MoE OB OR BT & W
Bull. Earthq. Res. Inst.
Univ. Tokyo
Vol. 75 (2000) pp. 335-374

BHENS INNDEAAL T UEVETL— MO P REERESL
AR - PERAADMEEE S L K WES)

HLARPEEAY - thif§—ERY - Fha E—HRY
D KRB B
D WRTRE MR IR A

P-wave velocity structure of the Philippine Sea plate subduct-
ing from the Nankai trough and its relation with seismicity
and volcanism in Southwestern and Central Japan

Takahiro YamMane®, Ichiro Nakanisui® and Shin-ichiro Kamiya?

U Department of Geophysics, Kyoto University, Kyoto
» Earthquake Research Institute, the University of Tokyo, Tokyo

Abstract

We derive a three-dimensional P-wave velocity structure beneath the Japanese Islands
through a tomographic inversion of travel time data of the Seismological Bulletin of the Japan
Meteorological Agency (JMA) during the period from October 1994 to September 1997. We use
53,230 arrival time data from 1,180 earthquakes observed at 220 JMA stations to obtain velocity
anomalies, corrections to source parameters, and station corrections. We find high-velocity
anomalies indicating the Philippine Sea plate subducting from the Nankai trough in the
Shikoku, Chugoku, Kinki and Chubu regions, and low-velocity anomalies of the oceanic crust at
the top of the subducting Philippine Sea plate beneath the Kii peninsula. The Philippine Sea
plate subducting from the Nankai trough has reached the upper mantle beneath the coast of the
Japan Sea and the region where Quaternary volcanoes are observed, although few subcrustal
earthquakes occur near the leading edge of the subducting Philippine Sea plate. Low-velocity
anomalies are found beneath these volcanoes, and the low-velocity anomalies are underlaid by
the high-velocity anomalies of the Philippine Sea plate. We can suggest that these volcanoes
are rooted in the magma generated by the subduction of the Philippine Sea plate. The
Philippine Sea plate subducting from the Nankai trough may be divided into at least four
segments: the Nankaido region, the western and eastern parts of the Kii peninsula, and the
Tokaido region, and this segmentation may have a significant influence on the recurrence of
great earthquakes along the Nankai trough.

Key words: 3-D structure, Philippine Sea plate, subduction, Nankai trough, Quaternary volca-
noes
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Fig. 1. Contour map of the inclined seismic zone of the subducted Philippine
Sea plate. The upper boundary of focal depths is shown. (after Yamazaki and
Ooida (1985)).
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Fig. 2. Epicentral distribution ol earthquakes used in this study. The
total number of events is 1,180,
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Fig. 3. Distribution of stations used in this study. The total number of
tations is 220,
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Fig. 4. One-dimensional reference P-wave velocity model used in this study. The solid
line is Jeffreys model (1939). Two velocity discontinuities are assumed at depths of 16
km and 33km.
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Fig. 6. (a) Root-mean-squares residual versus number of iterations. (b) Maximum
change in slowness perturbations at each iteration. (c) Same as (b) in hypocenter
longitude corrections. (d) Same as (b) in hypocenter latitude corrections. (e) Same as
(b) in hypocenter depth corrections. (f) Same as (b) in source origin time corrections.
(g) Same as (b) in station corrections.
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Fig. 8. (a) Station corrections at each station after the 100th iteration. The stations are
lined up arbitrarily. (b) Distribution of station corrections in the case of grid (S1). (c)
Same as (b) in the case of grid ($2). (d) Same as (b) in the case of grid (L1). (e) Same
as (b) in the case of grid (L2).
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Fig. 9. Results of checker-board resolution test after the 100th iteration. (1) grid (S1),
(2) grid (S2), (3) grid (L.1), (4) grid (L2).
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Fig. 11. P-wave slowness perturbations as percentages from a one-dimensional reference
model obtained after the 100th iteration. Open circles and crosses represent high and
low velocities, respectively, and shadow areas grids with low resolution(—1~1%).
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Fig. 12. Epicentral distributions of all of earthquakes reported in the Seismological
Bulletins of the JMA in the period from October 1994 to September 1997 for depth
ranges of (a) 5~17.5km, (b) 17.5~32.5km, (c) 32.5~47.5km, (d) 47.5~625km and (e) 62.5
~T775km.
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Fig. 14. The slowness perturbations as percentages of layer six (50~60km)
in Tanaka (1987). Contours are drawn at every two-percent interval : solid
lines indicate high velocity anomalies and broken ones indicate low

velocity anomalies.
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Fig. 17. Vertical cross-sections of the checker board
resolution for section A-A’ (Fig.15 (a)). Absolute
values of the checker-board resolution are interpolated
and areas with resolutions higher than one percent are
shaded. The locations of Quaternary volcanoes are
indicated.
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Fig. 18. Vertical cross-sections of P-wave slowness  perturbations from 4 one-
dimensional reference model. Values of slowness perturbations are interpolated and
distinguished by color according 1o the scale bar in the figure. The cold and hot
colors correspond to high and low velocities, respectively,  The solid lines indicate
contours of one percent of the absolute values of the checker-board resolution (Fig. 17).
The open diamonds and the open circles are the same as in Fig. 15 (a). The dots
indicate the hypocenters of all of the earthquakes reported in the Seismological
Bulletins of the JMA during the period from October 1994 to September 1997 in the
long rectangular regions along solid lines in Fig. 15 (a).
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Mg EIZBAL TR, 74 ) EviBT L — KRS L — McHRTEWT L=+ T
HBHTEICERLTWAZENEZ ONS, F/, HILHATMOEIE O KLIE, KR
TU— P 10km { SVOESICELALECAD EITEELTVS (B8 (1995) &%
EZZBE, REEESLSIEAAL T « ) EVET L — O LA 17T0km OFES & TidiE
LTwigwo &, hEMG O KA 2752 S0 EA&RIATX 5. Fig. 18 (o) 2R
RO, 74V EViET L — bCHEY T 2SR RN L IES 100km FBEE T
LpEShiu,

4.2.4 WA D-D (Fig. 18 (d)

W R, 74 ) EVily L — MoHY T 2 S3EREHEEO B, £4-13%
DEFTEETWA, Thid, WifHA-A, BB OESLEILERTH 20, Do
T, WEMISO T EFERE, 74 EVilir L — F BMEAIIEAIAATWS, 7Y v F (S
D, (L) OREAR2 &, SHERTIHERG, Fig. 15 b)) oD o0& 52 TEARD
BTy, FokmHchdi - (1997) TROMZMESEETWS., &56iT, 7'y
F LD OfERTE, SEERERES D" 0b/cbh 5EaMET 100km DIEE TOUT
W3, 7y K (L2) OFFRTHEMET 100km DIEE TOU S EHEEREEHEENRS
n5.

4.2.5 WWE E-E (Fig. 18 (e))

Wi D-D D& EERE 74 ) Evilgr L — R EEROBEEERII RS v, HiEk
HIF=E1d Fig. 15 (b) ® E” OFHiH 6 FAANCAE A M A B L5120 L, £O5EE Eicrh
oAt (1997) TRONBHMIENREEXTWS. 2 LT, ToHIER, (LD, (L2) TRAE&,
E” B KO T DRSS 100km LUFICHFRET 5 md R ERIROR FIE, L@z
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ERicfELTWa, Fi, ZOE@EEREHRIEOE L, o bich <, EHEEERR
Rohd, B 0&Iaho7 4 )Vl L — FAEAEZ QA TILARAAT, 100
km K SVOESIGELLE AT /v aERL, i kibsiTEa]aer: (LE -
PRI (1997)) dEFEA S5h 5,

2001451 H 6 H 11 B 484) (JST) I E” 12 WiEde (35.4°N, 137.1°E) & 40km O
LT HT M; 49 OEBMENFE L7z B EBERANIERICE S CMT 4 v/ x=Y a v
TIIEES 50km, My 4.8, * /1 = X Afi# (strike 331°, dip 86°, rake —105°) MELNT
Wh, SEITVEIDEWNEIICRS &7 « VBT V- OJLHRAIDEE T HIED
BEOBWBEHNREE TR IENELSNS. JOWBEEEIL Fig. 18 (&) »SiEE
Hk57 4 ) EVilET L — MEHEHOR TN TH 0, EERTco7 v — F OLE
BAEPEST 3 L TOEBELF— 4133,

4.2.6 WA F-F (Fig. 18 ()

HEEFHIEMSE X TVA ECALEBERTRB NV, TolgoE:Ticizkl
WEELTED, oM EEHILEMNEERELRL TV AHEELZITWE LER
5N 3. Fig. 15 (b) ® F" BLUKLDTDZES 100 km DIEDEEIC S RENE
o, ZTOHE LA Eichd T, EEERESR NS, £, WiHE A-A,B-B,CC &
Wrii E-E, F-F &2 HET 3 &, KL TFicB W TIEWHE E-E, F-F OF IR I {KEE
HESRONZ, Thid, hEMSOKLBEEEE 2L Ty, Ry o kiLhs
BIEE#hTH % (Aramaki and Ui, 1978) T EERMLFERTH B L5 ICEbN 3,

4.2.7 WA G-G (Fig. 18 (g))

ZOWAND 53, SEFEE LR, HEETHIZEOZBIEATG & RS ORI
DWTHNRS I & TE 5. PUE, BT O T T, HEk N3 S B R
bLllzoE LicRoh, £FLBEOT TRIEFEEENHEBNICR OIS, T oliE:
DFERIC D W TEBEICHRNZZD, 740V E VBT U— b DOIEAAAREBLT L — D
TBHEELTOEhd LKW,

Ft, &< (LD TEFICRONED, 74 ) vy L — MCHEY T A SR
A, MEFHOT, EEEEEEROT, MFEEHRTOT, S s o i 4o
K7 Ay MEEhTnwa, Cov s 2 v MuEE FTHIEORFESRIc b RA 5. filz
WEPUER & A AREETER OSBRI ZBHEAM IS ZEABR SN S, KRR & H
T TIRERRDTIC 20~30km ODEREENE SN S, LFERTBCHFEEESS L OHiE
7 & R U CHIUETREIEE S, Fig. 19 13, BB (1974) ASHEE L 72, 1707 FELIEICREE
HEb S 7invTRE LEAMBEOBKKIFEEZR L TWA. Fig 19 & Fig. 18 (g) #HE
T5 &, WUEIOT LAFREEEHRO T 7 * v b 2 BRI G-G Wificin- 7
(LEAS 1946 FERGHEEHIE O RFEIC I3IE—5T 5. Lo L, REREESETTO To & s
A v RO T 1944 SRR O BRI AT 5 T S HSRIE W, Fig. 19 o a3k
B ILBERE~ELZHOMICbE L TVWALSICRA S, £, Thd35D&T AV
ORI TE, HETHENE ENTOEDERFREOAHNEICELLTVWE XS Ich
RZ2z. (Ll - KHE (1985) 374 vy L — F A HEmOAERREMED S 321y
g, FrS (WA 7 7], (W25 7], [R5 7] L4230 Twab, Ll Kt
Hick s MR 7 7], THilEZ 7 7] OEZThTEFEEET, fiftsoT
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1707 (Hoei)
1854 {Ansei)
| 1854 (Ansei)
1944 Tonankai .
1946 Nonkoido |7 67"

g e

| t
134° 12G6° 138° 140°

Fig. 19. Geographical locations of the estimated source areas of large tsunamis
generated in the offshore regions of southwestern Japan since 1707. The dates,
magnitudes, and epicenters of the earthquakes are indicated in the figure (after
Hatori (1974)).

DE7 A FOMEEBE—HTS. LAEBEOT TR 2 v M E, KRS EBREN
b0, RREEBEOHEMETEHIzAIPN TR ESICSRA R, ZoHEEIWEHhncER
d THEGHER 5 7] OFHOEROME & 12— L T 0, HEETHIZEOEHE biddE
BoffilcE<, HAlTEVELSEHasRONE, CoREEOTORAO £/ £ v
b ERERHIG O T DR 7 A v kA& B fHKIE, Fig. 19 O 1854 LB MG O E#
B E7 4 Vv L — FORAABFRICBH L B E BIEF—HT 5, ok
BRSTOE7 4y MUFEHE 5 7RV TRVIE LREET ZEREICKESEELS
ATVWALEEZ LGNS,

4.2.8 Wrim H-H (Fig. 18 (h))

(L2) TirB-2 ERAESRKVA, (LD TR, FEEHGH» SILAAATOS 7 ¢
VE VT V= MCHEST 2 EEE R A HEAICIED > THR L TLAERTHRS
h, ZOE_ETE, KivosHra and Nakanisar (1997), NakanisHi et al. (2000) 73454H L
TWAHIEDSEE TV S, 7, (LD, (L2) T, AEEm» S5ihHIAATYS 7 1Y
EVig7 L — MY T 5 EEZ SN AWENESEHERERESALO TR oNS, T
OEEEREEROE Ecddi - it (1997) TROWAZHIENSEXTEY, S5
Vo F (LD OFETE, COSMERETFIEOE L St Rich ) TEERERESR S
N, TOMERITIZKUBHFEEL TV S,

Wif G-G ThRLNEA, 7Y v F (L) OERARAMRY, MEMHD» SLAAE T «
VEVHET L — b ERRFREEND SEARAL 7 4V E VBT L — RIS 2 Ditym
hTw3,
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5. & i

1. HERTHEOERS T & EEEISORF

PUE, hEfis O T, mEEREFEN, b L BZoELIHIESRONG. &
sz, RACEOBICHHT N S 7 4 ) € VilE7 L — MR EMICHEET 2 EEZ 5N TV 5
FEHEHIRNCIEY T 2 RSB IR TE TV, EEEEDT TR, KEE R ERN
KRR o N 5. C OEAREREEED, (dEE GEEdR) cditdsb0TH
BIpE I, KX DA 3=V 3 VOSREDIRAAMZ TEY, 4 vN—Va vF
HBEOWER, 7— 5 HoEn, MOBTFEOMBPLELEL OND, Fi, OEEE
FURGAES, RO T LD oNBEEHEEOES L bELHS5bhTws. |
SEOHNEER, 74V VBT L — b DIEAALZEHEDEVB LT L — F O A
LTWwWaEEZ NS,

2. 74UEVETL— MBI TIEEERERENRONIIBH

WE» SHAAL 7 4 ) E Vg7 L — Moo W Tld, FIEE o il S o T
DX 50~T0km D & A F CTEdESREHENO U TE Y, ZomlfhETE, $h
ICTR®ZPHIENSEZXTVS, TOALE L, NakanisH (1980), Nakanisuief al. (1981)
e LB ScSp WOEHEDALE & BIFRIUTH 3. LHEEML SRR 7 0 ) ¥
VT L — MIZDOWTIE, HARBREO FOES 100km DIED & 2 F TEdE REH
HROUTHEY, ZoEmERIEVESOE ETIERFhIckEETWE, hifthho T
WWILHAL 7 4 ) E VT L — Mo WTIE, BARBREMNTS & othifitg ok s
Ed BHIRO FOES 100 km LIUED & T 5% TEdEREHEEN RO, 22 ThbEh
KHIEMSREETWS, DEOok>E &S, Bl 70 okHRAL 74 ) Vil
L— b OERRE, HEEBEAEEDRVWRAS TELTHEELTVLWEEEZL NS,

3. EEBELFEMITOXLUOLEEORR

PEMD» SILARAL 7 Y EVi7 L — MY 5 Sl R R, hERS CE
HTH2RUTOLEIw Y bLETELTVSEY, 2hl FOBRREHE R, -7, 0F
HEEMPORABIAL 7 4 ) EVHET L — MY 5 S B SR 3 RS 1o
LZRILUDOTOESHI0km OEIAETELTEY, ZOESEEFRERBOE L) 5K
(WDEAET AHIRICH T T, KEERENRSNS. {-T, ToKUsseaREEh» 5
EARL 7 4+ WV E V7L — MCEER L7 7 =itk - ToL b afigkhid 5. il
A ICHELET 2 KILUO TOESH100km O & 2 A12id, BT O KIUHELE L 72 Wit
WoTr ok EEREEENEEL, ToSEEREHEEOE E» o> KLoEET 5
R ¢, (REEEFESRONS. -7, ThosokUpsdEosoTicibaAL
74V EVIBET V- b OEREN SRk 2T SN TREA S 5.

4, BBFSIICR-TT 1 VUEVETLV— FDXHABTRDE(

FHE b 5 7 SIEBAL T 4 ) EVIET L — MY T A EEEREEES 4 >D 1 S
AV MEaPNTED, ThoR3ENTNEEY, SRS, High, FimEtisc
fELTWS, Tovs 2 v ML, N 700 THROE LUHEAET 3 BERMIEICRE
HEEALS5ZTWAEEZONS.
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6. # B

BHOSEFIEART— 9 (19944510 A 1 H~19974E 9 A 30 H) VT, BAF|
BT o3P BEEMEE b o/, WE, fE, f8 pEisicsw T, MEilh 7
TIPHIRBIAL 7 4 Y E VBT L — MR AR EEREAEER A LN TEL. M
MRS 700 ZnoOHEEO TICILAIAL 7 « ) EVilFT L — b ORHER L LA ARTE
REHSE CEMNTE, ZOEREBONEREDTICE LD 3.

(1) PuE, 5O T TR, 74 ) EVilE7 L — MM T AEEE RN, b L
CRZOHELETHR THIESR O, KAFEEOT T, (EEERE R Clin: TR
Hohs,

Q) PUEMD SihAIAL 7 4 ) EVilg7 L — b, hEHTS OthdiBh St o T oFE
E50~70km D& ZAETELTBY, ZTOEMITEVERTIL, FLALHIREZ DIV
25 7ELTEELTWS,

(3) FEEREEMSIEAAL 7 4 Y EVilET L — ME, BARBREMIO TOES 100
km PUEDEZAETELTEY, TOEMGTIEVETSE, BEALHEEZFDITIVRS
TELTHEELTV .

(4) hEfi O FIiLAAL 7 « ) EViET L — b &, DERHS o KILATELE S % ik
DOFFITLAAAAHEABAE NPT, BABAREMEDOT, BLCKLMNGFET 21l
BOTOES 100km PIEDOLEZAETELTEY, LAALGAEEZEAEIIMAEH 1
DEDETRE, BLAEHIEZEEEDBVWRS 7ELTHEELTVS,

5) FEREMLSIEAIAL 7 4 ) VBT L — b, B UOhEMGT O TN icitsAL
74N EVIBT LMY, FRODORICEAT AHEMCOKLOFEELFEL Eb-TW5
EEZOND. hHAL 7 4 YV EVIBT L — b ASESH 100 km 12 L2 E i KILDTE
HELTVA.

6) FEMET 5 7 HIhAAL 7 « ) ¥ VBT L — M, B, LEREINE, THEE,
HED 4 >OHilic & 7 2 v MEEhTBY, T0€7 2 v MUAEEE 5 7V TH
DIRLFEST ZERMBICREBHEELEZTVEEELILNS,

B

K[ET S, AMETHOIHEAR T — 5 ORFr O b 024 L <V, MEEA
BHEARFHANRE S, &, FREORMKE L CTHW . (@ElE 5 70 580 7 «
VEVHT L — b DRMRETETELTOSH ), AR, Bk 9 R EERF RN
JRRALEIRI - IEES (74 )V EvilEFL— b 2OMEE T2 =27 2 - KILiEH &
OB GRERS : 1997-W2-09) ICB I 2 FHENE L, T I THREINT ORANTL 74
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