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MO X vk 1956 EoYErhc oW, = & e BTN o R & 2Bl
SN~ T OVERERAT S X 13, SHOVER O BREHAFIC X 2Th, »,
s OFVEHLITITATIASFSE R 2 bhvise. Lo L, oG s—p Tikdsds
ThHEMEHELAZ bhd., 22T, oX¥civiptok—ricd o), FE L
THEFAXMBEF O X BHUWELEY by, FTRTOBWHD < Hd b2
DT s—p ETRFRER S0k, £LT, ZhboiEEORELRL,
A DBERFIIIL, TORELEE L THfEd LDk,
meﬂmmt@&Mzmmmwfm&HMmu&m%mL W EE
2~3km REOMIED DD I B 2%, THROIERILL NI X OTIT+ Hith b
TMEMR&#%IW&Mle%WL,%ﬁk%blﬁ&ﬁ&m@%@d&k&
b Lunz L AHEE IR

1. B

ffu)«u 512, 1952~1956 4% 4 [Bhi o7 b K ILFR IR B985 5 R LB R JE
DI DR HEBRIN LS Sieofe., SRR E 372 ) KREROBWAIL LY,
m,@ﬁ@ﬂ%&ﬁ&a%hhg@%%iﬁ&%ﬁ5@%%%%&%@%%”@%%%%
£E (1927) OBEWB R LIE LiIZR /it Ts b, fixpflihs 29N HE TR T
B. I ORMMEL T OREEENDPANL T, HEEOX G & b 5 o
HEUTWADT, HEENDS 2 bR OB W TELETADOR L DL LE4 T
WEEMTHLS L bibhs, LML IZENTA O CTIEMBE OEBHIC B ¥ 1
HEE oA NANL TESRNBEDPSICL W IR I, FHIIORELHEEAR

]

1) S. MIYAMURA, ‘‘Local Earthquakes in Kii Peninsula, Central Japan, Part 3,”" Bull.
FEarthq. Res. Inst., 37 (1959), 609-635.

2) N. NaSU, “On the Aftershocks of the Tango Earthquake,”” Bull. Earthq. Res. Inst.,
6 (1929), 245-331; 7 (1929), 133-152; 13 (1935), 335-399.

3) A.IMAMURA, T. KODAIRA and H. IMAMURA, ‘‘The Earthquake Swarms of Nagusa and
Vicinity,”” Bull. Earthq. Res. Inst., 10 (1932), 636-648.
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SRR £ D TRIEIN R B, RS, FEKILEL, SILFSE, K2 UL,
REARE, FIFEETSM 4 L RMEOEI fiE Sha s s bilkr 3 b, 318
L O HUBE OHPIF R ERE T5 S L EF L.

R R DM FIFBR R R NN T 5L, TOBREME S B BoMT L R
DR TCHET S L NDBETELS., TOLBDR EROEHE BNEZE -t 2DThs
2, B AHAFRRMILORE R RERIIIBREHEIZ DN T b LW T 3% 35 5
HLDLLNTW I eb o, HMEBIEO B E Shiclimo A THIE X A5
THERELZSIRDT, FRRI D 25NEEECY LS EBRRLHA L, 2l
EERB oS HHEE, 0L HEMTLEN, XY ESWNT, M2 2 v EFolh
TETHRBINTWAETThHA, bR EAED B0 2 5B S L ER &
DTENTRIebis. BIE, 77V 4, 229 230 k727 £ IO
BiAY 7 2 b =TREWTREEHOO AN DI, JEMIT K% A RENENT & T
55, A COERHUBIBELNSI L b F ORI L LD i 2 DRSS T
bbb, REEECETZRMMNMIBEO BRI REClbE v FHATERV. bhvbhom
TR T IS 3 1) B BRI T, BRSO X d e, F—EEREHC X 53itmos
PR EEE R ICRA, RHGRE S 4mm/sec I LT, HBRAWHIIbHA, #
fedot W ORTEENSET & 2 A& BRI Wb A ERIEITHBR BN < 5T 4, BE
FEE Do W R B a0l DT, BT 7YV S FEOBo—HoB B ICREL > 58
Wi, FERAICTIIb %A, BITH A TEL, oI TiE, 6k, REHNE
HEEOMITITB T, ZFFORM-e, FHEENOME, FREFRr LY, £ Bl ATis
SNIHEONINE, BEEZIDI IR RB LT3 2 N F 2hotk, KiCEiL
FIIERIC LD THE S A Z I 2 h L D5 RIehDIeh, EBIIEENEIC D) L
By, TR DELNIREIBLEENDZ LI ULIE LTk ok, 5, 220k 5
el SR I, RN X A TS I oRBERIER BB LWL OTHY, £
DX HENEIENOSMTHE LTWAITHY, WIEOHHL VI 2Lz b
TRIDIBZEEDTHD. IHLAABEALEEN S LD BN WEHIE, LT
IR TIREL, BLABRABRMHEAZEDELN L, 2F Db ok i o4
Lo T oy A—DEHE LTEE LI L, B3 WL O I & ot 5 oig—
MDRECESZ Lo b, xR IDBZENEBVLDOENANLLNS. i, HE
OWIEL WS 2, LFLISHITESeoT, WEMAREL ShTwkezo Ly gt
bh, PRLROBENTIEL W12 Lok 5 KE—EENFNC L 24 B 2 Bar s
LM EERG L THA EOEER Y EDTWADT, t0k i EHILEFET 50
EA RV, RLAFE & 2 baihiadug, x1/50sec DS EE BRI A TND 2L $F
TCRORIEE D ThHD, —H, BUEOETIZOCTORIEE &, fEkiz A VHER &
NNl ik s b, HMffinllites oihoT £10m B ERCF CHINS 0%
ERRELz LY, beblwz st Ths.
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AETIIZOL 5 et WBIIEEDL LI bhie& AoEZEYRIIL, EiE
PR & IR SEEER L), F MR R L L, TR ORERRN L, S M, HEK
TREESE O THE % & DRI H 22 L.

* SERM Bl AT AR D NFEMETERE XSO L, ShbiERFHERERE &
ST ENTE S,

2. ERBIICLDEREMNEORE

S 21 BRE S CHERE B O EM 0T U E GEER L) AR LT, B O
DALIE (%o, Yo, 20) & FRIICRIT 5 IEERL (B L) L4 Ldn o id, B
ELT—iEk cmbh T, BHEOFEENERELT AT 200 ETHL2,
ZDQHBROWTHMHEOEREEZ IAMB LT bbb e ddbsd wFhicl T
4, —BOFHEDHITTIE, b OAWHFOB N K OB E2Ho0 5 DT, &
¥ =0.1sec OFEZIKETHES THS L N T W5, LZANIERICH A I b 5ET,
TREFWHHTORBUNR C b ARER WO X ) by, BHERETIIZH
I DA CEZSERTERENS. ZODIER LN TR IOL IR
HHEROBERINC X I LA YR b NicZ Lo, BE—HFINTBER
HiEZ (1943, 1X. 10) O AEEMW T UdT 7 ¥ A4 Bk OB A 2 5 Qe i3+ 5 5 &
BMALT, HEERIOBEN LS ok, 4 HOZ0BATLST, HERIIS
ERER RTINS i D, DLW CHEIEHIEE (1948, VI. 28) o 4mfiiilicis T
LEBE NI T DHER LB, RUDT, K 1HTH L5 SBRIED)
LT, Toffffir oz hbihic.

F B SHHE (1949, XII. 26) 0 REHN T LIEIHA oR AZbhboiESE Lic
A 1 HTHBERIET TH 2D T, HaA I Tikisk 2 07 E0T BRI RN
¥k B ohbhToaWRE Chotk. FRRIUAER OFmEEEICS WL, ZOH
B, BHRECHE) T THRET L &iTLi.

2.2 Hor LEHAEEE UCRHERS—BRRCER? L b, HR M CEBER OB
WHREB N BIT BNV DN THANL 5.

BB L Si O8E% xi, Y, 20, BEE St 2R AEBEMEOHFERY L 2L, &
WO DR Xy, Yo, 20, 2R O BT 5HEDMMORBERY b, EREHEL v L35,
FHERRIL

(= %)+ 1=y +(@—z)=(li—t)"v* , (L)

4) S. OMOTE, ‘“The Preliminary Report on the Aftershocks of the Tottori Earthquake,”
Bull. Earthq. Res. Inst., 22 (1944), 33-41.

5) S. OMOTE, “On the Aftershocks of the Fukui Earthquake, Part 2,”” Bull. Earthq.
Res. Inst., 28 (1951), 311-319.

6) S. MIYAMURA und T. AKIMA, ‘Uber die Beobachtung der Nachbeben des Imaichi-
bebens am Dorfe Hunyu, Provinz Totigi,”” Bull. Earthq. Res. Inst., 28 (1950), 421-433.
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X1, Y1, 20, B WXBUMTC, X, Yo, 20, f0 B LU 0 T H 5.
(1) R&2FEET5 &,

2xix0+2y1y0+ 22020+ 170 — 20t 0P+ (P00 — P — VP —20Y) = a2 F i 2t (2)
T,
X=2x, Y=2y,, Z=22,, U=0", V=—20*, W= 120" — 2 —yi—2°,  (3)
EB< e, (2) Kin
X+ Y+z2Z+tP U+ LV W=r? (4)

Ll h, et L rif=xld+yi+zt.

Toy Yoy 20, bo, ¥ D 5 RABICH LTI RO B K BRAE—K T, LikeaoT
X~W @ 6 sz Tievs. LaL, b LA, xy FiZbkiiic R s > Tslt
i, BWEARBOENERLEDRVE, 2020 2B 2N TES, 2H 35 DR
b Z OFRE LT,

X4y Y HEU+LV+ W=r", (5)

PMERUEFTER 2D, c L XY, U, V, Wo 5 4B onT—)RTh b, 2t i=5
DIEHVT L BDabhic2 B, 1>5 ThIUSTVNERER LA b2 T, L
ENTED. UL X0, Yo, 2oy Loy v DIERHAR DT, TR L DT, (1) A —WkLL
T, PEREBINTAONRFEHTHLO I I THBH, SELZ 0L 5 1T # W ic—
WAL UIEHET A G) & bbby,

2L, HDitbhoiEbyy, FEULTHEEEZSSDERANLONS BHFIL & Th
52, O)ROEDHHRME U, V oRBIC 025 s AN L RIS
Hvotun s, Mmool NIRRT, BILRRORME O R Ee s < 0 it
T, BN EOHETIOZIINDT v D, EXORIEC S Btk < br— i O
DN UTHE &7 W, E. DEMINGY Ik DT ShTwb. LaLl,
LML LS RHDOB HEMNTNTORE M L BRI DNTO & Linin b, fEs
BEEOTHOEELT Lababin o L LATW 5D, bRibhoEbind~<To
BN ECDONTOW EHEZLDAAHBITIIR A ThL AN, cheMiailiiEds o
LI, OBITLONB LI, FEHREHETLHY, BHioBE0HHTILE, chbii—
IE—ZBOHGE 0h=01 ZDANLTHBDT, L LEIhAnLiuE, 6) XnbEEo
FETER BT 22 2C, FHEEXTTOHTI . LEnDT, 22T, ZoRK
Lie 3 DTt L.

2.3 R NOFTILM LR 2 BEETE, L LiE o~ X5 X Rk

7) W. E. DEMING, Statistical Adjustment of Data, (John Wiley and Sons, Inc., New

York, 1943).
8) c¢f. loe, eit. 7) chapter 10, Problem 8.




fogrle o Fpbihge (57 430 75

K E R B WD T, +£0.02sec DFFED, TR EIABLZTEOVTULARTEZ L
Tnh., Lm0 THEREC X 3 BREFHEREASEOLEMAONT, 22545
BIESThSD. Lo, REREHEITON X S IWERRMBIEH % & SILIEE A
TR, FEEERE Y AR E Y Eo i NG BEE W S AL R T I X hioi TR
102 T3 ¥, Lk, BREOREDOLDIL, L0 5 bk, fE¥d Bz 3~T
OBMAETLDLTWS L2 bD b5 5. LT, FHOH BRI ThE HO
EUZEWE S, HRENETFOBIETZ AT D, Lol Bl Aos i
PFRCIEE S i 1956 4 4 A ORI L o ERBINRO I OWTHTT 5 2 &
L.

COBIITOBN L, 1) AAKMEEHCE 50 JA s —7), 2) WEERO
B GRfmiskiEst RTS, LTS %4 <%) X340 (ES 74 —~7), 3) 3n#
F DBRITEEC X B b0 (KU 74— )bl bhs. Bl 2 # oM AENE RS>
5 3 32z ML (¢=34°01'N, 2=135°06'E) % i & L, IEHE L, dBAR +x, I
+y, BT +2 & EOLAFREMGAEET LD Lic. HFOLET T. MiKumo'®
XD R (x=+20.91 km, y=+6.74 km) AL L, FHR +x WA +y &
LT LD EINT W 5. .

SRS OB A O HIRIS S THIAE S MoNERLZIIE L 23k 10 35
1o o\, #o preliminary readings % ¥Vikt & L, 2.2 TO~NHR L D, HIHIREZIT
DTN B TR A 38 &R, FEURBETR LARERMEE L & b kT, (B BIR M
W) FofEaud Table iz LT & 51T, ERATNI—KL bvea, HMEE, RERFRZ,
BT R TRA bl inofe. Vit e ok T Ho it 44t Fig. licLlod e
I3 RIEBCIN kbbb 0 THDT, LXE OB HINANL LN S ITD
W DI B IREMAT oL 4, Table 2 I L3 & 51, IRIERHTR & H AT
e CLFEDk.

2 o CEREGIROWTRHHNHEDH RN Y = & A%k, VIRHCHETORT LS 2iaw, £
B3t b L DI T, BB WS DO R BT Ui, ZTORA, pre-
liminary readings 12 < 5%, ViEHEUI®A Lic. T2, SHELEAIL 5 A ETUE S L
TN 5 1 bRbE VAT DI &L, VUHORBEIMRNIALL D AL
b, M2l FEOMENARKSEVWI AN LAT, R/NEIBEWLE G2 P AT
WEBDAD LB, ERELEARMLIEEL TS X I, REH L IHORATERO

9) loc. cit 1).

10) T. MIKUMO, “On the Anomalous Time-Distance Curves Observed in Local Earth-
quakes,” Zisin, [ii], 8 (1955) 158-160. T. MIKUMO, ‘‘Precise Seismometric Observations
in the Epicentral Region of Local Shocks,”” Memoir of the College of Science, Univ. of
Kyoto, Ser. A, 28 (1956), 161-207. T. MiKuMo, M. OTSUKA, and A. KAMITSUK], “On the
Nature of Local Earthquakes Orserved in Wakayama District,”” Zisin, [ii], (1956), 218-228.

11) Y. MIYAYAMA, “On the accuracy of determination of hypocentre,”” Journ. Meteorol
Soc., Japan, [ii}, 9 (1931), 23-32.
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EEDOTDENI 2L dbD, FNEREOHDYIC, A0 5B H EDOL AbbRrI
DWTC, ThEh 5 Tl FER Y L WTW L HiEdy & D, (s HREEFT).
ZDFEFNY Table 3, 4 WL Lc X 51, HTOL ZbbRTILL oL 35 L
5B ENTERD, VIRV RERRBERE L 513\ S B0k,

3. YVHAMEEMEIC L IRERE
3.1 BEHIBAOREREBIEOWTO 2.2 OERICKNT, HHATHERL LTk
BT s—p & ol ¥y, TOREMRT L=0 2745, LiknoT a8
HER,
X+ Y+Ht2U+W=r?, (6)
X:2x0) Y:2y0, U:vg—p ’ W:_(x02+y02+202) ’ (7)

TetZ2 U rié=xl+yid+zd s 5.
ZDEBNE S, EHORFE U OFfENEERZSSOBETHL, FOR LA 1
EHT—ZETh% & T, DEMING'® I X h OB CR/NERELTHETE .
Linl, ZOWRLWIKE, EH0RERSSTRELLOEN 1ELT TSI,

X'=2x0/v5-p, Y'=2y0fvip, U'=—1|viep, W'=—(x?4¥'+22)vi=p (8)
ERWT, FEEMRLT,
X Y U+ Wi=—t2 (9)

PEUAER L LT, coMEY 3T 2023 TE 5.

3.2 FHEEER AR 1956 E0 10 ERONT, AI—0BEBTs—pikick b
RREZEOWRERY = 2 AL THDB &, preliminary readings #f/NEHIERE CAUE Lz
Ehuvd, ERTRHFABICCANWAD S LbbhE T 5 Bl FREIAETEWREH N,
Wwohg Table 5 iwLod X g, HHEEE v—p & LTARLT LI —EHILbE
2D, KRB EY ) Ao LN TEL.

s Ao ER Co F. RICHTER™ {DRTWB X511, WAWASHENEB WL, i
hhbhoiZ by, 1 BAHENSEB V0T, s CIZEREED S 2@k ok
115 IS B, p e onTi, Fig. 1 it L cdbnd X 5, HYig-o
EDLIhonEEL. L XOHERFEITRTERLTNS, ZLTR—0EH
T s—p HETCIRHEKMETMW AN 2N WS 221X, EHDTRERICBE L2 5.

AR OBIMEZ LT L b TIi Eh Tk v, ChiZ > TEZBIRERO BT

12) loc. eit. 7, 8).

13) C. R. RICHTER, Elementary Seismology, (W. H. Freeman and Co. San Fransisco,
1958), pp. 292-294.

14) T. MIKUMO, loc. cit. 10).
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BIRS TR S 5 RMARBE B, EHI AL, kB ohieownT, EHRER
CRILTE THMOMN R oo ThicnwEnAN L. £ TET s—p¥BRID
Ml e A — R OEHC X 2B Cu A WAL HRF T2 2 L IZ L.

3.2 MREVRESTHEHEIETY Y 2{@rkwiEbyobsd o rik, LHEOCRMA
MOEODFEFE L DTS ER SbNEDT, ChETEAHET T A, B &
D — T b0 X 5 IERRMAEEE S OEM 2T & o0 Thic, 2 3 i Bl
Thanb S ORECITGRTEH L, RIEQETHHNLWEL /LD, TORDIT 4
S CHIRE A VDR A Bt 2 HHITRIE. 1952~1954 4E > 3 [EE JITHY 50 g ek
Sz, 1956 421 ko 10 BN T o E RN b otkess, SRR Lish 27k,
Ykt & le o e BARINEER 0 &6l% Fig. 2~4 LD LT,

Zhb 1952~1954 fEE & UCAAR MBI X AHN HeowT, Fi#m
BERERIC & BRI EY & = Ahde. 4 S EOBNObLS b0k, BINAKE 2 &7
BEE N=() OF_TDL LB onT, BERERER Z/nofk. Table6 o E
MINTHD. 72412 bbEhRTRVEDY, FIffiTbER LI 5KV
Tk A FUNT A X D b, o OHEOHAEE & hAN L. BERRERCIEGTEAES
DIEREEZ b,

Fho 4 TOBHET, WINEBHENIAERS fRE 06 2 olbniciiifssn
%, BERAAEL xo, Y0, 20 & S—p AL vs-p DIELMEA DESHVTATLDONT
HELE. FLT, —HZEHLTOIRLDOWL K KNOE s ERROBREZIIS T T
HETFE L0, FONEOREEZOFEEL LTEEHk. Zht Table6 ©
E, Th5.

25 LTz bR EHEBRIOWTD Vs—p O Xo, Yo, %o Lo KA LBLRBE, 5 TD
NRBHTE L x>9km OHIKIZIS\WTIL, (3F Usp H—EENANLONDDT, O
Ffiiao { o, Lo Th 88 KT D 0vsey W UIcH I Fa2 2 2 & iR
FOFHH LT, 7s-p=6.800.11km/s Rz HiL 5.

F 2T x,>9km ORI D D O 0s.p=6.8010.11km/s & $HWT, SHiclc?
() DL BbbEDORE E #Ewis L. TLTEAETROBETE Uik ATk
HETTEEE E kL. (6% Ei, E). 3 KORBINENDOSL S HET x>9km
vt ans b0 d, o ORI EE 6.80 km/s b HWCRERL L LD, 20X
S LCh & DRREEMEOS oW UL CHRT 5.

4. YHAMERERERIRRE OFE
4.1 N IER 3 — bR PIORES S OFLEF 2 R TR 21X 5 0 ERBIARAR
22 0 (1) Lo lic, HEEE LT s—p HBEELE D, B KOEE L DIk
15) R. TAKAHASHI, “A Graphical Determination of the Position of the Hypocenter of

an Earthquake and the Velocity of the Propagation of the Seismic Waves,” Bull. Earthg.
Res. Inst., 6 (1929), 232-244.
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i<, 13T 22=0 L & Bz M TENL, hit
Hi—20 +Vi—2) +2* =t , (=1,2,---n), (10)

LB, TBTERIOERELUAZORO n=4 + Lz 4 Tz HERCE &5
13, BITANCE B by, The v,
Xo=x,(Xe Vi, 1),
Yo=Yo{%1, y1, 1) ,
20=2o (X1, ¥s, ti)
Vs—p=0s-p(xs, ¥5, bs) , i=1,2,3,4, a1

HEDTNWDHDTHS,

TTIRONIX 5L, DR OB CIRBI AT X0, yo OFFEE, F B
Lo DRFIEIZ S BULB DRI E DAL DRE D, B EL LT H OBNED
BB DTL B L ALY 5.

CDOMSZIE 8T 0 0 F b IS RS 06 % 0 CIE AR A HERMEENS 5
& &, REBEEE %0, Yo, 20, vs-p I HF S RBMRMILRZ IR ETROL VD EL DI,
DEDOL S RN R Lo TCERS iR T 5105 Th 5. Thbb,

6:1/4(%)2 2 b‘=i-|/4%> :
Xo ‘Zﬂ:l ot (8ty) Vo El ot (6ty)

4 az 2 4 al) _0\2
02,=+ == 2, OUs_p=tt ==z 2,
2 ]/ ?51( - ) (0t , ( e ) ot

i=1

Thb., 0L BIPRTMIBET L, AT LIS, $XTo 2 k2 Twb5bTh oA,
THREMET DXL, TARBTRINELTY, i) B s, FRT—EF~
TOBRMWKF U TGN 0t 2 BEDET5H, ZhIL tpts DO L LDBEY: Oy,
Ots 136, 0t=1/(0t, +(0ts)F CElEi+ 5. 6tp, 0fs 13 +0.055eC 12 JETh Bk o=
+0.07sec iTinnd. ST MABOEZLMNZIIER L TWHPI Thba, EFF
DES ez L HHE/HULT, LLTFTIE—& 0t==01sec It LTHEEH TR THoLEIE
5.

0x,/0t:, 0yo/0t:, 02,/0t1, Ov[ot: (1=1,2,3,4) Dt id (10) R4 & TR LTIR &S
LIcR b0 L 5L ThEbdbRDS, Tihbb 10) Rk b

0x, _
o1, +(y yo)atJ

Oy _, 0z

—2p +vtd a—v+5uvzh=0 ,’

(% =%0) ot o1,
S (13)

au={1 =14 j=1,2,3,4.
0 i#J

0 16 R0 NRFTIRZ 0x/0ts, 0y0[0t:, 02,/0t:, 0v/6t:, (1=1,2,3,4) moTD 4
{HD 4 FTHisr HIRA & LT E T 0x0/0ts 0yo/0t: 020081, 000t 4 5%, cOEdh
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» BREIZWDOTW D %o, Do, 20, 0 IIRFERIE T X SRR & By S

Z 5 LT ot==0.1sec h_xtﬂ_,“cn‘f L hic Xo, Yo, 20, v DR\ Table 6 o E, I©
EEhTwae 1 MoMELETHS.

42 —HEROWT n>4 © tp ORPWAZLLNICL TR, WHTHIRLIL I

=(1) DEWED S R iT DN T M ETEEEE Yoo, Yoo, 2o 00 (=1,2,--+, N)

Oﬂ%%*‘zio_t:u\, TREREONTOEBORELFIH LA, T LTLOBEED 2
IS Lic ks & a2 T I T390 X, Yo, 20, 0 2227, bbb 2 OFIG{EO
RiEEICIX, BOROOERELROY 1 Ml blREGERC I o T BB, o
DBHMNT +0.1sec DHEHENRSH O L Lick SICBIhaiEs: 58 1 Fss) L&
LI, Thb N 7y 0B+ 20 HEOSHE LTHEEINBEREN LS. BH
CWTIE, MBI ORFEEFEERS & LT, 5% ORBREBRERT 5hiwk 2T,
B2 WimFA% L LT, Table 6 @ E, RAIEKRCHTELL. 2hizunwsbw A0 8 §Hl &
DL BT LN ERERDO—FTHEEEZ LDTLDTH DT, 4 HM Lok

ERNETETAH L FCHE SR BEET LMWL L 32 3 D ThHY, FHOD
tsop ﬁcﬂ’ﬂik—ﬁ@ﬁhii(t& 24E Otsp=z=01sec) Motk &, B AME (x, 1)

R, BIRAESE (Ko, Yo, 20, v) DEARTHRBRC S 58 1 M OR % L1, LTOFEUN
HRDOTN 5, Flg. S BRI OWT, ZORELbhTHFTORFAE LD
fo. BHIC T A2 DL bbb ORIRAE B 208 1 Hildta Lo L, HBLTE
DFEFIGM B L 1 MifREx Lo Lie. T LT O 2 iz e LTO S%mRE
FHHEEERES L WIRTHESHL L.

4.3 vs—p F—REEHM L L by, (A1) Rk

x0=x0(xix Vi, tly U) ’
y0=y0(x1y Y, tir U) ’
20=2y (xlr Vi, tlr I)) ’ (l:]_, 2) 3) ’ (14)

Lien, (12) iz

o ST (o

0t 0
- R
=)/ 5 (5) onr+ () vy (15)

Lic B, 6ti=0t==+0.1sec, dv==40.11km/sec & LT, (13) a“‘(\_iq‘p{; L, 9 Eo—
wrR,

16) M. MASUYAMA, Syosi Rei Matomekata to Zikken-Keikaku, (Kawa-ide Syobd,
Tokyo, 1944).
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6. Local Earthquakes in Kii Peninsula, Central Japan. Part 4.
— Location of Earthquakes by the Temporary
Network of Stations mear Wakayama —

By Setumi MIYAMURA,
Earthquake Research Institute.

1. As reported in the previous paper,V 4 expeditions were made in 1952-1956, for
the purpose of locating the origins of local shocks then occurring in swarms in Wakayama
district, in order to deduce any seismo-geological implication of the seismicity. Observa-
tion accuracy of the operations was said to be the highest ever realized for such local
earthquake programmes, including many aftershock observations worked out in our country,
since the classical work of N. Nasu® after the Tango Earthquake, 1927. For the wider
areas precise networks were of late realized in Southern California and Central Asia
but the method is classical and the accurcy is limited (presumably of the order of
+0.1sec). A more modern network was operated in South Africa which seemed to be
the highest model of local shock observations and only it can be superior to our opera-
tions in time accuracy. As the emphasis was laid exclusively on the time service we
got an accuracy of +0.05sec, with the recording paper speed of about 4 mm/sec. Of
course, many complicated problems are encountered in phase identifications which may
result in much greater time difference, leading even serious misinterpretation in the loca-
tion of origin. But, excepting this identification problem it seemed to us enongh to
solve the fundamental but ever unsolved problem of earthquake origin location.

2. At first we analyse the data obtained in the last expedition in 1956, operated in
collaboration with T. MIKUMO and others®) of Kyoto University. For, at that time
many electronic and electromagnetic seismographs of high sensitivity were used, enabl-
ing the fixing of accurate on-sets of the first arrivals of the earthquake motions.
Preliminary readings of P and S were obtained at several to ten odd stations for ten
selected shocks, and we analysed them by the least squares method (L.S.M.), using the
observation equations (5), directly linearized, instead of making use of Ist approximation

22) loc. cit. 1).
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values as usual, from the fundametual relation (1) for the direct waves p and s, in the
uniform homogeneous medium.

As shown in Table 1 and 2 we could not obtain by this L.S.M. analysis any reason-
able solutions for the kinematic elements of the shocks, i.e. for the coordinates of
epicenters, depths, origin times and the propagation velocity of the wave used.

After re-examination of the original seismograms, we omitted some dubjous readings
and thus the number of data available for the location of a shock by arrival times was
somewhat reduced, which circumstance makes the least squares method rather inadequate.
Moreover, as the nature of data dispersion seems not due to ordinary observation errors
but mainly due to mixing of different phases, the least squares procedure may not be
adequate.’® Thus we solved the simultaneous equations for selected combinations of
4 stations. (Simultaneous Equations Method, S.E.M.) Nevertheless, reasonble solutions
were obtained only for several combinations of stations shown in gothic numerals in
Table 3 and 4.

3. On the contrary, when we analyse the same data by the s-p intervals method,
using the observational equations (6), we found reasonable solutions both by L.S.M. and
by S.E.M. as shown in Table 5. Failure of the arrival times method and success of
the s-p method in location of earthquake origin thus far mentioned were reported also
by T. MIKUMO.1®

Though the identification of S may involve many complicated problems as C. F.
Richter wrote in his book!® there seems to be no ambiguity in p on-sets in our data,
as indicated in examples of seismograms given in Fig. 1. S.E.M. for combination of
data suggests that the mixed use of different types of seismographs may be responsible
in part. But it cannot be the sole reason of the difference between the arrival times
method and the s-p method in earthquake location. T. MIKUMO0) developed an interest-
ing discussion on this problem relating it to a mechanism of origins. The present
writer, however, tried to check the accuracy of locations in some detail before advanc-
ing into such elaborate discussion with T. MIKUMO.

Thus, considering the results of preliminary analysis given above for 1956 data, we
decided to adopt the s-p method for the Ist approximation analysis, and selected the
data from Ishimoto accelerograph stations in the Ist three expeditions, 1952-1954. In
these years seismicity was rather high and a considerable number of shocks was
recorded at more than 4 stations, the least necessary number of stations for the s-p
method analysis, although it even seemed to be too small compared to the total mumber
of shocks recorded at all stations. Above all, as at these stations all 3-component, two
horizontal and one vertical, identical instruments were used, it was very suitable for
the identification of both p and s phases. Examples of seismograms are shown in Fig.
2~4.

Among many existing methods of analysis we adopted the graphical method by R.
TAKAHASHL1) When there were >4 s-p data, we search for N =<Z") solutions cor-
responding to all N combinations of 4 stations out of #. Among them are included
irrational solutions that could not give real epicenter or depth. Excepting such irrational
solutions, we calculated the weighted means of each solutions, weights of which are
taken as proportional to the inverse squares of errors, that might be expected when
s-p intervals at 4 stations have equal Gaussian errors Jt;=¢t=40.1 sec. The results
are listed in Table 6 together with the data used.

4. Formulae for the calculation of the above mentioned errors of the kinematic
elements of earthquake origins in homogeneous medium determined by the s—p method
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are given by egs. (12) and (13).

On the other hand the weighted mean values of the solutions by combinations of 4
stations out of # for an earthquake have their own limits of confidence, based on the
small sample theory of statistics for example to 5% risk (cf. M. MASUYAMA’S book1®),
The latter are given for each case in italic numerals in Table 6.

For the constant ws—p with fvs—p errors, the errors derived by the formulae (15)
and (16) and the results are also shown in Table 6. Limits of confidence to 5% risk are
given in italic numerals in this case, too.

5. The velocity of fictitious s—p wave, vs-p, obtained not only for a shock for
each combination of 4 stations, but also for the earthquakes with similar hypocentral
positions must be common, but the calculated values given in Table 6 differ in con-
siderable range. Plotting the vs-p values versus coordinates of corresponding origins
%o, Yo and zo, we get Fig. 7, in which we also indicate the errors of Ist kind of the
velocity and coordinate values in the upper and lower parts of circles respectively.
While vs—p~1o diagram shows only a mere scattering of points, we can notice the follow-
ing features in vs— p~o and vs—p~2z diagrams. Values of vs-p at 29<9 km seem to be small
compared to the values at z>9km. It may probably reflect the situation, that the
geological formations are divided by the so-called Mikabu Tectonic Line approxiately
coincident with the parallel of MM’ at 2o=9 km into the northern metamorphic Nagatoro
and southern non-metamorphic Titibu and Simanto terrains.

Relation between vs—p and 2zg was investigated by many authors in various regions,
among which we can refer to the results by R. TAKAHASHI in Tango!® district and by
A. IMAMURA® in Wakayama district.

Our diagram of ws—p~2p in Fig. 7 illustrates that vs-p at 20> 15 km have very small
values contrary tothe general expectation. They all belong to the epicenters in the southern
area at xo<9 km as stated above and some geological implication may be surmised. At
20<10 km slight increase of vs—p With 2z are seen, but, as there are very small number
of events at z0<4 km, we dare not decide whether the crust be a medium of linearly
increasing vs-p with 2o or of constant vs-p underlain by another surface layer of smaller
vs-p. The latter structure was proposed by T. MIKUMO™ as a 2nd approximation, but,
for the time being, we decided to restrict ourselves only in lst approximation discussion.

For z,>9km i.e. 20<10km, we assume vs-p=constant and obtained the weighted
mean 7s-p using the weight proportional to inverse squares of the Ist kind error calculated
for each ws-p. Thus we get Ts-,=6.80+0.11 km/sec. This value was used for the re-
determination of the elements for all combinations out of formerly treated data at
more than 4 stations. Data obtained only at 3 stations were also analysed, making
use of this ¥s-p, value, if the epicenters were supposed to lie in the northern area,
20>9 km.

They are also listed in Table 6 after the results of more than 4 station shocks for
respective years.

6. Geographical distributions of the epicenters located by s-p method for 1952-1954
expeditions are illustrated in Fig 8, discriminating their depths and hypocentral errors,
attributable to a priori observational errors of 0.1 sec in s-p intervals. (Ist kind errors)
Epicenters determined only by 3 station data are shown by small circles with the same
signs of depths and errors as the epicenters by more than 4 station data. Of course, 3
station data epicenters are restricted in the northern area, 20>9 km.

The plots of these epicenters are distributed uniformly over the network of stations,
but outside the network they are found only in its southern neighbourhood. To the
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north of Wakayama City, to the west in Kii Strait and to the east of Todoroki (T, there
might have been found as many epicenters as to the south of Yuasa (Y), considering
the relation in distance from the stations, but we can hardly find them in those northern,
western and eastern vicinities.

Distribution of the earthquake origins in solid or the depths of the hypocenters
indicated in Fig. 8 will be made clearer in Fig. 9, taking the vertical projection of the
hypocenters in 2z and yz planes.

It is very clear that no earthquake originates at a depth greater than 10 km in the
northern three-quarters of the area covered by the network, i.e. in the area at ©>9 km.
Further south from the parallel MM’ at =9 km the origin becomes deeper as it goes south-
ward. Owing to the small number of origins determined in the southern area, it seems
premature to conclude the latter as a fact, but the errors of their locations may support
the conclusion. Between the depth 10~14 km, we could locate nd earthquake by our
network, and it seems to mean something, if we think of the existence of a crustal
asthenosphere of plastic nature. In the northern area there are many extremly shallow
oirgins but in the southern area no such earthquake,. at least one strong enough to
be detected by our network, was found. It will be a future problem to locate such ex-
tremely shallow shocks both in the northern and southern areas.
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Data and results of p-arrival time analysis by least

squares method for the 1956 temporary observation in
Wakayama district. (unit in km and sec.)

Iz)\ifie Data of p Arrival Times at Ref;t!lts
No. Time I.A. station E.S. station l K.U. station |  Analysis
(J.S.T.) (in sec) (in sec) (in sec) (in km and sec)
v 14 NI 39.70 Rs 39.84 B 40.04 ot 14.69
1 13h 38m KO 39.86 Ly 41.83 N’ 41.02 Yo: 7.97
Lo 40.65 K’ 40.18 200
KE  40.06 | Y’  39.00 | to
KOE 39.83 vp: V=75
2 v 15 NI 31.89 R; 31.56 w! 31.90 0! 10.91
16h 03m KO 31.38 Ly 32.01 B 31.92 Yo! 8.77
KA 31.79 Lo 32.52 K’ 31.63 20
TA 32.71 KE 31.50 Y’ 30.90 to:
M 30.38 Kor 31.7 vp: V' =296
Y 31.20 TAE 32.62
3 v 16 L.  50.00 | W’ 49.59 | mxe:  17.01
13h 28m KOE 49.26 N/ 50.18 Yo: 10.18
K’ 49.41 Z0:
Y’ 49.79 to:
vp: vV =3.2
4 v 19 NI 03.92 Ly 06.38 w’ 04.04 Lot 17.59
091 25m KO 04.28 L, 04.63 F 04.32 Yo: 11.37
KA 04.66 KOE 04.23 N’ 05.33 20" v =16
TA 05.39 K’ 04.84 to: 04.09
Y 07.08 Y’ 04.80 Vp: 4.85
s v 19 KA 57.22 | L, 57.89 | W'  55.66 | me:  12.65
l4h 47m TA 56.42 | L. 55.13 | F'  55.37 | y  13.33
KOE 56.09 N! 55.76 20:
K’ 55.82 to: 59.6
Y 56.40 | vy 1.4

(to be continued)
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(continued)
2 itcff Data of p Arrival Times at Rezlfﬂts
No. Time LA. station | E.S. station | K.U. station Analysis
(J.S.T.) (in sec) (in sec) (in sec) (in km and sec)
6 v 21 KO 25.72 | R, 26.89 W' 26.20 | wo: 11.98
16h 33m KA 2615 | I, 26.03 | B 26.35 | yo 10.66
TA 27.06 | L, 27.01 | N’ 26.73 | z: V=849
KE  26.10 to:
K0T 25.69 Vp: 1.45
7 v 22 M 54.99 | Ry 55.41 W' 56.75 | 20 7.01
12h 44m I, 53.19 | B 56.49 | g 9.04
L, 56.89 | N’  56.28 | z: v/ —18
KOE 55.99 K’ 55.70 to: 54.5
Vpt 6.21
8 v 22 KO 2090 | R, 22.34 W' 21.40 | o 18.46
17h  03m KA 21.53 Ls 22.03 B 21.46 Yo: 11.21
KE 2163 | N’ 22.29 | z: V=29
KOF 20.89 | K’ 21.45 | to 21.
Vp- 5.2
9 v 22 KO 53.23 | R, 55.08 W' 53.75 | o 17.06
17h 11m L, 54.43 | FV 53.74 | wyo 11.51
K 5408 | N/ 54.50 | 2o
KOE 53.21 Yy’ 54.50 | to
vp: V =7.4
10 v 22 R, 06.97 W' 07.50 | 9.78
17h  35m Ry 06.35 | N' 07.32 | yp: 11.71
L, 05.22 | K 06.74 | z: v =327
L. 07.95 Y’ 06.5 to: 05.19
KE  06.49 Vpt 4.24

KoO=E

06.52
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Table 2. Data and results of s-arrival time analysis by least

squares method for the 1956 temporary observation in
Wakayama district. (unit in km and sec.)

2?1? Data of s Arrival Times at Re(s)lfxlts
No. Time I.A. station E.S. station K.U. station Analysis
(J.S.T.) (in sec) (in sec) (in sec) (in km and sec)
R 1 v 14 NI 40.90 R3 41.09 K’ 41.54 o: 13.77
13h  38m KO 41.04 L1 43.95 Yo: —0.01
L 42.28 202
KE 41.38 to:
KOEF 40.88 v vV =84
Lot 10.19
Yo: 4.25
20° 4.69
to: 30.47
Vst 3.40
Lo 50.84 wr 50.43 2o 17.36
KE 50.20 F 51.52 Yo 9.83
KOE 49.94 Y’ 50.76 20:
to:
Vs 0.6
L 08.25 F 05.36 2o 18.29
L. 05.89 N’ 07.01 Yo: 10.20
Ko® 05.21 | K 06.02 | z: v =165
Y 06.12 to: 04.49
Vst 3.47
L 55.95 w’ 56.76 Xo: 20.01
KOE 57.29 F 56.29 Yo: 12.80
N/ 56.94 20:
K' 57.14 to: 47.6
Y’ 58.10 Vot 1.62

(to be continued)
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(continued)
]gitf Data of s Arrival Times at Reztfllts
No. Time TA. station | E.S. station | K.U. station Analysis
(J.S.T.) (in sec) (in sec) (in sec) (in km and sec)
6 v 21 KO 27.32 Ly 29.18 4 27.82 o: 14.06
16h 33m KA 27.44 KE 27.72 N’ 28.39 Yo' 10.77
TA  29.43 Koz 27.30 K 27.45 20
Y’ 27.29 to:
vy VvV =1.4
7 v 22 KO 59.69 Rs 58.35 N’ 60.08 o: 10.35
12h 44m KA 59.70 Ly 55.99 K 59.39 Yo' 9.52
M 58.31 | Ls 61.44 | Y’ 5851 | z: /=108
Y 56.47 KOE 59.79 to: 58.2
Vst 4.17
8 v 22 KO 21.54 R, 23.91 F 22.23 ot 18.33
17h 03m KA 21.16 L, 22,98 N’ 32.90 Yot 10.99
K’ 22.24 20t v =22
to: 21.7
Vst 3.71
9 v 22 KO 53.83 R, 56.55 K 54.54 ot 16.20
17h 1lm L, 55.39 N’ 55.97 Yo: 13.56
KOE 53.95 20
to:
v vV =0.3
10 v 22 R, 10.09 w 10.03 Zo: 10.10
17h 35m Rs 08.35 N’ 09.87 Yo' 10.90
L, 06.52 K’ 09.11 20° vV =21
L, 10.77 Y 08.70 to: 07.37
KE 09.27 Vst 3.40

KOFE

09.27
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Table 3. Data and results of p-arrival time analysis by simul-
taneous equations method for the 1956 temporary observation
in Wakayama district. (unit in km and sec.)

1) Iv14 13h 38m 2) IV15 16h 03m

L 41.82 | Ly 41.82 | L 41.82 41.82 | R3 30.56 | Rs
KE 40.07 | K& 40.07 | KF 40.07 40.07 | Ly 32.01 | Ly

39.83 | KOE 39.83 2 39.83 39.83 | L» 32.52 | L2
Ly 40.65 | L» 40.65 | Lo 40.50 40.50 | KO 31.37
R; 39.80 | K’ 40.18 | Rs 39.80 40.18 | K’ 31.50

To: 19.59 | xo: 18.17 | xo: 21.63 : 18.75 | xo: 9.04
Yo: 1.73 | yo: 11.44 | yo: 0.07 | yo: 11.43 | yo: —-1.63
20! 952 |z V=7 |2 9.65 |z 2.45 | 2 16.12
to: 37.40 | ¢ 40.07 | to: 36.72 | to: 40.04 | i 26.94
VUp' 4.98 | vp 7.62 | vyt 4.99 | vy 7.714 | vp: 4.70

4) V19 09h 25m 5 W19 14h ) 6) y21 16h 33m

w’ 04.04 | In 57.64 . 26.91 : 26.91
F 04.32 | F Ly 55.13 26.03 26.03
R3 06.37 | N’ w’ 55.66 7 25.71 25.71
L, 04.63 | K’ ¥ 55.37 : 27.47 : 27.03
KOF 04.26 | Y’ N’ 55.76 26.11 E 26.11

2o: 22.46 | xo: 20! 25.31 : 12.19 : 10.30
Yo! 2.61 | yo: Yo' 13.62 | yo: ,IE_ELQ Yo: 11.76
20t 20 20 7.4 |z V=26 |z V=38
to: to: to: 53.57 to: 26.47 to: 26.08

v V=1 Vs Vi 5.24 | vp: 7.62 | vyt 10.76

7) Iv22 12h 44m 8) Iv22 17h 03m 9) IV22 17h 1im

M 55.06 | W’ R. 22.52 | K’ L 54.58
R3 55.41 | F” KOF 21.13 | KOF KOE 53.37
L 53.19 | N/ w! 21.40 | W/ w’ 53.75
Ly 56.89 | K’ F 21.46 | FV F 53.74
KOE 55.99 : N’ 22.29 | N' N’ 54.50
ot -8.07 : o8 13.77 | xo: Zo: 9.45
Yo: 11.91 : Yo: : Yo:
2 v =386 : 20t 20 20
to: 54.22 : to: to: to:

8.28 : Vp: 6.2 | vp Vp:
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Table 4. Data and results of s-arrival time analysis by simultaneous
equations method for the 1956 temporary observation in
Wakayama district. (unit in km and sec.)

1) IV14 13h 38m

2) V15 16h
' 03m

1 4) IV19 09h 25m

5) IV19 14h
47m

41.04
41.05
42.32
41.54
41.54

9.81
Yo 9.44
20:
to: 41.36
Vst 11.91

KO
R;

L,
K/
KE

To:

KO
KA

TA
M
Y

Zo:
Yo:
20
to:
Vs:

33.31
33.85
35.70
31.79
33.21

10.19
5.66
vV =T
31.41
3.58

NI
KO
KA
KI
YI
&o:
Yo:
2p:
to:
Vst

05.04
05.37
05.96
06.02
06.12

25.95
2.7

v/ =147

L
F
N?
Kl
Y’
Xe:
Yo!
20
to:
Vst

TA 57,07
L 55.95
w’ 56.76
B 56.29
N’ 56.94

Zo: 20.99
Yo: 12.18
202 2.64
to: 36.19
Vst 9.27

6) Iv21 16h 33m

8) Iv22 17h
03m

L,  29.18
K& 27.76
27.41
27.45
Y’ 27.82

18.10

Yo: 11.01
v-1.4
27.99

3.67

R,
L,

Nl
KI
Zo:
Yo:
20+
to:
Vs

24.13
23.22
22.23
23.90
22.24

12.37
—21.18
v/ —802

19.57

6.56




fRORE Lo B GF 430 97
Table 5. Data and results of s-p interval analysis by the least
squares method (L.S.M) and the simultaneous equations
method (S.E.M) for the 1956 temporary observation in
Wakayama district. (unit in km and sec.)
Earthg. | 1) IV14 13h 38m 1 2) Iv15 16h 03m
Method | L.S.M. S.EM. S.E.M. SE.M. L.SM.
. NI 1.20| KO 1.12| KO 1.20| KO 1.20 KO 1.20| NI 2.200 M 1.45
g'j‘;; Ry 1.25|L, 212/ Ry 1.25| By 1.25| By 1.25| K0 =2.00, ¥ 2.03
L. 1.63{ KF 1.30| L, 1.67| L, 1.67| L. 1.67| KA 2.06
) KO# 1.05| K 1.36] KE 1.47| KF 1.32| K’ 1.36| TA 2.92
Results xo: 17.59 xo: 18.67| xo: 26.27| x2o: 16.48 zo: 11.31
Yo:  5.83 Yo' 3.49| yor —2.37| yo: 5.17 yo:  3.80
20 8.94 20:  8.89| z: v/ =104| 20  9.87 2 9.92
vs-p 8.45 Us—p 8.75| vs—p 8.57| v5—p 8.79 Vs-p 6.70
Earthq. | 2) | 3) Iv16 13h 28m
Method | S.E.M. SEM. SEM. | LSM. S.E.M. S.E.M.
KO 1.94 KO 1.94| k0 1.941 kK0 0.75] W' 084y gaal wr  o.84
Psﬁif‘) TA 3.00| TA 3.00| KA 2.05| L. 0.84 Ilg/' (1)33 N’ 1.3 N' 1.3
KA 2,05\ M 142/ M  1.42 KO? 0.68 “lK 079 K7 0.79
Y z02lY 2.02|Y 202 Y©0.97 yr .97 KOE 0.68
Results | xo:  10.56] zo: 11.35| xp: 10.0QE xo: 18.15 xo: 17.81) xp:  27.51
Yo:  8.22| yor —0.46] yo: 10.14! yo:  9.83 yo: - 8.55 yor 18.47
0 7.37| 20 10.58 2o . 2 4.46 200 6.61] 2z
Vs—pt 5.08] vs_p: 7.83] w51y =7, Vs—p: 7.35 Vs—p: 8.93] vs_ 1 =82
Earthq. | 4) IV19 09h 25m 5) IV19 14h 47m
Method | L.S.M. S.EM. S.E.M. LSM.
NI 1.06| Y 1.88/ KOF 0.98| NI 1.07| F' 1.04| T4 1.0|F 0.92
gﬁ;“; KO 1.05| L, 1.87| F/ 1.04{ KO 1.11| N’ 1.68/ Ls 0.82 N7 1.18
KA 1.16| L, 1.26| N* 1.68| KA 1.17| K’ 1.18| KOF 1.20| &' 1.32
TA 1.74| LF 1.25| K’ 1.18|/ L, 1.22| v 1.32| w 1.100 ¥7 1.70
. Yy 1.32
Results xo: 17.28 ot xo: 19.65 xo:  21.41
Yo: 7.98 Yo: Yo: 7.92 Yo: 13.94
' z0: 8.81 20° 20: 7.35 20° 5.78
vs—p: 8.58 Vs—piV 80| vs_p: 7.73 Vs—p T.62

(to be continued)
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(continued)
Earthg. | 5) | 6) W21 16h 33m
Method | “SEM. L.SM. SEM. | SEM. | SEM.
F’ 0.92{ KO 1.60| K¢ 1.12| K’ 1.55| Ly 2.15| Lo 2.15) Ly 2.15
([s’*_‘;a; L, 0.82| KA 1.29| KO¥ 1.61| ¥’ 1.27{ KOF 1.70| KO 1.70] KO® 1.70
N’ 1.18| TA 2.37| F/ 1.47 K' 1.55 K¢ 1.65\ KE 1.65
W’ 1.10| L. 2.12| N/ 1.66 Y’ 1.27, Y' 1.27) K’ 1.55
Results | xo: 24.17 xo:  15.40 xo: —17.50] wo: —-34.52| xo: 22.14
yo: 13.20 yo: 12.39 yo: 13.25 yo: 4.6l yor 11.40
22 6.87 20t 1.29 20 20: @
Vs—p: 9.09 Veep 3.28 Vet V195 vs—p: 18.5 " ¥ s
Earthq. | 7) Iv22 12h 44m 8) Iv22 17h 03m
Method L.S.M. SEM. | S.E.M. L.S.M. SEM.
KO 3.60| Rs 2.94| RO 3.63| KO 3.63| KO 0.64| F/ 0.77| Lo 1.19
gi‘;j; KA 3.38| L, 2.8 L, 2.80| L, 2.80| KA 0.43| N’ 1.6l F 0.77
M 3.25| Lo 4.55| Lso 4.55| L» 4.55| R» 1.62| K  0.79] N’ 1.61
Y 2.50| KOE 3.80| K’ 3.69| Y/ 3.51| L, 1.19 Yy’ 0.79
N’ 3.80
K’ 3.69
Y’ 3.51
Results xo:  8.50 29 —16.42| xo: 9.78 xo: 18.88 xo: 18.18
yo: 11.36 Yo —6.74] yo: 13.78 yo:  0.46 yo: 12.69
2:  5.93 20: vV =3890| z0:  7.58 20 20: 1.88
vs—p 3.26 Vs—p: 8.59| ve—p: 3.20 " Ve—p: 3.79
Earthq. ] 8) 9) V22 17h 11m 1 10) Iv22 17h 35m
Method | S.EM. | LSM. | SEM. | LSM. 7] SEM. [
Ly 1.19| KO 0.60| L. 1.11} R, 3.12) K2 2.78| Ry 3.12
82_‘;3 F'  0.77| R» 1.47) KOF 0.74| Ry  2.00| KOE 2.75| K® 2.76
N’ 1.61| Ly 0.96{ F” O.80i Ly 1.30] W’ 2.53] N 2.55
Ry 1.61| KO? 0.74| N’ 1.47| L, 2.82| N’ 2.55{ K/ 2.37
F 0.80 K 2.37
N’ 1.47 Y’ 2.20
Results | zo:  17.24| 20t 15.95| xo: 19.53 xo: 14.86 2o:  19.05
yo: 18.95| yo: 15.23| wo: 7.39 yo: 12.82 yo: 14.35
20: vV =87| 2 2. 5.67 20! 20: 1.86
Vs—pV = 33| vs—pv ~12| vs—p 8.56 vs_':}_G'g , vs-p: 1.85
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Table 6. Data and results of s-p interval analysis by R. TAKAHASHI'S
graphical method for the 1952-1954 expeditions near Wakayama.

gz?fe Epicenter Depth Velocity of Remarks:
Ti s—-p wave stations and
(J.él.‘[’ll‘e.) Zo %o 2 Vs—p s-p intervals used
1952 km km km km/s
1-203*% | 7.0 +1.2 |11.2 +1.2 |20.5 +4.7 3.97+0.76 |Ey: Ks.0, T6.20, Ms.c8, Hs.40
X28
12h 16m
2-204 (18.504+0.64 | 7.604+0.78 | 7.2 +1.2 | 6.404-0.33 |Ey: NMi.gs, Ki.o1, To.0, Hoags
X5 |17.6 +1.3 | 6.8 £1.1 | 7.6040.96 Ei: NMig, Kio, T
11h 47m[20.0 +1.1 | 6.5 +£1.4 | 6.7 4+1.8 By Kist, Toos, Hougs
18.95+0.64 | 7.644+0.87 | 8.704+0.71 E3: NMi.gs, Tem, Hass
19.204+0.73 | 9.5 1.9 | 7.904+0.69 Ey NMi.gs, Ki.ot, Hass
18.96+0.41 | 7.394-0.59 | 8.074-0.43 Ey: Weighted mean of Ei, Eb,
+0.49 +0.76 +0.51 Es, Ey
3-208% |—1.54+4.9 [12.8 +1.2 21.5 +4.7 | 4.304-0.97 |Ey: Ke.e0, T6.00, Me.10, Hs.20
X122
21h 32m
4-210 [15.404-0.93 (13.80+0.63 | 3.2 +1.1 | 7.50+0.39 |Ey: NMs.o, Ko.cz, To.01, Miso
X124 117.304:0.96 13.844-0.52 | 2.4 1.0 E1: NMs.ao, Koz, To.01
18h 35m!15.98+0.71 [11.70+0.93 | 4.004+-0.89 Ky 210, Ko.c2, Mi.s0
16.454-0.57 [13.334-0.45 | 3.2940.66 Ey: Weighted mean of E1, Ey
+5.7 +8.2 +7.1
5211 |9.30+0.93 (6.4 +1.0 | 5.2 £1.9 | 6.524+0.55 |Ey: NMs.o, Toust, Mi00, Higo
X125 8.40+0.82 | 6.25+0.82 1 5.5 +£1.0 Ei: NMs.oo, To. 51, Mi.00
13h 32m| 9.054-0.79 | 5.96+0.72 | 5.754+0.65 Ea: Tyt Mo, Hiao
8.504:0.69 | 5.2 +1.8 | 6.10+0.69 E3: NMo.oo, Mi.00, Hi.a0
8.704-0.53 | 6.4 +1.0 | 6.30+0.97 Ey: NMo.w, To.ss, Hiao
8.67+0.34 | 6.1040.46 | 5.914:0.39 FEo: Weighted mean of Ei, E.,
+0.19 +0.28 +0.25 L3, Ey
6-214 {15.0 7.3 tmaginary | 6.8 Ei: NMi.so, Tr.s0, Mi.oo, Hioo
X0 |i6.4 5.6 0.0 7.8 Eys: Ko.1s, T1.s0, 1-00, Hi.90
18h 04m|14.80+0.47 | 5.834:0.84 | 2.9 +1.7 | 7.1740.41 |Es: NMi.s0, Ko.ws, Mi.00, Hi,00
15.104+0.58 | 7.354-0.88 | 5.0 41.3 | 7.524+0.36 {Es NMi.sc, Ko.1s, T80, Hi.oo
14.104+0.86 | 6.734+0.71 | 4.4 +1.3 7.88+0.53 |Es: NMi.so, Ko.is, T80, 1.00
14.78+0.35 | 6.60-+-0.46 | 4.524-0.81 | 7.434+0.25 | Ey: Weighted mean of Ei~Es
+0.57 +1.1 +1.4 +0.53
14.304+0.70 { 6.20+0.93 | 2.4 +1.4 Fs: Ko.rs, Mi.o0, Hi.90
17.2 +1.0 | 8.55+0.90 | 4.904-0.83 Es: NMi.so, Ko.is, T1.80
13.784-0.72 | 9.0 +1.0 | 4.4540.86 Eg: Ko.1s, T1.80, Hi.00
15.304-0.55 | 5.384-0.75 | 1.2 +2.5 Ey: NMi.so, Koz, Mio
14.924-0.35 { 6.994-0.44 | 3.90+0.54 Eo: Wetghted mean of Ei, Es,
+0.94 1.4 +1.0 Es, Ey. Other 6 combinations
of stations do not give definite
epicnters
7-215 |17.6 +4.2 | 0.6 5.4 | 5.9 +4.6 [8.0+1.8 Ey: Kiy.gs, Tos0, Mizo, Hono
Xil4 12.8 +£2.9 | 5.4 +1.8 | 7.55+0.71 Er: Kias, To.50, Miao
0% 08m14.87+0.99 | 5.1 +1.5 | 8.1 £1.5 Es: Ki.s, Tos0, Ha.z0
15.134+0.95 | 3.3 +1.3 6.7 +1.2 FEs: K., M1.30, Hg.so
15.6 +1.2 4.004-0.89 | 6.1 +1.7 Ei: To.50, Mi.so, Houzo
15.064+0.58 | 4.164-0.62 | 7.28+40.53 Ey: Weighted mean of E1~FE;
+0.50 +0.64 +0.54
* 29<9 km (to be continued)
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(continued)
II)\IO{ Epicenter Depth Velocity of Remarks:
Tfi € s—p wave stations and
(J.Slr.l’ll“e.) o % 20 Vs—p s—p intervals used
1952 km km km km/s
8-216 |17.1 41.8 [12.104-0.83 2.904-0.83 Ey: Ko.49, T1.zo, Mi.00
X 5
18h 19m
9-217 115.004-0.67 | 7.474+0.86 | 2.5 +1.0 FEo: Mi.2o, Ko.co, Wigo
X1 8
20h 09m
10-218 |16.5 +1.1 (11.90+0.78 | 5.874-0.62 Ey: T1.45, Ko.gs, Wi
X112
03h 58m
11-219 23.9 +1.2 |11.3 +1.0 6.2 1.0 Ey: T1.79, Ki.14, NMi.s0
X114
10h 41m
12-220 22.3 +1.1 [11.404-0.86 | 4.80+0.98 Ey: NM;i.z0, K1.1z, T1.56
(207)
X118
20h 55m
13-221 22.6 +1.1 7. +13. 8.5 45.0 Ey: NM1.50, Ko.66, Ms.95
X1
22h 36m
14-222 (16.3 +2.8 |18.0 4-1.6 8.5 +1.0 Ey: Ki.30, Toay, Migs
X 2
02h 21m
15-223 |10.3 +1.1 | 2.90+0.71 | 6.00+0.80 Ey: To.85, Mo.ss, Hi.7o
Xni2
02h 08m
16-224 |16.3 +1.6 [10.80+0.67 | 2.80+0.62 Eoy: Koo, To.95, Miegs
X113
0%h 48m
17225 [22.55 7.00 8.50 Eo: NMi.so, Ki.63, Mass
XI1
22h 36m
1953
1-301 [29.1 +1.8 |14.9 +6.1 1.5 +18.5 |10.7 +1.4 |Ey: KO1.27, KAi.15, Mog, Tis
X27 |17.2 £2.5 |12.1 +1.9 | 8.00+0.58 Ey: KO1.o1, KA1.18, Ms.19
16h 23m(14.8 +1.9 |15.04+0.81 | 5.6 +1.0 E3: KOi1.97, Th.s, My1o
15.7 +1.5 (14.604-0.75 | 7.404-0.51 Ey: Weighted mean of E., Es.
+11. +9.4 +9.2 Other 2 combinations of sta-
tions cannot give real epi-
centers
2-302 |15.4 +£2.4 |—-0.1+4.7 | 3.6 £5.0 | 7.5 1.5 |Eg: KOy.30, To.r0, Mi.oo, Y00
X28 [14.40+0.83 | 1.6 +1.2 | 4.5 +1.6 Ey: KOi.30, Mi.oo, Y00
06h 18m|13.6 +1.8 | 2.6 +1.4 | 5.3 +1.3 Ey: KOy.30, To.0, M1.00
14.8 +1.2 2.00+0.83 | 3.90+0.24 FEs: Toq0, M1, Ye.00
14.374+0.82 | 2.6 +1.3 | 5.7 +2.0 Ey¢ KO3, Thzo, Ya.00
14.39+0.50 | 2.524:0.55 | 3.984-0.24 Ey: Weighted mean of E1~E,
+0.27 +0.51 +0.30

(to be continued)
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(continued)
II)\I:;)t'e Epicenter Depth Velocity of Remarks:
Ti s—p wave stations and
a. é’:‘%) %o %o 20 Vs—p s-p intervals used
1953 km km km km/s
3-306% | 5.8 +£2.0 [15.1 +1.2 | 7.9 2.7 |5.1040.91 |Ey: KOz.08, Taot, Mz0e, Y210
X31 0.2 +5.3 |18.3 +£3.3 9.2 +£8.7 6.9 +1.7 |Ey: KAs.91, Te904, M3.04, Ya.10
20h 37m| 8. +11. [16.0 +£5.6 [31. +37. [11. +11. |Es KO3z, KAs.01, Te.01, Ms.or
5.1 +1.9 |15.514+0.90 | 8.6 +1.9 | 5.52+0.79 |Eo: Weighted mean of Ei, E,
+3.8 +1.8 +3.6 +1.8 Es. Other 2 combinations of
stations cannot give real epi-
centers
4-307% | 4.3 +4.7 | 3.8 £3.5 [19.5 +4.4 | 5.4 +1.4 |Eo: Ruiss, KAsco, Ts.25, Mz.1s
X1
17h 53m|
5-312 23.9 +5.4 [7.9 +2.1 | 7.8 +1.3 | 8.3 +2.5 |Ey Ri.0, KO1.25, KA1.00, Ma.10
X1 7 [22.7 £2.5 | 9.0 £2.7 | 6.4 +£1.6 Ei: Rio, KOi.35, KA1.00
1%h 42mi21.2 +1.1 | 5.8 +2.2 | 6.68+0.96 E2: Riw, KO1.2s, Moo
20.70+0.88 | 7.3 +1.1 6.7640.63 Ej3: Ri.00, KA1, Mz.10
19.1 £2.5 [8.5 +2.1 |8.2 1.3 Ey: KOy.95, KA1.40, Mz10
20.904-0.64 | 7.44+0.84 | 6.904+0.47 Ey: Weighted mean of E1~E;
+0.63 +0.85 +0.49
6-313 [22.4 +2.6 | 8.7 +6.4 |8.3 +6.5 |8.9 +5.3 |Ey: Ro.os, KO1.10, KAy.21, Tre3
XI7 122.9 £7.6 | 7.6 +£2.9 | 9.8 +£3.3 [10.4 +4.8 |E3 Ro.es, KO1.10, KA1.21, Mio
21h 48m|20.5 +9.9 8.0 +4.3 9.6 +2.1 9.4 +2.9 |Es: KO1.10, KA1.21, Th.63, Mi.70
22.6 1+3.8 7.2 +1.4 9.5 +1.7 |10.104-0.86 Ey 0-95, 01 10, Ti. 63s M.z
21.9 +3.5 7.5 +1.6 9.3 +1.7 9.7 +1.8 |Es5: Ro.gs, KAra, T1.63, Mo
22.3 +1.8 | 7.4140.97 | 9.45-+0.97 | 9.98+0.76 | Eo: Weighted mean of E1~E;
+0.26 +0.18 +0.15 +0.18
21.7 +£2.3 9.9 +2.3 5.8 £1.5 E1: Ro.es, KO1.10, KA1.21
22.1 +1.7 [10.98+0.79 | 5.2 +1.2 E. 0.95, KO1.10, T.63
23.2 +2.2 |11.3 £1.0 [ 4.6 +2.1 E3: Ro.os, KAra, Tres
18.204+0.77 | 6.83+0.96 | 5.68+0.60 Es: Ro.5, KA1.21, Ma7o
19.3340.99 | 4.1 +1.9 |5.4 +1.3 Es: Ro.9s, KO1.10, M0
17.104-0.77 | 9.55+0.61 | 4.304-0.84 FE7. Ro.es, Th.e3, Mi.o
15.3 +2.2 8.9 +1.8 7.30+0.47 FEs: KOy.10, KA1.91, Mi.70
8.4 13.8 0.0 Ey: KAy21, Ties, M1
13.2 +1.6 [11.50+0.91 | 5.8 +1.1 Eho: KOr.30, Tr.63, Migo
18.064-0.42 | 9.75+0.35 | 6.10+0.30 Ey: Weighted mean of Ei~EFE
+0.64 +0.57 +0.33 except Es, Ey
7-314 [24.1 +2.1 |10.4 +1.5 8.1 +2.6 6.804+0.98 | Eo: Ri.35, KO1.00, KA1.66, T2.05
X7 [24.1 £3.3 {10.3 +3.3 8.2 +2.6 Ey: Ri35, KO1.60, KA1.66
22h 58m24.1.4+2.5 |10.5 +1.0 | 8.1 +1.6 Ey: Ri3s, KOi.o, To.05
24.2 +2.9 [10.5 +1.3 | 8.1 +1.9 Es: Ry3s5, KAies, Te.0s
25. +13. [10.4 +1.4 7. <+15. Ey: KO1.00, KA1.66, T2.05
24.2 + 1.6 (10.4740.67 | 8.10%1.1 Ey: Wetighted mean of Er~E:
+0.10 +0.05 +0.08
8-315 [18.4 +4.6 | 4. =10, 5.9 +2.9 | 7.9 +4.2 |Ey: Ro.e0, KOo.95, KA1.30, To.10
XJ10 [18.8 +£2.0 | 5.9 +2.3 | 5.5 %1.3 Ev: Ro.90, KOo.95, KA1.30
02h 20m(19.2 +1.6 | 6.77+0.94 | 5.70+0.62 E»: Ro.s0. KO(),Q:,, Ts.10
20.1 +2.4 | 7.1 1.3 | 6.004+0.72 E3: Ro.o, KAo.es, T2.10
19.234+1.1 | 6.7740.72 | 5.7940.44 Eo: Wezghted mean of Ei~Es
+0.92 +0.58 +0.30 (KO, KA, T) cannot give real
epicenter

(to be continued)




(continued)

Epicenter - Velocity of Remarks:
s—p wave stations and
20 Vs—p s—p intervals used
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(continued)
Il)\k;é Epicenter Depth Velocity of Remarks:
T? s—p wave stations and
(J.é‘:ﬁ,ﬁ) 2o m 20 Vs—p s-p intervals used
1953 km km km km/s
11.054-0.76 | 4.1 +1.2 | 6.85+0.58 Ehe: KO1.50, Mi.os, Y163
10.90+0.91 | 4.004+0.96 | 6.954-0.65 Es: KAi1.83, Mi.os, Y163
11.2940.23 | 3.30+0.34 | 6.78+0.21 Ey: Weighted mean of Ei~Ex
+0.041 +0.068 +0.035 except Eho
11—-%0* 6.8 +5.0 | 1.9 +9.7 [14.6 £6.1 [13.4 +6.6 |Eo: KA1, Tieo, Mio, Y1
XI
21h 10m
12—?31*-—12.:!:24 8.7 +4.4 [29.9 +7.6 | 6.6 +3.4 |E¢ KAc, To.co, Ms.et, Ys.10
XI
03h 13m
13-322 [22.5 +3.8 | 5.7 £1.3 | 7.7 £1.6 | 6.7 +1.7 |Ei: Rie, KO1.us KAizs, Mo
X119 22.5 +2.7 5.7 +1.0 7.1 +8.7 5.8 +1.0 |Es: Ri.20, KA1, Moz, Yz
07h 57m{25.1 +7.9 | 5.5 £1.9 [8.2 £1.4 | 7.8 +2.6 |E:': Ris, KAy, Moz, Ys.00
14.0 +7.7 | 8.2 £2.5 |5 +11. |3.9 43.4 |Es KO14s, KA11s, Masi, Yz
21.6 +2.2 | 5.0 £1.7 | 7. +10. |6.1940.79 |Es: Ri.20, KO1us, M231, Ys.20
21.9 +3.0 | 6.2 +1.8 | 7.4 +£1.1 | 6.2540.96 |Es: Ry, KO1.4s, KAy7s, Y.
21.8 +1.4 |5.8310.64 | 7.4740.90 | 6.1140.49 | Eo: Weighted mean of Ei~Es
+0.91 i0.44 +0.16 +0.26 except Ky’
22.1 3.0 | 5.3 3.3 | 7.90+0.96 By Ry, KOvus, KAz
22.4 +1.0 | 6.1 £1.8 |7.97+0.73 Ey: Ri.90, KOi.8, M2z
23.9 +1.0 9.7 £6.2 7.3 £2.1 3 Rio0, KO1.48, Y320
23.454-0.80 | 3.6 +2.6 | 7.0 +1.7 Ey: Ri.20, Moz, Y30
22.6 £1.0 [5.7 £1.4 | 7.9540.93 E5: Riso, KAi1s, My
23.65+0.92 | 6.7 +2.0 | 7.8040.87 Es: Ri.00, KAr1s, Y30
23.0 +3.0 5.4 +2.6 7.3 +4.3 Eqr: KOi.48, KA1.718, My 34
24.0 +1.2 5.6 £2.9 |6.7 £3.0 Eg: KO1.48, KA1.78, Y3.20
24.4 +1.6 (4.5 +1.8 | 4.5 £5.8 Eo: KA1,78, Ma3t, Ys.20
24.1 +1.2 | 4.2 +2.3 |5.4 +£3.4 Ew: KOv48, M2z, Y3
23.414-0.36 | 5.40+0.69 | 7.76+0.40 Eo: Weighted mean of Ei~En
+0.15 +0.23 +0.11
14-323 119.0 +2.5 | 6.2 +4.8 | 6.8 +1.2 | 4.9 £1.5 |E1: Ri4s, KOuns3, KA1, T3.08
X2l |16.5 +1.8 |-1.44+5.5 | 6.0 £3.1 7.8 +3.0 |Es: Ri.4s, KO1.s3, 1,94, 1,98
01h 52m|16.4 +1.4 |—0.843.1 | 3.5 +3.4 | 6.7740.87 |Es: Ris, KO1.53, T3.08, Mi.o8
15.804+0.95 | 1.5 +2.1 | 4.4 31.3 | 6.12+0.75 | Fy: Ri.4s, KAi01, Ts.08, My.os
13.1 +8.4 | 4.1 £3.8 | 5.9 +£1.1 |5.6 +£1.0 |Es: KO1.s3, KA1.01. T3.08, M1.28
15.9 +1.1 1.2 +£2.4 4.4 +1.3 6.274-0.77 |E¢: Ri.4s, Ki.67, Ts.08, Mi.os
16.25+0.70 | 1.6 +1.4 | 5.7040.66 | 6.114-0.48 | Eo: Weighted mean of E1~FEs
: +0.66 +1.4 +0.62 +0.40
16.144-0.59 | 1.49+0.84 | 5.444-0.59 | 6.144-0.41 | Ey': Weighted mean of Ei~Eg
+0.44 +0.93 +0.51 +0.28
17.5 +£3.3 1.8 +£3.5 7.6 +£3.8 E1: Ry.s, KO1.53, KAj.0s
17.1 +2.6 | 0.8 +£1.6 | 6.5 +2.6 Ey: Ry, KO1.53, Ts.08
16.5 +1.4 |—-0.84+2.6 | 3.7 £3.9 E3: Ri.s, KOi1.53, M08
16.0 +3.6 0.5 £1.9 5.3 5.6 By Ri.as, KA1.91, Ts.08
15.9 4-1.0 | 0.4 +1.4 |5.2 +1.8 Es: Ri4s, KAi.01, M1
15.90+0.93 | 0.5 +1.1. | 5.2 +1.5 Eg: Ris, Ts.08, Mios

(to be continued)
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(continued)
g ot. Epicenter Depth Velocity of Remarks:
ate s-p wave stations and
<f§f1}l?.) 20 7 2 Vs—p s-p intervals used
1953 km km km km/s
12. +16. 1.1 1.6 5. +15. | E7: KO1.53, KA1.91, T5.08
14.6 +3.0 1.4 2.8 | 6.8 +£2.7 Eg: KO1.53, KAi1.91, Mi.08
15.9 4:5.3 | 0.4 +£3.2 | 5.2 +7.8 Ey: KA;.04, Ta 08, Mi.08
15.0 £2.1 0.9 +1.6 6.4 +2.1 Ew KO1,53, T3.08, M1.98
15.224+0.54 | 0.6240.56 | 5.704-0.83 1 Weighted mean of Eri~Emn
+0.22 +0.11 +0.20
15-324 |12.2 +6.5 | 0. +12 7.2 £3.4 | 9.2 +£3.6 |E1: KO1v3r, KAi.61, Mo.so, To.10
X121 (16.8 —16. imaginary (14.3 EV KOi.3r, KAi.61, Mo.so, To.01
23h 15m| 9.0 -1.8 tmaginary | 9.3 Ey: KO1.37, KA1.61, Y118, T
7.7 -20. imaginary [15.1 Es': KOi.31, KAyer, Yis Tont
10.1 8.6 'Lmagma'rj 2.9 Es: K01 37y KA1 675 Mo,go, Y1_1s
9.5 £1.1 5.8 £3.0 |54 £2.6 |7.1 +1.8 |Ey KO1.37, Moo, Y1.18, To.40
9.3 £1.1 |4.9 +3.0 | 6.8 £2.5 |8.1 +1.8 |Ey: KO1.3, Mogo, Y15, Th.ot
8.6 £1.4 145 +2.7 16.8 £2.1 |7.9 +£1.6 |Es: KA1.c1, Mo.wo, Y118 Te.t0
7.4 +2.9 1.0 6.5 | 9.0 £1.8 [10.3 +3.3 |Es": KA1.61, Mo.so, Y1i.18 Ta.04
9.8540.82 | 6.7 £1.7 | 3.8 £2.0 | 6.5 1.1 |Es Kiz, Moo, Yias, Toa0
9.80+£0.81 | 5.7 £1.7 | 5.6 £1.9 | 7.6 +1.1 |Es': Ki.30, Mo.co, Y1.18, To.ot
9.55+0.58 | 6.0 £1.3 [ 5.5 +1.2 | 7.094+0.78 | Ey: Weighted mean of E)~FE;
40.47 +1.0 +1.8 +0.69
9.5140.63 | 5.3 1.5 | 7.3 £1.2 | 7.924+0.89 | Eo’: Weighied mean of Ey'~Eg
+0.94 +1.8 +2.7 +1.22
22.8 1.3 5.7 +1.3 8.4 +9.7 E: K01,37, KAi.67, To.10
11.3 +2.6 [ 4.1 +2.4 |5.5540.62 E»: KOi.37, KAj.61, Mo.oo
9.65+0.67 | 3.9 4-2.7 2.7 +£5.4 E3: KOiy.31, KAye1, Y18
9.3 +1.7 6.5 1.3 | 4.5 +1.1 Ey: KOi,3t, Moo, Ta.00
9.504+0.64 | 6.5 £1.2 | 4.9 +1.1 Es: KOvar, Y1, To.0
9.524+0.61 | 6.15+0.94 | 4.80+0.63 Es: KO1,31, Moo, Y1.1s
8.9 +1.2 (8.0 +2.1 [6.4 +1.1 Eg: KAi61, Yis, Toun0
9.68+0.82 | 6.28+0.66 | 4.604-0.75 Ey: Ty.10, Moso, Y118
9.04+0.72 | 5.65+0.79 | 5.104-0.60 Ew: KAie1, Moo, Y118
10.0640.28 | 6.074-0.37 | 5.1940.29 Ey: Weighted mean of Ey~Ey
+0.76 +0.17 +0.12 except L7 (by KA, T, M) which
could’nt be obtained
16-326 |11.7040.59 | 7.55+0.90 | 5.0 +2.7 | 7.2 +1.2 |Ei: Riso, KA1, M6, Y130
X122 | 8.2540.66 | 9.4 +4.2 | 8.6 +£4.2 110.5 4-5.3 |E.s Ri.s0, KO1.17, KA1.17, Mi.og
11h 09m|11.404+0.70 | 6.3 +1.8 | 7.4 +2.6 |8.3 +1.5 |E3 Ris, KOn11, Mios, Yias
12.6 11.4 imaginary | 7.0 Ey: Riso, T3, Mios, Yi.3s
11.454+0.77 | 6.9 +£2.2 | 8.1 +2.4 | 8.5 £1.4 |FEs: Ri.s0, KO1r.17, Tr.03, Y131
11.9 41.0 7.4 +£1.4 5.7 +£2.2 7.6 +1.1 |Es¢ KAviz, Thies, 1.06, Y1.31
16.8 4:3.8 110.7 +2.0 | 6.5 +2.1 |5.8 +1.7 |Er: Riso, KO117, KA1.17, Th.o3
11.0 +1.2 | 6.7 1.8 7.1 £2.6 |8.3 +1.3 |Es: Ris, 117, Tres, Mios
11.4 +1.1 |7.75+£0.96 | 5.3 2.1 | 7.50+0.87 | Ey: Ri.s0, KA1.17, Ti.03, My.06
9.2 £2.1 195 £2.0 | 1. +26. |6.9 +£1.2 |Ew: KO1.17, KA1.17, Th.03, Mo
11.8 +1.3 | 5.4 +£3.4 | 8.7 £3.1 |9.2 +2.2 |Ewu: KOvn1, T, Mo, Yis:
10.904-0.73 | 9.9 +1.9 4.7 +£3.0 6.7 +1.2 |Ew: KO1ar, KA., T1.93, Y1.31
11.704£0.61 | 7.9 £1.2 | 5.7 £2.0 | 7.494+0.84 |Ews: Riso, KAv17, Th.o3, Yiat
— — — — Ey: KOv7, KA1a1, Migs, Y13
11.504+-0.86 | 9.9 +£3.7 | 8.9 +£3.9 | 9.0 +2.4 |Ei5: Ris, KO1.17, KA1.17, Yi.31
11.08+0.23 | 7.86+:0.44 | 6.014+0.71 | 7.544-0.35 | Ey: Weighted mean of Ei~E;
+0.21 +0.19 +0.23 +0.13 | except Ei, Ei, which could nt
be obtained

(to be continued)
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(continued)
Epicenter Depth Velocity of Remarks:
s-p wave stations and
To %o 20 Vs—p s-p intervals used
km km km km/s
15.3 +2.7 [10.5 +2.4 | 7.62+0.88 Ei: Riso, KOi11, KAvaz
14.9 +£2.2 | 9.48+0.91 | 7.6 £1.2 E»: Ris0, KOi.17, Tr03
13.1 +1.3 | 4.8 +2.1 |5.64+0.60 Es: Rys0, KOv.17, Mi.oo
13.8 +2.4 | 9.5 +1.2 | 6.7 £2.0 Es: Riso, KAy, Thes
11.924+0.92 | 7.50+0.99 | 4.2 +1.0 Es: Riso, KA1, Mios
11.754+0.50 | 7.4 +1.5 | 3.7 +1.4 E7: Riso, KAy1, Yot
11.554-0.85 | 8.50+0.74 | 2.8041.73 Es: Riso, Th.es, Mioe
11.804-0.51 | 8.60+0.86 | 3.6 +£1.2 Eg: Riso, T3 Y1t
11.784+0.51 | 7.9 +1.2 | 3.7 +1.3 Ehw: Riso, Mios, Yiae
10. +10. 9.8 +1.1 3. +21. E: KOqva7, KAiar, Ts.03
10.884+0.65 | 9.9 +2.1 5.00+0.71 Ei3: KOva1, KA17, Y143
11.00+0.95 1 9.6 +1.6 | 5.0 1.0 Ei: KAuag, Ties, Yist
11.03+0.70 | 7.15+0.83 | 5.0540.63 FEist KOy.17, Mios, Y
12.15+0.87 | 8.22+0.67 | 2.8 £1.6 Eur: Throes, Mioo, Yise
11.604-0.72 | 7.704+0.82 | 4.204-0.77 Es: KA1.tMy.06, Y1.3¢
10.90--0.62 | 9.70+0.98 | 5.054+0.76 Eie: KOi.ar, Thres, Yist
11.6140.19 | 8.414£0.25 | 5.07+0.24 Eo: Weighted mean of E1~E_'20
+0.089, +0.12 +0.16 except Ey, Ers, Eu, Esx which
covld not be obtained
9.104-0.46 | 7.324+0.80 | 0.86+6.1 | 4.86::0.45 |Eo: KO1,61, T30, Mi.0e, Y1.20
12.7 £2.1 10.2 +1.6 | 6.0 1.8 E1. KO1.67, T3.10, Mi.06
8.05+0.69 | 5.8 +1.1 | 6.25+0.54 Es: KO1.61, Mios, Y120
5.8040.93 | 3.05+0.78 | 6.204:0.70 Ey: Ts.10, M0, Y120
7.56+0.53 | 3.46+0.60 | 6.224-0.40 Eo: Weighted mean of Ei, Es,
+8.0 +3.1 +0.11 Ei.. KO, T, Y cannot give a
real epicenter K.
12.654-0.69 | 5.2 +£1.0 3.0 £1.9 6.054+0.59 |Ey: Ri.s1, KAi.us, Ts.56, Mo.o1
12.853-0.71 | 5.4 +1.0 | 3.9 +1.6 | 6.10+0.58 |E1’: Ri.51, KA1ss, T2.56, Mi.oo
12.30+0.46 | 5.1 +1.3 2.6 +2.9 6.17+0.60 | Ey: Ry.54, KA1.45, T2.50, Y158
12.354+0.50 | 5.1 +1.3 4.0 £2.4 6.48+0.98 | Es: Ri.5s, KAi.15, Yi.58, Moo
12.6 11.4 imaginary | 6.0 Ey: Risy, Toss, Yiss, Moo
12.054+0.73 | 5.7 +1.2 3.7 +1.7 6.00+0.65 | Es: KAi.4s, Ta.56, Y1.58, Mo.
12.3240.28 | 5.27+0.59 | 3.554:0.88 | 6.12:+0.33 | Ey: Weighted mean of Ei~FEs
+0.25 +0.87 +0.68 +0.21 except Ey
12.164+0.95 | 5.0 1.1 | 4.8440.68 E2: Rist, KAiss, Moo
12.15+0.55 | 5.0 +1.7 | 5.2 £1.7 Es: Riss, KAi4s, Yiee
12.2040.55 | 4.7 +1.2 | 4.9040.69 Eg: Rist, Mooy, Y158
12.2540.56 | 3.7 +1.1 | 4.2 +1.9 Er: Rist, Tos6, Yi.ss
12.454-0.84 | 4.80+-0.84 | 4.65+0.90 Eo: KA1us, Mo.o1, Y1.s8
11.9 +1.0 | 4.20+0.73 | 5.30+0.93 FEro: To.s6, Moo, Yiss
12.20+0.27 | 4.50+0.40 | 4.8940.37 Ey: Weighted mean of E,, Es,
+0.058| +0.20 +0.12 Es, Eq1, Ey, En. Other 4 com-
binations cannot give real
epicenters
17.2 £1.0 +1.4 5.3 +1.1 | 7.0240.66 | E1: Rio, KOo.00, T2.10, Y2.10
19.3 +1.5 +1.6 3.9 £1.8 | 5.1 1.0 |E2 Ri.0, KOv.e, KA1vw, Ta10
18.0 +1.9 +1.9 6.9 +1.6 7.7 +1.1 |Es: Ri.oo, KOo.90, KA1.07, Y10
14.6 +1.4 +1.5 4.6 +1.3 5.794+0.75 | Es: KOo,90, KA .01, T2.10, Y210
16.30+0.77 04+0.83 | 4.0 +1.5 6.43+0.51 | Es: Ri.00, KA1.01, T2.10, Y2.10
16.78+0.50 310.57 | 4.994+0.62 | 6.444+0.32 |Ey: Weighted mean of Ey~FEs
+0.78 +0.76 +0.60 +0.42

(to be continued)




(continued)

Epicenter

Zo

<
<

Velocxty of
s—-p wave

Vs—-p

Remarks:
stations and
s—p intervals used

20-333
X129
00h 14m

21-336
XI 2
17h 54m

22-337
XI 2
17h 57m

23-339

X1 4
11h 35m

25-343
X110
13h 19m

26-346
NI11
05h 50m

km

18.4 +2.0
17.5 +1.6
16.55+0.67
15.3 +2.2
16.684-0.62
16.674:0.60
16.304:0.79
16.40+0.78
17.15+40.80
16.6740.28

+0.11

16. +45.

SR OO

DD NN
<

H e He B He b

B H b e -
SrNNwo
0o O OO W N W

Y

21.13+0.83
21.7 £1.7
20.6 +1.5
17.4 2.3
20.41+0.99
+2.7

23. +12.
24, +12.
18.6 +2.4
20.2 +4.6
17.2 +3.3
18.5041.8
+0.87

14.4.4:2.0
12.98:4+0.64

14.154:0.67
3.1

13.7 +1.0
13.9540.77
14.7 +1.6
13.964-0.58

+0.45

w
]

ol
~

Oooot\bcuﬂ
H HE H- B b

O A O
&

Npwvvioo

S A

OiO .99
.76+0.79
.554:0.38

+0.21

CﬁU‘IO’)OO(h\ICDJ;C)OO

U‘l\]

—48.+1714.

11.3 +4.3
11.2 4:3.3
11.95+0.96
12.2 1.2
12.01+0.75

+0.38

D G100 0O
g\lmu\m
H- e H- e B b
ISE=R Ny R
w
Qa [=] el

DNWH W —
LhnoNi
HH o He b e

=t s
[¢2]

ENo U W

— N OO R D
S

— =
Lo,
[\l \v]
w o

(o209 KarNepiN]
=R N 00Oy

S
H - He e

DO B N
o 00w
= RE&
HH H-HH
~AOOW
oNH—
N A

3]

0.56

H
Q
=
o

9.4 +2.8
7. +11.
10.0040.72
10.2 +1.2
10.404-0.59
10.224-0.43
+0.20
+3.4
+2.7

km/s

4.78+0.92

6.32-:0.80

Ei: RBio, KOo.0o, KAi1.07

By Ri.00, KOo.90, Te.10

L3 Ri.0, 0.90, Y2.10

Ey: Rioo, KAror, T210

Bs: Rio, KA., Ye0

Eo: Rio. Te0, Yero

By KOo.90, KA1.07, Yu.10

Ey: KOq.o0, 7010, Ya.10

B KAvor, Ten0, Yoo

Ey: Weighted mean of Ei~FEh
except Er which was not real

¢ Ry05, KOro.18, Mo, Y106

: Ro.ss, KO1.10,
: Ro.ss. KO1,
2t Ro.ss, KO1.0, Th.os

R85, KA13, Ti.95
: Weighted mean of I, Es,
Es. lE4 (by KO, KA, T) is not
rea

Eo: Ris, KO1.00, KA1.63, Th.e5

Ey: Riz0, KOroo, KAres

By Ri0, KO1.0, Tr.85

Es: Ris0, KA1es, Tr.es

Ey: Weighted mean of Ei, Eo,
B3 lEi (by KO, KA, T)1s not
rea

Ey: Ro1s, KOv.oo,

Ey: Ro.zs, KOy, KA1

Ly Ros, KOvoo, To

B3 Rots, KA1.00, Tont

Ey: Weighted mean of Ei, Es,
Es. lE'4 (by KO, KA, T) s not
req

Eo: KO1.00, K100, Tr.77, Maso
Ey: KO1.60, Ki60, To.17
Es: KO1.00, Throtr, Mass
Es: KOr.00, Ki.c0, Ma.56
Ey: Kieo, T

E()Z

KA1, Thres
KA .33

KA1.00, Tomt

1,77, 2.56

Weighted mean of Fi~E,

Ey: KOo.0, KAo.s1, Tos, Y10

Es: Koo, KAost, Yi.00 Other 8
combinations could not give
real epicenters

Ey: Rys, KOom, KA1r.07, Mo
B Ri.s0, KOom, KA1

By Ri.0, KOo.z0, M,

Es: Ri», KAvm, My

By KO0, KAr.07, My

Eo:E Weighted mean of E., Ei,

£

(to be continued)
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(continued)
II)\IOt' Epicenter Depth Velocity of Remarks:
ate s-p wave stations and
(E é‘}}l?.) %o % 20 Vsep s-p intervals used
1953 km km km km/s
27-347 |16.0 +5.3 | 2.9 +£9.1 | 2. £19. |7.2 +3.1 |E;: Ri.q, KOoo, KA1.38, To.38
X111 |16.754+0.89 | 4.30+0.94 | 3.8 +2.2 6.5 £1.0 |Es: Ri.o, KOo.0, KA1.3s, Mi.a3
05h 59m|16.75+0.90 | 4.7 +1.1 | 3.95+0.86 | 6.60+0.48 | E5: R1.00, KOo.c0, To.38, Mi.33
17.0 +£1.0 4.2 +£1.4 4.4 +1.4 6.78+0.76 | Ey: Ri.o0, KA1r3s, Taas, Mias
17.3 +4.5 | 4.0 £3.8 [3.9 +£3.9 | 6.8 +1.3 |Es: KO¢.00, KAy.28, To.38, Mi.33
16.8040.63 | 4.3840.63 | 4.054+0.68 | 6.65+0.36 | Ey: Weighted mean of Er~Es
+0.08 +0.18 +0.18 +0.07
16.3 +2.1 3.6 £2.3 3.2 +£5.1 FE1: Ri.0, KOp.90, KA1.33
16.5 +1.6 | 4.1 +1.1 |3.9 +2.1 Ey: Ri.00, KOo.gv, T2.33
16.70+0.93 | 4.6 +1.7 4.5 £1.0 FE3: Ry.00, KOo,90, Mi.33
17.0 2.6 | 4.2 £1.4 | 4.4 +£3.4 Eg: Ry, KAi.3s, Ta.ss
16.974+0.75 | 4.0 £1.0 | 4.3 1.1 Es: Ri.00, KA1, M.
16.904+0.74 | 4.20+0.83 | 4.40%0.93 Es: Ri.00. To.s8, Mi.33
19. +11. {3.9 +1.1 |3.4 +6.1 E7: KOo.90, KA1.33, T4.38
17.2 +1.5 4.0 £1.2 3.9 £2.2 Ea: KO().QO; T2,38, M1,33
17.0 +4.0 4.2 +£2.4 4.4 +£5.8 Ey: KAj.38, T, 1.33
17.4 +2.0 3.8 +1.9 3.5 +3.6 Ew: KOo.00, KA1.33, My.33
16.884-0.40 | 4.08+4-0.39 | 4.29+0.51 Ep: Weighted mean of Eij~Ew
+0.055 +0.45 +0.060,
28348 19.2 +£2.4 110.5 £2.1 | 4.5 £2.9 |7.4 £2.1 |E1: Ro.so, KOo.70, KAo.7s, Th.11
4 18.3 +2.1 (9.9 +2.3 6.4 £1.9 | 9.4 £2.3 |Es Ro.go, KOo.70, KAo.75, Mi.aa
29h 12m18'8 +1.9 110.2 +£1.9 |5.1940.89 | 8.2 +1.1 |Es: Rosi, KOo.0, KAo.75, Ya.00
16.1 +3.4 | 9.9 +1.5 |5.4 +1.5 | 8.0 +1.2 |E¢: KOo.70, KAo7s, Th.sy, Mias
19.5 +3.1 |10.4 +1.8 5.2 +1.0 8.5 +1.3 |Es: KOo.70, Kdo.zs, Th.21, Yo.00
17.8 +:1.2 | 7.0 +£1.6 | 5.2 +1.2 | 7.644-0.87 |Es: Ro.e0, KOo.0, Miat, Yoo
16.50+0.97 | 7.90+0.76 | 1.4 5.0 | 6.504-0.92 | E;: Ro.s0, KAo.75, Mi.as, Yo.00
— — — — Eg: Ro.go, T1.11, Miua, Yo,00
18.2 +1.5 | 8.8 1.0 [5.9 +£1.3 | 8.744+0.95 | Ey: Ro.s0, KOo.70, T1.11, M1.4s
18.7 £1.3 | 9.60+£0.99 | 5.5 41.1 | 8.12+0.79 | E1o: Ro.so, KOo.70, Ti41, Yo.00
19.3 +£1.3 [10.604+0.91 [ 5.3 +1.1 | 8.434+0.72 |Ey1: Ro.so, KAo1s, T1.11, Ye.00
17.4 +1.1 | 8.90+0.70 | 5.4 +1.3 | 8.454+0.83 | Byt Ro.go, KAors, Tra1, Mias
21.9 7.1 imaginary | 9.1 Evs: KAo.s, Tha1, Mias, Yoo
27.8 4.5 imaginary (11.5 FEi: KOo.70, KAo1s, Mias, Yo.00
11.89:+0.44 | 9.13+0.34 | 5.364+0.39 | 8.060.30 | Ey: Weighted mean of Ei~E)s
+0.21 +0.22 +0.095 +0.14 | except Es, Es, Ewu, Eis. which
were not real
19.3 +1.6 (10.5 +1.5 | 4.8040.77 Byt Ro.go, KOo.70, KAo.7s
19.5 +1.2 |10.98+0.64 | 3.504-0°79 Es: 0.80, .70, 1.41
17.50+0.76 | 6.0 +1.4 | 3.8040.78 Es: Ro.so, KOo.70, Myt
16.66+0.51 | 8.0 +1.6 2.9 +£1.5 FEs: Ro.so, 1.44, Yo.00
16.604-0.62 | 8.1440.68 | 2.704-0.92 FEs: Ro.go, KAo.ts, Mi.aa
16.704+0.58 | 8.2 +1.0 | 2.7 +1.1 E7: Rosgo, KAo7s, Yo.00
16.804-0.56 ({10.25+0.60 | 1.2 +2.8 Eo: Roso, Tra, Yo.00
20.0 +1.5 [11.123:0.84 | 3.55+0.87 Fw: Roso, KAors, Tis
14.2 +1.5 9.8 +1.1 3.6540.98 Era: KQOo.70, KAo.1s, Mi.aa
16.104+0.73 (10.1 +1.3 | 4.4540.52 Ez: KOo.70, KAo.15, Yo.00
15.554+0.92 |11.9 £1.1 | 4.9540.69 Eis: KAo.s, Tha, Ye.00
16.044-0.73 |11.204-0.68 | 4.03+0.69 Eg: KOo.70, T1.41, Ya.00
16.154+0.75 | 7.5 +1.4 | 4.50+0.69 Ei9: KOo.70, Mr.4g, Yo.00
16.7240.98 | 8.1 +1.1 | 2.5 +2.2 Ey: KAozs, M, Ye.0
16.684+0.20 | 9.88+0.24 | 4.01+0.22 Ey: Weighted mean of Ei~Ey
+0.14 +0.23 +0.11 except Ky, Egs, En, Ey, Ei,
Ehz, which were not real
29-350 140.7 9.9 imaginary | 9.7 Ey: KOy.50, KA1r.00, Th.72, Moy
Xn16
13h 50m|

(to be continued)




(continued)

""No.
Date
Time

(J.S.T.)

Epicenter

<
<

Velocity of
s—p wave

Vs—p

Remarks:
stations and
s-p intervals used

1953

30-351
Xn7
23h 57m

31-352
X31
19h 18m

32-353
X3
0lh 47m

33-354
XI 4
15h 47m
34-355

X126
09h 13m

35-356
X127
03h 54m

36-357
(334)
X130
23h 51m

37-358
(335)
X1 1

12h 23m

38-359

X1
10h 45m

39-360
X113
0l1h 27m

5 +1.6
24.17+1.63
+0.10

15.6640.72

+1.7

,:.
3

0N [Hejo o)
—n =N
| | W
R0

>~ o

Wb e bR B
DN = Sy
NwwhmNo oo

-
Dot
o~

+1.8
7+0.67
+0.05

4.4 +1.1

CWINN IO 00
BROOUIORTIIWRHO

1

10.7 +1.4

10.95+0.99

3.5 £2.3

5.0 +2.3

imaginary
10.024:0.96
+1.9

11.1 43.9
11.504-0.92
10.0 +1.2
11.4 4+1.0
9.9 +1.4
7.5 +£2.8
10.4 +3.6
8.0 +4.3
1.7 +1.6
8.10+1.1
+0.08

1.0 +4.7
4.434-0.51
6.8 +2.9

6.5 £1.7

6.0 +£2.5

6.9 +3.1

9.85+0.62

km/s

1.3
1.2

6.2
5.8

Ey: KO1.7,
Es: KOn.10,

E;
E,
Ej

Fo:

E
E,
Ky
Ey
Es
Ly
Eq
Ey
Ey
Ey

KAis, Toaty, Moz
KA180, Tous, Yio0
: KO1.0, KA1.80, Ma.32, Y3.20
1 KO1.70, T2.4s, M232, Ys.0

1 KAis0, T4, Moz, Y30

Weighted mean of Ei, E-

: KOi.70,
1 KO1.70,
: KO1.7,
: KO1.70,
: KOr.70, Toas, Y0
1 KO1.70, Ma.sz, Y300
: KA1.s0, Tou4, Moz
: KAiso, Tou1, Y320
: KAigo, Moo, Ysmo
: Weighted mean of Ei1~Ey

KA, Tout
KAis0, Mo
KAzs0, Y30
Tou4, M3

Ew (by T, M, Y) 1s not real
Eo: KOo.70, M1,00, Y1.00

Eo:

Ejy:

Eo:

Ey:

Ey:

KOo.0, Ri.v, KAo.ma

KO1.10, KA1.06, Th.e0

KO1.95, KA1,63, My.3e

R1.00, KOo.95, KA1,36

KOi1.00, KA1,81, Mi.ss

: KOv.75, KAz.00, Mi.go

: Ro.g5, KO1,30, KA13e

: Ria0, KO100, KA1

(to be continued)
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(continued)

No.
Date
Time

(J.S.T.)

Epicenter

o

Yo

Velocity of
s-p wave
Vs—p

Remarks:
stations and
s-p intervals used

1953

40-361
XI1
02h 04m

41-362
X1
23h 17m

42-363
X1 3
04h 06m

43-364
X130
20h 52m

km
27.7 +3.8

14.9 +2.3

19.5 +2.2

13.9 +2.4

km

km/s

. Ri.o0, KAz.2, T2

: KO1.10, KAi.c0, Mo.ss

: Ro.oo, KOwn.s, KA1.5

: KO1.20, KAi.51, Mi.12

1954

1-401*
X110
06h 12m

2-402
X112
22h 16m

3-403*
X112
23h 28m

4-405
X116
16h 42m

5-408
X120
11h 21m

—-1.3+8.0

16.7 +1.6

—-8. +18.

19.8 +1.4

+0.08

18.5 1:2.9
18.5 +1.3
18.35::0.92
18.5 +1.1
18.374:0.80
18.3 2.2
18.4 +1.0
18.3 +1.0
18.3 +1.3
18.36+0.72
18.3840.33
+0.014

12.7 +3.5
12.6 +3.2
12.3 +2.8
12.3 +2.6
13 +£23.
12.47+1.5

+0.11

12.6 +2.5
12.5 £2.5
12.2 +5.8
12.5 +1.1
12.5 +1.6
12.6 +1.6
12.5 +2.2
12.6 +2.2
12.6 1.7
12.6 +2.6
12.524:0.59
+0.012

6.7540.75

: KAy2, Tar2, Mass, Ysoo
: KO1.05, SR1.14, Mizs, Y18
: KOs.51, Ta.00, Mo, Y30
: SRo.19, KOr.o1, Migs, Youco

: SR1.50, KA1.98, KO1.40, Ms.38

E»: SRi.50, KA1.98, KO1.40, Yo.02
32 SRy.59, KO1.10, Mz.38, Y202
: SRi.se, KA1.8, Ma.zs, Yoz

: KO1.40, KA1,

: Weighted mean of Ei~FE;

2.38, Y2.62

: SRi.s0, KO1.40, KAs.28

SRi.50, KO1.40, M2.38

. SRl,sg, K01.40; Y2.G2
: SRi.s9, KA1.28, M2,

: SRi.s0, KA1.28, Ya.c2
: KOy.10, KA1.8, Ms.33
: KO0, KA1.98, Yo
: KOy.10, Mg, Yooz

1 KA., M

.38, Y262

: SRise, Mass, Yoes
: Weighted mean of Ei~FEy

(to be continued)
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(continued)
11)\10{ Epicenter Depth Velocity of Remarks:
T? € s-p wave stations and
(],él,j’lls) o %o 2 Ve p s-p intervals used
1954 km km km km/s
6-410 [16.9 +2.5 [12.7 £5.5 | 9.3 +3.1 [11.0 +4.2 |E;: SRy.10, KOo.05, KAv.85, M1.45
X124 |18.7 +1.9 |11.6 42.2 | 5.9240.84 | 7.5 +1.0 |Es: 1.10, KOo.92, KAo.g5, Ya.01
05h 51m|16.58+:0.81 | 5.3 +1.2 | 4.9 £1.3 | 6.2 +0.60 {Es: SRy.10, KOo.02, Mi.45, Yo.01
15.3 7.5 imaginar'y 5.2 Fy: SRl.IO: KAO.BG: Mi .45, Yo.on
— .= — — Es: KOo.02, KAv.ss, Mi.as, Yo
16.91+0.72 | 7.0 £1.0 | 5.7940.67 | 6.8040.51 | Ey: Weighted mean of Ei~E;
+1.8 +5.0 +1.6 +1.2
19.0 £2.0 [11.4 +1.7 [5.2 +1.0 Ey: SRyi.10, KOo.92, KAo.ss
16.504-0.90 | 5.8 +1.7 | 5.5040.58 Es: SRi.10, KOo.02, M1.45
17.264-0.76 | 7.6 +4.0 | 6.12-:0.54 Es: SRi.10, KOo.92, Yo.21
15.53+0.72 | 8.534-0.75 | 4.184+-0.71 Ei: SRy, KAoss, Mias
17.484-0.66 (10.2 +1.1 | 5.30+0.56 Es: SRi.10, KAo.s5, Yo.o1
12.3 +£1.7 10.9 +1.3 3.1 +£2.5 Eg: KOoy.92, KAo.ss, Mi.15
17.184:0.83 {11.3 +1.5 | 5.684-0.54 E7: KOo.99, KAogs, Yo.01
17.3540.85 { 4.8 +1.5 | 5.0 +1.3 Eg: KOo.93, Mi.45, Yo.o4
17.00+0.56 | 4.2 +1.8 | 5.70+0.83 Eyw: SRi.10, Mias, Yoot
16.804+0.28 | 8.734:0.45 | 5.464-0.23 Eo: Weighted mean of Ei~E
40.28 +0.63 +0.16 except Ey
7-412 (16.6 +£1.1 {—~0.14+3.0 | 5.7 +4.8 | 9.3 +3.2 |Eyp: SRy.09, KO1.13, KA1.48, Mi.02
X124 (18.6 +2.3 | 5.3 +2.4 | 6.7 +1.4 Ey: SRy.09, KO1.13, KA1.18
18h 16m(12.1 +2.2 | 4.7 +2.0 | 4.65+0.75 Ey KOi.13, KA1, Moo
15.2 +1.6 4.9 +1.5 | 5.164:0.69 Ey: Wetghted mean of E,, Ej.
+29. +2.6 +8.1 E., E3 are mot real
8-413 118.0 +1.1 |8.7 +1.2 | 5.0 +£1.3 | 7.5 1.1 |E:: SRo.s5, KOo.c8, KAov.c0, Mi.co
X129 (17.9 +1.3 8.6 +1.5 5.2 +1.1 7.784-0.94 | Es: SRO.SG; KOo.c8, KAo.g5, Yo.00
03h 42m|18.1 +1.1 9.3 +£1.9 | 5.154:0.99 | 7.82+0.53 | K3: SRo.s6, KQo.c8, Mi.c0, Yo.00
18.6 +2.4 | 9.2 +£1.7 | 5.9 +£2.1 |8.2 +£1.7 |Esx SRo.sc, KAo.ss, Mi.c0, Yo.00
14.6 +7.2 9.1940.85 | 3.2 +9.9 5.8 +4.6 |Es: KOo.cs, KAo.80, Mi.c0, Yo.00
17.994:0.64 | 9.31:£0.56 | 5.17+0.60 | 7.74+0.40 | Ey: Weighted mean of Ey~Es
+0.22 +0.26 +0.16 +0.14
18.3 +1.5 [ 9.0 +1.4 | 4.38+0.48 E: SRo.86, KOo.c3, KAo.s6
17.654+0.73 | 7.5 +1.4 | 4.50+0.52 Es: SRo.gs, KOo.c8, Mi.co
16.284-0.67 | 4.2 +3.1 1.7 £7.2 Es: SRo.s6, KOo.08, Ya,00
17.374+0.66 | 8.204+0.73 | 4.024+-0.66 Ey: SRo.s6, KAo.s6, Mi.co
16.574+0.58 | 7.53+1.03 | 3.2 +1.1 Es: SRo.ss, KAo.s5, Yo.00
16.6 +1.5 8.8 +1.6 4.62+0.78 FEs: KOo.c8, KAo.s5, Mi.co
16.15+0.73 | 8.7 +1.3 | 4.55+0.63 Er: KQo.e8, KAo.ss, Ya.00
16.16+0.74 | 9.3 +1.5 | 4.534+0.76 Es: KOo.cs, Mi.co, Yz.00
16.03+0.99 [ 9.2 +1.2 | 4.904+0.94 Ey: KAo.ss, Migo, Ya.00
16.87+0.49 | 9.9 +1.8 | 1.9 +4.1 Eo: SRo.es, Mo, Ye.00
16.734-0.23 | 8.37+0.39 | 4.39+0.25 Ey: Weighted mean of E\~E
+0.18 +0.15 +0.096
9-421* | 0.2 5.7 [ 7.5 £2.4 [17.4 +£3.3 [5.4 +1.3 |Ey: SRs.10, KOs.18, Ms.75, Ya.30
X110
0lh 27m
10-422 116.7 +2.6 | 0.4 +£5.4 114.1 +8.6 |10.1 7.0 |E:: SRi.cs, KOi.03, KAs.e5, M1.61
X4 18.0 +£3.3 | 4.1 £2.7 |12.4 +£4.5 | 8.1 +2.2 |Es SRi.c2 KOi.03, KA1.85, Yout0
16h 50m|16.7 +1.5 | 0.8 3.0 | 9.4 £1.9 | 7.5 £1.3 |Es: SRi.e, KOi.63, Mi.c1, Yo.a0
(to be continued)
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(continued)
II)\I ot. Epicenter Depth Velocity of Remarks:
ate s-p wave stations and
(Eér'n,l?.) 20 0 20 Vs—p s-p intervals used
1954 km km km km/s
15.5 +1.0 | 4.0 +1.6 | 7.6 2.2 | 6.2 +£1.1 |Es: SRy, KAsig:, Mig, You0
— — — — Es: KOi.03, KAvgs, Mg, Yoo
. 16.10+0.79 | 3.0 +1.2 | 9.2 +£1.4 | 6.804+0.79 |Ey: Weighted meam of E1~E;
+0.79 +1.5 +1.7 +0.88
18.6 +3.3 | 6.0 +3.2 (10.6040.96 Ei: SRi.:, KOi.65, KAi.85
16.5 +1.4 | 1.0 +2.6 | 8.1 £1.7 By SRi6z, KOi.63, Mi.ox
v 15.654-0.88 |—0.9+6.3 | 5.6 £9.8 E3: SRy, KOy.3, Yauao
15.6 +1.0 | 3.5 +1.3 | 8.79+0.70 Ev¢ SR, KAvss, Mot
16.064+0.75 | 3.9 +£2.0 | 9.2 £1.2 Es: SRy, KArss, Yoot
12.7 +3.0 | 5.5 £2.7 | 9.7840.51 Ee: KOy.63, KA1.85, Mot
15.4 +£1.0 5.8 +2.9 (10.6 +£1.3 E7: KO1.63, KAi.85, Yo.10
15.6 +1.0 | 2.2 +1.7 [ 8.9 £1.1 Eg: KO3, Mic1, Ya.t0
16.4 +1.2 | 3.0 +1.3 [8.3 +1.5 Ky KA., Mie1, Yoo
15.96+-0.68 | 2.5 +2.0 | 8.60+0.89 Fio SR'l.sz, Mo, Yau0
15.834+0.33 | 3.254+0.63 | 9.37+0.30 Eo: Wetghted mean of E\~E)
+0.13 +0.80 +0.17 .
11-423
X118 1[17.884+0.56 | 7.3 +1.1 | 4.104+0.92 | 5.4040.47 | Ey: Si.18, SRi.01, KOo.80, Mz.00
12h 59m|
12-424 {12.5 7.8 0.0 Ey: KOo.e5, KAo.o, Mo.os
X119
11h 29m
13-425 |17.7 +1.7 8.9 +1.6 5.10+0.51 Ey: KOo.77, SRy.00, KAy.01
X123 (19.6 9.1 4.5 Ey: KOo.11, KA1, Wi.t
00h 24m
14-426 |17.7 +2.3 3.4 +2.5 5.1 +3.0 FEy: KOi.09, SR1.06, KA, 55
X124
11h 56m
15-427 |20.8 +1.1 |14.5 +2.2 | 6.9 1.4 Eo: KOy.25, SRi.26, Ma.q0
X§1 |21.9 10.2 6.6 Ey': KOi.05, Ms.10, Wi.20
10h 14m|
16-428 |21.4 +2.6 7.2 :EZ.G 7.454-0.70 Eo: SR;_u, K01.31y KA1,45
XiI 3 {20.2 7.1 7.3 Ey: SRi.11, KOy, KA.
08h 58m
- 17-429 |16.3 2.6 2.4 +8.4 5. &+11. Ey: SR;,z;, KOi.15, Wieo
XI 9
05h 17m|
18-430 | 6.38+0.99 | 3.7 +1.7 [10.9040.56 Ey: KOz.35, Mig1, Y180
v Xi18
14h 51m
19-431 [19.2 +1.8 | 9.0 +1.8 | 5.53+0.52 By SRo.s1, KOos1, KAuos
X125
05h 05m
20-432 (18.7 +1.8 |14.664:0.70 | 4.5040.76 Ey: SRy.12, KAoss, Tico
X129
21h 09m|

(to be continued)
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(continued)

gz?te Epicenter Velocity of Remarks:

Time s—p wave stations and
(J.S.T.) To Yo Vs—p s-p intervals used

1954 km km km/s

21—433 15.6 +1.7 Ey: SR[.OQ, KOO.691 KA .00
XI
02h 53m

22-434 |17.1 2.1 Ey: SRi.06, KOo.99, KA1.31
Xn1o0
03h 45m

Table 7. 1st kind errors calculated by the present author for
k(=wv,-,) and origins obtained by A. Imamura in Wakayama
district.

Z
o

‘ Lo Yo 20 k

17.854 0.29 7.55+0.35 1.57+£1.99 3.10+0.84
15.68+ 2.97 8.0541.55 5.98+£5.99 3.90+3.30
17.80+ 0.41 7.5040.40 0.60+4.47 3.00£0.47
18.00+4 0.40 6.45+0.63 0.85+3.83 3.10+0.93
17.384 0.22 7.50:£0.36 1.0043.52 3.26+1.02
18.404: 0.88 10.20+2.21 2.85+1.36 3.75+1.47
17.904 0.50 9.50+1.72 2.90+2.04 3.75%1.55
17.25+ 0.35 7.42+40.46 2.00+2.68 3.73+1.42
11.00+11.17 6.30+2.25 6.90+£2.67 5.76£5.16
18.15+ 0.60 8.20+£0.77 2.64+2.24 3.90+1.44
11 14.754- 4.16 8.10+1.09 4.00+3.31 4.80+38.17

1
2
3
4
5
6
7
8
9

—
(=

N.B. Hypocenters are shown in our coordinate system (loc. ¢it. 1) and No. of earthquakes
are referred to the paper of A. Imamura (loc. cit. 3).
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Fig. 1. Seismograms of a shock obtained at the electronic_stations'of E.R. 1V in the
1956 expedition in Wakayama district. J.S. T.: Japan Standard Time. K.L.T.: Kainan
Local Time (by a chromometer at Kainan base station. cf. loe. eif. 1). Ry, Ly etc.:

Stations (cf. loe. eit. 1) Time marks are given at every second.
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Fig. 2. Seismograms of an earthquake obtained at
the Ishimoto accelerograph stations in the 1953 ex-
pedition in Wakayama district. (NS component.) M, Y
etc. : Stations. (cf. loc. ¢it. 1.) Time marks are given
at everv second.
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Fig. 3. Seismograms of an earthquake obtained at
Ishimoto accelerograph stations in the 1953 expedition
in Wakayama district. (EW component) M, Y. etc. :
Stations (cf. [oc. eit. 1). Time marks are given at every

second.
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Fig. 4. Seismograms of an earthquake obtained

at the Ishimoto accelerograph stations in the 1953
expedition in Wakayama district. (Z component) Z
at Y was spoiled. At K was only vertical. M, K
etc. : Stations (cf. loc. eit. 1). Time marks are

given at every second.




