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Monitoring on the activity of the Kusanagi and
Asabata faults with laser ranging

Nobuaki NIITSUMA®

Abstract Automatic laser ranging has been started systematically to monitor the activity
of the Kusanagi and Asabata faults along the laser paths from the Crustal Activity
Observatory of Shizuoka University to Yatsuyama, Yambara, Torisaka and Shizuhata.

The Udo Hills is tilting northwestward along the Kusanagi Fault and Asabata Pond is
subsiding along the Asabata Fault by large-scale gravity collapse. The basal part of the
collapsed Udo Block is riding on the subducting Philippine Sea Plate along the Suruga
Trough. Tilt model along the faults was established and compared with the topography
and geology. The gravitational collapses occured on the northeastern corner of the
submarine fan and delta body from the Abe River. The Kusanagi and Asabata faults are
member of the multiple collapse system, and the other members are estimated at the
southeast margin of Udo Hills.

Systematic offsets have been detected by comparing air temperature calculated from
laser ranging data with the surface air temperature at the Shizuoka Station of the Japan
Meteorological Agency.
paths, caused by the crustal movement. The amount of the changes is more than several
cm in laser path distance. The maximum distance appeared in the middle of April 1998
just before the earthquakes to the east off Izu Peninsula, and the minimum distance
appeared in the early January 2000 after the Taiwan Earthquake of September 1999 for
Yatsuyama and Yambara laser paths. The distance of the Yatsuyama path increased from
March 2000, then decreased in the end of September 2000, which might be related with the
earthquakes and eruption of Miyake Island and earthquakes near the Niijima-Kozushima.

Key words: laser ranging, Kusanagi Fault, Asabata Fault, multiple collapse system, Udo
Hills, Asabata Pond, earthquake
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The offsets relate to the changes in the distance of the laser
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1 #iOMfXs & BHE - BREENTE 5 L LB MIBE LS R,
Laser paths for monitoring on activities of the Kusanagi and Asabata faults.
Bi#Rcurves : WiBfault ; IST : k)1 -F A& toigawa-Shizuoka Tectonic Line, JT @ +#IL##ESR Jumaiyama Tectonic
Line, TT : HCIER EWE Tashirotoge Thrust, KF : EHEMEKusanagi Fault, AF : §{EE#TE Asabata Fault.
B #istraight lines : Yo MIBE Yt laser path ; SC : B AFEHIFRIEEE AT Crustal Activity Observatory of Shizuoka
University, YT : &#l1 Yatsuyama, YB : [LJE Yambara, TS : EiKTorisaka, SZ : jE#Shizuhata. YW : /A&, SM:
HeE 5 K2 & Shizuoka Station of the Japan Meteorological Agency.
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xR 1 FHRIRFHBREEERRF D O EHEWB & BT A2 ERERBIR AT > TW B I8,  List of laser paths for monitoring

on the activities of the Kusanagi and Asabata faults.

L4 RE7 U XLk EBAE
laser path
it 3 AR
latitude (N) longitude (E)
Al 34° 58 49.27” 138 24’ 18.85”
Yatsuyama

IR 35° 03’ 21.30” 138 27’ 12.93”

Yambara

B 35° 01’ 10.00” 138 26’ 09.00”

Torisaka

=253 35° 00" 04.00” 138 22’ 47.00”

Shizuhata

WENME 34° 57 39.19”7 138 26’ 18.25”

measuring position
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BREOHE

St E, FRMRFEHIBGEEERNA O BHES (HF,
1981) I E L - i EH B8 0 Auto-Ranger JX %
AW, 199%6%F 1 A 5MS-DOST o 75 Alck-TH
BNIE AT - 7o, 19984 3 Hizid, HIEF@&IcREMEE
BA2EO 1, FTEREIEIC L > TRASHAB LS ES
L, HEWABEAEHW L /2 (s, 1998). 19984E11H H»»
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OB L, ELEILEORBEAPEE SN
GrZE, 2000).
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S Y A R VO Ve o4 IS U ) ANV PESIANL & N

iz, BEYICHERABFES LS ThEEes
EMﬁﬁ%%é:&ﬁf%umot.%@,%%Lt
LR1IZBWTIZ, RS232C @B I1c#K 4 A FEEN S 12

59, LBEOMEGEIE b FIRRIC S - 72,
LRUZ, 2 6OXBHIBEEL BB L, MEHEE

o iA®, HIEHIREES RIERREEHEICERL, B
BAHBEMABRO NN~ FF 4 X7 N0 TFDT7a .y E—
T4 RV IRET S, RIEGRIBEE D S ORIEE A 10[E]
L, TOVHEIIERRELABEH L CIAELS L,
2HEDOREEIC VT 1 BOTEB TRERITET 5 5,
ZFNZFNOHREKITHO>WTHIEBORIERREABL &
MWTEB.

e HIBEESF T 2 L —F—31d, RO EEE
k0BT L, SRUENSET 70w, RS
HEROEEMEBEZTERGHOR 7 72 -2 HV

position of reflecting prisms

base distance

= B
height location
108m  RHER¥gHE  3708.568m
Tower of Tokai Univ.

448m  NTT EHPREFT 10552.989m
NTT Antenna

220m  NTT KHK 6464.669m
NTT Reflecting Plate

150m f£HKER 6934.180m

Orchard of Mr. MATSUDA

108m  F K FE S SR RIAT
Crustal Activity Observatory
Shizuoka University

TEEL, ZHEEEORARMEICBVTHIEEEIT-> TV
5 (FFE, 1998). CNETHEALTERLRAT v 7€
s (Z K58 TS3118N54 ; 12V0.16A) T, J1RE
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7z. 20014E 1 Hic K& % ®— % (Oriental Motor ®
24V0.2A ; 1.80Deg/step ; VEXTA stepping motor ;
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RERA ERERRE Bl cas 2 & 3 Ltk &
fo, FYERICER T 2RIBEROZSE, FEMSE, A
SECER, JCER DRUERRBE A MBICERE T 5 LM TE B,
INSOHEIFICIEEZDY 7/ — b EEK LibrettoT0
AEALTWS, RTHERR av<RXUbnLds7+
2 M7 ANERD CSV 7 7 4 V& L TRESN B,
¥1EESICH22 300 BT WTIRETX 3
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CSV 7 A4 NVILRET S, BIFHER 7 > 1 V1,
Windows 95/98 FHICBAR s N2 LHEN 7 v 75 4
Graphl IZ & » TERIZITH T &M TE 5,

ABEXEEDFER

L= =R E, 1992 i RE O HElg AT
OFIBICHEB L ARHE 7Y X4 @FE - /NG, 1993)
& 1993 HFITTEKTMILIR D NTT @ AR Tkerek s i % &
LERE 7D o (FEIFH, 1996) 2FHELTE
(X 1).
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Ho, BIETEXRMOVIRENFEL DT, 2000FE 6 A
NTT SRRk kB IcRE L 2 3 B TORSH 7Y X &
ZERTORNT) Rzl (K2a). I O3EH

d

X2 HBHRKFEHZATEERRARTD S EFBUEIT-> TV 3R
RIEREKE 7 ) X &, Box containing the reflectral
prisms for laser ranging.

a. IWENTTHEARDREEIEICIO T SR 7 ) X 4,
NTT Yambara Antenna.

b. BRNTTEERK KSR L~ DOXE 7 ) X B0+
¥, NTT Torisaka Micro Wave Reflecting Plate.

c. BEIHBREHBICWO[TIFoNIRE T X 4,
Yatsuyama Tower of Tokai University.

d. EELOMB/N\EREBRICEHE L ARHF7Y X 4.
Shizuhata Orchard of Mr. Hachiro MATSUDA.

K& ->T, TNETDOL —F — DRKRZHHMED 3.1—
34V TH -1 Dh, 4—4.T7VITEEKRL 12,

INFETIUENABICERA L TV 3ETFORE 7Y X
LA, 20006 H, NITTOBEKR<A1 7 oERERIC
WEL, BICEBAEEL, AEEBELEZ (X2Db).

20007 Hicig, fELOEBRSKEORN 7Y X
LERETY, HEBHEOT 2B L7 I 2FR LK
(B2 c).

2000 £E 12 Bicid, 2/ 5 T4 o L Kig &kl oFfF
Paimic  5192.0m =M SO 90 m OFH/ BRI
BEMUREESIIHZTRH 7Y T 42D - EEfH4E
HEL, BEOLIRAHEEL, AEERBLZ (X24d).
2001 5E 1 A, BLBROHN 5 2EMKERTES DI,
FLEBFTICERF v ) B V& ANEE L. Lo
BRI, BEACbLHVLE S, EIC/RERT, &
FOOREE - TRMELE LT & D, B>V TiIE
HEc W 22 D IR B T IR ERRICE > TE-72 D
EEZONS,

LE0 B EEHA~ORE 7Y X AFREBICK > T, K
FEWTIE « BRI > Wb A SJLPE - FEEA RO
R EERTE, MO 2EH I 2E6HPEZ 3
ZEpTEL (K1, #1).
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faults in Shizuocka area
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faults.
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R4 HHTsHELEEROBECSEL -

JUIE L. Tilting Udo Hills surrounded by Yatsuyama and Yawatayama

separated by the Kusanagi Fault from the Shizuhata orchard of Mr. Hachlro MATSUDA.
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along the Itoigawa-Shizuoka Tectonic Line.

ZEAB NTRIPR () & WRBRTR ()

River.
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RETERBICHtbshzEE» S35 (B2l « TN,
1990 ).
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EEATL, ABEILFERE O SMHSHG TR L U TR -

Y5 B L. Abe River and Asabata Pond separated by the Asabatayama

DEFEENHM TH 5. The height of the Asabata Pond is significantly lower than the Abe

VIWFEBEXBIENTVWE I EnDL, FRESAILL L
AREILBESHIC L >~ THRESNTVWAEEZoNTY
3., ARELEEOEH IR EREREIZ, BRI - MEOES
S0micbBEHLTEYD, MilcIARLEBELERNT
HIEREMBLBRB AW > TWa (IR, 1985).
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N0, BNAREREE 42 EREo28s FE
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faA Ehs - =AM - BRIRHHEEGIC R A L o E I p s

HpiHsIenTes (N, 8).
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K6 FELECIHICMNETZHEKEDIOELE, B,
=¥ E. Mine Hills, Tomoe River and Miho Peninsula
in the Shimizu Port area located on the northeast of
the Udo Hills.
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7 RIBENER & EHENTTE o BRERMIE I X 2 HEl9 N D B,
Laser paths for ranging and submarine topography in
the Suruga Trough with the Kusanagi and Asabata
faults showing gravitational collapse.

SC : #REHFRIEENEBMIFTCrustal Activity
Observatory of Shizuoka University, YT : &l
Yatsuyama, YB : [UEYambara, TS : B¥Torisaka,
SH : E#Shizuhata.

HigkE - MRBIB R 12 31 IS O B BEME £ AR
TBDIBRVTH B,

Alluvium filling around Kusanagi and Asabata faults is
removed to clarify the topography of collapse.
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NERE FEHOERE b - TEEREOESH AR
52 EEd 5, HHREBSHERE L oK BPDKEI o ik #E
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Hd 2Bt EB ctthanTe, BKILESR
DHEMAID BTt A IZ10—11° 65l 3 2 LB HIE
WIS EDTETEH LI EMBRESNTVWS (¥
e T, 1990), REEBRIZ, Mok v TEERE
Kb 208, % OE%EE/NERE OO WA TRk
FTHET S E, EE5-20m &0, BHLTLAEE
350m EfficEETZ I LB,
smEsdbicERI LT WA T &g, WEiIck - TRER)
OEERENIE LT 2EBANRGBMTH S, F
M AMBOMER, SHEEEEEREEOMICHS
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EomBL O SEEAICEET 2B TE 5.
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WAZ &, CoREE ORI FEEERE & E U
OWIBOEFEENRTRITE 2. ZOWEIR, FREZOLE
AR 2 o, BHENTRE OV E O RIS
& L TIRIBEINARMENRE B, 1998) 4/ 3
(X 4). FEEEWTRE L, MEld N0 i & > THREEBE SR
L, &l /BLssigke L TidbdiicE@ L Ttwvw b & &
Zbhb,

S 20m OFESER, SEREETHNYLTVwaN, Z
ot T & FEHOBERFEE ZIF—-H LTV, 58
FEBEILFE O ILESD 5 20 m FERIME £ THESE T
S5, ME» SHMEBOMTIEEICEXTHLTVS
(X3, 9) CcoXHFomlrER/MHEN,
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X8 HEMROMEE)E S FEES LT 7 « VEVEBT L — + OILsiAL,

Cross-section for tectonic setting of tilting Udo Block showing to collapse along Kusanagi and Asabata faults, and

subduction of the Philippine Sea Plate.

BE#istraight lines ! HIFEtE Laser paths for ranging ; SC : # M KFHIZR7EE B AT Crustal Activity Observatory of

Shizuoka University.

KHlarrow : 7 4+ YV E V7S L — FEAARICE 755 EE) movement caused by the subduction of the Philippine Sea
Plate, corresponding to decrease the tilt angle of the Udo Block, EK<HIblock arrow : EFEME » BEEEWTEIC7A > M0
TARDIZLES EEmovement caused by the collapse along Kusanagi or Asabata Fault corresponding to increase the tilt

angle of the Udo Block.

D LAt o Ll & Bt 3 3 ERR O BIRAE 2o M &
ZEZTVS (K3). ThooSEEHRAIGENT 3
EEEEOILHT 10 m OEFHEMTERIC A 0 IASEH
K-> TVBAEE COWBOEAEME L TLTF S
EWTE 3B,

BT DS = E BRIk O fodic, FhREE & R
HOBR L A ASMERET ILEND B, HEET
R B EN  EkHIE T IRESEL, 0m Pl ki
ZELTBY (FHE, 1983), SEEROLEN  m
EBEL TW3 (KH, 1995) < &h 5, fEENEIEFREE
LD BFEICFEE LR TN SV, BRIk
MM Tt EFIcElR T 20wt LT, B LLY bEA
NPT VERKRBE D, S8 283 « B ERFICE
HFLOEETEITTELOICMHMETVE I EE, B
e ABBILDSEE L TWVWA T EARELTEY, (HB)H
REEBELED SIAcET 3 EEZ o505,

REEEmE A © 10 m FEfiie, BRLoEciRERT
HoH, wEldthoEE s TRETERIEEARE KD,
HAbEAEAEE L, BHISKEEL TW3EEL OND.
FRESWr R I > W o R A ERM L S T 5 &, EEA
13 & B O B 1.5km & BREEVE D 7EFE & 90
m2»oEHHITIILLEBEHINS. JOEHEF VI
KB ENEING 0OmBEERE L, /KL 180 m F2E
REELZzC &Ky, EEFIOSELIIES 10m & 72
D, BRUBSICEFICERLTLE > EETH -2
T B,

9 MREWTEIC & - TREILE (IO BRI OBRs L &

EEd 2 E5E LEOEEH~DE%. Kajiwarayama connect-
ing to mountains of right side with bending ridge line,
where is estimated for the Asabata Fault to cross.
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Differences between laser path temperature and surface temperature, and the balance of the Philippine sea Plate.
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RURZE 1 COBLIIBELEEEEH 4 mm « 1LECIREEEE10mm « BIROLISIEEE 7 mm « BEEOEIRIREE 6 mmoOZ bic G T 3.
Air temperature differences of laser paths on Yatsuyama (red), Yambara (blue), Torisaka (green) and Shizuhata
(vellow) from surface of the Shizuoka Station of the Japan Meteorological Agency at 21:00 to 24:00 with less standard
error in 10 times repeated measurement than 0.15°C for Yatsuyama, 0.075°C for Yambara, and 0.10°C for Torisaka
and Shizuhata laser paths. Upper direction of these graphs corresponds to a lower temperature of laser path than
surface temperature and a longer laser path. The difference of 1°C corresponds to 4 mm of length for Yatsuyama,
10 mm for Yambara, 7Tmm for Torisaka, and 6mm for Shizuohata laser paths.
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Balance of the Philippine Sea Plate based on significant earthquakes listed in "Monthly Report on Earthquakes and
Volcanoes in Japan” of Japan Meteorological Agency. Curve represents balance in the accumulation of dislocation,
10°%™°% (Matsuda, 1975), for the earthquake with Magnitude M along the eastern and western margins of the
Philippine Sea Plate.
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Big and small marks represent beginning of year and month.

sl T OB ZHETH L. B - FREEE
bEEICTER AN T4 &, BB OEKKICEHE
Wi nictELoNS, FFEE > VLT
B a2 W CHEENBIERAIOEE R OIREAHE S
% &, mWrBIERENIC/ NS O FE AR O K #E
ThH-o-1&9T 5L, NEBBOHMBHEMEIZ XL - T
34°EHEN T 5 &, BELIFFREEWEIC > W T O EE
S56kmBENTWAE Z &EH S, NEREOHIIES 356
m &3 55, EFELINEBREOHER LD b 120m FiI
THEDOTES26m LHEDEE LD S TImENT
Lz b, FEBRHEALHBERET TV LT, i

Wi DB A L L © b/ &, EELoSE
BEICEWVIREETER SNz &ici 5,
BEEEOSENEALD SEVIRETRESE L KD,
BB N & 5 &, BENIEICE S HENC
- THELEEHEERIALEICLD, FickiEolk
IATFHIEN S, BEEEEEEOAGEEERVICED
T AIRNTERE O BEEOMEF A RS EE & ZE oM Tl
EFE» SALEB W LEIEEIKEDLSZ &M, TO/MI
Hald N 2SS WEOFELSFRlTE 5, HE»S T
5ECOMBROSELEE LOMAEAL, M=
K> B, [ERELmET =B icEfilic>WTiT) &, ABEL



54 woE E B

EHREILOMZ®E ) BIRIcik T 28, HEE &SRO
sl chyFscEsncxsd (M3). o
s, 1935FE 0 KAHIE OBRICHELSHK I -7 & 0D
WESFESh TR ERDS (&R, 1999, HEDE
MRS EREE $E X o 08, EOHKROMd <D
[BOFE LRI 2 HEND 5.

KRR LHEREE

JCEKE A BERREE (B 1) & L THBKREEELT S
L, REEMBET 5 LEHI N ZEBKEERETL,
WHET B EFERT B LV RENREETZ0T, B
HE NIRRT SR ERE & OEE BRI L
7z, BRKEOER I VAR,

839X P —15.026 X E
T - 106.339xX P —15.026 9115

Ds—D
310.0 + == X 10°

Tho, TeHhBEHZER (C), PHJHE (mmHg), EN
#ZZHE (mmHg), Ds 25HIEEREE (m), D R UEPREE
(m) TH 5. [UBILET S 21 B 5 24 O DflEE
ExEXREL, 10 Lo E S BH S h 2088 SR
DFERERR E AR SR Ic D W Tid 0.15 CRLF (OBR&
£ 056 mm PLF), WEEEKIC> W T 0.075 CULF
CEESE 0.79 mm EIF), BRI WwWTid 0.10 'CU

N GEEEE 0.65 mmPlF), BEEEKIC >V Tid 0.10C
DI CGEERE 0.69 mmbll F)DEHKREAE L EZRER
m&EDEERD I (X10),

AERUDEEIC> VTR, 197TE LA SHEL 6 A
IKERE Y, 8 BicEM, 9 AlcmE, 11 AiEE
12 A 30 mm (RRZE 8 C) B L SEEDEH
Shi. TOEFHBVT, WERICHRAEMOBRIE
PREIDBEHELTWS., COMBORIESDKEL
Eo-o&E, MES*ETCLCHEL TV itk s,

FEMBENIC L ZRAZHRMEBEEVHB SN, 1998
FESA»S A FICHIFT 20mm OEHENS D 4 Ah4)
CEREICE L cRICRERE R HHEERE O 4
Ho2lHicBB LT3, 2hli% 19984 12 B &
L, FEMHEREIEL L 2. 1997 51998 FED
QmE L FEABREME L OWNIEREL, MEORKIC
BRMESEI -TW5S, 1998F 6 BicEfEL Thr s
2001 £ 3 HoRAEF T, FHEMHRMEIIE - /Xl
EIEL TRV EEFRIIENKE ~TVWEWT &
&E< SHELTW3,

1999 410 A4 &%k L, 2000 4F 2 Hic&E & 75 - 72,
Z0%, MEICECT2000FE, Alc3EIEERICK -
f2H3, 2000 4 9 A FENCZEAREIHE L, 2001 £E 3 Hha)
FCREICEML, 2000 FE 1 BoEEX D -
7z. 2001 £ 3 A THICBHEMERICEDL 7L 5 TH
3.

COMoMEIEE E LTid, 1999449 H 21 HOBE
hifiE M 7.7 8T HS h, B BBRTMEIC &
L7374V EVETL— OE X EOBENSTERE N
TW3 (FFE, 2000). 71V EVEBTL— DAL
Ao BEIC X ZHIESFAE T 5 EREIDEER SR L,
T4 VEVETL— PANDOKRPEHET L — b OB IABIT
kK AHESFAT Z EMET S, 20002 H26H< Y
THHESM6.2, 3 H8OXER#EMT.6 NHEICHES
LTcwaEZEZons, 5 H»S 6 Bich i TOEHHII

SH1THAEEMS4, 6 A6 A&FEKRELEM6.1 &
SR 5. 2000 9 A FRIORESEMRICIE6 A 2T H
DOBR LA EZEEBLUHE « MERBTEORAM
6.4 OHRME L OBFELSTEINS., CORABMEHE
DOHD 10 H 6 HEREEHE M 7.3 8R4 L2, BHEIR
HEIL 2001 FE 3 A T2 h8, 3 ATFENZEEICE L
& T AT, 200144 H 3 HICHRESEH M5.1 H5k
C->TW5,

1998 4E 11 A 2 & ILESR IS o BRI ARG S 1, B ELL
HEEE DL EREE 7T 5 72, 20004E 6 HE T, &
AUDEE & [E CIEA TEE L T WA, 200049 A
B 2IEGHE LI bbb s FIUEREOZE
FIBED SN -7, 20004F 6 HA S BIRFEEOE
RIDER S o s, BIREE IR &1 LFDEES &
OHRRIBZEEE LTV, 3> DI R Ic
SWVWTHE, 20008 9 ATENICE LI ER3HLTSH
5.

BrE - B, SMNEEOIHEERERICY D,
FLFERICHALEE 57 «EE N 7 7R - T
AAL 74V EVYEBSL - PNOBEBIEICHES L
(Niitsuma, 1999), 20004 6 H» LD =FRKDOHE K &
HE « fEETEOE T DM OILRICHIEEH 3
CEHTRETH B, IhAAAIEREEOHEN L, hAA
TNIEEREICOERKEFELFGZ 5 ENTFEEN
55, SEEAs cEGRRoE i T oRELER
s b,

¥

1. B NTT BE R & B LOME/N\BKE
H#$RHIC L - —HERARE 7 ) XaZ2ZREL, &
HRIEABE L, B - FREEOTNTE O BTN EE -
7.

2. Windows 95/98 THE T A HEME T v /' 5 & %
ERR L, BEAERFOHERAEZ BT 5 LTk
L.

3. V—HF o RBREEELICRE S R DIEYT 2
ELT, v—¥—3HBREKNICT 2 EEMENICER
LTWiEe—s O I%EERL, KEKEITLHET R
LS T &orkI L 7.

4. EEEWTE & BRRENTE ICBER T 2 HIE S I Ot
L0, mEBREBENEFERE T 5 Il LE RO 25
ERICk - T, ZENEMEERS BV =
N ERRILES ICRAE L -ENREBEICX2EE
M4~z L 3METH Y, FEREARLOHIC
O IcEE L THB Y, BEILORKIE & RREETREL O
DIEFERRKRE N EBBE LI - 7.

5. 19974 1 AH» 5 2001 4F 3 B £ TOXEELE#HICE
W, FEHEMPOBRMEIAFRIEROME LB
L TWA,

6. 1999 £ 10 A » S on@ElptmfE, 2«0 EY
w7 L — rPEGOHETH B 1999 F 9 B 0BG
HEITHEL TR, BEIEREE 74V VBT
L — hERPERR I C A HIEE & OBIRASEA S it -
e,

7. 2000 4F 9 HITHEE T » 2B EILYEEE 0 27s M 1,
N TOLEHALIEZENS-TEBD, 20008F6 H
PODZFEEDOEAE L UHE « HEELEOHEE
DRI EIEDEEL LN S,



SLEAIBE LT & B BIFEMTIE & RRAEITRE O TE BN

O

IR R R KT OB 7 ) X A DSZHB L B < 4
7 o RERANDORE 7Y X ADBRBICO>VTIE NTT
FEHABMSLE « NTT 7 » v U 5 « — XEMEHE « NT
T ME H#Ic 3RO EE VW SEHEE > T
fo72 %, NTT P8 HAREN L E O =85 KIC3Eg o
B ->TWiinwk, NTT 77 )5 4 — XHHiE
XIEDREEL IBS ERIF & I3 LREmGE ko 7 1)
X LD EEICTI B - T Wi Wi, RSB oK
) XSRS L TR, RBRFEORFESELIC
BHEEFICE - 7o, BRATILLEE =T HOMRE/\BKIIA
WEOHWZEFES N, BRENKCREHZY X4 %5%E
IHTO W,

BRI SRR T 2 E 0 BTG At - bk F
B A« b B FF 18+ - Mudhusoodhan Satish-Kumar
BhicEiwm L Tl &, AEEEF L T uk,

Pibok 2 ciiflE L B 3.

51 A 3Cmk

MR % (1971), BHAIC B 2500 70 EROBIEN L TES).
HIHi=E 23 17, 100-108.

IR £ (1981), BREAFEHAESEIMIE OB, FHE A5 H
BRBPERFFTERE, 6, 25-34.

ITERFEAE (1985), BMEEEREO LI ERKER. gy
3, 91, 121-140.

MAHREEE (1975), /EWTE» SRAET I HEORKE S FficH>u
T. HIEEEE24F, 28, 269-283.

EE B (1999), #MaE. SRz, 79, 21-28.

FEEE (1995a), ¥ 5 vaby FHEF. ALK (RHES -
IR OKEHR), BIBEIS, e, 1, 53-59.

FEEI (1995b), RN 7 7 + =2 2 & 1993 FE O O
. FRRSFHIERRI RS, 22, 11-22.

FEE (1998), EIFRIERIC £ 2 KEUERE O KQURELRIE &
HIFR A E). FREREHIBRRL S FTER S, 25, 31-49.

Niitsuma N. (1999), Rupture and delamination of island
arc crust due to the arc-arc collision in the South
Fossa Magna, central Japan. The Island Arc, 8,
441-458.

(S (2000), SERAIEEIC X 2 KEBERBO HE « £HLE
BLU 74V VBT L — Mk B HEMBEEEE DR
BH. BRAARFHIER TS, 27, 17-35.

FEGI - h¥F A (1991), FE LB B 0 2 HIEBERIG & H
HE. B ARHIERRL SRR, 17, 131-147,

WEER - AT - ke 1w - K 7R (1996), L —F — A
FEfRIC X 2 [URORE. B RFEBRBI AR, 23,
9-18.

HEE - DHNNEER (1993), 28 L — B KFE#O L —+ —
IR, B RREHIBR R TT IR, 19, 35-44.

FILHE— « TIIEE— (1990), /E7KHIE O /B, Hisi e w37 R
& a0 HEKE), HEFAEHR, 103p.

FRREE (1983), EFRIEHIEREABRHAREE R -V v o1
RS ()—. 448p.

KHE B (1995), #—mEKFEFOBHRIEIC L > TRRS
fo R ~EESE R R O HIE b B - 7EHE. MEBEFSEHTRE
£, no. 2, P65.

55



