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The 2019 earthquake swarm

in Fukui-Heiwa border area of Nishi-ward, Sapporo

Masayoshi ICHIYANAGI, Mako OHZONO, Masamitsu TAKADA and Hiroaki TAKAHASHI
Institute of Seismology and Volcanology, Graduate School of Science, Hokkaido University
(Received February 19, 2020)

An earthquake swarm begun on 25 July 2019 in mountain side of Nishi-ward, Sapporo city.
The largest earthquake was the M3.1 on 1 August 2019. One temporal seismic station had been
deployed in the focal region from 30 July 2019 to 27 September 2019. Hypocenter and velocity
structure estimation was processed using the VELEST program. Hypocenters were distributed 1lkm
wide in E-W direction and 6-8km deep, which was consistent with a nodal plane of focal
mechanism.
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FLAR T 7 X AR HE X & SERH K O BRI T, 2019 4E 7 A 25 A 15 B 10 2312 M2.6 DA
B (EAEELD AL, 2080 I A 2 HETOR22HOM, ZoOfiE THEITER
ERIE L., ZOHMICEST S EBIRTIE 2 FAOBESIESNLTNER, 05 LR
HEIEZ8 A 1 H 19K 31 e A L7z M3.1 oHET (Fig. 1 ® 2F1), FLIRTILX AT, FLIRT
JEXFEERL, FLIRTTRK T, AL A KACES, FLIRT PR ATH TEE 2 &, LT o1
OGN, AR E TEE L 28I 7z, 1997 FITinE - 72 K[ 80T O — e bETRIC
L5L, SEOEFERSRTIIMETIZEAEREL TRLT, MEEHOIERIABAI SNz
MHTTH 5.

ZOMIIL, B ITVVERHBEIHA (Fig. 1 © MSK 8114) 205134 Thm BEW TV 5 Z &
PO, FEMLRIRSMZRHET D0, duiEE KT HE KSR 2 — (LT ISV) T,
BRI OV < \CHEF M BEIILE % 1 DFTRE Lz, 2 OEREHA L EFEOEFERED T —4
POELATERE ZORBICONWTHRET 5.

[@)ev-ne |

ZOWXIFIZ VAT 4 T - a® X For - EER A0 FEE T4 20 FICREE T E T (hitp: //creativecommons.org/licenses/by—nc/4.0/) .



http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

43°12'

43°00'

42°48' T > : - —
14112 141°24' 141°36'

Fig. 1. Map showing seismic stations used in this study. Open square is temporal seismic station. Solid squares are
permanent seismic stations. A red star is epicenter of the largest earthquake at 19:31 on 1st August 2019,
determined by Japan Meteorological Agency. Black lines are municipal boundaries.
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HEBIEEIMAE > T5 HEO 2019 4E 7 A 30 HIT, BIREISTVWALIEH 8 KEH X IcH 5 T
KILARENICEERHEBRE 2 1 SR E L 2. HEFHT Sercel #:50 L22E-3D (A JEH#] 2Hz),
7 — & IEREEE I FHIE A R O HKS9550 (4 A 2 v 7 Ly Y 24bit, T—4 %7 ) 7
100Hz, HfEiisk) ZHEHL, NI TW5 16Gbyte @ CF I — RICR & 1T - 72, EFIZ=
vEVEDBLHE L. 8 H6 B 16K DHIE, T LA — & HE HKS9505 & #iak L CTHEHE 2 7]
L) TIVE A BT L A—=F LT, ISV RO T — & H— R — T oo 1 i HU g B 5 o i i
WF— 4 b IR U T-. T OEERERNIE 2019 4E 9 H 27 A £ TfF - 77,

Wik S N TERER T 7 — 7 2> D IRIE DR | RRFFHESE 2 & 0, B 3.5 28 2 7B R 2
IVFTLAED o e h, B L HEL TA Ry MER & L TEZITV, WIN 7 r 75 A (M-
WH, 1991) ZHW TP L SEMEORNIEREZIT- 2. MAERT, ERSIHEOMIC
Fig. 1 1TR 3 BIFIRICE WALIR T N O BIRHILE 5 58 & [T ERE (ENWA) O & BLRIS 0 4 % (]
ELTIToe. 2019457 H 25 H235 201949 A 27 H £ TICHEAM SN HEIZ 0 ETH 5.

IR, BREEDOFIELZHATS. £3HDIT, hypomh 7 7 275 A (Hirata and Matsuura,
1987) &, Fig 2 DEFITRT ISV O—F > P s ERERE (SR - i, 1993, Vp/VS=1.73) %
AL CHIHIBIRZIETS. KIC, VELEST v 7 4 (Kissling et al, 1994) %W TEIR
HatHEE T, ZO7al 55T, BREPIE SHO 1 RnEERET TN & RS
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Fig. 2. One dimensional P- and S-wave velocity structure models. Blue line and red line indicate P- and S-wave
velocity models estimated by the VELEST program analysis, respectively. Black line was initial model indicated
in Kasahara et al. (1993).

TX5, EMURTLET, fELE26 VKL TTo7z. BbicElEREE T V% Fig 2 (P
BOREREEE 7 VIEER, SIEHEIET 7 VIEIRR) 1R, HEE S IR ERE L, ISV oLr—
FUREIE LB D LR E 0~ 10km OB TH) 2km/s TREE 72> T 5, UL, SEER
PN LB R O < BAFFEERNICRE SN TWD Z &2 b, FEWHERE OB KBk
SNTebDEEZLND.
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Fig. 3 121X, ARHFFE CTHRE L 72 FERFEIIEIM - @ 201947 A 30 H225 9 A 27 H £ TOER
SHiERLTWD, £z, 8 H 1 H 19K 31 HIcFA L7z M3.1 OHIZED P 418 A H = X AR
bRl Tz,

BRI 275 L, BEHFICHE lkm F2E, H#S 6~ 8km OHFHICHIENEEL TS, Z
DAL, A=A LRED S B, HEFAOHEICEERO XL SCRA L. 127217, VERNTK
2km BEN/ZIE S 5.1km ICEFEBRE > TW5D. ZOMIED GTZ BEFHEN A T S-P BEIE 1.26
BWThorolcxtl, BHEIKOIZIEF R TIHAEL 72 M3.0 O AKHIED S-P EETIE 1.04 7 CTHM 72
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BEZIZE1, AT 312 TH D DITK LEH L2608 L 05 BEEE V. i, ZoER
FANZBEN TS Z L LA TH D

FLISE T P9 DB N BRI 0%, 1997 4R LARMIC I ISV D EREEEHIS (HSS) —2FT L2/l -
703, 1997 FEITALIRTHIZ X 5 3 2 (STZNKN,MED) ¢ 500m ZifllH:12 X 5 HimBEil A B s <,
2001 AF I ALHEE K 2EEN O 750m LI (MSK) TOBRIL Sz, i, 2001 4510 A
O IIALIRIT AT D FTAEEES T ok 72 & 1Bl KB BARBIE AT 0 5B B BIHIME (Hinet) 233 &
NTRER, FLIR L 2O O/ IO BIR 2 EEE TH 2 Z L AFRRICR o T,

Fig. 4 121%, & E—#HOHEIREIMAE 572 20194E 7 H 25 A SIEEIMTITKE L7 9 A 27
H % TORMIE TRE S NER FERBHRERZ AL, REZRZRL) ZRL TS, £
TNz T, BRI S KRG T — e b BIROIRERERM EL 72 2002461 A 1 H2AH4
EOHEDOFEARTD 2019 4E 7 H 24 B £ TICHAE L LES 40km LEOER (BH) ZRLTE.
ZOMKTE, HERFFBIRSRER & EREIIREZ T 22 TRE L ICBIRNRIET 2 729,
Fig. 3 OEGFREEIHZ W2 BIRAA6 & iR L C, BIRMBICORCEVWAALND Z LICEET S
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Fig. 3. Hypocenters distribution from 30 July to 26 September 2019 using permanent and temporal seismic station
data by the VELEST program. Blue square is temporal seismic station (GTZ). Yellow star is the largest
earthquake of M3.1 at 19:31 on 1 August 2019. Focal mechanism of the largest earthquake determined from P
wave polarities is also shown.
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Fig. 4. a) Background seismicity from 1 January 2002 to 24 July 2019 (solid circles) and hypocenters
determined in this study using the VELST program (Open circles indicate from 25 July to 29 July
2019, and red circles are from 30 July to 27 September 2019). Hypocenters from 30 July were
calculated with temporal station data. A blue star is the largest earthquake of M3.1. Red and blue
lines were anticlines and synclines by Oka (1997), respectively. Hypocenters in (b) to (e) are from
rectangular in (a). (b) Space-time distribution of epicenters along N-S profile from 25 July to 5
September 2019. Open and red circles are hypocenters with permanent stations and permanent and
temporal stations, respectively. A blue star is the largest earthquake. (c) Space-time distribution of
hypocenters along depth section. (d) Magnitude-time distribution of earthquakes. (e) Daily number of
earthquakes.
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MR SH D, E 72 Fig. 4b 7~ 5 Fig. de 1TiE, HEIRBINEFHZ o7 8IM (T H25 B9 H5H
% T) O Fig. 4da DIEE CTHENTCHIEBICOWTRILT A L RS HIANCEE U 2 a4, &
IZM-T KM & HRHERE A bR L T2,

FLIETH g VE R O MU EBVE B ORFHUIT, JLVE—RIREST O FE & (L OB K U SEEAl THIER 3%
ELTWDHZETHD. ZOREIE, 1995 FELARNICHLIR THRAE L LB OBIR 2 BESAM 25
HEE L7248 R - =iy (1998) OFSRENPSL D RDLZENTE S, SRIOBFE TIX, 2001 4 LI
WCRALTZHEZ2EZTTHY, THvE THEIREAMEFIE o 72ALR T X O L THRA L 72
B RiEihTh o7, BRIHERS (Fig 4e) 13X, M3.1 ORAMENRHEAELZSATIHDT
RIRKTHoTe. EOH% S BIARTET 36V 7223, 11 A 30 A RABEIEHAEL T,

FLIRTH 23T - 725 3 MW B AR E  (FLIETT, 2008) 1 XA, FLIRTENICIX 3 2 DiETE (T8
FLRMTRE, A PEkTE, BRIRETE) AMEESNTWD., SEZEAE LR, —F T o AL
JBORPEHICAEL TWD, ZOWETM6.7 OE FAIMENRA L EE, ALIRTHN TRAE
FE T ORANRFEAL, EORMIT1046 A, ZORHITIE 4690 ADEEDPRIAEN TS,
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FLIRTH v X AR HE « PR X O BE AT T, 201947 A 25 H 2D HEIREN AN IER/I L, 8 A 1
HICIEM3.1 OFRKHIENFAE L2, 7 H 30 BICHKE L 7 R EELILE & & w8 2 v
BIRPLE ORER, BIRIIRVE S MICIE lkm 2, EI 6 ~8km ICofL THRY, RAHEO A
T = X WRO PGSO L R TH o .

LR R PEE T, It & SEEF OB RART 0 S S TEFEICHIEA AL TS, S0
HEIL, TNE CEERHBIRENM LN TR WL R O LA THRAEL 2. SRIOER
VX, FLIRTH2MEE L T 5 PEALIRITTE O R PEIRIC 72 U 5% b HEBIEBNC DWW THHRL T Z
EIRLETH D,

I EEFRFHBBRI AT O ICH Y, FURT XK IREMERE AR, R - HhN— vk —
DAV R T, R AR B R S A B S BB B IR R TE W 2, R
fENT TR L7z VELEST 7' 0 75 ADHWHITDONWT, BV EKRF O Z /8 s EE
Wie. R[RET, BIRBLEEANBIZERT, dLHEE R, ARTRY:, WALKRY:, HAEKRZT, AlhERT,
ﬁ%ki,%ﬁki,hMﬁi,Em%ﬁi,F%&W%Aﬁ%ﬁ,%%%ﬂ%éﬁ%%@%,
E HEpE, HARE, HORES, SRR, AAJIRIRR MR SR, BT, VR ZEBR R O
%%@Mﬁﬁﬁﬁﬁv,;h6ﬁwﬁ®7~ﬁ%ﬂﬁbfﬁﬁéhkﬁ%ﬁ*ﬁm%ﬁ?—ﬁ%
FERALELE. KOERICIE GMT(Wessel and Smith, 2013) 2L EL 7. ZhbnZ b
DOWTHRL TRE#WW 2 L £ 9,
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