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Earthquake Swarm Activity of Usu Volcano in 1910

By Hiromu OKADA
Usu Volcano Observatory, Faculty of Science, Hokkaido University
(Received August 13, 1982)

Compilation of earthquake swarm activity associated with the 1910 eruption of Usu
volcano is the main aim of this report. Sixtysix earthquakes have been identified and
tabulated, in which twenty three are assigned their instrumental magnitudes ranging 4.3 to 5.
5.

Time sequential developement of this earthquake swarm is discussed in terms of the
specific roles of three major earthquakes ; the first large M4.7 event initiates sudden increased
seismicity, the largest M5.5 marks the start of most intensive activity, and the second largest
M5.3 occurs just before the eruption when number of events has decreased drastically.
Seismic intensity data indicate that the first large event is presumably the large high-
frequency earthquake, while the large events in the immediate pre-eruption stage are low-
frequency earthquakes. Quite similar phenomena are found in the pre-eruption earthquake
swarm developemnt at Curacoa, northern Tonga, in 1973. '
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BHHRILACECH+Z B fEMTEE # 44 H L 72 1910 F£OHFBEK LUDTEENIC B L T, AFEE 3
WA @R £ B (R OBNET, PEERNSUEEIEEIRR) ~FhiAA, XKIUEHED
WHbEHA 24T - 72 (Omori, 1911). ZHIZHFR TEHOXFEEHOBIETE & ENTE 72 (AR
I, 1965 ; M BE).

KB B B HERHENE, LA L s H I 22 45T, 1888 4, KRFNEDIC L 2 BIEHR*
g, POBERICBW T T -8HllE TErNTHZ L5 TE % (Sekiya and Kikuchi,

E1) ZhBaIc L % 1889 7 A RAHEBEOBORMOMERMEBR GFE- -84, 1981) LIEC1E£LR
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1890). 5 £ BB T E H & 2k CREMBFHIR E oo RkBHEH S, BEC 1902 BB X
DBE, BHAFREEIG 2R HIALK 2 R OBERBE 17 — 4, FEEREABIC THD T
reEEERARAME T (120 1%) NEELRFL, BREBOLHFEMIBTH->LRED
KILTES) 25 LT B (R, 1902, 1903). 2o & 9 & ¢, Fiw##l (in situ observation)
&EMREEE B (remote routine observation) A &k ILTEBIOEH R £ 1T ) Fik
A%, 1910 ENFERILNDTEEC AR B S 4, TARKIUWEFORER 72 5 EREI oI b D
tEZHLND,

IR TIE, BE3ED, TROFWEREH - 2 FRILOKILTEE 2 MEFDB LD 5
WERREST 2 720, BEOERRIRICED & 1910 FHKUMBRMBEES OFM* HEET S
T EHEBELTS,

n & #

iz DWBORER - BEMNE -7 =F2—FM) NEAERLZMEIENLELY. Ly
L, BRICOWTOHOHERIZZ L <, BESH (Fig. 2) » 5B AHMENBERVERIKTSHS 5 =
EDTREINSBETH S, BREHEE - AL TR S 1o B - BRI & 2 ER
i3, EEFRLD OEE L LT Omori (1911) ik DFELCEZ LT3, ZHLL5NERHIMA
EHEFEBOHBR LR TERE LTRCHLNT 3, —F, HIEOKE IDERIHFRIIAT
4T, BOHIBEKHMEN= 7 =F 2~ Fi36.5 ¥ N Tz (FiE, 1968).

LERFATRIIC R DA VE BRI SR TH ), FVRFERE S NI ) OkFEAME)
At (G330 15 - KA — D) L OBREHELZ L L2 Tz, ZORKROFLWRELITY
bR TTHEY, BERLE - FBREIHFEL LY. L2 LRREBFICL > TEr N EH#E
WIN2EXRTHAESHRE 68 5 (BERFHHAES, 1913) i, RMIBRAESHR, BLUL
HEHIR 11 0.13 mm LA E 4 g 23 MORIRE: - FAIRMOELI BRI N T3,

Al F L7z kIUMEBERMEN K % Table 1125RY. FLIRIC 1 2 EHRMIZ, KEBARE
wMICHBEL T, FHNX (M=1.73logA+logA—0.83, A=70km) &N </ =Fa2—F%
KD BNz, BERTEEARE TR (1873 £—-1926 ), (ALIREX SR G, 1962 a)
IZED Wz, BENERIESORMEFL (HELER LGN, BEICLEOIMD
HEIZT L0 5RENKEETH S 5. Rank IMOEREET, AR HEIERM L ) KH2HEER
Wi, BIZEW - FEHRIEMS TR L BEOREH 5 L0, CIIHBOHFIZETNEN
HERBEBLDTH B,

27 =F 2 — FRIREBES AN % Fig. 1icRd, BXTH#HES (1913) kb &, LIRT
£RM 0.05mm Ll F 41 @], 0.01mm Ll k149 ETH BN T, ZHHEMZ biEL LT 0.80 %
Bz, ARTIIEIC 0.0l mm L THRM 2 HOME O B2 S L T 5, —HZnMifghET
Z TS ENHERBMELFHREL Tn5b, bEXEET S EFEARIM22.3, kD HES I
MZ2.9%5 22 NEFNMEL T2 Lich b,
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Table 1.

Date

MO DY
721
722

72
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List of earthquakes which occurred at Usu volcano in 1910.

Time
(JST=
GMT+9)

HR MN
16:18
00:52
01:00
07:00
09:30
11:07
11:34
12:16
13:06
13:47
13:57
14:10
14:26
15:15
00:15

02:00
11:00
11:16

12:15
12:51
14:20

16:07

17:42

20:14

20:39

21:40

23:10

01:38
07:15
07:45
08:21
09:32
11:30
12:57
13:17
14:51

Max. p-p
amplitude

at SAP

(in mm)
trace

trace
trace

0.32

0.18

013

0.28

Magnitude

(MSAP)

31/2
31/2
31/2
31/2
31/2
31/2
31/2
33/4
3172
33/4
33/4
31/2
31/2
3172

33/4
4.7

33/4
33/4
33/4
33/4
33/4
33/4

33/4

33/4

>

[

w

B

Intensity
(JMA Scale)

I, Date

I; Date

I; Date

I; Date

I; Date

I; Date

I; Date

I; Date

I; Date

I; Date

II; Date

II; Date

I, Date

I; Date

I, Muroran,
Date

I; Oshamanbe
I, Kutchan
IV; Muroran
II; Kutchan
I; Kutchan
I, Kutchan
II; Muroran,
I; Kutchan
II; Muroran,
I; Kutchan
I, Muroran,
Kutchan

I[; Muroran,
I; Kutchan
II; Muroran,
I; Kutchan
II; Muroran,
I; Kutchan
I, Kutchan,
Shikabe

1II; Muroran
I, Muroran
III; Muroran
III; Muroran
IIl; Muroran
I1I; Muroran
[II; Muroran
III; Muroran

T O W W T

» OO0

-NoNe

O

W EOWE R W

Rank Remarks

4 3/4 (Abe)

95



37 15:49 1.93 5.5 (Table 2) A 5.1 (Abe)
5.3 (Utsu)
6.5 (SMO)
38 20:53 0.18 45 A
39 21:13 0.67 5.0 A
40 22:46 0.34 4.7 A
41 23:01 0.26 46 1I; Muroran A 43/4 (Abe)
42 23:17 0.50 4.9 II; Muroran, A
Shikabe, Fu-
Kushima
43 725 01:22 0.22 4.6 A
44 02:00 41/4 II; Shikabe C
45 02:15 0.31 4.7 A
46 03:08 0.13 4.3 A
47 03:40 41/4 II; Muroran B
48 04:42 0.23 46 A
49 05:30 41/4 III; Muroran B
50 05:49 0.14 4.4 A
51 08:40 0.19 45 A
52 08:50 0.46 49 A
53 14:36 0.23 46 A
54 16:40 1.33 5.3 III; Muroran A 5 (Abe)
I; Okujiri,
Fukushima,
Suttsu
55 18:27 0.35 4.8 HOI; Muroran A 4 3/4 (Abe)
56 7 26 02:27 0.24 4.6 A
57 7 27 20:40 0.39 4.8 1I; Shikabe, A 43/4 (Abe)
Okujiri
58 7 28 11:30 0.13 4.3 A
59 7 30 09:35 41/4 III; Muroran, B
1/4 I, Shikabe
60 819 19:15 41/4 III; Muroran B
61 19:24 41/4 III; Muroran B
62 9 6 14:06 33/4 ILIII; Abuta, B
Sohbetsu
63 9 20 16:11 33/4 I Abuta B
64 9 30 02:40 4 IV; Date, B
Sohbetsu
65 12 11 07:05 4 IV; Abuta, B
Sohbetsu
66 12 24 18:05 31/2 I; Sohbetsu B

Amplitude date and intensity data are taken from the reports by Earthquake Prevention Committee (19
13} and from those by Sapporo Meteorological Observatory (1962a), respectively. Magnitude is evaluated on
the JMA standard basis using a single station seismogram (Omori type, V=30, EW-comp.) at SAP located
about 70 km north of the volcano. Those instrumental magnitudes are rank A(good), others B(poor) or C(ve-
ry poor). Note only those with M>4.3 are complete data set.
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Fig. 1. Cummulative frequency versus magnitude rela-
tion for the earthquake swarm at Usu volcano in
1910.

I sRKHEIZO>WT

WK OK 30 BRI R A L 2 B AMBEOMIZ 5.5 L Rob s, ZOMEBENMIT, T
(1979) DER2H N T5.3 (EEMMG EKROHENICEI KRIF~ 7 =F 2 — FH%), Hw
IEFTER (1979 a, b) DRSH N T5.1 (KROMEYZFED ( KEFE -~ =F 22— FHL) &
WFE DL CAABLBEICEIEI N T2, SEIDEIZ Z b DfE L HNTRRKRE WD, Fig 1 &
KA AEKEFOHE L T, M5 T H5ENMS5DHEERETHS ) E-bIE,
7z, MROHENC AT Z EICL Y, BEIEDEHOLKLESTHS., ZOMEIMHSZN
LIIEMS 77 ATH B Z LI, 1663 % 1822 FNKDBOHENIMY, 6.515:EL T w
Rt AR L, ALEENESOBENRME (M>6) FAEMFILHSHEBERC LB TEM
Fouakihs,

HAMBNEE M % Table 2 B L U Fig. 21/RY. BRIIALBEX SRS (1962 a, b) -
¥l (1972) - LMl (1973) 1o4K - 72, HREDOEEREIIH-55 -8 - I CHRADRRITEEN I -
M~ -1V Vicxtin§ 5, BREICETOFED S 55 EN BT TEEIBLNTW2, &
EVOESIIEE 4 ~ 5 km DAOHS €, REZMICHE, ERicaM»E:02), RNk
SIEA A L.
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Table 2. Seismic intensity distribution of the largest earthquake
at Usu volcano in 1910.
Origin time; 15h49m, July 24, 1910

Magnitude;
Intensity Locality
(JMA scale)
\Y Sohbetsu T. (Sohbetsu-Onsen, Takinomachi, Higashikohan), Abuta T.
(Honcho, Toyako-Onsen, Tsukiura), Date C. (Usu)
v Date C. (Central Part, Eastern Part, Mareppu),

Sohbetsu T. (Kubonai, Benkei), Toya M., Toyoura T., Muroran C.
(Sakimori), Kutchan T., Niseko T. (Kaributo)

111 Muroran C.
II-111 Noboribetsu T. (Horobetsu), Shiraoi T. Kuromatsunai T., Oshaman-
be T. Setana T., Kitahivama T. (Futoro), Assabu T., Shikabe T.
I Minami-Kayabe T. (Isoya). Okushiri T., Kimobetsu T. (Shiribetsu)
1 Hakodate C., Matsumae T. (Fukuyama), Suttsu T. (Suttsu, Shimam-

aki, Benkei-Misaki), Furubira T., Tomakomai C., Mukawa T., Yo-
ichi T., Iwanai T., Chitose C., Mori T., Yakumo T., Taisei T. (Kudo)

Inconsisten intensity data are reported between reference A (Watanabe 1972, Yoko-
yama et al. 1973) and B (SMO 1962a,b). Kutchan (A-1V, B-I), Setana (A-1I-1II, B-I).

HONSHU
50 km

—
Fig. 2. Distribution of seismic intensities for the lar-
gest M5.5 earthquake of 15h49m, July 24, 1910.
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IV ARk EROERBIE

BEMEOREBELEALOMEEZATAL D (Fig.3), A 7H 25 H 22HEHEEY,
AHILBIC kL & 45 BOAXDFET 72, BbE EOKAZZ N 60X ERY. TOMTH
(Magnitude-time diagram) O##FE, ZEMW (A=28km) KBIF2EETH 5.

Fig. 4 (2 FLIR TEH S N2 ERK &, FEEBHBERN LR OBBZLZ TR L 72D TH S, R
0.2 FREETH - 72h%, WABIRERHC I - TH L WEMEZRL 3~ 41EL T3, L2l
Bk L7z & 91 RIZ, M>2.95 OHEHICHT 2M22.3 DWEHOLEZE L LN BIITT, &
Y2 bECEEE(LEELTCLR<I bk bk, ZHud, IRTREE NSRS Tt
B, LHEHE THERTH 572012, BHAIE I ONTEEE > TLE-RLDTH S,

ZOBHAEROREEIIC KD D Z L3 TEA W, BT 7 A 23 B AN I3RS H

N, ZRKESNREPHTYREED, BEEHOLWHREL T REZERL T2l
ff%é.~omﬂﬁﬁﬁ%mf%itfwéﬂﬁaﬁmﬁgﬁﬁkm:Eﬁﬁﬁ%w%wm
E) HLEBEME (RbbLhAHE) ~EBbLizy EVvIEZTHE. ZOHBENTAS
RIMCEBERENES 2 RTISETH L. MENL ROBMT, BAEHNNOTELTRE T

Usu (JAPAN)

9 ERUPT fONS

-
N (Felt at Date)
5 = | |
4
)
8 10r
T 0 . H“‘"Lfl nr’lﬁf‘\ . nnnnnr
21
> 8r
& 6F N(M2295)
8 4L Observed at Sapporo
® il
5 | - nnnnnﬂuﬂﬂ n[Hn il qnn 0 il
21 28 29 j 30
M
551 O 3 Numerais indicate
Intensity at Muroran
50k 2
8 y 3
= 3
Zz 45
® 3
<
> 33 3
40 -
i %
1 221222
15 . comm
L Y 23 | 24 25 26 27 28 ' 29 ' 30
JULY, 1910

Fig.3. Time sequence of earthquake swarm development at Usu volcano in 1910.
Note that three large earthquakes have their own significant roles in the swarm
development : the first large M4.7 event initiates sudden increased seismicity, the
largest M5.5 marks the start of most intensive epoch, and the second largest M5.
3 occurred just before the eruption. Number of felt earthquakes decreases
drastically toward the second largest earthquake and the eruption, while large
events (M>2.95) continue moderately. Intensity data indicate the first large
event is a normal high-frequency earthquake (M4.7, I=4) and those in the later
stage are low-frequency events (M5, I=2—3).



60 B /A

230TH5,

Fig 38 LU Figd %2423 &, ZHDOMDOKELHED, BELICEHBENGHE K-> T3
Ehbrb, E10ME (TH23HI1EE165M4.7, No.18) IEWM TRABEIVEE 2 T
W3 TRANEEEE, T, TOMELEBIIHEE»EL (ML Tw5, TkHE (7H
24 H 158 49 5y, M=5.5) F4E#%i3, HhE CORBMEE» BRL TWb L0, kEXLHE

M=3) DEPHRENALNDL., ZEMTOEELLAD L ZNLKROMEIMEEEMET
25, MAXENMOABMEEHSEZEICHELAALEET, R NVIEEAELE:EbN s 2%H
ICKREZHE (7TH25 H168:4047, M=5.3) "REL T3, Znkjic, MOKXKEL=Z"D
DHBEFREICHE S N, EARRMEROENNRERBES S -2 EEZLN5,

R
I ERUPTION

w 10}
X N (M2295) - R
é N (Felt at Date) M15.5 Mi5'3
= ! =
& o
< -~
uj ——
—
[T S ==
Q =
0 —

—

—
o
e
R
01 . T
21 T 22 23 24 ! 25 T 26
JULY , 1910

Fig.4. Temporal variation of the factor R (Number of
earthquakes observed SAP/ those felt at Date city).

V HBZoniEg—— 2737 1973 %

AERIL 1910 FOMBER E BO THUORREBfREEZ M- LT, 1973 F F v 7B ILH
77 7 a2 T7EHE (Curacoa Reef) MET DM CTRE L 227494 FEBAEADFEIKE - 124
EHEZERNT 5. ZoEEL, R TOBRESFICRZL vy, TR REAHMES - SR
BATOBEMESe, 72— 7B, Fu 7 VBIC L 2 KPHFRSFOEBELZERIRLNTED,
Gibowicz et al. (1974) # L Uf Latter (1976) »2 L < &HH L T 2,

BENF Loz BRI D &, Fig 51 MT R oric ESEE & ek & otz 2777, Fig.
5¢ Fig32H~5 &, MEBEOBMUSIIANE S I2 % b, HIcM5 7 7 2ADMEL ST W&
HThbdsZe, MOKEZLIEOHME (LT LLIREVERL IFOEKRTIIZ V) HIEELHBRE
NEZLLTWBEI L, WHMODOMBIIHEROBMER, RAMEIIFEIRENAE =FHBD
HUAE 12 K EAT CEEIC BB O L 2B Z £ NS L TV 3, BERIL 1910 £ iEEhI3,
77 3T DEIMHARBR L KERBRTH LY, MTERBTEHL NI, 7727 LR
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0755

CURACOA REEF (TONGA 1S.) Eruption
N/ 3h T

oo M =3.4 1t TTT, 1

80F . se4
60}

40t
20t

TR T2 s 8
July 11, 1973

Fig.5. Time sequence of earthquake swarm development at Curacoa Reef area in
1973. Note that three large earthquakes have their own roles in the swarm
development : the first M4.6 sudden increased seismicity, the largest M5.1 during
the most intensive activity and the second largest M4.7 occurred just before the
eruption when number of events had already decreased. Small attached numbers
in the lower MT-diagram indicate AR-parameters, the predominance of long-
period surface waves, at AFL. So, the first event is a normal high-frequency
earthquake (M, =4.6, AR=19) while the second largest one is certainly a low-
frequency event (M, =4.7, AR=65). Close similarity between the swarm develop-
ments at Cracoa 1973 and Usu 1910, assures the existence of a certain physical
regularity in the pre-eruption earthquake swarms.

R VENENTA A PEe e ThHD e HlEL b 5.

Fig. 5 » MT R/ & L REFESPMFEN T 555, T st Afiamalu (AFT) iI281F 5 AR+
5 27— (ERUMERS CREK SR CHE NAERE, B om®) Th 5., HERIHBIC TG
T57H11H16E 29 5NHEIX ML =4.6, AR=19 TEREMEELEZ 5N HDICxTL, Ek
BRI 12 B 07 B 19 7 OHEIF ML =4.7, AR=65 £ % > T ), REAPEEEO ST 2KE
EHETHLZ s b, MTRICIZF AR ST 2 5 —35 1 U EOHBEICEL TV HIEIRET
RENTWBEDT, WMEHNEA L7212 B 04 BELEOHMIZ, M <4 TH»2AR> 1Y
DWEBRDLAERL TWEZ Edbhrd, ZNLLBRABERETHA ). ZDLHICTHONDHE
BOMICIIZE L WEIEI RS L5, ZOFEMMEE, BRPEr T EobnTid e, &l
DEBE AT EHTEL S,

i, &2 P~ X ERZ I 7 =4 BKIUDOKRBREORIKERRD, AWM D22 WIHER
T 7B FERE3 1, EARDEBRICENMED S B30 L L CTHHE 3 11T\ 5 (Geophysical
Program, 1980 ; M, 1981 ; Okada, 1982), ERICHEMZE LT\ 3§ 5 — o HAIMHIIKBAE,
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TARIMED & BRI~ (KL, 1960 ) 2 &, T &) LA I MERFEY 52,
5N HMBEREY, NIRRT 2ERIIMY, OMRIZLEOREL &> T3,

VI BEHRLBE=REOZFH LR

BEZEDOHHIUNEBOHIE 10000,
¢ ETRSD. TnbZEHICD N U Vagano
DD (KER>T7 4 —~ L} - > € 1944-1945 Doming(Showa-Shinzan)
IMA 59%), HMC 551 2 TR 8
WT— 5 pigbn T, B & o)
HTHRNT =F 2~ FERT ¢~ |
HETx 5 Figbiows= 8 > o c
Fo- FARMMESBERL 5 F AN
7. BRIk B ¥R, 1943 : T
FiE, FREHEORM L ) Kevre i T N e
fif, 1944—1945 Fid, HLRERXS 30 Meap >0 80

£E (B - 158, 1980) 0fEiz
w7z, F£72, 1977—1980 £ E
$HZ, JbEEME XU A 1977.

Fig. 6. Cummulative-frequency versus magnitude rela-
tion for the recent three activities of Usu volcano.
Luckily, seismometrical observations cover those
three activities at Sapporo (A=70km), so the data
are extremely homogeneous and can be compared

7—1980.12 (ALIRE X A H & AT
23 &, |

ok RRMERE (A, B, C)
& F—sk B ioER (D, E)
NFE WL, Fig 6 Tl CHET
»5. D, ETIRTHLHEOER
#hHBICHL 2 b5 § non-

precisely. - Pre-eruption activities show roughly
log-linear N(M) relation. However, earthquakes in
the post-eruption doming stage form a remarkable
non-loglinear N(M) relation. Twentyone events
have the largest magnitude of 4.3 during 1977 — 1980,
and largest twelve events are M3.7 or M3.8 during
1944 —45. Recent seismic activity prior to the sum-
mit eruption is quite low, that may indicate the
relative easiness of the eruption through the central

vent system.
loglinearity |3 88 % T, Gutenb-

erg-Richter ?»E{% (Gutenberg and Richter, 1944) #{#% X 70\, 1910 F O BEETIL AR &
HETEBNIIER S - 213§ (Omori, 1911) ThH 545, DRE L EBEOGHERL2IZA ) B2 #
B2 &IV, —F, BARIJRMERZ =6 & L13iT loglinearity #{5L T\ 5, LI
A EFENT1910 £ £ 01943 £~ 1944 FF0RIHEFENL, M5 7 7 22 8O0 E A, 1977 F
D (Mmax=3.7) L KNE L K MOk E W, ZHZ &3, BRXILDPIKGED b DTESIL,
IEEAICENTES T, ROV E =7 =F 2 - FORMBEH TRHEOT L2 & 2 E®
LTwazobrd Lt BBXILTMS 727 20KE Ll hbBER 49 35813, 72 & 2Rk
D HDEHTH->TH, UWRHR BRIL - ~XIT =y - 27z F - 2> b Ly %)
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RiEw2), UMRBHEEICE - Ty 5 (Okada, 1982). 1663 4, 1779 4, 1822 45 & Uf 1853 )
BERIUDEBI & TINTEA O TR - TH Y, #- 2RAMEIIE VML ~ 5B iF 2 LT
ThoLHRNENDG, HXENTBLINEFELL .

#HOEE P =Fa - FOEEHLERL CPRBBENBIRORLE LU A2 P AT
DEEE Lotz Lh LB T, RPTOBTEWAMEIICIIER (19441945 HMIE) D
B L USRS E BB L RFE T,
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