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A Re-examination of Hakone Earthquake Swarms by
Literature (1917-60): Implications for the Regional Tectonics

Kazutaka MANNEN*

Hakone volcano is situated at the northern tip of the Izu-Mariana volcanic arc in eastern Japan, and area that
is both tectonically and volcanically active. Fumarolic activity is observed at post-caldera cone volcanoes within
the caldera, and the northern extension of the Kita-Izu fault, the source of a M7.3 earthquake in 1930 (Kita-Izu
earthquake), traverses the southern part of the caldera. Although there is no historical record of eruptive activity,
many intense earthquake swarms have been reported since 1786 within the caldera. In this study, literature on
earthquake swarms in 1917, 1920, 1933-35, 1943, 1944, 1953, 1959-60 are re-examined to reveal detailed
development of the activity, seismic intensity and the epicentral region of these events. Two epicentral regions are
recognized; the central cones region (1), and the southern part of the caldera (2). Earthquake swarms in (1) are
often accompanied by rumblings and the main shock is not distinct; successive earthquakes are felt almost
continuously during the peak of activity. On the other hand, earthquake swarms in (2) are rarely accompanied
by rumblings and have obvious sequence of foreshocks, a mainshock and aftershocks. The largest earthquakes in
the swarms in (2) are larger than those in (1). The two epicentral regions are both on the northern extension of
the Kita-Izu fault system. Differences in the style of earthquake swarm activity in regions (1) and (2) may be due
to differences of the geology and the source depth. Correspondence between fumarolic activity in the solfataras
at central cone volcanoes and seismic activity was not observed except for the 1933-35 swarm. Most of the
earthquake swarms at Hakone volcano are therefore probably tectonic earthquakes on the Kita-Izu fault system
rather than being related to hydrothermal or magmatic activity within the caldera. Earthquake swarms at Hakone
appear to have been rare before 1917, and except for 1786, no historical records exist even though one of the most
important highways in Japanese history passed across the volcano. An interpretation that attributes the
earthquake swarms since 1917 to foreshocks and aftershocks of the 1930 Kita-Izu earthquake would broadly
explain the frequency of earthquake swarms at Hakone volcano since the early twentieth century.

Key words: Hakone Volcano, earthquake swarm, historical record, Kita-Izu fault systen, caldera unrest
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Table 1. List of location in the text. Locality ID is
same as Fig. 1b.

locality name

1 Sengokubara AaR
2 Sengoku-kogen WaESR
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5  Hakone-yama weather station  FEARILGAMERT
6  Hakone-machi FEARET
c 7  Moto-hakone TTREIR
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3 9  Fuezuka IR
'é 10  Prefectual hatchery RERIS
> 11 Miyagino =R
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15  Ohiradai N
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17 Sukumo-gawa RE
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19 ‘Yumoto B

° a  Owakidani (Owakudani) KBE
e b  Sounzan BEI

E ¢ Yunohana-zawa /LR
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IS Ft  Futago-yama ZF

g Ka  Kami-yama #il

E Ko  Koma-ga-take By &
B Kz  Kozuka-yama /R
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Table 2. Sequence of the Hakone earthquake swarm of January, 1917. After Meteorological Observatory of
Kanagawa Prefecture (1917), Ogura (1917) and Nakamura (1917).

Bft (date) EAIEIE (observations)
1A17H INERBTEED RS ORES T, BE 28HELS BTN TY, bDEELT LI LEN
Jan. 17. HZzEwnd,

Abnormal vibration was felt in a tunnel at Kowakidani. Sounds like something being
dropped were heard outside the tunnel on and after January 28.

1H24H FH 6 RS S ORFLRE ©, T CHBOME, MR 1E. MR« KBRS,

Jan. 24. Six earthquakes of intensity from II to III, and one of earthquake intensity of IV to V
were felt at Ubako during 6 to 9 pm. Several under ground rumblings each day were
heard since after those earthquakes
B/ BTHAOTLICILRY 35D,

Weak underground ramblings were heard occasionally at Ashinoyu.
1H29H BREICHE4, BBTAY—Vv A —v kDL ) kg%,

Jan. 29. Sounds like cannon firing were heard occasionally at Gora during the day.
B, =/ TT2E0ERE.

Two earthquakes of intensity II were felt during the day at Miya-no-shita.

1A30H PRI LBRE K D, B/ TERCIREI B & L7 AR
Jan. 30. Underground ramblings were heard at Yunohanazawa since 1pm.

FETIORSEE, 7/ BTPRm0iRE,

Slightly strong earthquake were felt at Ashinoyu.

EFE, TTARTIIRD 23532 L) ICEL 3,

Underground ramblings were heard at Moto-Hakone at noon.

FHOREL DRENSECD, WREEL LS. BL4PPHVWOOBEC N, B/ TR, #
F, BB, R ER, KE, /T, ARETEBALEL, FICERBATEEBI LK
D, WETHEDTEHONHS,

Underground ramblings began about 6pm and became more frequently. Some inhabitants
in the caldera took refuge outside their house or village.

B/ ERTEIM L R, SR 7 7Rk TN 2B TRITICRZ 3.

Utensils drops from the shelf at Yunohanazawa. Lamps were knocked over by the tremor.

1A31H FHT 0 FFA0EE, W< R 2BE). oA, 5/ T, SBRHCREINEEEZEbbhor, Bl
Jan. 31. HBREICEEHER, B/ TERICEB T 2RAHIE,

The.strongest underground rumbling was heard at 0:40am. Tremor stopped some
pendulum clock at Moto-Hakone, Miyanoshita and Miyagino. Underground rumblings
decreased gradually after that. The strongest earthquake observed at Yunohanazawa.
FET 930, WVIRE). EFICEV) ZRAME,

Relatively strong underground rumbling took place at 9:30 am. The strongest earthquake
observed at Ubako.

2A1H BEZD Do T, -

Feb. 1. A few underground rumblings took place.

2A2H LRBRHHEECED, PPRVLOLH o, ARICIREPHC, BHLNI kot
Feb. 2. Frequent earthquakes were felt. Some of them are relatively strong. Fewer earthquakes

and weaker underground rumblings were observed in the night.
T 1B, BFICHERPOHRELISHHEICIBIOREHRELEL, FHRIKIOZTD L DRI
BN D L HICREL 7,
A dispatched official observed 9 tremor-rumblings in 15 minutes of 1pm at Ubako.
2A3H Ly 3.
Feb. 3. Seisimic activity stopped.
2H6H DI AREHMT 505, §CRKEATHREMLL .
Feb. 6. Seisimic acitivity increased but subsided again soon.
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Fig. 2. Distribution of the maximum seismic inten-
sities and reports of ground rumblings of the
Hakone earthquake swarm of January, 1917.
Seismic intensity shown in this paper
corresponds to the present JMA (Japan
Meteorological Agency) scale. Hypocenter of
an earthquake (M =4.5) occurred in 0h40m,
January 31, 1917 (Utsu, 1982) is also shown.
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Table 3. Sequence of the Hakone earthquake swarm of December, 1920. After Meteorological Observatory of

Kanagawa Prefecture (1935a).

Bft (date) #AIEIE (observations)

12H26H FET1EE405y, FRRET TR
Dec. 26.

An earthquake of intensity II to III in Hakone-Machi at 1:40am.

12H27H
Dec. 27.

FHI8HF44%y, FIRETCHE

An earthquake of intensity II to III in Hakone-Machi at 8:44am.

5 TOAEIR, FEIRET TR 4 BB B,

Several rumblings were heard at Moto-Hakone and Hakone-Machi.
FHRORFSOTHNCR RIS H Z OBHRH WIS 5.

Strong earthquake took place before 5:30pm and earthquakes intermittently took place

after that.

FHROKI0T A DMBIROKEL, ZOMBTHESRELL,

R HIFAE,

ZOHD ) bICKEtTREOR

Strongest earthquake which caused some damages to buildings took place at 6:30pm.

Several tens earthquakes took place in this day.

12H28~31H

Dec. 28-31.

BHEE OME,
Several earthquakes took place everyday.
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oS !

<«— felt direction of initial motion

Distribution of the maximum seismic inten-
sities and reports of ground rumblings of the
Hakone earthquake swarm of December,
1920. Hypocenter of the largest earthquake
occurred in 18 h 21 m, December 27, 1920
(Utsu, 1982; Usami, 1996) is also shown.
Symbols are same as Fig. 2.
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Table 4. Sequence of the fumaloic anomaly and the Hakone earthquake swarm from 1933 to 1935.

After

Meteorological Observatory of Kanagawa Prefecture (1935a).

Hft (date)

EIAIEIE (observations)

1933

2H KFAEES OHURHEHE LB 2, B IZILFEIC100mBE L, FLCH A5, BT

Feb. BROBHBRSBAT 22, RiBIZ1EZEERL. 398 L% 5, Fumaroles at Enmadai
of Owakidani were becoming ceased. Discharge rate of hot springs at Ubako decreased,
meanwhile temperature rise to 39°C (+1°C).

5H11H FRAER ISRV TRASESHOER Y v 7 2B THEL LT L ZA/MIBTIRH -

May 11. DIRESBRHFE L. FENL | HERO LI E IR L/, Vapor explosion
occurred at a site of concreting works in Owakidani. A worker was killed in this
accident.

1934

1A HFRBICAED ) MUORRDEZAEZ A IIER, BIREBAERORDOZ L ZADEST

Jan. BRSBTS 5, KMIRCHIT XY, Some fumaroles appeared at the ridge of
Kamiyama run down to Ubako. Forest died in several hundreds square meters at upper
part of intersect of the ridge and Kojiri road. Landslide at Owakidani.

2HA22H FHAR T2, By EBEOMIL & OIS THESSREE L. BROE I 2200micks, 2H

Feb. 22. ¥ CiGE), At about 4pm, fumes rose from the saddle between Kamiyama and
Komagatake and reached up to 200m high. The fumes continued to the next day.

48 ¥ CHuf 4[], Four earthquakes felt at Ubako.

April

I o THBE»?
Ascertained due to
spring came?

By idil, FREILLE. MRS~ ARETRE TSI 5, IR BOHICRTES
%, Oak and cypress trees died around the northern foot of Daiga-take, the northern
foot of Sounzan, and Kowakidani to southern Hakone-machi.

5H BKEERBATILA ERMEE O BKER R D ihif 233 L ¢ LR ¥ %, Ground temperature
May remarkably rose at prefectural Hatchery.

6H25H BRELFErEE ET. BR4m, BR2.5mOBMAFOBILGFH, B 1 micRSREH
Jun. 25. bbhH (8 A25HDRERIETIIE) . A new fumarole vent appeared at Iwo-yama.
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4)., 00, 00000000000 (1935a)00000
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1933~350000000000000000000
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ooooooooog. 191700 19200000000
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Table 4. Continued.

BT (date) BUAIEIR (observations)

1934

8 Ay HFRROBHOD EA30mICH 3 KHFOREN ER L. AET %, Water temperature
mid. Aug. rose and become clouded in a well at Ubako.
9A15H FRT11EF455r 2 A KRS CHLER, RMA CHUIR D 2 <. At about 11:45, an earthquake
Sep. 15. felt at Owakidani. Underground rumbling also heard at Enmadai at Owakidani.
9H24H IE & 2 [, Two underground rumblings were heard.
Sep. 24.

108104 AR (BOF) CHER%8H, Sulfurous smell was observed at the Hakone-
Oct. 10. yama weather station.

10AtH HIEE S L5 DBEME T 6 D FES T, Six new fumalores appeared at the upper part of
c. Oct. Enmadai.

12A %8 BFT—H0EEEOMBIERNINS L) IR ZABHTL 23X 9124 3, In some days,
mid. Dec. over twenty earthquakes were felt at Ubako.

12T 8 FEr& (FLodt) BEOME L Db T 24030 BRSO E HIckok ), Very
late Dec. weak steaming appeared at the summit of Kanmurigatake (north of Kami-yama) by

hearsay.

1935

1 A8~9H KHBERES OMINBNEHEL, LICBE., MHELMEOMIRN LA, Fumaroles at
Jan. 8-9. Enmadai became active and move to northward. Ground temperature at Iwo-yama

increased.

18 EHERTHBMEBINHME. 2 2E, Sudden increase of felt earthquake at Ubako.

Jan. Twenty-two earthquakes were felt.

1H26H 181185455, HFTHEOBRICROROEVWSHBD 2FHTHEL. FO%30HIC 1E.
Jan. 26. 31HIC6E., HiED ZHKL 5L D275, Atabout 11:45pm, underground rumbling

before earthquake observed for the first time at Ubako. Underground rumblings
were observed; one in Jan 30 and six in Jan 31.

oooo1g00g22000000og. ooao, 20
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Fig. 4. Distribution of ground rumblings, zone of
withered vegetation, anomaly in fumarolic
area and newly emerged geothermal area from
1933 to 1935. Symbols are same as Fig. 3.
Hypocenter of an earthquake which occurred
long before the climax of the earthquake
swarm (January, 1935) is also shown for
reference (see text).
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Fig. 5. Daily frequency (N) of earthquakes in

“Mishima” and “Hakone-yama” in the catalog
of “Weather Service Bulletin” (a monthly
report issued by the Central Meteorological
Observatory), from April to May of 1943.
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Fig. 6.

Frequency of PS time of Hakone earth-
quake swarms, observed at Mishima weather
station. After Weather Service Bulletin [a
and b], Kawase et al. (1954) [c] and Tanaka
and Amano (1960) [d].
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Fig. 7. Daily frequency (N) of earthquakes in

“Mishima” and “Hakone-yama” in the catalog
of “Weather Service Bulletin”, in December
1943 and January 1944.
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Table 5. List of reports on Hakone volcano in “Weather Service Bulletin” from 1942 to 1944. Original text in

Japanese.
FR A ES i
year month chapter description
HEAI1 74 12A shifit T MR 10E DA B L S0R DEBIMBAH o7z, ZHWBEL L TREHINE
1942 Dec. Earthquakes in  RUBRILMAEICEZD/bDTH 5B,
Chubu region There were ten felt and fifty unfelt earthquakes. These earthquakes
occurred mainly near Nagano-city and near Mt. Hakone.
HEF1184E 4R MR PRUEBERILR =BT (R DMIBHGEFRE LI EBELVERR
1943 Apr. Earthquakes ThHT,
It is remarkable that small earthquakes frequently occurred near
Hakone and Mishima since the mid April.
KRR A48, FRILOKLIEBRE BD 3N S HDILHIBES LERMMREDS
Volcanic 10E@EH X, ZOFBMED) LI9HICIEHREI2E, 1I9HE LT
phenomena 20HIcZNENIEIDFRMBH - 72,
Ninety five earthquakes (ten of them are felt), inferred to be volcanic
origin in Hakone, were observed in the April. Two earthquakes of
intensity IV and an earthquake of intensity III were observed on the
19th. An earthquake of intensity III was observed on the 20th.
6H KILFSR AAMBILO KR E B D3N 2 DOBIEGR S,
Jun. Volcanic An earthquake inferred to be volcanic origin in Hakone was observed
phenomena in the June.
8H R HofFRILKGEOMBIEBOEMIERIC 2D (hig) BRIW4EET

Aug. Earthquakes REHETH S,
Increase in seismicity in Hakone and environs is rather noticeable.

KIIBIR ASAMBILDO KR E B b EINE bOHLH1IE) LERIE, #%
Volcanic RIEEHE BB 4EER S h i,
phenomena In the August, eleven earthquakes, inferred to be volcanic origin in

Hakone, were observed. An earthquake intensity of II and three
earthquakes intensity of I were felt.

10A KRR A10H. fRLokLtEEss2A 1 B S h7,

Oct. Volcanic In the October, a volcanic earthquake of Hakone was observed.
phenomena

114 R Z B T34E 0 R F AR 2 Bl L - sERILFDEICZ I 27 b Db

Nov. Earthquakes LA,
Thirty four local unfelt earthquakes were observed at Mishima. These
earthquakes may have occurred in Hakone and its environs.
12R iR SARELRRIIKILEIC BT 5/MBORR TE I = BB cEHl
Dec. Earthquakes ENHRAKUME L BRI h 2 b0 (2FEK)
Remarkable phenomenon in this month is frequent small earthquakes
observed in Mishima weather station inferred to occur in Hakone
volcano and environs (all unfelt).

oooooooo -0 as4oooooooogo gooooooooooooooooooooooo,
O, oooooooooooooooooooooon goooooooooooooooooooooon.

oooooboooooobooooooboooooon gooooooooooooooo4000 190 14
O. oisoooooooooooooooboooobooboo. o
oo -0 as4yooooooooooooooon, oooooooooo aesyooooooooood

goooooooooo, oooo -0o00 -0000 0 (139°05'E, 35°1'N) 000000 —-00 36000
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Table 5. Continued.

FR A 3 B
year month chapter description
HARI19%E 14 HhR LR EHID S DAEAIES 2 3 U D BRIUMEOERIZ, H% -
1944 Jan. Earthquakes AR E BICHERL. ZLic, 3H4AHCIZHBEE o,
Seismicity in Mt. Hakone and its environs had been active since
about a year ago, increased. There were many earthquakes, especially
on the 3rd and 4th of this month.
KILBLR FRILBEICBREET 3 L BN SHBH2H TI420], ) LERKI12
Volcanic [, Z&%ofiotiRit &L KABHEITcBM I i,
phenomena In this month, 142 earthquakes (12 of them were felt) that possibly
originated in Hakone and its environs were observed by seismograph
at the Mishima weather station and other observatory.
2H KILBIR FRILCBREET 2 L RO ZMEHZERMBEATTRO L I BRI 1
Feb. Volcanic 1
phenomena Tremors possibly originated at Mt. Hakone were recorded at the
Mishima weather station as following.
38 KBS KR E BbbN 3 bOHISE, HbIC=H, BICIMETLEANS
Mar. Volcanic hr,
phenomena Earthquakes inferred to be volcanic were observed 18 times mainly at
Mishima, but in some cases also at Funatsu.
4A KRR AR KHECBREET 3 L Bbh 2 By =EBHERTc7H 20,
Apr. Volcanic 18HICIEIEH X 7,
phenomena Mt. Hakone: Earthquakes possibly originated in Mt. Hakone and its
environs were observed at the Mishima weather station twice on 7th
and once in 18th.
6H KILFS LD KILENE & Bbh s boss19A, 290, 30AIZNZRIE
Jun. Volcanic FOBMI N, 19HFEMBL O/,
phenomena Earthquakes possibly originated in Mt. Hakone were observed once in
a day on the 19th, 29th and 30th. The earthquake on the19th was
felt.
7A KBS I4H I RERILCA BtR ot | BB & e, B
Jul. Volcanic An felt earthquake was observed at Hakone-yama weather station on
phenomena 14th.
8H KILBR BRILMBEDOHB L BN 2 bO22AE (BbIK=8) BRI h,
Aug. Volcanic Nine earthquakes possibly originated in Hakone and its environs were
phenomena obsereved mainly at Mishima.
9A CT ] FARILFHEOME L BON B bOBRD L ) IC=E - MEZ OMTENS
Sep. Earthquakes it (78) ,
Earthquakes possibly originated in Hakone and its environs were
observed (7 times) at Mishima, Funatsu and other stations.
000. 000000ooooo <0 (94 0o0ooo 4-7 19590 9000 19600 400000000
Jo0o0ooo, 00o00o0ooooooooooooo 1959000 196000 0000000000000O0O

gooooooooooooooOod. ooooooo oooo, od-00 @aeo)yoood. oooooo
goooooooobooooooooo, ooood 19 O, 00ooooooom¢ssoot1ooooo, 80
goooos2000000o0o00ooooooon. ooooooooooooooo. oobo noooo
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Fig. 9.

Distribution of the maximum seismic inten-
sities and reports of ground rumblings of the
Hakone earthquake swarm of November,
1952. Symbols are same as Fig. 2.
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Fig. 10. Epicenter regions of Hakone earthquake
swarms.
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b) Schematic view of N-S section inferred from P-wave velocity structure (Oda et al., 2002) and source of

earthquake swarms of each regions.
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