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Volcanic Earthquake Swarms of Hakoneyama and
Deeper Earthquakes near the Volecano

Y. Tanaka
(Seismological Section, J.M.A)

~ H. Amano
(Myojo Middle School of Hakonemachi)

Hakvoneyama (35.2°N, 139.0°E), one of the volcanoces of Fuji Volcanic Zone, have had no
eruption in historic time, but there zire many solfatara fields and hot springs in the caldera of the
volcano. And swarms of volcanic -earthquakes or rumblings have occurréd at timés. Many ..

. earthquakes whose epicenters were several km deep under Kamiyama areé, one of the central cones
of this volcano, took place during the period from-September 1959 .to March 1960.

We set up seismographs (40 tim‘esy'seismograph & Ishimoto’s Seismograph) at Gora, 3km
NE of Kamiyama, and observed the earthquakes in;com.pany with the permanent se’ism‘om.(‘etri,c
notv.vork of Japan Meteorological Agency. And several proi)]ems of the volcanic earthquakes of
Hakoneyama were made clear as follow: ) )

1)' Every remarkable group of earthquakes during the above-mentioned period continued
within the limits of about 6 to 30 hours. ‘ )

2) The earthquakes have had great acceleration but small amplitude. Energy of the seismic
waves decreased rapidly in short distance compared with that of common earthquakes.

3) The relation between frequency “N” and émp]it.ude “A” of the earthquakes is shown as
follows: . ‘ . ) »

. . NA?%5=const. .
This is of medium character between the 2 types of volcanic ea‘rthquva‘kes at Ususan (42.5°N,
140. 8°E), Asamayama '(36.4°N, 1138‘. 5°E) or Torishirﬁa (30.5°N, 140.3°E).
4) THe relation between frequency “(N)” and time interval of successive shocks “¢” of the
earthquakes is shown as follows: ) -
[N)t!-8=const. .
It shows that volcanic earthquakes of Hakoneyama did not take place independently.
5) The earthquakes are related to the tides of near sea, and thé}; occurred frequf:ntly in ldw
water time§.. ’ ' '

In Fig. 10, 11, 12 are shown the epicentres or hypocentres of the major earthquakes that
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occurred under Fuji Volcanic Zone, during the period from 1926 to 1959.

earthquake zones, existing under the volcanic zone.

earthquake zones,

very rarely.
e

and 40 to 60 km & 100 to 200 km deep focus earthquake zones.
the shallow eanthqual_(e zones occurred very often,

Every earthquake zone is isolated.

" We can find several
They are named A, B, C, D, E, F, G shallow
Earthquakes of

but those of the deep focus earthquake zones

“A” earthquake zorie become to be shallower

near Hakoneyama, and ‘‘C” earthquake zone become to be shallower near Fujisan, “B” group is.

composed of the volcanic earthquakes of Hakoneyama

“B” earthquake zone (or Hakone Volcamc Earthquake Group) have a tendency to be actlve at

the same time with the activity of “A” earthquake zone (or Northern Izu -Earthquake Zone).

Every earthquake zone. have a tendency to become actlve,

somewhere near those earthquake zones,
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Table 1. Daily number of volcanjc earthquakes of Hakoneyam‘a, observed at Gora. Total
number, which is shown in the brackets after Feb. 9, 1960 include small shocks
(max. amplitude < 3 ). o ’
. Felt ;shock, Felt shock
Date Total : Seismic intensify Date Total Seismic intensvity
number Number |— number Number
‘YI{]YIlllI’IV : I,‘I[’TII‘-IV
(Sep. 1959) 10 10 3 12
1] e 1 1 11 5 1 1
2 — 5 3 ° 12 1 0 "
3 — 11 2 9 13 23 5" 3 2.
4 — 1 1 14 1 0 '
5 — 1 1 15 3 0
6 — 1 1 16 3 0
7 — 0 17 1 .0
8 — -2 1 1 18 3 0
9~11]  — 0 _ 19 2 0
12 — 8 314 5 20 1 0
13 — 1 1| 21 0 - 0’
14 — "5 3, 2 22 4 0
15 — 1 1 23 0 0
16 — 4 4 24 7 1 1
17 — 4 1 3 25 3 0
18 — 4 3 1 2 4 1 1
19 — 2 1] 1 27 4 0
20 - 0 28 2 0
21 — .8 8 29 2 0
22 — 7 4 3 30 0 0"
23 — 0 ’ 31 5 0 .
24 — 7 6 1 Total | >84 41 24 |17 ] ol o0
25 — 10 9 1 "(Nov. " 1959) .
26 — 8 7 1 1 0 0
27 — 2 1 1 2 1 0
28 — 0 ’ 3 1 0
29 — 6 51 4| 2 2 2.
30 — 6 5 1 5 1 0 '
Total 105 65 | 40 6 2 0
" (Oct. 1959) 7 3 0
1 — 2 1 1 8 1 0
2 = 11 8 3 9 0 0
3 — 1 1 10 4 0
4 — 7 4 3 1 1 0
5 — 5, 3 2 12 4. 0
6 —_ 1 13 5 0
7 - 1 1 14 1 1 1
8 — 0 ' 15~16 0 -0
9 — 2 ‘2 17 1 0
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o . Felt shock Felt shock
N Dafe' [Total . Seismic intensity Date Total Seismic intensity.
SN number Number i number Number : -
I | I } m ,{,Iv Sl o | m | W
18~20 0 0 19 3 2 2
21 2! 1 1 20 1 0
22~29 0 0 - 21 4 1 1
30 1 0 22 1 1 , 1
Total 30 4 4 0 0 0 23 13 . 3 2 1 .
. (Dec. 1959) 24 177 63 40 | 16 3 4
. . 0 25 4 2 2
g3 o o 26 6 0 :
. 5 0 27 14 4 4
5 21 2 2 28 8 0
68 0 0 29 0 0 ‘
0. | 1 0 30 6 1 -1
1017 0 o 31 12 4 4
18 ) 1 1 Total | 458" 147 8 | 45 9 7
19~21 0 0 (Feb. 1960)
32 1 1 1 1~2 0 0
23 1 0’ 3 2 0
24~26| 0 0 4 1 0
oo 1 1 1 5 14 9 41 5
28 . 1 1 1 6 8 0
29 5 2 |1 1 7 1 0 .
30 34 12 10 1 1 8 2 0
31 66 28 16 | 12 9 7(7) - 0
Total | 139 48 33 | 14 1 0 10 1(4) 0
(Jan. 1960) 11| 23 0
1 5 1 1 12 6(7) 0
2 103 42 27| 8 4 3 13 | 6(6) 1 1
3 18 5 4 1 14 | 1@ 0
4 2 0 ' 15 0(0) 0
5 3 0 16 5(12) 0 ,
6 1 0 17 77060) 40 33 | 6 1
7 4 0 18 8(11) 0
8 0 0 19 3(3) 1 1
9 6 0 20 (.19(26) 6 312 1
10 7 2 2 21 . |.21(28) 13 8.1 3 1 1
11 4. 0 22 | 4 0 :
12 6 3 3 23 4(6) 2 2
13 15 "2 2 24 . | 10(13) 0
14 9 1 1 25 5(8) 3 “1 2
15, 7 1 1 26 4(7) 0
16 3 2 2 27~28 | 0(0) 0
17 13 4 2 2 29 5(7) 1 ) 1
18 8 3 1] 2 Total 2%2344)' 76 | 51| 18| 6 | 1
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Felt shock ) Felt shock
Date v_TOtakl Seismic intensity Date ATotal Seismic intensity '
. number Number number Number '
' ' 1| ‘m ’w ‘ 1{ s }mfjw
(Mar. 1960) ' (Apr: 1960)
1 1(2) 0 1 1(1) 0 i
2 7(11) 2 2 2~7 0(0y 0
3 | .41(61) 11 5 6 8 1(1) 0
4 7(7) 1 9~22"| 0(0) 0
5 2(2) 1 1 23 | 202 2 1 1
6 1) 1 1 24 0(0) 0 '
7 2(2). 1 1 25 2(2) 0
8 0(0) 0 26 | 0(0) 0
9 | 22 1 1 27 1) 0
10 1(1) 0 28~29 | 0(0) 0
11 1(1) 0 30 3(4) )
12 0(0) 0 Total | 10(11) 2 1 1 0 |.0
13 1(2) - 1 1 (May 1960) o G
14 0(1) 0o | 1- 1(1) 0 .
15 1(1) 1 1 2. 0(2) 0
i6 0(0) 0 3~4 | 0(0) 0
17 1(1) 0 5 .| 0@ 0
18 | 00) 0 6~8 | 0(0) 0
19 2(2) 0 9| 1) 0
20 0(0) 0 10 0(1) 0
21 | 1) 0 11~31| 0(0) 0
22 12) 0 | Total | 2¢6) 0 0 0 0 0
23 1(1) 0 - (Jun. 1960)
24 | 0(0) 0 1~11"|. 0(0) 0
25 1(2) 0 12 1(1) 0
26 2(3) 1 1 13~25 | 0(0) 0
27 4(4) 0. 26 1(1) 0
28 1(1) 0 27 0(0) 0
29 | 2@ 0 28 0(4) 0
30~31 | 0(0) 0 ) 29~30 | 0(0) 0 .
Total | 83(113) 21 11 8 2. 0 Total 2(6) 0 0| o0 0 |40
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Fig. 2 Daily number of volcanic earthquakes
of Hakoneyama, observed at Gora.

Remarkable earthquake swarrﬁs of
Hakoneyama, observed at Gora.
(During the period from Oct. 1959

.Table 2.

to Mar. 1960).

. Number  of

Time Peglfod earthquakes -
time |Unfelt| Felt
Year Month a4 n Hour )
1959 Oct. 13 08~13 24 : 16 17 5
1959 Dec. 4 23~ 507 8 | 18 | . 2

Year o h

1959 Dec. 30 21~1960 Jan. 34 57 38
. ‘1407h i
- 1960 Jan. 2 02~ 2 24 22 60 - | 42
1960 Jan. 3 07~ 3 24 17 13 5
1960 Jan. 24 04~24 11 7 1108 |59
1960 Feb. 17 00~17 06 6 | 31 | 40
1960 Feb. 20 00~20 10 10 | 11 6
1960 Feb. 21 00~21 10 10 6 12
1960 Mar. 3 00~ 3 12 12 29 10
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Fig. 3 Frequency distribution of P~S of volcanic
earthquakes of Hokoneyama (0.3~ 1.6 sec),
and the earthquakes near Hakoneyama (1. 8
sec or more) by the seismograph at Gora

(from Oct. 1959 to Mar. 1960).
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Fig. 4> Frequency distribution of P~S of volcanic
earthquakes of Hékoneyama (1.6~2. 8 sec),
and the earthquakes near Hakoneyama (4.1
sec or more), by the seismograph at Mi-
shima Weather Station (from Sep. 1959 to
Mar. 1960).
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Table 3. Monthly number of volcanic earthquakes of Hakoneyama, observed at Gora (3.0 km
NE of Kamiyama), Sengokubara Middle School (4.5 km N of Kamiyama), " Yumoto
Elementary School (7.7 km E of Kamiyama) and Mishima Weather Station (16 km
SW of Kamiyama). :

Sep. Oct. Nov. Dec. Jan. Feb. Mar. | Apr.

Station 1959 | 1959 '| 1959 | 1959 | 1960 | 1960 | 1960 | 1960
Felt shock | 105 37 4 6 | 146 76 a1 | 2
Gora - Unfelt shock — | > | 26 | 9 |82 |40 | & I 8
© | Max. seismic intensity I 1L I T v Y T o
: Felt shock 8 1 0 o | .2 1o | o
Sengokubara ‘
: Max. seismic intensity I I (. 0 T L 0 0
Felt shock S A 0 4 10 o | o
Yumoto . ‘
Max. seismic intensity 0 \ I 0 0 T Ll 0 ‘ 0
‘ Felt shock 0 0 0 0 4 | 4 o | o
Mishima | ©  Unfelt shock | 23 10 5 23 7 29 |7 2
Max. seismic intensity | 0 ‘ 0 0 0 R h o | o
N .
160 o 100 100~ 100Fy
10f- 10 167 10}
A Wi _ A ] o
10 30 60 30 40 10 30
Oct, 10~Dec. 10, 1959) Dec. 28 1959~Feb 7, 1960 Feb. 8~Mar. 31, 1960 (047 ~11%, Jan. 24, 1960 00"~00’lz Feb. 17, 1960
(by the 40times | (by the 40 times (by Ishimoto’s - (by the 40 times, (by the 40 times
seismograph) - - seismograph) * Seismograph) seismograph) seismograph)
Fig. 5 Relation between maximum amplitude. A(u) and number of volcanic e
earthquakes N at Gora. =~ (NA¥3=const.)
ﬁi&&@gﬁﬁEUﬁ&@gV %@i’rﬁ%‘iﬁ ﬁﬁ-ﬁﬁif =y e ‘4 L - L
SnMmADS (Fig 9. Fubs, pemm 0t AUGEoREBEzoEs
iLTu»o;&ﬁ‘fmwcé@r iLT’;E'fJ“E’_é”\““J‘V IR mﬁ%kmw@a U 7B KU T O ME o 4R g & 7

.c_f;z,av~xct9 Bl ",926 59 4EITEE T o 72 205 {ElO HIE 1010

nE, - 193%@@*;&4#&@%@%@%@%@%U/LF* 2o jzow T%‘(ﬁ@%%.ﬂ«t Fig. 10 35A& DxtF5 &
wTh, Thk F]LF%%PHjéi’LTV 500, L R U MBOBRSHE T 5. Fig. 11 3 b#k 34~37
LRSI EE L TV B 2 ema% ZOMHEPMEAE | R s 7HIE T, B AAUFICETRERP Q, RS
BT . (EFEOIE 100 km) (Fig. 10) T & Nl i
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Fig. 6 Relation between frequency number [N] and
time interval of every successive shocks of
the volcanic earthquakes, observed at Gora
((N)#'"8=const. )

(by the 40 times seismograph)

IN 1] min = ,
[b) Remarkable swarm of earthquakes of Feb. 17, 1960 (by Ishimoto’s Seismograph)

[c) Different types of volcanic earthquakes of Jan. 14, 1960 (by the 40 times seismograph)

(d] January 24, 1960 (by the 40 times seismograph)

Fig. 7 Seismograms of volcanic earthquakes of Hakoneyama, observed at Gora.
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earthquakes,
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+ :shallow focus earthquake in shallow.
earthquake zone .

O : middle focus earthquake

@ : deep focus earthquake in deep earthquake

Surrounded area by dotted line : shallow

zone
focus earthquake zone °

durmg the period from 1926

A : Northern Izu Earthquake Zone
B : Hakone Volcanic Earthquake  Group
C : Tanzawa Earthquake Zone
- D : Shizuoka Earthquake Zone :
E : Western Yamanashi Prefecture Earthquake
Zone i
F : Chichibu Earthquake Zone
G : Nagano Earthquake Zone
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A,B,C,F,G are shown also in Fig. 10.
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shown in Fig. 10.
A,B,C,D,E are shown also in Flg 10.
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