.122 0.106
iii 1.0 0.073 0.073
iv 0.36 0.032 0.028
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Of these four groups, the (iii) occurred most frequently, while the
(ii) corresponded to the vibrations with the greatest 2a. The time
interval between the earthquake commencement and the occurrence
of the absolutely maximum 2a was 8.1 to 7.7 sec. in the longi-
tudinal, and 7.8 to 17.5 sec. in the transverse component; the
average values in these two directions being respectively 6.1 and
.12.5 sec., as follows :(—

Longitudinal Transverse

Explosion. Component, Component.

September 21st. 3.1 sec. 11.1 seec.
October 15th. —_ 17.5
October 17th. 7.5 8.9
October 22nd. 7.7 7.8
November 14th. —_— : 17.2

Mean, 6.1 sec. \Mecm, 12.5 sec.

Thus the interval in question was about 5.4 sec. longer in the
transverse than' in the longitudinal component. The duration of
“the earlier portion of the earthquake motion free from the mixture
of quick vibrations was :—

(1) Longitudinal (2) Transverse
~ Explosion. Component. Component.
October 22nd. 4.4 sec. 4.5 sec.
September 21st. 6.9 13.6
- October 17th. 10.3 8.8
Mean, 7.2 sec. Mean, 9.0 sec.

Thus the quick superposed vibrations occurred about 2.0 see.
earlier in the longitudinal than in the transverse component.
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TABLE XVII. STRONG EXPLOSIONS IN 1913 OBSERVED AT
THE ASAMA PASTURE GROUND: PERIODS.*
(The 2a corresponding to a given period is enclosed in brackets.)
‘Longitudinal Component, Transverse Component.
44 (0.035) 147 (0.024) | 44 1.60 (0.013)
1.40 (0.011) 1.44 (0.052)
2.65 (0.112) 1.30 (0.007) | 2.60 (0.078) - 1.30 (0.058)
2.56 (0.122) 1.05 2.60 (0.058) 1.16 (0.048)
2.40 (0.087) 1.02 2,57 (0.035) 1.10 (0.015)
2.20 (0.042) 1.00 (0.007) | 2.53 (0.069) 1.10 (0.012)
245 0.97 (0.046) | 2.48(0.106) © 1.05 (0.009)
0.96 (0.015) | 2.00 (0.010) 1.05 (0.068)
036 0.80 (0.073) | 246 1.03 (0.017)
0.25 (0.031) 0.78 (0.031) 1.03 (0.023)
0.27 (0.028) 0.74 (0.012) | 0.50 (0.018) 1.03 (0.072)
0.22 (0.052) 0.71 (0.072) | - 0.48 (0.009) 1.00 (0.030)
0.28 0.70 (0.020) | 0.29 (0.028) 0.98 (0.073)
0.61 0.42 0.93 (0.024)
0.97 0.92 (0.049)
“ 0.89 (0.022)

0.83 (0.009)
0.81 (0.035)
0.79 (0.066)
0.70 (0.017)

1.04

* Exclusive of the “initial vibration.” Mean values are printed in gothic figures.

93. Strong explosions in 1913 observed at Ashino-taira.

Duration. The duration of the preliminary portion varied in the
longitudinal motion between 0.49 and 1.0 sec., and in the trans-
verse between 1.2 and 1.9 sec., with the mean values respectively
of 0.63 and 1.6 sec.; it being about 1.0 sec. longer in the Iatter
than in the former component. . Again, the duration of the principal



142 F. Omori:

portion varied between 15.4 and 24.3 sec., giving for the longi-
tudinal and transverse components the mean values respectively of
20.8 and 18.1 sec. :

In the explosions of Sept. 21st and Oct. 22nd, the durations
of the specially strong portion in the transverse component were
5.6 and 8.3 sec., giving the mean of 7 see. Again, in the explo-
sions of Sept. 21st, Oct. 9th and 22nd, the superposition of the
quick vibrations in the longitudinal component began respectively
6.1 sec., 5.6 sec., and 4.4 sec. after the commencement, giving the
mean interval of 5.4 sec.

Period. As shown in Table XVIII, the mean values of the
different group periods averaged from the longitudinal and trans-
verse components are (i) 2.5 sec., (ii) 1.17 sec., and (iii) 0.35 sec.
The vibrations of the group (ii) occurred most frequently, while
those of the group (i) had the greatest 2a.

Longitudinal Component. Transverse Component.

Average T. Max. 2a. I Average T. Max. 2a.
2.40 sec. 0.093 mam. | 2.50 sec. 0.064 mm.
1.18 0.034 1.15 0.038
0.34 0.020 0.38 —

The period of the pulsatory oscillations, or the free vibrations
before and after the earthquakes was 3.6 sec. (max. 2a=0.0012 mm)
in the longitudinal and 3.8 sec. in the transverse component. |

Maximum vibration. The time intervals between the com-
mencement of the earthquake and the occurrence of the maximum
vibration in the longitudinal component of the explosions of Oct.
9th and 22nd were 7.4 and 7.0 sec.; while in the transverse
components of the exploéions of Sept. 21st and Oct. 17th, the
intervals were 6.2 and 10.1 sec.
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TABLE XVIII. STRONG ASAMA-YAMA EXPLOSIONS IN 1913
OBSERVED AT ASHINO-TAIRA: PERIODS.*

(The 2a corresponding to a given period is enclosed within brackets.)

Longitudinal Component. Transverse Component.

32 (0.0663) | 2.9 (0.064)
2.6 (0.021) 2.8 (0.0206)
243 (0.093) - 1.9 (0.0012)
2.1 (0.0042) | 2.5

1.9 (0.0275) “1'6 (0.008)
24 14

1.47 (0.0024) 1.35 (0.038)
1.45 (0.0048) 1.30 (0.0053)
1.40 (0.011) 1.20 |

1.20 (0.0018)
1.05
1.04 (0.034)
0.98
0.88 (0.0218)
1.18

0.36 (0.020)

1.12 (0.0011)

1.01 (0.0206)
0.90 (0.0028)
0.87 (0.014)
0.73

1.15

0.38

© 0.31 (0.0175)
0.34

* Exclusive of the «initial vibration.” Mean values are printed in gothic figures,

94. Strong explosions observed at Yuno-taira. The super-
position of smaller movements on the ¢ initial” and sucéeedihg
slow vibrations in the longitudinal component appeared a few
seconds after the earthquake commencement ; this interval being,
in two of the cases, 2.3 and 3.4 sec. respectively. The time
difference between the earthquake commencement and. the
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occurrence of the absolutely maximum motion in the longitudinal
component was from 8.0 to 12.3 sec., with the mean value of
10.2 sec., as follows :—

" 8.0 sec.
9.2
9.9
11.8 (
12.3

Mean, 10.2 sec.

The maximum 2a of the ‘ quick tremors” was 0.077 mm.

The periods of vibrations (Table XIX) in the principal and
end portions of the longitudinal component of the earthquake
motion due to the different explosions can more or less distinctly

be divided into five groups, of the following mean values :—

(i) T=5.3 sec. (max. 2a=0.19 ) (iv) T=0.74 sec. (max. 2&:0.6‘613“3)
(i) ,=21, ( , =0.048) (v) ,=037 ,, ( , =0.053)

i) =13, ( , =0.130)

TABLE XIX., STRONG EXPLOSIONS IN 1913 AND 1914 OBSERVED AT
YUNO-TAIRA : PERIODS.* (LONGITUDINAL COMPONENT.)

(The 2a corresponding to a given period is enclosed within brackets.)

(i)

(ii)

(iii)

sec.

sec. mm sec.  mm sec.  mm 134 mm
. 6.5 (0.171) 2.3 (0.048) 1.60 (0.0025)  1.36 (0.021)
5.8 (0.140) 2.3 1.60 (0.011) 1.33 (0.022)
4.9 (0.055) 2.2 (0.0065) 1.50 (0.085) 1.30 (0.039)
4.6 (0.134) 1.9 147 (0.059) 1.28 (0.041)
4.5 (0.114) 1.85 (0.0058) 1.45 1.24 (0.118)
- — (0.190) 2.1 1.41 1.26
5.3 1.40 (0.0018)  1.20 (0.084)
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sec

1.20

116 mm
1.14 (0.046)
1.14 (0.017)
112

1.12 (0.081)
1.11 (0.030)
1.10 (0.031)
1.10 (0.023)
1.10

1.05 (0.105)

1.00 (0.003)

1.3

(iv)
see, mm

0.93 (0.019)
0.89 (0.041)

sec. mm

0.85 (0.009)
0.84 (0.0046)
0.82 (0.012)
0.81
0.80 (0.062)
0.80
0,79
0.78 (0.044)
0.78 (0.0014)
0.77 (0.0027)
0.75
0.75 (0.023)
0.72 (0.005)
0.71 (0.0162)
0.70 (0.0113)
0.70 -
0.70
0.65 (0.026)

sec,

0.65  mm

0.63 (0.0134)
0.61

0.60 (0.0036)
0.59 (0.083)
0.58 (0.028)
0.53 (0.0028)

0.73

(v)

sec. }mm
0.47 (0.0248)
0.45 (0.009)
0.44 (0.028)
0.44 (0.037)
0.44

0.40 (0.045)
0.40

sec. mm.
0.40 (0.019)
0.40
0.40
0.39
0.38 (0.026)

0.37 (0.0174)
0.36 (0.050)
0.36 (0.0096)

10.36 (0.017)

0.35 (0.021)
0.34 (0.008)
0.33 (0.053)
0.29 (0.0012)
0.27 (0.014).
0.27 (0.029)
0.27 (0.053)
0.26 (0.025)

0.37

* Exclusive of the «initial vibration.” Mean values are printed in gothic figures.

- The periods most frequently occurring were (iv) and (v).

The

magnitudes of the max. 2a’s corresponding to the different groups

were, excepting (ii), in order of the lengths of period, namely,

greatest for (i) and least for (v). -

The periods occurring in some of the transverse component

diagrams indicated the mean values of 1.4 and 2.6 sec., as follows :

Sec.

1.52 (2a=0

1.50

1.45 (0.004 mm) | Mean, 1.4 sec.

m

144 (0.054 ,, )

1.18

.063)

2.9 sec.
22 ,,

}Mean, 2.6 sec.
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In the explosions of July 13th and 19th, the maximum vibra-
tion in the transverse direction occurred respectively 8.5 and 6.5
sec. after the commencement of the earthquake.

95. Strong mnon-explosive eruption of Nov. 20th, 1913,
observed at Asama Pasture Ground. The duration of the
preliminary portion was 1.6 sec. longer in the transverse than in
theiongitudinal componenﬂ The duration of the principal portion
was also 9.4 sec. longer in the former than in the latter.

The quick vibrations began to appear 5.6 sec. after the earth-
quake commencement, or 3.6 sec. after the end of the 1st dis-
placement of the ¢ initial vibration.” Again, the absolutely maxi-
mum movements in the longitudinal and the transverse components
occurred respectively 12.3 and 10.9 sec. after the earthquake com-
mencement.

The periods of vibration in the principal and end portions,
can be divided in 8 distinet groups, (Table XX), their mean
values, averaged from the longitudinal and transverse components,
being (i) 2.2 sec.; (ii) 1.1 sec.; and (iii) 0.23 sec. The (i1) period
occurred most frequently, while the (i) period corresponded to the
greatest range of motion.
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TABLE XX. NON-EXPLOSIVE ERUPTION OF NOV. 20TH, 1913, OBSERVED
AT THE ASAMA PASTURE GROUND: PERIODS.*

{The 2a corresvp‘onding to a given period is enclosed within brackets)

Longitudinal Component. - Transverse Component.
sec. mm ’ u (1)
3.3 (0.053) ' sec.  mm
3.3 (Pendulum. period ?) 2.20 (0'040)'
1.48 (0.146)
(i) T
24 (0.21) '
(i)
(ii) 1.40 (0.051)
1.20 (0.011) - 1.30 (0.012)
1.06  (0.048) 1.07  (0.094)
0.82 (0.062) 1.03 (0.038)
103 0.93 (0.100)
115
(iii) o
0.26 (0.032) - (i)
| 0.20
0.18 (0.011) K
0.19

* Exclusive of f]ie «initial vibration.” Mean values are printed in gothic figures.

96. Strong non-explosive eruptions observed dt Yuno=-
taira: longitudinal component. The duration of the preliminary
small portion in the different strong non-explosive eruptions was
as follows :— T '

sec. : ‘ mm sec. ‘ mm
1.5  (max. 2a=0.0027) 47.7 (max. 2a=0.0067)
20 ( ,  0.034) 566 ( .,  0.021)

28 (., 0048)
32 (5, 0023
Mean, 2.3 sec.




148 F. Omori:

In the 1st four cases, the duration in question varied between
1.5 and 3.2 sec., with the average of 2.3 sec.; while in the two
remaining cases, it was very long, being about 50 and 60 sec.
respectively. Again, the total daration of the prhicipal portion
varied between 13.1 sec. and 43.6 sec., with the average of 24.2
sec., while the duration of the specially active part varied between
9.0 and 11.2 sec., with the average of 9.9 sec., as indicated

below :—
Principal Portion. Specially active part.
13.1 sec. 9.0 sec.
134 94 ,,
21.1 ,, 11.2
250, Mean, 9.9 sec.
287
43.6 ,,

Mean, 24.2 sec.

The greatest 2a of the ‘initial vibration,” which was dis-
| tinctly indicated in three of the céxyses, was 0.043 mm ; the T being
1.08 to 2.1 sec., as follows:—
T=2.1 sec.; 1st motion=0.010 mm, 2nd motion=0.034 mm
20 » 0.0097 ,, » 0.043 ,,
1.08 ,, . 0.0052 ,, . 0.012 ,,

As will be seen from Table XXI, the periods most frequently
occurring in the preliminary portion, the principal portion, and the
end portion varied between 1 and 1.5 sec., the average values
being respectively 1.21; 1.26; and 1.21 sec. Taking together the
three different phases of motion, we obtain the following mean
values of period :=—(i), 0.32 sec. (max. 2a=0.022 mm); (ii), 0.75
sec. (max. 2a=0.015 mm); (iii), 1.24 sec. (max. 2a=0.048 mm) ;
(iv), 1.85 sec. (max. 2a=0.0067 mm).
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TABLE XXI. STRONG NON-EXPLOSIVE ERUPTIONS IN 1913, OBSERVED

Preliminary Portion.

Principal Portion.

End Portion.

0.93 (0.0013)
0.31 (0.0004)
0.39
0.42
0.34

0.61 (0.0023)

0.73

0.99 (0.0010)
1.2 (0.0008)
1.3 (0.0024)
1.35 (0.0040)
1.21

sec. mm

0.30 (0.016)
0.23

0.45 (0.009)
0.24 (0.011)
0.27 (0.022)
3.0 .

0.71 (0.0033)
0.80 (0.015)
0.90 (0.008)
0.94

0.84

1.00 (0.016)
1.10 (0.021)
1.14 (0.026)
1.18 (0.009)
1.19 (0.013)
1.20 (0.0027)
1.23 (0.023)
1.27 (0.0047)
1.34 (0.021)
1.45 (0.023)
1.55 (0.031)
1.54 (0.048)
1.26

1.90 (0.0067)

sec.

0.93
0.27
0.36
0.44
0.33
0.58 (0.0015)
0.64 (0.004)
0.67
0.76 (0.0059)
0.77
0.82

- 071

0.97
1.04
1.08 (0.0037)

1.24 (0.0041)

1.25
1.27
1.35 (0.0021)
1.50
121

1.80 (0.0019)

* Exclusive of the “initial vibration.” Mean values are printed in gothic figures.
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9%7. Small non-ewplosne eruptions and volcanic tremors on

Oct. 2nd, 1912 : Iongztudznal comgzonent. As mdleated in the ac-
companying table, the duration of the principal portion of the
non-explosive eruptions varied between 5.7 and 18.6 sec., with the
mean value of 10.7 sec.; while that of the p1ehm1na,ry phase was
comparatively long and varied between 4.2 “and 8.8 sec., with the
mean value of 5.8 sec. Thus the preliminary phase lasted on the
average about half as long as the principal portion.

Duration of Preliminary Portion. | Duration of Principal Portion.
4.2 sec. o : 5.7 sec. 9.4 sec.
43 80 104
- 45 8.1 10.6
4.9 : 8.4 11.6
bda - 9.0 12.8
56 9.0 14.4
5.6 9.0 15.0
6.6 : 18.6
6.9 | Mean, 10.7 sec.
7.0
. 88
Mean, 5.8 sec.

The different periods oeccurring in the small eruptions, which
majf be grouped into 3 divisions (Table XXII), give the average
values practically identical with those in the volcanic tremors, as
follows :—

Small Eruptions ....(i) 1.32 sec.; (i) 0.91 sec.; (iii) 0.46 sec.

Voleanic Tremors.... 125 , ; 0.91f s 3 0.41

bh

In the cases of the small eruptions, the gréatesb vibrations (max.
2a=0.0283 mm) belonged to the group (i). In the volcanic
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tremors, the largest vibrations (max. 2a=0.0068 or 0.0067 mm)

belonged to the two groups (i) and (ii).

TABLE XXII. SMALL ERUPTIONS AND VOLCANIC TREMORS ON
OCT. 2ND, 1912, OBSERVED AT YUNO-TAIRA ; PERIODS.
' (LONGITUDINAL COMPONENT)." - "

_(The 2a corresponding to a given period is enclosed within brackets).

Non-explosive Eruptions (Prel. Tremor, Princ. Portion, Tail). |

Volcanic Tremors,

sec. mm
1.39 (0.0044)
1.37 (0.0283)
1.35 {0.0089)
1.32 (0.0037)
1.27 (0.0235)
1.27

1.97

1.32 sec.

sec. mm
1.10 (0.0068)
1.06

1.04 (0.0102)
1.04

1.03

1.01

0.92 (0.0096)
0.92

0.89

0.89 (0.0009)
0.82 (0.0008)
0.72 (0.0008)
0.70 (0.0035)
0.64 (0.0008)

0.91 sec.

mm

sec.
0.58 (0.0102)
0.58
0.58
0.57 (0.0040)
0.56 (0.0012)
0.56
0.55 (0.0125)
0.53 (0.0049)
0.53
0.52 (0.0246)
0:52
048 (0.0093)
048
0.47 (0.0164)
047
0.46 (0.0030)

sec. mwm

0.46
0.46
0.46
0.44 (0.0093)
042

0.41 (0.0068) .
0.40 (0.0017)

0.40
040
0.40

0.36 (0.0129)

0.36
0.36

0.36

0.35 (0.0041)
0.33 (0.0081)
0.31 (0.0078)

0.46 sec.

Qec. mm
1.32 (0.0047)
132
1.30 (0.0042,)
1.29 (0.0068)
1.26 (0.0037)
1.24 (0.0067)
1.23 (0.0056)
1.19 (0.0039)
1.18 (0.0042)
1.17 (0.0089)

1.25 sec.

1.00 (0.0027)
0.97 (0.0034)
0.96 (0.0033)
0.95 (0.0046)
0.95

0.94 (0.0055)
0.93 (0.0067)
0.92 (0.0037)
0.88 (0.0057)
0.85 (0.0047)
0.84 (0.0060)
0.83 (0.0044)

0 82 (0.0049) -

0.91 sec.

sec. mm

0.55 (0.0036)
0.50 (0.0047)
0.49 (0.0041)
0.49

0.46 (0.0014)
045 (0.0021)
0.38 (0.0009)
034 (0.0017)
0.32 (0.0009)
0.32 (0.0017)
0.29 (0.0025)
0.27 (0.0017)

0.41 sec.

98. Small eruptions in 1911-1912 observed at Yuno-taira.

Table XXIII gives the total duration, and the durations of the pre-
liminary tremor and of the principal portion in the longitudinal

and transverse components of the 17 small eruptions observed at
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Yuno-taira in the summer months of 1911 and 1912, arranged in

order of time length.

TABLE XXIII. SMALL ERUPTIONS IN 1911-1912 obszrved at
Yuno-taira: Duration.

Duration of Prel. Tremor.

Duration of Princ. Portion.

- Total
Duration. Longitudinal. | Transverse. | Longitudinal. | Transverse.
15 sec. 0.7 sec. | 3.4 sec. 4.6 sec. 8.7 sec.
20 1.3 4.2 9.5 8.8
25 2.0 4.8 10.0 - 128
26 3.1 5.3 11.3 146
28 3.8 6.1 11.5 15.0
30 3.9 18.2 13.2 15.8
40 4.6 14.0
43 5.0 14.6
45 5.1 15.0
54 58 18.3
60 6.0 18.6
65 6.6 19.2
65 9.0 19.8
68 16.8
73
80
Mean, 46 5.3 7.0 13.8 12.6

According to the above table, the total duration of the dis-

turbances varied mostly from 25 to 70 sec., with the mean value

of 46 sec.; while the duration of the principal portion was limited

generally between about 9 and 20 sec., with the mean of about

13 sec. The latter may be taken as indicating the average length

of time, during which the smokes continued to be emitted vigorous-

ly in the small outbursts under consideration. The duration of the
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TABLE XXIV. SMALL ERUPTIONS IN:1911°AND 1912 OBSERVED - -

AT YUNO-TAIRA: PERIODS.

(The 2a corresponding to a given period is enclosed within brackets.)

Longitudinal Component.

Transv. Compt.

(i)
1.7 (0.001)
1.6 (0.006)
1.6

1.6

1.5 (0.013)
15

14 (0.0025)
14

14 |
1.35 (0.0046)
1.32 (0.022)
1.20 (0.019) -
1.20

1.20

1.10 (0.023)
1.08

1.38

b
mm.

0.95 (0.015)
0.94 (0.002)

0.93 (0.0026)

0.92
0.91
0.90 (0.018)
0.90
0.87 (0.0052)
0.87
0.86 (0.0036)
0.82 (0.0023)
0.82

~0.80 (0.013)

0.80

0.80

0.78 (0.0031)

0.76 (0.0036) -

0.75 (0.031)
0.74 (0.007)
0.74
0.72 (0.0025)
0.71
0.66
0.65 (0.0026)
0.65
0.63 (0.0013)
0.60

0.80

0.52
0.47

047

0.44
0.43
0.40
0.40
0.40
0.38
0.37
0.35
0.33

0.30

0.26
0.39

(iii)

mim.

(0.0028)

(0.017) -

(i1)
1.4 (0.0033)
1.25 (0.014)

1.2

1.28

(ii1)mm
0.91 (0.0036)

0.88 (0.005) -

0.80 (0.021)

0.79 (0.018)

0.78 (0.0035)
0.77 (0.030)
0.72 (0.014)
0.72
0.67 (0.004)
0.65 (0.0018)
0.58
0.54
0.53 (0.017)
0.72
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preliminary trefior, which is in the present instances to be regard-
ed as mainly denoting the mterval of the premonitary phase of
the eluptlon, varied within wide limits, namely, from 0.7 sec. up
to 18.2 sec.; the discrepancy of 1.7 sec. between the average
values in the longitudinal and the transverse directions, 'namely,
5.3 and 7.0 sec., being probably due to the difference in the p1 0-
pagation velocity of the two component waves.

The periods of vibrations occurring in the different cases Were,
arranged a,ecordfng to descending order of magnitude, as in Table
XXIV; the mean values of the different groups being, for the
longitudina,l: component, 1.38 sec. (max. 22=0.023 mm), 0.80 sec.
(max. 2a=0.031 mm), 0.39 sec. (max. 2a=0.017 mm), and, for the
transverse component, 1.28 sec. (max. 2a=0.014 mm), 0.72 sec.
(max. 2a=0.030 mm).

99. Average vibration periods at different places. In Table
XXV are collected the average values of the different group periods
occurring in the seismograms of the various Asama-yama eruptions
observed at Ywuno-taira, the Asama Pasture Ground, and Ashino-
taira ; those in the records of the ordinary or distant earthquakes
(Chapter XI) obtained at the two former places being also given,
for the sake of reference.
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TABLE XXV. AVERAGE VIERATION PERIODS AT THE DIFFERENT
(T)....TRANSVERSE.

OBSERVING PLACES.

(L)....LONGITUDINAL.

Periods of frequent occurrence are printed in thick letters, while those corresponding to

L

large 2a are indicated with asterisks.

Eruption. Observing Place. i ii iii iv v - vi
sec sec. sec. sec. sec. ‘se(‘..
L.. —_ 5.3% 2.1 13% | 0.74* 0.37
Yuno-taira )
‘ T.. — —_ 257 1.4 —_ —_—
Stron, ®
- Iosiin Asama Pasture [ L - - —_ 44 245+ — 0.97: 055
prosion. Ground | — | 44| 246 — | poasf ©
Ashinotad L.. — — | 24¢| 118 —
shino-taira T . _ 2 5 1.15 . ;» 0.35
L .. — — | 18 | 1.23% 0.74| 033
Strong Yuno-taira
Non-Explosive T..
Eruption. | AgumaPasture | [ -- — — | 24¢ | 1.03 — I 03
Ground. T .. — — 2.02% 1.15 —
Small FEruptions: ¥ ; L.. —_ —_ — 1.38 0.80% 039
— ‘uno-taira .
(1911—1912). n T _ - — 1.28 0.72%
-Small Eruptions T .. — — — | 1.32¢ 0.91| 0.4S8
and Vole. Tremors. Do. 4 )
(Oct. 2nd, 1912.) T .. — —_ — | 1.25¢ o0.91| o051
Ordinary Yuno-taira, L ....| 264 | 6.0 2.2 — | 095 | 038
Earthquakes. | Agama P. G, L ....| — 5.4 — — 076 | 028

According to Table XXV, the vibrations composing

the earth-

quake movements caused by the eruptions of the Asama-yama,

whether explosive or non-explosive, seem to be essentially of equal

periods at the different observing places; there being no material

difference in this respect between the longitudinal and the trans-

verse components.

The periods can evidently be -classified into

the five groups, ii, iii, iv, v, and vi, whose general average values

are as follows :(— °

(ii) 4.9 sec.
(iii) 2.3 ,,
(iv) 1.23,,

(v) 0.85 sec.
(vi) 0.37 ,,
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The period most frequently occurring are (v) and (iv), and then
(iii), while all these three groups correspond to the la,rgé values of
2a. Further, it seems probable from the table, that the different
periods occurring in the cases of the eruptions, and others much
longer, are to be found in the diagrams of ordinary, or non-
voleanie, earthquakes observed on, or at the base of, the Asama-
vama. The various periods considered above must, therefore, be
assumed to be characteristic of the mass of the volecano, including
the region surrounding it. The period (ii) is identical in nature
with the pulsatory oscillations, while (iii) is evidently identical
with the period of the *initial vibration” (§ 91). Thus the
duration of the eruptive process at the moment of the outburst
seems to be regulated by the proper oscillations of the mountain
system itself. The quick vibrations of period (vi) of about % sec.,
which occurred some. interval after the ¢ initial vibration,” may
possibly be the surface waves caused by the latter and the sue-
ceeding large movements attenidina the actual explosion. The time
interval between the fir st appeamnee of those minute movements
and the earthquake eommeneement seems to be different for the
three places of observation. (See Chapter XIV.) A

As may be noticed from Table 'XXV, -there 18 no fundamental
difference in the values of the various periods between the
longitudinal and the transverse components. In a few cases, how-
ever, the period of the vibrations occurring at the commencement
of the transverse component was half of that in the corresponding
epoch of the longitudinal, a property which is often found to be the
case of the movements in the two directions in question.

100. Direction of preliminary portion and “initial vibra-
tion.> The average durations of the preliminary portion of the

small eruptions and voleanic micro-tremors on Oct. 2nd, 1912, and
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of the other small eruptions considered in Chapter VIII, were
respectively 5.3 and 5.8 sec., those of the strong non-explosive
. eruptions being sometimes much longer. The preliminary portion
in these cases are quite different in nature from the ordinary pre-
]imina,ry tremor. The preliminary portion, or the exceedingly
small outward displacement at the very commencement of the ex-
plosive eruptions, seem to be almost entirely longitudinal in nature.
Thus, in the three explosions of July 7th and 13th, 1913, and of
May 5th, 1914, observed at Yuno-taira, the directions of the
motion in question were respectively N70°W, S88°W, and
S85° W, giving the mean of about N85°W, while the crater is
approximately towards the N20°E from the observatory. Again,
in each of the eruptions of July 7th and Nov. 20th, 1913, observed
at Yuno-taira, the direction of the preliminary portion was nearly
longitudinal.

The direction of the 1st displacement of the ¢ initial vibra-
tion ” was also accurately or very nearly longitudinal in the cases
of the 4 explosions observed at the Asama Pasture Ground. In
the 3 cases of the explosions of July 7th and 19th, 1913, and of
May 5th, 1914, the direction in question were respectively toward
N63°E, N70°E, and N86° E,. giving the mean of N73°E, or the
direction of the crater.

101. Small slow regular vibrations on Awg.12th, 1913. (Fig.
48.) Tor 1314 min. between 1" 263" and 1" 401™ p.m., on Aug.
12th, 1913, the tromometer diagrams indicated an unbroken series
of perfectly regular small vibrations, which were not due to a direct
explosion or earthquake shock, but must have been the result of
a gradual accumulation of some internal volcanic tension compos-
ing a forerunner of the subsequent strong explosions. According
to this assumption the movements under consideration were
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nothing else than one of the types of the natural vibrations of the
top portion of the Asama-yama, or the surface rocky material
resting on the lava reservoir, which was thrown into a state of
free oscillations by the incessant or frequent applications of impul-
sive pressure from within, just in the same manner as a bridge
truss of long span is caused to vibrate with a gradually increasing
amplitude by the running of a man or the slow passage of a train
over it. |

Tromometer Diagram: Longitudinal Component. The motion,
which was at first small, with the average period of 1.24 sec.,
was gradually increased in the course of about 130 sec. to 2a=
0.0028 mm, with the average period of 1.34 sec.; thence decreas-
ing to a minimum in about 32 sec. For the next 2% min. the
motion presented a series of smaller vibration groups at an average
interval of about 29 sec., the mean value of the average periods
measured in the maximum and minimum parts being respectively
1.17 and 1.16 sec. as follows.

Maximum Part :— Minimum Part :—
T=1.16 sec. (max. 22=0.0018) ~ T=1.20 sec. (max. 2a=0.0014)
115 , ( ,  0.0025) 118 ,, (5,  0.0011)
197 , (.,  0.0018) 117 , (5,  0.0011)
108 ,, (5,  0.0018) 113 ,, (  ,  0.0007)

In the later portion, the elements of the well defined motion was
as follows: T=1.13 sec., 2a=0.0015 mm. |

In the tremor-recorder diagram (magnification=100), the
motion was only slightly indicated in the longitudinal direction,
but distinctly in the transverse direction. The average period in
the principal part of the latter component was 1.27 sec. It may
be remarked that the period of the regular vibration in question
was the same as that of the group (iv) in § 99.



