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Raylelgh coupled and Infrasomc Air Waves. Produced by the Large Earthquake
- in Japan and Its Vlcmlty for 1958—1965

N. Murayama

(Observation Section, J. M. A)

It was examined whether or not Rayleigh-coupled air and infrasonic air pressure waves could

be found in the micro barogfaphic records obtained in Japan for 1958—1963 (and one for 1965).

Associated w1th the large earthqauke occurred in Japan and V1cm1ty, eighteen cases of the former,

and nine cases of the late&Lwere possibly traced in-the records Slgmflcant cases, i.
November 7, 1958 Etorofuoki,

13, 1963 Etorofuok1 March 21,

1960 Sanr1kuok1

e., October
June 16, 1964

Niigata, and February 14,1965 Aleutian earthquakes and some special cases are descrxbed in. the

text. The other cases are tabulated in chapter
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Table1l Network of microbarograph observation and kmd of mstrument mstalled
No station lat. long. 1959 " 1960 1961 1962 1963 -
: N’ E | - C P 56 .
A Wakkanai ©45°25/ 141°41/ P 56 P 56 P 5 | PF—4R|PF—4R
B Kushiro 42°59/ 144°24/ P 56. P 56 P 56 P 56 P 56
- C | Akita 39°43/ 140°06’ | P 58 P 58 P 58 P 58 P 58
D Tokyo ~ 35°4V/ 139°46/ P 58 P .58 'Pl 58 P 58 P 58
T o Jagro ) P 56 .|
E Wajima 37°23/ .136 54/ P. 56 P 56 P 56 . PF_4R PF—4R
F | Murotomisaki 3315 | 134°11 s6 | P s | P os6 | B % | pF_ar
X - ? . PF—4R
‘Kagoshima 31°34/ 130°33/ P 58 58 58 P 58 P 58

*  Reeived September 25, 1967
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Fig 1. Period response curves for two kinds of microbarograph: JMA 56(n)and JTMA

P58(m) models
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. 7 ‘Fig 2. Geographical distribution of epicenters of ‘the near-Japan

< X . 1956—1963 large earthquake examined (M=6). Legends:

' " black square denotes microbarograph station; open circles and

crosses denote epicenters of‘earthquakes that microbarometric

x v oscillation concerned was and was not ‘able to be traced in

- the microbarogram respectively. Triangles denote that of
partlcular case dlscussed in chapter 6. Bold sign is used for the larger earthquake of
M=8. Japanese syllabary is identical ‘to the number of Tablel For Roman figures

attached refer to the text in chapter 2 to 7.

OCT13,1963 -
. h sec
14h1gm . 60 . MORIOKA /
60 sec .
m ) 10mMm
14720 I T AKITA

. Fig. 3. B) Records of Strong Motion Seismograph

19635210 H13H 14h17m (JST HUTRE L), &= 43.8° —~ P B 214 h23mf~% SMAWRLIE S, 1
N'l@SﬂM%Z@M ) BFES20km, M=8Y 0  SREAMOESHASTHEA B LIRRIIN 1 XL
WECH T 2 WMEERE, BE (C) - ¥ (D) SLHFITE 2 EHRTA L, 2D 14h26.5m &

TED BRI, Z0 5 HHE @f#ﬁ%}}:éﬁaﬁaiﬁz{:@% % I 0 20 Ao 3 SkHkE  (RIF0. 0lmb),
THB. ' IR EDHFITES. Thbikv— U —BERWT

i?ﬁafmsmmﬁ®ﬁﬁéﬁmbt&%,V—u BHD5. FeRTEREXISh25mIcHRA I Sh B8 2

— 47 —



134 BOE W W OR 34 5

. , = -
- AKITA |
‘ OCT 13,63 | |
. ' 14h“17m lR»c.w ’ J .
TOKYO
- qghes™ OCT 13, 63 o - B
l4hl7 . ) ) .
KAGOSIMA
tahy 7" . lR.-b.WOC1I3,63 '
{ Tt - cT —
0.lmb [ ~ O qomin (b)
. e .

- Fia 3.” A) Mlcrobarogram of Ak1ta(c) associated with the October 13, 1963 (14h17m
JST) Chishima earthquake (1).Rayleigh-coupled air waves can be clearly traced.
B) Microbarograms of Tokyo and Kagoshima for - the October 13, 1963 Chishims
(Etorofuoki) earthquake (1). .

A\4"V0->i'_k95/ec__ | ’ \ .

T

| SUMMARY OF OBSERV
' RAYLEIGH WAVE -
DISPERSION

T

CONTINENTAL MANTLE
80— IST SHEAR |~ IST SHEAR /

IS

20

o |
CONTINENTA
RAYLEIGH|

group veloci

VELOCITY IN KMS/SEC

AYLEIGH

§| oceaniC
£ R

VELCCITY

S

T]GROUP 'VELOCITY]

L

) : FlRS] SHEAR

HIHII I ‘ AEITme l . le
| 10 TH00 T 1000 16,000
_ PERIOD IN SECONDS

sec Period

L 1 I 1
10020 30 40 50
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which is shown in Fig 3. A
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Table 2; ‘Rayleigh-coupled air ‘and infrasonic air pressure waves obtained ‘at several
point for the Oct 13, 1963(14h17m JST)Chishima earthquake.
L o : 05h17m | 14h17m o 2 h M
ChlShlma Earthquake Oct13, 1963 GMT JST . 44 8°N 149.5°E (201{{1’1) 81/4
Statiou Kushiro - ’ Akita ’ Tokyo Wajima I‘Muroto ' Kagoshima
distance from epicenter 466. 9km 918.1km | 1306.4km | 1336.1km | 1840.1km | 2207.0km
Pm%ff@g%gss 2m06s | - 4m08s smsds | 6mOls 8mi7s’ | 9m56s
| xhectedgrmvaltime | ygmom | lah2lm | 14h23m | 14h23m | 4h25m | 14h27m
a, . : : )
=3 i :
..é % arrival 14h18m 14h21m 14h26. 5m 14h23m 14h24m 14h29. 5m
.%03 'g max. amp. 0.01mb 0.02mb 0.0lmb <0.0lmb <0.01mb
c— - .
= b period <1 min | 1~0.2min | ~0.3min | ‘trace “ 0.5min 0.3min
[} .
o duration 9 min ? 22 min . =3 min ‘trace >3 min
i P mpagba;i?,"zgzorn /s 24m19s | 47md9s. 1508m035 1h09mdls | 1h35m50s | 1h54m57s
‘0 . - ’
> expacted arrival ;
;g time (JST) 1A4h36n”71 15h05m 15h25m 15h27m 1_5h$3m 16h1lm ‘
§ arrival | 14h36m ? .
Ig 'g max. amp. <0.0Imb )
A& | 9| period <1 min
R
> duration ) ?
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Microbarogram of Akita (c¢) associated with March 21, 1960(02h07m JST) Sanri-
kuoki earthquake (2)

Fig 5.
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Fig 6. Microbarogram (by JMA 56) of Akita(c)

associoted with the off-Etorofu Is. earthquake:
of November 7, 1958(3).Infrasonic air pressure:
waves can be traced at 08h44dm JST.

" Rayleigh-coupled air and infrasonic air
pressure waves obtained at Akita(C)associated’

© with the Nov. 7, 1958 (07h58m JST) Etorofu
earthquake (3).
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196447 6 416[113002m (JST) o, 38°21'N, 139°
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CHEHL, KEEC DTSRIt & 2 CHlE
v=320m/s & LCHFAZ L% *

Table 3. distance between Akita and epicenter:
874. 7km

Propagation time 3m56s

o by v=3.7km/s

3

B.w expected arrival time’ 08h0Z2m .

=R (JsT)

3] g .

5. o |- arrival 08h02m

.1;‘5 5 max. amp. ~0.01mb

S | -

] © | period <1 min
duration 4min
propagation 45m33s

by v=320m/s -
> expected arrival 7d08h44m
2 time (JST)
B :
) arrival 08h44m
E T »
a3 max. amp. . 0. 005mb
o 9 .
5 L period 7

duration ' ?

JUN 16,1964 WAJIMA

13ho2™  ghzTpw.

WW

. ]Vo./mb

Fig 7. Microbarogram of wajima (E) associated
with the Niigata earthquake of June 16, 1964
(13h02m JST)(5). Pressure fluctuation starting

/10min

at 13h13m is regarded as an. infrasonic air

pressure waves associated with the earthquake.

5. 19644 6 F16 A FrE SR OB A DRE |

KBS E Ry %

el
HE—HE 680 sec 13h13m (JST)
BE—FkH 585 sec 13h12m
BriE—HT 894 sec _13h17m

KXo TREKEADE, ik (E) Odop 13h13m

2> BRSO BN WA Bk D o T 2T ESH L IRE)

Bapbh, W1 5EsBIEHCERMOEY 1 55
AKITA Feb2,61

031"29'" U hw?

W
lo‘l mb

Fig 8. a)Microbarogram of Akita(C)of February
2, 1961. This. may be associated with the
Nagaoka earthquake (5) of February 2, 1961
(03h29m JST).

JOmin

Table 4. Microbarographic oscillations read form
the figure 8(a)(Nagaoka earthquake Qf Febru-
ary 2, 1961)

- ‘time of period time between ea-| propagation
appearance rthquake and appearance| speed
03h30m 2min 73sec 3.7km /s
03h33m 1.8 253 “-1.1km/s
03h4l.1m | 1.2 ) 739 366 km/s
42.2m | 1.0 805 336 km/s
431m| 0.6 858 315 km/s
TOKYO Aug 26,62
15h4gm m
. J 15" 58

(o} mb[ o

Fig 8.
26, 1962, This is discussed in the text in
relation to an aftershock of Miyakejima Island
volcanic eruption (&).

| O min
—

b)M‘icorobarogram of Tokyo(D) of August



“Table 5 Record of mxcrobarogaphlc osc11]at10n (Rayleigh-coupled air and infrasonic pressure Waves)assomated with the large
earthquake occurred near Japan Island, 1959—1963 (Slgmflcant cases described in the chapter 2—6 in the text are omitted).

A%

time of earthquake location of eplcentre é’t?g)xlet’:tion Rayleigh | pressure ) g;,sira?ngci
No. - with _sca!e coupled waves - remarks ~ from
vear | duy | 1S TBR magnitude °FEIME | aves e
A 1 1959 oct26 | 16h35m/ A | 8 H55ih {BZ SgN Akita |- 16h36. 5m 16h36.5m & b ﬁ:@lOIv/bf;ﬂJy}@f‘o)"iﬁiﬁﬁ'fﬁ[g@% ' 320
o ’ 142.5°E 1 . '
. 1 60km - 61/, | . N )
] oct27. | 15h52m| 45.5°N Akita 15h55. 5m 15h565.5m = % X b 1 S Edesc m oo 1,080
151.0°E I : ' 3L, TOZARDEANSE D Lipo e, LR
100km 61/, MR D HFLIROBF N —Z LT 5. o
Tokyo | 15h56m *15h56m_ B X0 ROENA L 1 EMOWN 3 1,420
i I iR BH
~ o~ 1960 | Mar23 | 9h23m| = g {39. 5°N Akita . | 9h23.5m 9h23. Sm_ai D12 ~54 F‘ﬁﬁf;ﬁj‘a;ﬁax 230 240
o . . |143.0°E i : ‘
' 6'/4~6%/4 C
; = Mar24 | 7 h22m " " Akita | 7h23~24m.| 7h33m? | 7h33mz 5 f&jﬂ;ﬁ%’go. Sﬁ@igz& bL— TE 5 240
L6 I.
+ Jui30 | 2h31m| =g {40. 1°N Akita 2h32.5m | 2h4lm? | 2h32.5mz 50! 55%7:03}43@03&73) 25\uLoo< * 200
. . . 142.3°E il . 2hd1mE 0. S5 T O » b V—ATE 5
S , 50km 69/, . ‘
P 1 Oct9 | 18h00m 2{:)][( ) {40 8°N Akita 18h1. 5m 18h1. SmrhIEA LS ﬁﬁ‘?j}iﬁ@ﬁ}zﬁ; 245505 160
. 2°E 1~1I T . -
B S . 155km 61/, . : ‘ S .
| 1961 | Feb27 | 2hlom| B iy W (31.6°N - Tokyo #2h13~14mz B XD 55 B FU— ATE S 900
& : 131.2°E 0 : -
5dkm T~T, ; _
. Muroto h 2h10m = A P& 1 < B 3[5’;5 ﬁ)ﬁ}tﬂ@ﬁé‘ 330
i I~1 ) by— zfé% (24 2R
Kagoshima  2h10.6m | 2 h15m? | 2h10.6mZ A0. 6mb{ET), E;TJEHO 5 ﬁ‘LJ\—F@(Ebe 70
MiIEﬁ}Hﬁz L#3432o5< (&4 A7RE) 2hl5m &
‘ , 5 X 0 93053 W EHIN 2 o Pk Eis (KUEBD
5 Jull8" | 23h03m gﬁﬁdtﬁﬁ {29 4°N | Kagoshima| 23h04m 23h0dm = A (54’ AR FEHE LL\}%‘?J@@?EZ?N 250
. 1.6°E m 3 ~5 53¢
21km 61/2~63/4 . .
Y - ‘Augl2 0h51m:|}3(i§i§§j§ {43508°E K&shiro $90. 5Smbiz FEBIICRE Y S BB ‘ 40 .
. 50km , '
= \ ‘ | Kagoshima| 0h58m 1,810

0 h58mH0. 5 FMOW 2~ 3 45 b v~ AT 5
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location of epicentre

observ-

time of earthquake ation station| Ravleigh | pressure g;,éetgﬁiee
No. : - with scale | coupled waves remarks from
. A depth | . of seismic : . epice-
year -| day J.S. T. of focus magmtude intensity waves ntre km
% | 1961 | Augl9 |[14h33m | Jr 3¢ 72 [36°01’N .| Wajima 14h34~5miz o = v 7 WIETI 2 345 - 160
) 136°46’E m ) S
0km : ) . R
i | Novl15 [16h17m Hbifgs s { 3. 1 N Kushiro 16h19m = 5 e & 5 Fli o Cd M;g i 40
MEAREED
) : 43km 61/4~61/2 ) ) ’ ' .
7+ Nov27 [14h57m | 9, M {31 6°N | Kagoshima [14h57—58m | 14h57m~58m I b 9 1 4k 48 1Uia'>w;:a€ 60
. 131.1°E. m DB, IeBR ‘Céfj251903(&1ﬂr175 &t o
' 25km 6!/,~6'/; , T ‘
v | 1962 |'Jan4 |13h35m | pUEyivE [33.7°N '
, . ' ' 135.2°E
43km T
Muroto +13h39m = ZgﬁﬁEo.j(/yL AD 13h45m = % 1. 5~2mb 80
m (BAR)DKERA, 14h15mE A EWE (EKEDIL D
. . . - L OBRIE M s, EI EBAHEIA D)
» Aprl2 |9h52m | ANl {38. 1°N | Akita 10h02m | 10h02m & z_;mgni}]@@ PU—ATER 230
. 1142.3°E o
: 48km = T~Tl/,. .
= Apr23 [14h58m | 4t ¥ 34 {42. 0°N | Kushiro 14h58m_50 3mb01<‘:|§ HJV:é«,EEl o 100
T {143, 40K ‘
25km  7~TY, . , . A
Akita - TN L — AT E) 430
I~ . .
P Aug26 [15h49m | = ,q; {34°07’N Tokyo 15h58m | 15h58m = 5 & v~ 0. Imb J_D;f/_l?) igEE, | 170
- |189°27’E AR SRR & U9 320m /s ’C{A% LL i
40km 5.9 Hf‘:ﬁ“é (Z ORI KRS L, KBRS
o : v ‘ o R FFIRR TR TS «t)-<“§*m5 )
L. Nov10 [10h33m | - 12 [43.8°N Akita *110h35—36m . 10h35~6mp AL R X BT o dic 2080 I 770
" 147.3°E P kD54 . , :
o 33km  61/p~6%/, - ‘
v 1963 | Mar27 |6 h34m«| Jiimip, {35°47’N Wajima |6 h34—35m 6 1134111@1" ,L,hsui DL A b v —ATED 200
) . 135°46’E : .
Okm 6.9 ) ' ’
bE Oct4 |8h24m | 7., Ji [32.2°N | Kagoshima | 8hl5m 8 h25m = AFLOFLIHD WD 1 ~2 45 b L — AT 120
' o ’ 131.6°E A x5
33km 6!/,
' 1,260

1) * O b OIRE4ES MM Trle £ DD R 7 b D

2) SR AT (EEED ETFEH) 10k DA Uk %2 bho b0

t

— 53 —



140 BOE R W
AKITA
Oct 8,1 960
& .
3 K

1 L Il 1

CRTRCRE I

~ Ao m
270 &
Pundm,'s .
Yeloe, >y

i
15h

1 N L . L .

I6h

- Fig 8. c)Microbarogam of Akita(C)of October 8,‘ 1960. This is set forth in the text in
relation to the deep Western Japan Sea earthquake of October 8, 1960 (6).-
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Fig 9.  Examples of microbarograms of Akita,(c), Kagoshima(H), Kushiro (B), Muroto
(G), and Wajima (E) associated with the 1959—1963 large earthquake occurred near
Japan Island which are listed in the Table 5.R.C. W and P. W. Imply Rayleigh-couplca

waves and Pressure waves respectively. -
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Fig 10. An -additional example: microbarogram
- of Kagoshima (H) "associated with the large
Aleutian earthquake of February 14, 1965(14h
07m JST) (7). The record of Rayleigh-coupled
waves has been obtained at 4338km of epice-
ntral distance.
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