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Relation between the Crustal Deformation Detected
by GPS and the Earthquake Swarm around the
Tokachi-Maruyama Volcano, Central Hokkaido

Hiroaki TAKAHASHI, Minoru KASAHARA, Masayoshi ICHIYANAGI
and Yoshinobu MoTOYA
Reserch Center for Earthquake Prediction Faculty of Science, Hokkaido University
( Received December 20, 1995 )

Tokachi~-Maruyama volcano is located in northen part of Tokachi-District, central Hok-
kaido. In 1989, it was confirmed that this volcano had latest eruption in 1898 by a field survey and
a historical record. In January, 1989, the nearly same time of the 1988 —1989 eruption of Tokachi
-dake volcano, about 30 km west of Tokachi-Maruyama volcano, a remarkable earthquake
swarm occurred around Tokachi-Maruyama volcano, and it has continued up to date. We made
GPS(Global Positioning System) observation around this volcano at September, 1989 and July,
1994. The result of GPS observation indicates that this area has extensional maximum strain to
the direction of N80’E and the minimum strain is also extension. Our result is against to the
result of triangulation survey in this area between about 80 years. We think that the extension
is due to episodic intrusion of some material into the upper-most crust and that it has also caused
the earthquake swarm.
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R Ak, FEMERE R, HE ST IR ALE T 2 AL TH B (Fig. 1), Z ol bisE
HTHRICIBRWHIRTH ), BoEED L KIUERPKOrEHEER TET, HREOM CIIEEN
TKRILTH B LIBFBEIN T I, ZOFKR, FIZITEBER1992) k) A b5
HiTwiz, LaL, B S Zollic kD2 FEL, BMREH?H 22 L EPFINENH L T
FHEIL Tz,

ZOXCHERES R L2 L 2oid, HBALL AL & B~ 30 km B 72 B T 1988 —
1989 FF DA L REHIRIZIZE U L ThAE » 72 HEESOT LI SRE 4 R M BEFEE S & TH 5 (&K
1374, 1989 a, A4IA, 1989, &HARITA, 1989b, FHAITH, 1989, wEAKITAH, 1989). Z i zigic,
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Fig. 1. (a)Location of study area. (b) Map showing the location of Toka-
chi-Maruyama volcano and GPS(star), seismic(diamond) stations near
the Tokachi-Maruyama volcano. TKC seismic station is operated by
Usu Volcano Observatory.

1989 4 7 B2 1 Bl B o +B Uil AL LTESR B3k DRI E 0 U I B L O HIER B 28R4
HEME N7z GRS, 1989). Z &R, IWTHRMIAZ 200 m DS H» & N 40°W H )i EE 100 m
PRk 8L, #1, 3 AXOPEREH 1.2km b 72 - THKESI L, L E kO % FK
LTvw3 Z & (Fig. 2), 83 XOWICBBEAIEEIY AL, OCHIBOHEI H 2 Z & EHH LI
otz i, ZORELLML F AtRc, WEHEENBIBEMAER, HERKICSE 5 HXERE
DFER, FBEFIL AL 1898 4F 12 A 3 HEICHRFOWAZEI L T2 Z L0 L 212 % » 72 (A
BRERFII, 1989). F 72, 19914 8 B3 B 2 M B OB MFEEFEHI N, L VFEMLIERET—7F
DIEE AT - 72 (RN, 1991), TN HDFEL L E 2T, AIUBMATHEZSIZ 19142 A 1
BicHEsLIk i 2 dA L e REL 72,

Fhz, BRI O(1993) 3, HBAILALEZFZUERZILR=~V 7 LELEOWEREIC DN
THELTE), ZotEo =~y VI, K, BT P06 MaloifEi% 3L E 440k
WEETH L Z L2 B0FEICHL2ICL, ZALEEBO=NY VKL Lz, 2=~V 7Kk
BORF DT — I BV T3, HEOANT OB H#EI LT 5 (U1
M, 1978). F 7z, BEEH 10—15km i< BisHBERER & £ 0RBIIE, Bo kBiEEYr HFET
LT lrb, ZOFMHEIROINT T THHWHEI I L5 by, 1993). 22T,
FEHLILAILE B =Y Y KUBEDO—BEOES Y, BRIV TI7OBERE T L 520720
TELD, THEIENDS A NT 7 THL0HN T2 L) LBy, MERYERERN T — 2 A% -
TBLT, 2Z2TRINULEDERITEET 5.

AEE T, FEBIILXILHIER T 1988 FE LSO RERMBIEH OMIE L, ZoMNHETEBE NG
P S (Global Positioning System) ZB#lic & - TR 5 L7z EREENIC OV THET 5.
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Fig. 2. Map showing the distribution of craters at summit of Toka-
chi-Maruyama volcano(After Kondo et al., 1989). There are
three big craters and eight small ones. Craters stand in line to
the direction of N40° W. My-a indicates the distribution of
explosion deposit by 1989 eruption.

II. REMOHE

B XLTE R 30km 12 5 HEEEIE, 1962 FE0EALIE 26 .41 12 1988 412 A 16 H >
LEAZLED, 1989315 HE T2 21 BIOBREIIEKZRNEL 2. ZOBEAIHE > T o8
147 A%0 198941 A 14 B2 5, HEFAES, HEBLILKIUDE CHEF L HRMEREINHE -
72, JLEERFEYW TR, BEBORCICERERIEEEHEL T, ZoRRMENTETE S
Tl -7 (2 & i3RI, 1989 a),

1989 4£ 10 Al 3 AFMEEENZITITRE L 722, OB THOZDBOMEEES*E=F—T 5
fzdie, BHEBICIECIRMER HRRICGHEBIH #&EL 2, Tl TV A—FEBIC L VR I
HE KRB ETHBRIIE > P~ ) TAZ A A TRELN T 5, Zoiin (HRK) B
Bz, EERTEYEMEME TSR > F— S FHAILBRRFNC L - THRFINT
VA MEBBREEE ST, HBILXIUhEoMEER F BEH L T3 (Fig. 3). MEMEBETLE
I > 7 — T3, 1993 FEICHBEAIL XA T LDOBEH 2T ->TE Y, £NLIGEMERMEE HoH
ELThb I bicEETLILENGH S,
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Fig.3. Map showing the distribution of seismic stations in Hokkaido oprerated by
Hokkaido University. Diamonds and crosses show the stations operated by Usu
Volcano Observatory and Research Center for Earthquake Prediction, respectively.

. GPSaEHREBHROBE

JLHEE AR T, TOMRTOuw— AN LGHBREH s RET 2 HN T, BRUEEFRT
bHHEALILKIL TR D EGHE T, 1989EICGPSOBHE % 4.4, +BZK(TKM), #¥57 L
(NKD), +B:# 4 (TKD), FAF72 (TMR)ICEREL 72 (Flg. 1), £HEIZ, BRIEVW-TEBZE,
T LB TR 3Mkm THE, GPSOEREICHTLHMBEL, HETIZ0.1ppm AT &% - T
B, ZOBAMBEIZBWTE, 2% EberF A— P LOROMBRERIT+FICIE b b %2
Lils,

INLDGPSBUEICBT, EHLIIBRAEL T6 MOBRMEITH > Tx72(Tablel). ZDHT,
19894 1 A& 4 ADBHEIE, TBFAL AT DATOBRETHY, 1990 F£NBEMT— 213, K
REBEOREISTELE TII T h - 72, 1994 4 & 1995 FENER DBz Iz, G P SEEIC & D AtiEELSEIC
TREEN R RUIT L 72 Z A LT T - 72 1994 AFALHEE R F P HE (BB 2, 1994, Tsuji et al., 1995)
RRATVWB2, ZoOMBICBWTLZ0REBIFbEEHEZbND, UL ) k&E, L, AR
HTI3 1989 £ & 1994 EnERlIC L 2 BITERICOWTDOADEHE T 5.

B 722G P SA{EkZ, 1989 i3 Wild-WM102, 1994 £4£/3 GP-R 1 DY (Ashtech Z-X1I ©» OEM
WO Th 5. 1989 SENFEMTICIIBCER 2 FH L 72, 1994 SE£ 0@t 3 v> Tt IGS (International GPS
Service for Geodynamics) HS{ERCL 7= ¥58B 2 EH L2, @I 7 F 72713488 - 4 Bernese
GPS Software Ver. 3.4 ZFj\v:7z, %8B, 1989 SEDfEIFIZ, L1 DA ZRAWIBIF 21Tk - 72,



Table 1.
this issue, we used only September 1989 and July 1994 data.
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The GPS campaigns in this area from 1989. We made sixth campaign. In
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YEAR MON DAY STATION RECEIVER
1989 Jan. 14, 15, 16, 17 TMR, TKD Wild-WM102
1989 Apr. 22, 23, 24, 25, 26 TMR, TKD Wild-WM102

*1989 Sep. 10, 11, 12, 13 TMR, TKD, NKD, TKM Wild-WM102
1990 Jun. 18, 19, 20, 21, 22 TMR, TKD, NKD, TKM Wild-WM102

*1994 Jul. 17, 18,19 TMR, TKD, NKD, TKM Ashtech Z-XII
1995 Jun. 13, 14, 15, 16 TMR, TKD, NKD, TKM Ashtech Z-XII

*gps campaign used in this study

-30-20-10 0 142' 30’

44.0

43.0 Y .
-30-20-10 0 4425
km

43° 30’

0 ¥

-10 -
-20 1 0

-20

km-30
142.5

2.} .30
143.5

Fig.4. Map showing the distribution of hypocenters around Toka-
chi-Maruyama volcano from Janualy 1989 to November 1995.
We selected the earthquakes with magnitude greater than 2 and
depth less than 30 km. All hypocenter were determined by more
than four seismic station data.
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1989 47 b DHEETALEIIRIC BT A HBEET 2 £ L HTA B, Fig. 413 1989 # 1 A#» 5 1995
£10 A F CICHBETREABB > F—DL—F P ABIZ L - TRESNLRESHTH S, Bz
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BET— 74BN S U ETBRRUENz 7 =F2—F2LUET BE0km L NFENLDTH 5,
1989 SE DR MBEIC DOV T, EFBMT b5 — 4 Xy P ETKO L BREFSIL,
1989) & EamaREl % 72 BIR (86K13 4, 1989b) BB LN T 3D, T2 TRT— 9 oHi—H%RD
DI N—F MBI L ABEEHAGWTWS, 72, dtE 43 84 - BUE 142 B 40 A & BB
EDWERE, TBALUKIMGENBRREMERE L 3MENLDE L T2, $EHRREbEVWIEE
T 5.

BRI, FEBRLLALEPGE LT, dbdbdE — BRI M0 16 km 12 RRREF 2 % LT
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Fig. 5. Display of semiannual epicenter distribution from Janualy 1989 to Novem-

ber 1995, with magnitude greater than 2 and depth less than 30 km.
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semiannual, M>2, depth<30km
area:43.2N142.8E-43.6N143.3E
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Fig. 6. Histgrams of semiannual number of earthquake around Tokachi-Mar-
uyama volcano(43.2° N142.8° E-43.6° N143.3° E) from Janualy 1989 to Novem-
ber 1995, with magnitude greater than 2 and depth less than 30 km.
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Fig.7. Map showing eathquake of the source mechanisms in this area. We
determined the source mechanism by P-wave initial motion data of more than
six stations. At southeast region(P and O earthquakes), there are strike-slip
type mechanism. At northwest region, almost mechnisms are mix of normal
fault and strike slip fault type mechanism.
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Table 2. Earthquake catalog used for determination of the earthquake source mechanism in Fig. 6 and
MAG and STR mean magnitude and strike, respectively. The unit of STR (strike),
DIP, SLIP, P-axis and T-axis are degree.

the results.

YEARMON.DAY TIME LAT. LON. DEP. MAG. STRDIPSLIP STRDIPSLIP P-axis T-axis
A 1989 1 15 9:17:28 43428 N 143.002E 45KM 3.7 A 5066-134 B29849-32 P27248 T 17010
B 1989 1 15 23:21:31 43443 N 142989 E 120KM 42 A 9474-110 B33025-37 P 33855 T 20027
C 1989 2 3 17:02:03 43.445 N 143061 E 38KM 32 A30089 -90 B120 0-89 P21045 T 3044
D 1989 2 9 1:01:41 43433 N 142997 E 61KM 32 A 7232-129 B29765-67 P24262 T 1118
E 1989 2 9 8:45:09 43447 N 142992 E 78KM 3.6 A 7542-117 B29153-67 P25770 T 5 6
F 1989 2 9 8:49:17 43448 N 142967 E 83KM 3.2 A11414-134 B33979-79 P26154 T 6034
G 1989 2 14 23:1751 43446 N 142975 E 7.2KM 3.9 A25848-168 B16081-42 P 11034 T 21621
H 1989 2 27 _10:08:01 43455 N 142949 E 47KM 3.7 A 8367-145 B33858-26 P 30339 T209 5
1 1989 2 27 23:0526 43452 N 142964 E 79KM 29 A31319-170 B21486-71 P 14344 T 28739
J 1989 3 6 7:31550 43451 N 142967 E 76KM 3.7 A 7848-169 B34081-42 P29034 T 3621
K 1983 6 8 3:20:53 43458 N 142939 E 78KM 32 A 6286-140 B32950 -5 P29429 T 18923
L 1989 7 26 15:04:10 43454 N 142971 E 54KM 35 A26867-133 B15648-30 P13147 T 2811
M 1989 7 29 19:53:42 4345 N 142965 E 75KM 3.2 A27842-155 B16973-50 P 12046 T 23119
N 19890 9 14 4:4534 43452 N 142937 E 75KM 3.1 A 2038 -90 B20051-90 P 11083 T290 6
O 1995 1 28 2:46:20 43311 N 143095 E 35KM 36 A27578 168 B 778 11 P321 0 T23116
P 1995 2 18 16:4334 43312 N 143087 E 42KM 33 A28583 142 B 1653 2 P33723 T23426

1/28 .
346 HRK daily number (95 1/1 - 10/31)
6/1 “8/13
100 —Li';: —85 an
— 1.24;1?
o] 157
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o I 20 6128
1T}
] Lk
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Fig.8. Graph showing the daily number of earthquake observed at HRK
seismic station from Janualy 1995 to Octover 1995.
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W5, Fig. 51319894 1 A4 L3 FHICRY - 2 BESATHY, Fig.6 IZRAL { FFEEOHMENE
DT 77 ThH, 1989 FRIFEDEE T DEE TH D, 1990 F40 5 1994 £ ORI HIBETEEIE K-,
7z, WEBEEEIIER T 1989 £ & 1995 Fi, ZNFNHREMERFEBOIAE, BEIR CHEEIH
EHThHbB, 72, 1989 4 & 1995 F 0 IEERND PRI BB E LK, €5 C, LEHRDER L E
RROEEZ AWENMBEH L AL T2 TES, LirL, ZZCEINLE2E OEREATL,
ZOMEBEEHBEZRREFIE AL T E, ZOHMMBIINGS Wiz 5,

Riz, 1989 SELIMRIC = IR THAE L7 6 BRELL ECP BB mpiiARN o7 =F 12— F
SO EDHMBOER A = X A%KD7: (Fig. 7, Table 2), BRHMEEFIREHIF TIT, 1T
AFF74 7R 7 THY, PHIZIAE-FEEFHATH S, BESIERTIE, 22742722007
Bk BT ALCENER 858 L T8, Ta#iITEEr SEl R W2 E-TW 5,

72, WMBRSE (HRK) TLRABRRE N WHELZ SO0, BERENSTE L WIS LHELES
CHEZ -Tv3, Fig. 8131995 4 1 Ay L nRmBR A THRAS N2 EN 1 HA 72 ) WEDNG5Hm T
H5H., 1A HIZ, ZOHMEBEROM 3.6 DMEHNFREL, B M6 HLBM L. 8 AhAani
BREEIOER TR, FEHICH 30 km BN S TXILEBE BRI S W, 2o Tl
BIEE) & TEOEE) & DBIRIE, $AR(1992) e Xic k- THMEINTEB ), HEEKRVWHARTH 5.

V. GPSIiZ& 3mEBHBRANKER

1989 £ 9 H & 1994 4 7 AIcAThbN 72 G P SBAD T — & 2 i L 72, 1989 £ 0+ 5 4 (TKD) »
BUEl7F—2ix, T—30EFEL, SHEDENDPLIZBRNA L2, /-7, Z I TRTHEBER(TKM),
BE S A (NKD), 247972 (TMR)® 3BRIENED 3 MO 24T - 72, ZD#ER % Fig. 9

=@-=TKM-NKD
=8l =TKM-TMR | BASELINE LENGTH(cm)
cm | =& =TMR-NKD 1989-1994

1 Qee———— T T
'}

0l 1 1 1 1 L 1
1988 1989 1990 1991 1992 1993 1994 1995

YEAR

Fig.9. Length change of each baseline by GPS observation from
1989 to 1994.
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Table 3. Results of GPS data analysis by Bernese GPS Software Ver.3.4. All unit is
meter. It shows the baseline length for each day of year. AV and SD show the
average and the standard deviasion of each GPS campaign, respectively. Accur-
ency of the result is less than lcm except for TKM-NKD baseline of Jun 1994.
We calculate the linear strain of each baseline from the average value of 1989 and
1994 baseline length.

TKM-NKD BASELINE(m)  TKM-TMR BASELINE(m) TMR-NKD BASELINE(m)
Sep-89 2563 16097.5681 Sep-89 253 25347.3962 Sep-89 253 27149.5862

254 16097.5704 254 25347.3931 254 27149.5861

255 16097.5581 255 27149.5937

AV 16097.5655 AV 25347.3946 AV 271495887

SD 0.0065 SD 0.0021 SD 0.0043

Jul-94 198 16097.5597 Jul-94 198 25347.4528 Jul-94 199 27149.6584
199  16097.5774 199 25347.4509 200 27149.6617

AV 16097.5686 AV 25347.4517 AV 27149.6601

SD 0.0125 SD 0.0013 SD 0.0024

89-94 0.0031 0.0571 0.0714
STRAIN 1.91E-07 2.25E-06 2.63E-06
STRAIN/YR  3.81E-08 4.51E-07 5.26E-07

& Table3 I2/RY, SEBHNOBHEEIZ, UEO BB —BESLEEZBRTC1lcam IFTH
5, I NlED B LN ERESZ Fig. 10() IR, BRBEBRFEHLHALZ L2772 5D
ER#2 X100 U 2Rl Tnws, £/, HEBEEE BESL20ERIZ, 2h510 L/
TR 2 X107 DU ERRL T b, 26D 3IHEBOBIKERD 5, AT AHE% KD TA (Fig.
10b). IZTEAEH D N 80° E IC £l FOMBH TH 2 Z L br ), RAEHEIX 5.54X107"/yr
Thb, Fiz, BAEZIFEAREALNDD 2HLADS L, FD{HEIZ 2.08X107/yr DN TH - 7.

VI % =

BLHIZ, GPSHPLEKFSTEARCOWTERE LB I ), EEHLOFERIE, HEILILAILEL
WA, NSOE oK% & DWEHICTMEINTVWBEIEE2RLTED, FNELNDKE R 5.54X
1077/yr Th b, OGP SEBUTHLZESEIL, Fig. 7 TREN T 5-HEIILAIITE R TRA L2
EMEROMEIZ L > TH 26 3NWEEYEv, L2L, GPSTHLALMUDHREN(N S0E)
&, BIREA A =X L0 6B LN THMOHEUCETOENGELTWS, ZOREE LU, #2=X
LERETIHEOHEBERAUSEEICER T 2EEEL EAEL 6N Y, TBEMLRE»UETH
5.

2T, ELHIEEE (1987) A 1909—1917 4 & 1982—1983 FicEM L 2 EHAREHL LB LN 2D
HBOEL* H b4 T Fig 11101 Y., BHHBEBEARKRICL 2 &, 20Tl N 73°W 2Rk E#E
MEdb, TOKEZIZ1.86X1077/yr TH B, /2, w/NEhE NI7TE FaonfsgEzaiL, 20k
213 1.57X107"/yr TH 5, ZOHAR, BEOKREENOF A N6 W) LN TH 5, &5
LNGPSEINC & 25T, Bokllih N 80° E 3, B/ i3kl L D b 2H/h 2 wiiske
T-TEY, BEHHEREOERE L RANB TR 2, Z0OERE LT, ElBEEoREs Thbin:
RS, ZOMBOBREHWEIBET HURMOLNTHHZ LrbiTbn s, HLIREREASRE (1989) i
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Fig. 10. (a)Map showing the linear strain detected by GPS
observation from 1989 to 1994. (b)Showing the princi-
pal axis of strain assuming the plane strain state from
the observed linear strain. It indicates that this area
have the maximum extension strain component to the
direction of N80° E. The minimum componet of the
principal axis of strain was smaller about two order
than maximum strain.
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&5 &, ZoMBIZETIE, 1926 FLIET 1989 FNEFHEHTAT 5 LIEjICIT, MEKRAREH O/
B bHoHONKIFEELHBIESIZM SN TV,
NfER s BHHEEOSARBEORESF R > T\Wb 2 23, BEL DRSS EORRMEED
LT L 83NN THBEZ L 2RL TV AIRES 2BV, Mc, HREE 2L 5TERE
olbnd, —EOMBERSZTIERI L LELLNS,
HREHWEOERE LT, GPSEHAOERY? L ZOHIEA N 80 E DHEEAICH{ XEI N Tw

L7:h> T, EELAOGPSEBHAIC L NFS

Zlr b, MEPOYWEDEBFEB~NDEANFEZ LML, EBRIZ, ZOMEMER
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Fig.11. (a)Map showing the principal axis of strain by
GSI(Geographcal Survey Institute) triangulation survey
from 1909—1983. It indicated that this area had com-
pressional maximum strain to the direction of N70° W.
(b)Map showing the principal axis of strain by GPS
survey from 1989 to 1994. It indicates that this area
have the extensional maximum strain to the direction
N80° E. It was against to the GSI result. We think the
difference indicate that our GPS result shows the crustal
deformation deduced by the earthquake swarm from
1989 in this area.

IR H RITH 100 FERNC A Z R 2 L2 HELILK LA L LAPEICSEROBRR Z0 2 e b,
BEAWEELT=7=bbide/ it BRT 2#KDTREME D TETE 2\, $9AR(1992) 13, EIR
DBELEREEL b, HFMWELFIER L 2RERRBKIMCIEZ b e ~NTw5, BAYWHE
DEFENTZHITNZ, 72 & ZITEBMASURTERILE BBy & L 2B EELHBRA L Er 0B TH 5.
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B

VIL #

FH LI, BEECHRMBEEHT 1989 20 & #kise L T 2 HEESITALE, +BLLALMNHETHG
P SBUzAT% - 72, 1989 4 & 1994 F£NBAFRD 5, THOMBTIE, FAA N8O EICEANEK
FhEF- 72 5.54X107/yr DHREAIC L > THSXBEENTWE ZEDPHALDI G o2, DR
RE LT 2YRBHLEFOEYFHZ 5N b, ELMEEREIC L 2858 80 FHO=ANEDL 5
BONLHRE-B LT eh s, SHAGPSBMIC L > TRLENLZ L DIE, —BFLER R
TLNOBFETHE., ZOREE LU, MohroE (7@K EY) OBFEE~DEALE
Zbtits, L2L, BRATENLOWEENMET BT — 0% 5-TEL T, ZlzHICi3 VA
R EORE L % B E L 2 EBEECREBRUSLECH S, /2, L VEEETHGP SHHD
AURTHY, ENHLNT—F 2 AWML €TV (B3 Okada, 1985) %A >/ "—2 3> (T
o TRDTHBLZELUETH S,

BE GP SBUSRITORIC, JbHEEARYE YR E TSRS >~ F—DHKEERD
WAEFEAT, BHNcH72 - TiL, LEERER S 2 EEHEERD, BINERGTEOTOH I+
TEWT w3, BEAD =X 208FIE, SLRTAFHE 2B HE X IR o/ NFIERTEN T 1
77 L ME, BEL UEbETHY:, ARTHEHALZERT— 713, dbiE ¥R E
FHBHME Y =D 7L > TREENZLDTH D, L TRBOBEHLbL
7z,

X B

FACEME, FE 5L, hNEL, BRE E, & W, RS, BHZEE SHAHE, 1993, Jull— kUHE- SRy -
EHOBNRE L OB Rk, dLEIC BT 5 CBT 2RRESEE 12K, dbiEbi K43 82pp

[E - HEEEE, 1987. HANMRRAKFE ; 19851883

ElSRr &, 1992, ERM4EZE, 1040 pp

IEAGEL, MEER, TR, dIREL, SRAEE, BRI %, W 8, IEER, B o, MARE,
1989. WARFIRFIKILDOFEH NER), HAXLZESHEHRTRE, 1989— 2, 160

HIREEARERE DEENRE, WA EEAFHFIRE, e RPEAME S WEHE, R E R E
FRBHHE > 27—, 1989, HABNRAIAIUOBEHOIEE. XIUEAFHEKESSR, 4658

HARE, HAHE ¥ B AERE 5 B EBEA BE B 5 F2E BEE B, BE K 1989
TR TAROBEREMERE . MEBFLRETRE, 8- 1, 290

AEHRE, $HARAE, FB 3L, 1989, MHBERAOXREMBIES). HMEXLBETHE, 1989—2, 145

fRif—B, 1988, HWERDOIEMFHE L L THORI-FEREXLOB ~, ki, 33, FEREBEARFES, S1-56

Okada, Y, 1985. SURFACE DEFORMATION DUE TO SHEAR AND TENSILE FAULTS IN A HALF—SPACE,
Bull. Seism. Soc. Am., 75, 1135—1154

REACIR, MIUER), ENE—, MR, SRR, MRS, $SRAE, FR R 1991 BEAZWRALLK LM
RYEE, LERRE, BAXNYESBHRTREE, 1991- 2, 105

Wk, RIS, 1993, ALEREFRER, SR =~ kLB E AR XUEORERUEA, BEXIFSEBEHRTRE
%, 1993—2, 19

AREX ARG, 1989, 1989 £+EXritifinERmE. bimEE A LUAH, 1989— 3, 32—-35

KB, KRR, ENIES, ROIEE SRAE, TR B HEPX, 1989, +EELEHESRN | HETILE
DFRMERD. BAXLFSBHTHEE, 891, 35

$AREE, FFE B ASRE MILEX, GIESE HE E #5 % &% KRB B85 @ st SR



176 s R R B-—U BEf- A% HE
¥, EHMIER, EIE A, EHERR, SRR, AL, BE AL, Kk ¥, Bk, 1989a HEEEAR
DHFEBH. 1988 F-HEBEXIUEADOHS, BEBBRUHS~NHEICET 2 BRFE (BHEHER), 2R8R
EFEREE, LEEXY, 57-65

ShARBEE, AGFE, BIEX, AINEHE, FF B, 1989b. 1989 F£-HBr LB R ERS & Julikil, HE
EDBR, BAXIIYSFEETREE, 89—2, 46

$KEE, AAHRE, BILFER, AN, 1989 c. 1989 F+BLI T BAMEERIN | Sk, +BE L OBIE,
MB¥LBETRE 80— 2, 146

AR, 1992, BHRMEOER & Ak O OBUIRESY 1989 £-HH T LB ME » BTSRRIk, » oK
U7 ARREME DTS M & BB, 3339

RS, SERR, =Y, HPMK, 1994, 1994 FACEER T IPHEICHE 9 G P SILBEBRIC L 2 HERER), GPS
HRL (GP S v #y A 1994) 4%, 149—154

Tsuji, H., Y. Hatanaka, T. Sagiya, and M. Hashimoto, 1995. Coseismic crustal deformation from the 1994
Hokkaido-Toho-Oki earthquake monitored by a natinwide continuous GPS array in Japan. Geophys. Res.
Lett., 22, 1669—1672

WERES, WEEME, 1976, 5 5o 1 ERIRR OHHE [HF), 40 pp, Jb#E T BHEFARAT



