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Deep Low Frequency Microearthquakes Occurring in Hokkaido
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Institute of Seismology and Volcanology,
Graduate School of Science, Hokkaido University
Jun'ichi MIYAMURA and Kouji GOUKE
Sapporo District Meteorological Observatory
( Received December 24, 1998)

To investigate the seismicity and characteristics of deep low frequency earthquakes
occurring in Hokkaido, we analyzed the combined seismic waveform data from observations
operated by Sapporo District Meteorological Observatory (SMO) and Hokkaido University.
A total of 25 deep earthquakes of low frequency contents in seismograms were found during
a period from October 1, 1997 to June 30, 1998, and hypocenters were determined by SMO.
Most of these earthquakes are located just beneath the quaternary volcanoes in the depth
range from 25 to 40km, near the Moho discontinuity, where rheological properties of rocks
are presurmned to be in the ductile regime. The magnitudes of these events are small (M <2.2)
and seismograms are dominated by clear P and S phases. Predominant frequencies are 1 to
3 Hz, significantly lower than those of typical shallow microearthquakes. These characteris-
tics of deep low frequency earthquakes occurring in Hokkaido are similar with those which
recognized in other regions.
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Fig.1. Seismic station distribution in Hokkaido operated by Sapporo
District Meteorological Observatory and Hokkaido University.
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Table 1. List of deep low frequency earthquakes occurring in Hokkaido during the period
from October 1, 1997 to June 20, 1998.

No. Year/Month/Day Time (JST) Latitude (N} Longitude (E) Depth (km) Mjma Region

1 1997/10/20 21:58:43 43.5285 144.5355 28.94 15 Northern Kushiro
2 1997/10/20 22:47:25 43.5425 1445542 24.40 1.2 Central Kushiro
3 1997/10/21 00:56:01 43.5233 1445125 29.20 1.3 Northern Kushiro
4 1997/11/ 5 13:25:33 41.9395 140.9885 26.34 1.4 Off Tomakomai
5 1997/11/20 21:19:32 43.4078 144.0587 45.65 1.0 Central Kushiro
6 1998/ 1/11 20:47:26 434175 142.6263 28.00 1.3 Southern Kamikawa
7 1998/ 1/11 20:49:58 43.4227 142.6673 27.24 1.8 Northern Tokachi
8 1998/ 1/11 20:51:32 43.4080 142.6773 25.00 1.4 Northern Tokachi
9 1998/ 1/23 06:47:14 43.4143 142.7313 20.15 1.7 Northern Tokachi
10 1998/ 1/26 18:35:55 43.8097 144.7507 31.23 1.5 Abashiri

11 1998/ 1/26 19:18:11 43.8647 144.7878 24.36 1.8 Abashiri

12 1998/ 3/ 3 11:50:26 42.8140 140.8592 34.33 2.2 Eastern Shiribeshi
13 1998/ 3/10 07:53:12 43.6508 142.9343 27.61 1.7 Central Kamikawa
14 1998/ 3/10 07:53:50 43.6727 142.9375 28.00 1.2 Central Kamikawa
15 1998/ 3/12 02:56:01 43.5287 142.8515 15.36 1.2 Northern Tokachi
16 1998/ 3/24 12:28:54 42.1003 140.8143 3043 2.2 Off Tomakomai
17 1998/ 4/23 05:52:51 43.3592 143.0332 25.06 1.4 Northern Tokachi
18 1998/ 5/ 4 06:29:41 43.3690 144.0605 24.54 Central Kushiro
19 1998/ 5/ 4 06:29:47 43,3837 144.0552 23.30 Central Kushiro
20 1998/ 5/ 4 06:29:55 43.3768 144.0460 22.91 1.6 Northern Tokachi
21 1998/ 5/ 6 00:01:46 41.4552 140.0572 24.66 1.6 Western Oshima
22 1998/ 5/ 6 00:02:18 41.4450 140.0190 26.28 Off southeastern Hokkaido
23 1998/ 5/28 17:02:54 41.7253 141.0357 28.17 Tsugaru Strait
24 1998/ 6/16 07:31:39 41.7295 141.0162 20.52 2.1 Tsugaru Strait
25 1998/ 6/20 20:50:44 43.4007 144.0307 25.02 1.7 Northern Tokachi
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Fig.2. Hypocenter distribution of deep low frequency earthquakes
identified in this study. Circles represent the hypocenters of deep low
frequency earthquakes occurring from October 1, 1997 to June 30, 1998.
Triangles represent active volcanoes in Hokkaido defined by Japan

Meteorological Agency (1996).
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Fig.3. Vertical component seismograms on monitoring chart of event 13
occurring in central Kamikawa district at AIB and KNP stations.
Arrows indicate P and S phase arrivals.
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Fig.4. Simultaneous display of vertical component seismogram of event
13 at 11 stations. Epicentral distance are shown in parentheses.
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Fig.5. Vertical component seismograms on monitoring chart of (a) event
16 at ESH and NBB stations, (b) event 21 at GAM and MMA stations.
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Fig. 6. Velocity spectra of P and S wave (a) at station AIB for
event 13 (b) at station ESH for event 16 (c¢) at station GAM
for event 21. The velocity spectra are those calculated for
the initial 2.56 s of P and S waves.
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Fig. 7. Epicenter distribution of 1995 Matsumae earthquake
swarm determined by Hokkaido University during a period
from October 1, 1995 to November 30, 1995.
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Fig.8. GPS station distribution operated by Geographical Sur-
vey Institute (Matsumae, Aomori, Hakodate and Otobe)
and Hirosaki University (Minmaya). Matsumae station is
located about 10km north from the epicenter region of 1995
Matsumae earthquake swarm.
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November 30, 1995 (After Takahashi et al., 1996).
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Fig. 10. A fault model for the 1995 Matsumae earthquake swarm. U3
represent the tensile component of dislocation (After Takahashi et al.,
1996).

T3,

HUEIE A (1998) 10 & 5 &, HFILTIE 1981 F20 5 1996 &£F T 15 EH ORI &, FEBE
ABEMEIERTFHII[RBEL TB I > T b, 1997 Ficle 3 &, REMEERBE
DEMFEEMEES 13 B, BFED 1AL 5 7HZ TOMPFRIZT THBLBREINT
W3, ZHICHET S & )i, EFUNRIBTHOMBIEEDH 98 4E 2 A» LBERLL, &FIWAEZIC
BRESIN T 2 EMBFREEET D VoWt BIbERL 72, 4 A 29 H2 &5 I RIRFOHESE) A
SHIZIESRIL L 725, # LBREIO 4 A 24 B2 S REPEFAFEENEE L ERILL Twb, 20
&Iz, EFCB W CIRBER EHBROWES) & EZEH THOXUESG IR HEBEZ2F-> T 5.

AL CRAE L L RBEAEMEELZ RCA 5 &, BRBMIZE L DDOBIEESTBEET
TOFREFEIFENE JICRZ 5, BTEEL, 19984 11 A 9 Bio/RR 2 KEAEA LRI L



40 W W BN E— SR B8

2 (BIEHERRE, 1998). HBHE T3, BIHTRREHT 1998 4£ 9 H 28-29 HICHEM L 2%
AR T 62-2 A OEIC B TRIBKEHE 2 #EB L, 2HICHE TEENDERBR I E - 72
(1998 £ 10 A 12 H)., BRESY 2 712 L 2EM O A OBH D LI X OHEDH S { & 2580
BRI NTHED, FBEHAERHNS & 2 BXIREORIE TId 460 B & v o) ik (1998 45 10 B 13
B) 2807 (BIMERRS, 1998a; BIHAFRRE, 1998b). Zh b kiliicBiT 5iE
ByoiERIE, RIMEERMEOEEE LBE, H S L JICR2 545 1998 4 10 A 25 HizHk
U728 s (ILIREREARE, 1998) TREHBERBERER 1 2LrREL(BLT, RERR
C REME R W E TGS R AU OMHT 2 Z I3 TE L,

BENE ZAH, FIMEBAFEMENHE Z EFRNICKERRICHU DT ONDL L) 2T A
Wiedbiz, 7o & ZITERUETICRE L 2RMEREREIC DWW, $%0XILIESE) & EH 15T
lizAT) 2 L IZREETH 5, BREFAZBELTE L LCRMARMENRE L v/ ~nB) 5 %
BlLEMT 2L ) B ETNEHLL T LESH S,

V. #& )

1997 £ 10 A» 580 % - ZHRER AR B LB EREROMEBRET—F ) TS 4 1R
12 & o THIERABE 2RI M B L 72428, dhiEEmIc 817 5 BHMEA B EN R ERTA
MHTH L »IcE NIz, 1998 4F 6 A F Tk 94 AMIC 25 MORIMEFRBEIBRMS N, £h
LDERITE 4 S kMIgicER L, BE 25-40 km D E R AR BEIKE 72, 2N 5 N0H
B, 1-3 Hz o5 BANE 2 F o130, BREIBDH LN, v/ =F 2— FIIRKTL 2.2 Th-
fo. 0L DFHRT, MOBBITHRE X Ty 2RIMER B EORHH L —KT 5.

AR, BIMEREHEIFE L T2 s T—, B 4RKIUDHEL EWHIEETH - 7297,
1995 FOEFMEIC BT 5 HIREH< QE L K OMEKYEZFN T — 5 2 BE L 2%, T Tl
] & D= 7w DIBEYDAT LI T BATREMEDTE W Z L AR E HL7,

TREBMES W HIEE & A ILTEB) % BB T CERBMICERT 5 201013, L#<> bk b HRiE
%«07770mﬁ%ﬁ%ﬁﬁﬁw§mﬁﬁ@h:owfm{TwﬁﬁﬁKﬂkT%0,%@t

I L RIMER B HBOREZ BT =y — L TRHHUSEH ML T BB S 2,

B DLAMED) 2 FIHRERAREHBEAURONLV—F VHBAEICL 50D THD.
SLRTARSE « BELRSAC I AbE R L BB 2T - T 2 BRMADT— 7 2 B3¢ TH
Wiz, #ERXILY S —DOFRFRFR, —WERRICIIERZEET 2 LA IBERER:
7z, FRRBERIC IR L THW2, Rl TR#HOFEERbLL 7.

X [
JENHGHRRE, 1998a. AWMBHERSE 15, +BE.



JLMEE CTRAE L - R R 41

JEN T RRE, 1998b, XINREBHRE 25, +HBE.

BHEEK - RIL E - SRS, 1992, AN KILAHE TR N ERR HE, #ERBREREEERSTHE,
243,

Plgg AR A, 1998, EREEXILFERE 25, MRS,

FEHAEA, 1984, At ERAEREROBRE, Pap. Met. Geophys., 35, 109—167.

Hasegawa, A. and A. Yamamoto, 1994. Deep, low-frequency microearthquake in or around seismic low-
velocity zones beneath active volcanoes in northeastern Japan. Tectonophys., 233, 233 —252.

AL A KB TR AR FE R, 1998, 1976 SELIEDILMREN IR R MBETER & KFELRAET L OHET— I B NR)
R ORMBETHEESSH, 60, 19—24,

MEEF - ANEIEM, 1997, Wbt R dbiEE TR 3 K0 P R, R, 50, 259—276,

N EAE8 - SEEE— - /NEIER, 1996, METHRMBEOBES & EED. HMIRBERFEEESTRE, 210,

AVEIEM, 1994, AL CBRE S M EREMI B ORE, BEYAERTREE, No. 2, 324,

WHHE - FEWGEEL - (LR - BRLE - RAREH - pig 1, 1992, BARUBEEMBEAREN, WE
AEFRAEMET P72 FE2M). Bads.

McNail, D. R, 1977. Interactive data analysis. Wiley-Interscience, 186 pp.

Miyamachi, H., M. Kasahara, S. Suzuki, K. Tanaka and A. Hasegawa, 1994. Seismic Velocity Structure in
the Crust and Upper Mantle beneath Northern Japan. Jour. Phys. Earth., 42, 269—301.

BRERE - BHER - A7 XA E) - ALY e FE0 - EHER - ER 5 1997. HEWROM TS & g
T7 M= A, BEEHE, 42, 156-30.

ABHBE-FR 1], 1997, 1995—1996 FAARIRERINE & RIBMOEED). LB R MIRYEB AR E, 60, 97—
110.

FUNSEEL - SULFRR - #R0 &, 1995, db¥HE:E S AR AL O & ERSILERR O RS ZE b, kb, 40, 13-31.

HEIEA - O - Hep 1B, 1998, SFWIC BT 250 € R EAHE KR KBTS, HAADZESHEET
Fi%, No. 2, 3.

FRFELE - ZCRERESE - FOMPESE, 1995, WEBIIESOIRCRAE T A A EM/INE., MIRERERPIHEESTRHE,
292,

BE—F - -REB %, 1996, #HAEEIHHEE R EMTCREET 2EREMED R & 2 DRERRE. ki, 41,
43—59,

Okada Y., 1985. Surface deformation due to shear and tensile faults in a half space. Bull. Seism. Soc. Am.,
75, 1135—1154.

EREER - EAMIE, 1996, HILBA L= F VOB BERBO<=y > 7, kill, 41, 115—125,

RBER ARG, 1985, JC¥REOMBEESR. 292 pp.

RERSARE, 1997, JbHmEME - kUFEE, 104 pp.

IAFE, 1989, BV Auy—: v — T 7 =27 X, B 59, 170—181.

SAREE, 1992, HBEET O AT CRAEL HERA BB NOE. ki, 87, 9—20.

SRHER, 1978, dLIBENEEROME~E & L TR LEIZ DWW T—, 202 pp.

BRESR ER R-/NEE# - HpRiE, 1996, GPS Bl L& 2 ARIEERMEIC & b 7o ) ks, HIRBRER
FRIETS TR, 158,

N TR NR—, 1993, BIRMGHXIT7 oy P TFToerEMECRET 2EREEME. kL, 38, 187—197.



