gzl
128

3ty Bt TR & #®
. 1£5ﬁ

(1974)

4, wEBUNBEBRTIICED S P BERO
RzEE <y v EEofEL XU Z D HFLL
iz onT

%k &
HEt PR
F{ﬁim 4

(HEFD484E12 F28 F 323

<FH> EEHNMUBRBIFICE O TERS Wi PIEROYIE & L UHE L Later Phase
DFEWFRZE 2T U< ¥ b v L ORE 2R 2 oF ki DWW TR 2N A . PlE
AV ARG ED <Y P v OBEIC OV TOMEE LT—21 & &Y (1967) 1«
X BHDPFHE d4/dT OFHHBH 2. EFIMBLHMIEBRRTO 8 Wt —/Eo0
Large aperture array & UC dd4/dT % 5°<4<55° OFEHICDOWTRHEZX 150 km
TTCOMEE LT 7.7~7.8km/sec %% #z. Tl Hw 3 20° Discontinuity 13303
ZEEX 3I5km ICRMISEEIEINMSEAET S C &), T d4/dT ORI
B S AL FAREZEEILTORY. —FAAMNED <Y bV EFORHEIC 20T
%1% L\ Lateral heterogeneity 2338 &1 P I DERRZE D55 { OFFED
BWINTN S, &2 EFHD, (1967), BIUEHE - HEY (1968) & Pk OERRE %
RN UESSHRT & R EEE & BRAEHL pE L. AEY (1970) ZHRE—/NER
HUIR OERHT OERRE 2RI L Z OESER OB BERBER E —B T 58
S OFEHEE WAIBRRICH 5 C & AERH L. L TREVHNIEBNF»b S T
W EmOREEBOFMESRTE LTHRE (TSK) BRAATOERRZE ZEBER & UTHRN
Fo. ELiKwbhbWw B 20° Discontinuity, BIUZILUIEZOMEDERIC X 5 ERK O
Cusp & Later Phase DERICE XIZTHEBIC OV TR U,
<BHEHSLUBITFE>

(1) fRiFErt USCGS @ EDR (Earthquake Data Report) 5 JAN. 1967~
JAN. 1969 0255 BoO#iicoW\WT 1) =k, du¥Ed, Kurile Is., Kamchatska &
JiU 2) FEEAK, LM, FHERO2OOHMOMBEAZROBIEC LD L5 UHTERE L

. Fitb bt (i) Magnitude mces>5.0, (ii) BEOEX H<60km, (i) B/

i&fﬁéﬁﬂlﬁﬁ@:’ﬁ?& (TSK) #flAIc B 2 EREERMMEC X 20> 5 PRNEHE
Y UEEZ s Later Phase ¢ Arrival Time 23HIEZE +0.05sec DINTHIM I W5
LhEZ LA, TSK OHTREREHEICOVWTOF— 2 DHTEMBBICIE 5D AR S 120D
i TSK il s hizbEic >0 (DDR) SRISADF— 2 2/Bmic AV, &
# (KYS) BXUHulL (SRY) & TSK, DDR itz L S/N 2% 5 DTHWE. #]
ik 1) oFMoEE Table 1 ¢/ 2) OFALOHIEE Table 2 & List & LTR
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-8 Location of Epicenters and Stations

Fig. 1. 'Location of epicenters and seismological stations of TSK (Tsukuba),
DDR (Dodaira), KYS (Kiyosumi) and SRY (Shiroyama) of the
Dodaira Micro-Earthquake Observatory, ERI.

L. ZNoDME List @ Column (W~I0OARKRKDOODTHS. T1bb(1)ZRk
BREEN{OED Serial Number, (2)2s:B54k (deg), (3) Date, (4) Origin Time, (5%
REERE,  (6) BEOES (km), (7) Magnitude mcaes, @)PEMED Jeffreys-Bullen
Table (J-B) 75D Residual (sec), (9)§fi¥ 7z Pz Later Phase . (J- B) b2
Residual (sec), (0N SLTH 3.

I BFFE CCTIUES PZ&Diﬁﬂ%fE#@@ﬁ?ﬁﬁb’%@%& BELLTRD 3 AT
FTEHOoNE. THbLBL
D BHIELTLABNOSE Y v LR GRS 50km $T) AHERTE 3
FHEL ol & BEFH/MNBEBITIE Fig. 1 1IR3 & Sic DDR (Dodaira), TSK
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Table 1 List of earthquakes located at off the Pacific :coast: of-NE Honshu,

= WD

D = DO

Hokkaido, Kurile Is. and.Kamchatska and travel .time residuals for
the first and later arrivals

Date

Nov. 04,1967
Jan. 17,1967
Jul. 05,1968
Jul. 12, 1968
Nov. 24,1968

May. 16,1968
May. 16, 1968
Jan. 24,1967
May. 16,1968
Oct. 07,1968

Sep. 21,1968
Nov. 04, 1967
Jan. 29, 1968
Jan. 29,1968
May. 21,1968

May. 20,1968
Aug. 1,1967
Mar. 19, 1967
Mar. 20, 1967
Apr. 01,1967

Apr. 01,1967
Feb. 03,1968
Apr. 16,1967
Jun. 14,1967
Jun. 14, 1967

Nov. 01,1967
Nov. 01, 1967
May. 20,1968
Nov. 01, 1967
Jan. 18, 1967

May. 20, 1968
Jan. 22, 1969
Oct. 07,1967
Dec. 15,1968
Oct. 24,1968

Jan. 22,1969
May. 20,1968
Jun. 15,1968
Sep. 13,1967
May. 28,1968

May. 27,1967 17--22"

Origin Time

h :m

13
11
11
00
21

00
06
03
10
20

13
14
10
16
08

21
11
04
13
12

05
03
10

08

08

16
16
10
16
04

10
17
08
14
22

17
1
11
18
22

26
59

28

44
20

48
36
05
39
49

05
30
19
42
20

09
21
01
31
23

54
26
10
05
13

09
30
34
30
20

34
14
28
01
35

14 -

53
27
41
29

S

47.7-
31,5
12.6
36.5
59.9

55.4

51.0
39.0
01.6
01.3

58.2
37.5
05.6
50.4
00.9

44.8

22.3

36.7
34.0
35.3

19.1

16.6

06.7
58.6
02.2

16.7

57.1

16.8
57.1
52.9

16.8
42.9
01.2
43.5
50.9

42.9
55.5
32.9
15.4
56.8
58.7

Lat,

37.

-38.

38.

35°N .«

29N
50 N

39.50 N

40.

40.
41
41.
41.
42.

42,
43
43.
43.
44,

44,
45,
45.
45,

45,

45.
46.
46,
47.
47,

48.
48.
48.
48.
48.

48.
49.
49,

- 49.

49.

49.
51.
51.
52.
52.

.51,

25N
84 N

.08 N

45 N
47 N
01 N

16 N

.54 N

62 N
49 N
91 N
85 N
37'N
41N
61 N
70 N
82 N
61 N
43 N

54 N
48 N

16 N
2T N
82 N
27T N
88 N

82 N
35 N
20 N
61 N
66. N

35 N
90 N
71 N
70 N
19N
89 N

»Long.' l();[;:lt)h Mag
141,65°E 46 5.7
142.07E 44 5.9
142,04 E 43 5.9
143.16 E 28 6.0
142.30 E 51" 5.9
143.22 E 07 5.9
142.96 E 35 5.7
141.94 E 69 5.7
142.67 E 33 6.3
142.41 E 32 5.7
142.57 E 33 5.9
144.09 E 30R* 5.8
146.66 E 40R* 6.3
147.20 E 36R* 5.7
150.15 E 33R 5.7
150.29 E° ‘38 5.
150.30 E »37 . . 5.
151.27 E 33 . 5.
151.38 E 51R .
"151)79 E 40R 5.
151,76 E 40R 5.
152.57 E 45 5.
153.32 E 24 5.
154.43 E 55R* 5.
154.49 E 53R 5.4
154.44 E 47 5.3
154.36 E 40 5.5
154.73 E 40 - 5.4
154.36 E 40 5.5
154.88 E 40 5.4
154.73 E 40 5.4
155.49 E 50 . 5.4
156.27 E 33R 5.3
155.69 E° 50 5.4
155.77 E 35 5.5
155.49 E 50 5.4
158.47 E 55 5.3
159.36 E 39 5.4
172.45E 34 5.7
©172.81 E 15 5.6
176.08 E 34

5.8

W W N @ == =

|
e
oo 1w N O Ol U,

|
o W R e 00 H IO AN U O WO N

|
-
D oUW o N

-2.8
—3.1

-3.1

3.1
3.7

3.4

2,2

2.1

‘1.8

3.5

59

TSK
TSK
TSK
TSK
TSK
TSK
TSK
TSK
TSK
TSK

TSK
TSK
TSK
TSK
TSK

TSK
TSK
TSK
TSK
TSK
TSK
TSK

“TSK

TSK
TSK

TSK
TSK
TSK
DDR
TSK

DDR

TSK

TSK
TSK
TSK

DDR

TSK
TSK

TSK

.TSK

TSK
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Table 2 List of earthquakes located at SW Honshu, Kyushu and Ryukyu Is.
and travel time residuals for the first and later arrivals

No (]d)Sgt) Date Or}i‘gix:nTim: Lat. Long. I%i’;gl Mag. (l::; ?si%) St.
1 4.0 Aug.18,1968 07 12 19.3 35.28N 135.32E 33R 5.0 —1.4 TSK
2 7.5 Apr.01,1968 00 42 04.2 32.50N 132.21E 33R 6.1 —1.7 TSK
3 7.7 Apr.01,1968 07 13 17.6 32.28N 132.12E 32R 5.7 —1.8 TSK
4 8.6 Sep.06,1968 19 22 47.9 30.98N 131,86E 39R* 5.7 —1.6 TSK
5 11.3 Sep.30,1967 07 57 19.9 28.9IN 129.92E 32R* 5.5 —0.7 TSK
6 11.4 Nov.26,1967 00 08 09.8 28.62N 129.99E ND* 5.7 —1.1 TSK
7 12.4 Apr.13,1967 19 53 42.4 27.33N 128.69E 38 6.0 0.5 12.5 DDR
8 12.5 Nov.12,1968 00 44 12.8 27.53N 128.43E 48 5.8 0.5 11.5 DDR
(7) 13.1 Apr.13,1967 19 53 42.4 27.33N 128.69E 38 6.0 0.2 9.5 TSK
(8) 13.2 Nov.12,1968 00 44 12.8 27.50N 128.43E 48 5.8 0.5 9.5 TSK
9 13.6 Jan.21,1967 04 27 51.2 27.05N 127.19E 60 5.0 9.0 DDR
10 13.7 Oct.18,1967 10 29 48.5 25.60N 128.73E ND* 5.2 9.2 DDR
11 13.9 Aug. 06,1968 04 35 19.41 25.56N 128.44E ND* 5,0 8.5 DDR

(Tsukuba), KYS (Kiyosumi) & X7¥ SRY (Shiroyama) @ 4 EEENSEEET 3
#, T Network 2o HUEWN DOEIEHA 24K Lz LT Apparent Velocity d4/dT
EREIARD 2 EREPAAHBTEOTES. LB -TTZOLENEDS B
S/N @&v TSK D07 —2%4F&E L DDR BREADOF— 2 #®E LTEhd D
BWATOPEY®B LUHE L Later Phase @ J-B 75 0iERRE (0-]B) ZHp
EitE Ul ZHOHED (O-]B) 2EREH 4 o0 THERAESC EICLVMERD
jER; Branch ZiBRiL7c.

2) kM@ Cusp HIMBT ZEHIEHEE 2D (0-]JB), BIUZD Cusp Z5plkH &
§5 2D0EM Branch ORBIKEB ALV T E. TROB=Y bV EBICEET 3 &
ZZ 503 20° Discontinuity ICxdd 27 LD Cusp # XU Branch %30
POREE R Z DM A Key & UTPHOMESH OHEED First Step & L 7.
COFHAELZCEIRED 4=13°~16° LSRN S VWBREHEOF— 205, &
& 500km = TOHESMH DM ERD 5 € & &R A7z, 20° Discontinuity Pl o 7R3
RIEEES T % b DB OHEEIC OV TSR OFEE RO,

3) EFEHFUNUBBINFRL D Afcw v by RIS R(D=Frh. Judst,  Kurile Is.,
Kamchatska B XUQFEEEXR, M, HEO2 DOFMICSF TR &, Ti5b
bk 2) OFEERNTING 2DODOREZHFMOF— 2 AT L 20° Discontinuity
s g 5 Cusp BLUZAEDUE AL T 558 Branch 22hZhoHRICDNTK
ALTRD L.
<ERFRELETOBRK>

Pl #@) & X U Later phase it DWW ToD J-B #EMn o DFE (0-JB). 23HTx 3
<Y bV EOHERFE LV MRS D, BEHUNEREINF P S Ao =k, Jhigs
A8, Kurile REOMBOF LI DT D= Y v FBEE DT F v % JST-N1, PHEG A
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A, ful, BRBHEOMEBOF IOV TOEFVE JST-W1 L4240 5. #hEho
FRIEDOTOPYEERO (O-JB)B LT ZCHIET 5 < v b v EHEER ITICRE
TEXIICHFERHEEL B OHMICLDRS.

1) JST-N1 (Spkih, JL¥animis, Kurile k) OEMRZEOHME <Y v L
O

ZOHMD (0-]B) &=v b EFHEE OBRFREEEL LT Fig.2 IWRT L HICRD
4AFIREREND. THbD

i) 1.7°£4£13.0° OBHpEEEc >N TO (0-JB) 13 Fig.2 KRT X IICADHEED
B0 4 O tic z o (0-JB) @3#ng 5. 11.6°£4£13.0° (0-]JB) i35
INEILD ZDFEBMEIZ—6.Tsec TH 3. MFHEFEBAEZOHERICOVLTD (0-]B) &
Fig.2 Ic+TRT X S iIcTEs (0-JB) @ Trend » o 39PN sbs, T

5

g0 2
o ]
o | m
- -
T i
o =

S First Arrival | |
e Later Arrival |

T

—
]

10 20 3IO
/\(deg)
Fig. 2. Observed travel time residuals (O—JB) for the earthquakes given in
Table 1 as compared with the calculated curve (T—]B) for the JST
—N1 model given in Table 3 and Fig.7

i) The branch A is associated with the: P-wave velocity of 8.20

km/sec at the depth of 33~90 km.
ii) The branch B and C and the cusp X1 are associated with the
low velocity layer at the depth of 90~180 km and the abrupt

L
oO
—

velocity increase at the depth of 180~210 km.
iti) The branch D and E and the cusp Y1 are associated with the
20° discontinuity at the depth of 390~410 km.
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0-JB (sec)’

-5 . 1 s 1 n |
0 10 20 30

/\ (deg)

Fig.3. Observed traval time residuals (O—JB) for the earthquakes given in
Table 2 as compared with the calculated curve (T—]JB) for the JST
—W1 model given in Table 3 and Fig.7.
" i) The Branch A’ is associated with the P-wave velocity of 7.90
km/sec at the depth of 33~90 km.
ii) The branch D’ and E’ and the cusp Y1’ are associated with the
20° discontinuity at the depth of 390~400 km.

WENB 1.7°L4L13° TOKERADOHED (O-JB) i2EM gD —> 0 Branch & & 1%
T LEMTES. D Branch ORY (0-]JB) & 4 L OBFHAEHAT 57213 Moho
EBETo 33km .55 90km @Bﬁ‘éi‘f@P&ﬁE% 8. 2km/sec EThEEXY. ThE
Branch A . L9%. :

i) 12.5°<4<13.0° ¢ i) kBTl ?%btﬁ@(O—JB) %%O%}]EJPZ&OJ Branch
A D 3.0~3.8sec & lic—D2DEEE Later phase BEEHIs N 3. 13.0°L4.L20.7°C
{2 @ Later phase it#ifid 3 (O-JB) Z#5> Phase ##EE LTHAIZH i) IR
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T- JB(sec) T-JB(sec)
-0 0 10 -I0 0 1020
T l LR T ' T T I
|40} ——fremibrer |0.0F TR
1451 1 105} —enhimisnivimie -
B s
S 180F |- 4y, 11O} i
_;g’éi ' 'g ' 3
=3 3 bty
=1 T SR A D A
'gi ,55_ T ..":.: “ 5._' - _1
5~ i ;
w o
) 3
© : >
@~ |60t — 1 3 120} -
29 - =
. 185f bt - > [25[ o m_
0. =
g - I -
2 ITOF 1 1Bor | .
AW ' .""‘:
7sF ||| 1 135} .
180F | L 140 0w |, , | 7

Fig. 4, Seismogram arrahgements and the calculatéd travel time curves showing the
turning point of the cusp associated with the 20° discontinuity for the models
of JST~N1 (left) and JST—W1 (right). :

~fz Branch A @ Phase |3 13°<d4 TREFE NS, Branch A @ Phase |3 4=
15° FTIIEET A TEMAH 542 O Phase DIFIEHN 4 L HICBMICRET 20T
S/N ORIFEHEATEVE 13°<4<15° THRINT 3 LR EbOHTHRETSH 5. Branch
A X D¥E¥s Later phase & DD Gap ZBMIT 27c»icid PIlEZ O LD
JE&D b 0.09km/sec 2Z/NSVEET b B 8. 11km/sec DMIEZ D [EHEIE
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Vp (km/sec)
80 85 9.0 ,
)
\ ——— Jeffreys %
-1Q~ 108- — JTS-NI ¥
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0 10 20 30

A (deq)

Fig. 5. Travel time curve and P-wave velocity structure of the JST—N1 model

ZPEE90~180km T %5 < MEMH 5. 12.5°24-13.0° CTHETIS N2 RBOEE s Later
phase Z3EREh#E LD Cusp ERETFONE LT 25E2D 4—(0—)B) LofrEid
(4=12.5°, (O—])JB)=—2.8sec) &735. z® Cusp *» X1 &9 5. 13.0°<d4220.7°
<D (0—JB) OEBRMATOE%EEL Cusp X1 75 2 5D%EM® Branch B, C s
S5 EERT 2L COEEEROTHTIIES 180~210km THESLQBICIEML
HX 210km T 8.45km/sec {#T 5. ¢ ® Cusp X1 OERE FOAEIREEL ¢
EDHONIC LIV EHEROMENRETEL EREETRETH .
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iii) 15.9°£4£17.9° T ii) Txk~7: Branch B, C L0 B { W THF 13 Later phase
BEshs. Fig. 4 OERICZ @ Later phase DRI ZEMER &KL
7-. @ Later phase ORI FHP DZND 5~10 535 1 Magnitude D/NXTIHE
oWtz ® Later phase %2##EE LTHREITAEBEBLIELIESHS. @ Later
phase (3% DEMREB LUTH & DRIBEPOMELTC—oDERD Cusp ITHIET 5L
#2503, ¢ Cusp % Y1 943, o Cusp Y1 OERKHEOMERZBEND,S
(4=15.9°, (0—]JB)=3.1sec) LEDONB. <® Cusp Y1 BIUhhoHh3 2
SmiEM® Branch D, E 33 2 4DICIIEX 210km < 8.45km/sec, 390 km T
8.60 km/sec &\ I 50 IS ML AR AZ A A OWE 390km 45 410 km OFf
TAREAREEEE FREZZZRE85HN. cOLSHEX 410km TOHER 9.15
km/sec &15%. b B 20° Discontinuity iICndT 5D TH 5. @ Cusp
Y1 OFEMR 4=20° ;55T 4=15.9° KEDLNZDEFES 390~410km @ 20°
Discontinuity PlEO#HEIc X 3. D% 0 20° Discontinuity OZEX, % TOMBRE
FE, ITAEAE L TS 20° Discontinuity DIEOMEARELIE 20° Discontinuity
st d 3 Cusp DEM: EDOMERKE QE/NT S, chiddiicZid 20° Discontin-
uity ICHIET B Cusp %502 NICHET 27EHO Branch ZEHIN»5H» 5 C &I
DIEX 400~500km L VENEDOMELZEDO TREI(RD I LENTEELE
RLTHS,

iv) 20°<d<30° TRAOEHIENS (O-]B) OFHIE —0.5sec THY DT &3 410
km DIEOPREDEED Jeffreys OEFN LD DDRENEZZ BRENH 5. ?‘“Tiﬂv
BZEX 500 km TOMHEEFX 9.67km/sec £755. 500km PDIFEOMER C C TRXED
734y, Fig.2 it (0—-]B) o@EffEE JST—-N1 2Fvicb ESOTHE UcERTICX
% (T-)B) &#ARU7. %/ Fig.b i JST-N1 aefzvm%i:%&%@fﬁﬁ%mi&%
Jeffreys OEFNB LY J-B OsERRE IR LU TRLU .

M) JST-W1 (FREA, LM, HERRE) OEMEZORHEE <Y v EROMEE

coOHFD (0=]B) &= b kgL OBKIZ JST-NL iIciB L XD EHMTSH
hZzhid Fig.3 IWRT X IIKIRD 3 AIKENEINS.

i) 4.0°£4£13.2° ¢ (0-]B) i 4.0°L4L11.4° TR %, 12. 4°L413.2°
TEDEAEHD. O 4.0°£4£13.2° © (O-]B) Z—DOEBHBICHT R DB E
Moho HHEF® 33km ,»5 90km T TOHEX DS O P IPGHEEZ 7.90 km/sec c‘:.To\
3. ZOEKO Branch 2 A/ L7 5.

i) JST—-N1 £FVicR SNt 90~180 km DS @1&&%2!? (BBHMNEIERELR
LA ZDOHFRHRKDOVTHIESOFORENENELY LB LU THOEDOHEEL D /M
TNEVHBERTOEEEFRTHY, BIEBIHMD IR ZHIROD 58S DHEED
KNI U TISEETH 2 LD S ERTIIEW.) 3XUZOEEERTHROE 180~
210km T OEEAE OSSR 5 ERKO Cusp BRI RA, JuM, FRERFH
OFMICIIE LRI, COHEET JIST-W1 =7 & UTERERE S 7o HIRIEL
A7 RN 90km PIZE 390km ETOWMICOVTEZLRITIL ST,

iii) 12.4°£4.£13.9° 1T & HdTEF S Later phase Bbh 3. Fig.d DANMICT
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Fig. 6. Travel time curve and P-wave velocity structure of the JST—WI1 model



67

® Later phase QHIEIT%HATIAERE IR L. 2@ Later phase RHEPH
kb 8~12sec 33 < N THEM® Branch D/, E/ D 5. «®d Later phase DIRIEO
T O 7 NicHT 5 HI3H 5~10 {£ThH 5. L7ch->T Magnitude O/NEITHFERICD
VT2 ¢ @ Later phase & LTHilT2c EMBLIELIESHS. ¢ @ Later phase
37 OEES X URE E ORIBEDSSHELT—20 ERKO Cusp ICHIET2LEZLD
Nh3. o Cusp % Y2 &33. o Cusp Y2 QMR EOMBERBEN»D 4=
12.4°, (O—JB)=12.5sec) LEHONB. 1) BXY i) THRALFRELOD Cusp
Y2 %> Branch D/, E/ DM & ZRBHCHMA T 2 0icid JST-W1 2DV TIRD
X OIS A E L ANENH S, THHOLES 90km TOME 7.90 km/sec »o
YEX 120 km TOMEE 8.05km/sec FTHIINL ZNLIEE 390km TDHLL 8. 53km/sec
ICW e 2% ORI BRI T 2. 390~400km DRI THEE I3 ABICEINL TS 400
km < 9.35km/sec &73%. ZEX 400 km PIETIR Jeffreys o€ 7w X D¥H 0.3km
Jsec K& QEE 500km TOMEEIT 9.85 km/sec L72%. 500km DIZROFER T
RGO, CCTHET~EC &3 JST-W1 2T (4=12.4°, (O-]B) =
12.5sec) @ Cusp Y2 %%~ Later phase ® Branch D/, E 37E X 390~400km T
OREFOLBERINCE2b0THY, chid JIST-NL itk 3 (4=15.9°, (O—-JB)
=3.1sec) @ Cusp Y1 %> Later phase ® Branch D, E MBEX 390~410km T
OMFEDLBHINIC L E bDEMETEENSTETHS. <D Cusp Y1 & Y2 &
BENS O GER—4) FOREBELRBCOrhbLETINs ZMBICLEENA S LT
#4tic 390~410 km T D2 HEEERN, $73b B 20° Discontinuity ICB &2 5L
LHTE3. chld 20° Discontinuity ic k5 Cusp XU ERM##RD Branch 5% 20°
Discontinuity DEOHEEICA X CKFLTNB T EZTTRVERTHS. JST-WI
1o 20° Discontinuity ¢33 % Cusp Y2 % & Branch D/, E/ 23 4=12.4°
LD bW TN I EREEE, S BEbhpD Cusp Y2 1K2WTD (0-]JB) 28 12.5
sec, ¥ij& Later phase @ Cusp Y2 & DEMZEAS 12.0sec &\ HAREXMHEAEDDT
213 20° Discontinuity PIgkD#EEAs JST—N1 DFNICHERTEDLDHTHEIN T LEIC
WG d 5. Wic S & 20° Discontinuity PIEOMEMNS FIUTNI B ENE 4
< 20° Discontinuity <53 3 Cusp 238bh 3. Lich->T® Cusp & 23Ul
#5425 D Branch A4 2 W HIBH/NEIE 4 TOEREREOS S 400~500km LI
BO=Y bV EROMEARET S EMNTE S, Fig.3 ic (0-]B) ofis JST-WI1
EFNVICHENTEE U EKTICE 3 (T-]JB) L2RL7%. Fig.6 i JST-W1 =7
MO L zDER MR E & Jeffreys DEF B XY J-B OERHIHEE LU TRL
1z. .
<#EH> HTHUNUBBNTT S D A S, JbiEUREE, Kurile REEOMEDOH AL
T sy by kgEEoe sy (JST-NI) EWEHMER, LM, HXRZEHEO £ 0
(JST-W1) LoH#EATHIEROD RICEHNTES. T8bLE

i) Moho HEF® 33km 5 90km = TOPEMEICONTIE JST-N1 25&b
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BinAsALNE. COAMSHEENMIVNDL | i
W% 20° Discontinuity 1C/53 3. S oL |
v) ZX 410km PIE 500km 2 T3 | .
JST—-W1 %5 JST—N1 Ic R & DA 400 - .
0.25km/sec 721 K& WA52 DEEREITIZ L . ]
FH L. 500km DIEOHMICOVNTIRE g0 !

QS JVEANAR Fig. 7. P-wave velocity vs depth relation
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Jeffreys @& 7N EHK LT Fig. 7 IK;RL —N1; —, i) JST—-W1; —--,
7z. 1z Table. 3 KiljE FIVDEIIITOND iii) Jeffreys’; -~

TOMEENF % 0~500 km ICDWTR L.
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Table 3 Velocity-depth structures for JST—N1 and JST—~W1 models.

JST—N1 Model JST—W1 Model
Depth (km) Vp(km/sec) Depth (km) Vp(km/sec)
0.0 5.50 0.0 5. 50
3.0 5.50 3.0 5.50
3.0, 6.10 3.0 6.10
15.0 6.10 15.0 6.10
15.0 6. 50 15.0 6. 50
33.0 6.50 33.0 6.50
33.0 8.20 33.0 7.90
90. 0 8.20 90.0 7.90
90.0 8.11 120.0 8.05 ‘
180.0 8.11 390. 0 8.53
210. 0 8.45 400.0 9.35
390. 0 8. 60 480.0 9.75
410.0 9.15 500. 0 9.85
500.0 9.67
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4. Azimuthal Variation of Upper Mantle Structure from P-Wave
Travel Time Residuals at Dodaira Micro-Earthquake Observatory.

By Megumi Mizoue and Masaru Tsujiura,
Earthquake Research Institute,

Most of the current seismological studies of the fine structure of the Earth's deep

interior has been made from direct measurements of apparent velocity with the mounting‘use
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of seismological arrays of considerable linear dimensions with identical seisrhographs. In spite
of a considerable dimension of the network and identical seismographs of Dodaira Micro-
Earthquake Observatory, the stations of the network are distributed too sparse to make the
direct measurement of apparent velocity.

As an alternative way, an analysis of travel time residuals from Jeffreys-Bullen Table
is carried out to study the upper mantle structure down to the depth of 500 km well below the
level of the pronounced 20° discontinuity. Travel time residuals of first and predominant later
phases of P wave are analyzed for the two major azimuthal directions of 1) off the Pacific
coast of NE Honshu, Hokkaido, Kurile Is. and Kamchatska and 2) SW Honshu, Kyushu and
Ryukyu Is..

The main features of the variation of the travel time residuals and the related upper
mantle structure are found to be dependent on azimuthal directions. Two different velocity
structures JST—N1 and JST—W1 are derived from travel time residuals corresponding to
the above mentioned azimuthal directions 1) and 2) respectively.

A) Characteristics of travel time residuals for the azimuthal direction 1) and the related
velocity model JST—N1 are summarized as follows.

i) Travel time residuals (O—JB) of the initial P wave decrease with 4 at 1.7°<{4<

13.0° having a minimum value of about —6.7sec at 11.6° and then increase at
11.6°< 4<(13.0°. The variation of (O—JB) with 4 at 1.7°<{4<(13.0° implies a
relatively large velocity of 8.2 km/sec at the depth of 33~90km. As amplitudes
of initial P wave become very small towards 4=13.0°, it is practically impossible
to trace the extension of the branch for 4>13.0°.

ii) A predominant later phase are observed at 12.5°<{4<(13.0° arriving 3.0~3.8sec

after an initial P arrival. The branch of the later phase is found to be extending
to 4=20.7° emerging as a first arrival at 13.0°<{4<(20.7°. A turning point of a
cusp for the later phase is precisely determined at 4=12.5° with (O—JB)=-2.8
sec. The branch of the later phase is attributed to the existence of a pronounced
low velocity layer at the depth of 90~180 km with a smaller velocity of 8.11km/
sec as compared with the velocity of the upper-most part of the mantle of 8.20
km/sec. The turning point of the cusp can be related with an abrupt increase of
velocity from 8.11km/sec to 8.45km/sec at the depth from 180 km to 210 km.

iii) Another large later phase is observed at 15.9°<{4<{17.9° with a turning point of a

cusp emerging at 4=15.9° with (O—JB)=3.1sec. The first arrival is generally

very weak in this distance range and it is tend to be overlooked. The two branches

of travel time having the turning point of the cusp at 4=15.9° can be satisfactorily

explained by assuming the velocity structure at the depth from 210 km to 410 km

as follows;

a) a relativély gradual velocity increase from 8.45km/sec to 8.60 km/sec at the
depth from 210km to 390 km followed by

b) a rapid increase of the velocity from 8.60km/sec to 9.15km/sec at the depth
from 390 km to 410 km.

The abrupt velocity increase at the depth from 390km to 410 km indicates the
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existence of a pronounced 20° discontinuity.

iv) Travel time residuals (O—JB)=—0.5sec at 25.0°< 4<30.0° implies a relati-
vely large velocity value of 9.67 km/sec at the depth of 500 km as compared
with the velocity value of 9.56 km/sec for the Jeffreys’ model.

B) Characteristics of travel time residuals for the azimuthal direction 2) and the related
velocity model JST—W1 are summarized as follows.

i) Travel time residuals (O—JB) of the initial P wave have slightly negative values.
ranging from —0.7 to —1.8sec at 4.0°<{4<11.4° followed by positive residuals
of 0.2—0.5sec at 11.4°<<4<C13.2°. The variation of (O—JB) with 47at 4.0°<4<
13.2° implies a relatively small velocity of 7.90 km/sec at the depth of 33~90 km
as compared with the velocity value for the JST—NI1 model.

ii) No evidence from travel time residuals confirms the existence of a low velocity
layer as indicated by large later arrivals observed for azimuthal direction 1).

iii) A large later phase is observed at 12.4°<(4<(13.9° with a turning point of a cusp
emerging at 4=12.4° with (O—]JB)=12.5sec. The first arrival is extremely weak
in this distance range and tends to be overlooked. The two branches of travel
time having the turning point of the cusp at 4=12.5° can be interpreted in terms
of velocity depth structure as follows;

a) a relatively gradual velocity increase from 7.90 km/sec to 8.53 km/sec at the
depth from 90km to 390 km without any remarkable velocity discontinuity
in the depth range.

b) a rapid increase of the velocity from 8.53km/sec to 9.35km/sec at the depth
from 390 km to 400 km.

The abrupt velocity increase at the depth from 390 km to 400 km indicates
the existence of a pronounced 20° discontinuity which is definitely confirmed
for the azimuthal direction 1) as well.

iv) No reliable data is available to evaluate the velocity at the depth from 400km
to 500 km. From the travel time residuals of the large later phase at 12.4°
<4<13.9°, the velocity at the depth of 500km is tentatively estimated as
9. 85 km/sec.

It should be pointed out from the analysis that the upper mantle structure down to the
depth of 390 km varies significantly with azimuth as represented by the JST—N1 model with
a higher velocity by 4% as compared with the velocity of JST—W1 in average except for
the depth range from 90 km to 120 km corresponding to the low velocity layer for the JST—
N1 model. On the other hand, the velocity-depth structures for the two models at the depth
of more than 390km show an almost similar pattern with a remarkable velocity increase
at the depth from 390 km to 400 km or 410 km which can possibly be interpreted as the
olivine-spinel phase transition zone. It is worth emphasizing that precise measurements of
the turning point of a cusp provide a promising method to elucidate a discontinuous velocity
structure in the upper mantle even an observation network satisfies no essential conditions or
the direct measurements of apparent velocity.



