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Fig. 2. Index map, showing the

Fig. 1. Annual number of earthquakes felt temporary station, Gobo, and

at Wakayama Meteorological Observatory . . .

since 1880. (Data for 1953—1957 were .C'M;io' selomological prations

added during the preparation of the I and near K11 Feninsula, Lent-
R ral Japan.

manuscript.)
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reconnaissance observation at Gobo, Jan.~IFeb. 1952.
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Table 1. Items of the reconnaissance observation of minor shocks
at Hidaka High School, Gobo, Wakayama Prefecture, Central
Japan.

Period: Jan.~Feb. 1952. Instruments: Electronic seismographs for ex-
plosion seismology. Two lower and one higher frequency characteristics.
Observation: 3 NS in one place (Nos. 1~5) or in tripartite points (Nos. 6~
12). On selected calm midnights.

: Number of shocks Number of
No Date Time 535:5 recorded _ s}g)ck(s: ol\lalserved

hm hm| hour |cm/min. | Total |Per hour geisn'l‘ neOt
1 I 13~14 ) 22.00~02.07 4,12 8.5 16 3.9 2
2 15~16 | 20.20~06.40 10.30 2.8 12 1.1 3
3 17~18 | 23.23~03.12 3.82 8.5 6 1.6 0
4 21 00.00~05.00 5.00 8.5 10 2.0 1
5 28 00.02~00.20 1.97 21.0 1 0.5 | 0
6 28~29 | 23.37~03.29 3.85 8.5 7 1.8 1
7 i 4 00.44~02.38 3.37 12.0 2 0.6 0
8 6~ 7| 23.30~02.53 3.38 12.0 9 2.7 0
9 9~10 | 22.20~00.34 2.23 12.0 3 1.3 0
10 11~12 | 23.30~02.38 3.13 12.0 6 1.9 0
11 20~21 | 22.20~00.30 2.17 8.5 6 2.8 0
12 22~23 | 23.00~02.02 3.03 12.0 4 1.3 0
Total 46.37 82 1.8 7
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Fig. 6. Number of shocks observed by the sporadic observation at
Gobo, from 14. Jan. through 23. Feb., 1952 (c), together with
the daily numbers of shocks recorded at Wakayama and Siono-
misaki Met. Obs. during the same period. (a, b) Asterisks
indicate felt shocks; small ones are for intensity I, and large
ones for intensity II.

o : a] M ¢ e, Fig. 7 o HREES T2 2 5 &,
o4, 20— IEHEA R LTWS L3z (Fig.
- s \ Ta), {ER&MK, F 703 HRMHNE % &2 d7
: an . ] IRIET 8 43 5 Cib B 2 KL, ofgprk
. b ] Ko D R BB D F6 13 1 IR I B P 0
20 40 60 somn. 5 Tl BEMECOWT, H3E0 e UTIRmTRE
208 o il ThBLLTEEEITHEY. LT, & '
'e s : ik Fig. 7b cH b k5,  KILHbE
a - PREDORTE 7 X IGIIRE D& Lo\ R
2 i i) 72D b T B ke (&, p 35D
620 a0 somm: WAMTIRENG LW, Uil Fig. Te %

Fig. 7. Frequency distribution of time ZAut log v NIEEMS A% 5 2 5 flERed
intervals between successive earth- . S e e
quakes identified in the temporary CELHTHS, BT HRLBOAREA
observation at Gobo, 1952. WD THDHNE, WFERE TR

VBRIV EWS ORI LD Lt HEHERC L b, wWFhosmin v

FHEL T B2 %MD 5 2 LKA TH 52, HERMIFANCIL C 2T o SR cis

6) ZUHIFR MEor MM Ho 01, T 2 BT ORI & o Mfkic B35 #Hma
sty [ii], 7 (1954), 155-169.




fapr o Ribibi (65 1 3#) 353

AR NEWNTHHE DRV S & BB N GOBO Temp.Obs.
BITFE R T3 5_EL D LB bbb, L - Jan-Feb. 192?2

4.2 ZEAMENRERT Ls-r DHEENH  THE a
M 82 D 5B 37 1 (45%) oW THIM 7,
iﬂﬂﬂﬁpﬂ»z%i&&é LT E i, T OH o 2 4 ®
i Fig.8awe L3 LBV THY, fsr= Nl 1
~35ec. Db DORKITH(T2%) e Lev D . ETEIOZR 1001
DIEID tsop T LRE DT LT OLEANLE P
2, o & x LI L VRN O 2 o SR
Pew b0 2 MO CHH LS LN LR L D%
BT L0 R BN LI EE Licy. Fig. Y
8b, ¢ I i Thmd e 1952 e ki) o FkiL o :
JUBEFR, WG O A7 &R O S-P O BUE o 2 g & 8
AL BARTHB L, KT 0~2 B2k s-P

" . - Fig. 8. Frequency distributions of
HTehh, ‘('liH”'W’C“Oi@ﬁiVDﬂEEEﬁi)’j- 7, ko S-P times. a) For the reconn-

WAKAYAMA  Met. Obs.
1952

o 2 4 & 8 toSec

SIONOMISAKI Met. Obs.
1962

10 Sec.

) Lo iiiwna, 2BMTO LT aissance observation at Gobo in
: .~Feb., 1952. b) For th th-
foe, Lo T RHEons T, WD D s e

quakes felt at Wakayama Me-
7, FIL X b CRAELTHS LHEELT I, teorological Observatory through
Je s o 1952. c) For the earthquakes felt
fEim i L s S-P © 18 bt VDM at Siono-misaki Meteorological

5@1 Wy b EIe b &R RIS e wbl Observatory through 1952.
TR L h, —SEELTEER.

4.3 BAIRIE A OEENT  HHROHN N
femsx TR %S & rote & & 2R LT, T8k 2 \
I DI A OEIES % L o, S RKIRIE 10— %
Kk S B0 S EFHILL L ENDHOT An(S) 6 X
LUsLk. Fig. 9 RERObL ) ek 64 = ! A\
S5mm 2D TLd L, AKX fHHOR N= 2
EA-™ OBENSEbicoe$hHE N=1 ofElc e e
N, IR OBIRE M AR A% Ao X Am (S)
M8 O < m=2a 06, gk = 5% Freneney dibuien
3.81+0.58 £7ch; N>1 OGN EDHTHIL of minor shocks observed at
@bokii, m=202:x055 logk=2343=+ S}‘(’l‘)’;’ésgggig‘; Js approximately
0.67 mABERN L BbIS., BEERENT vk formula, N=k4-», a: m =
DREFMER A, WFRIE LTS, & o CHEIE 2.4£0.36, b: m=2.0+0.55.

NINBEORAEFUED ML, IHEOIIEPRETLZLONT WS m=1.8 ZIEDH L
BEROENSD LITMADZ B,

AARIHPER (V =200, To = 0.1sec) &2t & 2An 2L 10c/s BlEDHE




354

By
S
<
(1

BB OWTRIZIEC 28D U b T TRIES O 1400 OfER0L 0 & 2 i @
b, FTT, AR HHAOBBRA DL E, 1 RCBH SN B HEEO BT EHO
RV 2352 Vol BT 20TY, & OBRARIEEHCBN Ui ia: m=
2.0 299U, Zo%ED 1400 1icd, Lo CTHEOHIZER BT 512 400 {20
WHZET 22 Litins. Fig. 9 03bbn5d k51 An < 5mm OEJMEIILEZ -
REOKRTHRFEID X D EIRIZT < 202, SHRDBVWEWHIERZEE LTHE R
Tha, LihoT, 46 RHIC 82 &\ 5 BT D 15 BEDOERTL bl b D ki3
EHSETHA S, LienioT, MHEEFHNC X 280 C 80 Ao, 150 B 0B %
W, CHETORDIENTETED L0ANLONS, Thbbl ¥y AT 15 B
DIRFT & B, WYHICRIT BA R 1952 45T\~ T 53 [ (B4R 4.5 ) Th
B, FKILREERT©1% 340 [ (B3940 28 ) Ch 505, ML iAo
L2HHZ LIHELNTHY, RIETIMELEFC LS 1~2 ABEEOHENC 100 &
DOHIRHHEL) D X MFELTCLIVWTSHAY.

4.4, PR SHEBEPORZKIREOE An(P)/An(S) 0 LoDHRIED\WT, P

N B e SEMOMFOEET5 2 L1, FHas0#od REE % &
%” WU nb, REEEY LD HD0 5 X DR L
o 7 WX B, PUBORKRIE An(P), S BRORAFE An(S)
" wruiow  EERLD, XD An(P)[An(S) #< B. 3c¢/s BIU
|
o

10¢/s DR E b B\ IR (F M Fig. 3 21R) ©
DWTH 2 An(P)[An(S) DS Hi% 2 % & Fig. 10

90 02 04 06 90 yo. A b A BNB. HH (@) KB BHIEDTE A 0.2~0.4 1C
Fig. 10. Frequency dis- Y, ## (b) TIXZ DML 0.5~0.6, 0.8~0.9 icifidh LC
tributions of the ratios W, BRAWIRTRTHWS Z 213, (@) EHHEAQ0 c/s~3¢/s)
of maximum trace am-
plitude in mm of Pand {1ZBWT An(P) 23 An(S) 12 H~UNE, (b) 15 (10 c/s
o Y roup qency  MLE) T An(P) 4% An(S) 12 LTSI S % & < TCus
Emyg%®éggg HELELDLTWD, Fiebb, P KA S HEELY, X
smograph., DRI ICE AT WD Z L) b,

4.5 REERCLDITROLEMHNIBDOSTATOEM:  TLEOLHEDONTD
ERETDEDL LT Anflros (r-s 12 S D BEEN S5 & & te % COMAY) %o
B, EEORLY &OHTI oI Fig. 11 L4k 5ic(a) P.U. 3c/s o
DL 0~1 e Ehsn b, (6) P.U.10c/s 0Fix 2~3 e E N %, D% b, HBHE0T;
DEBOWBPHARI 2 357 UL 35 L IITMZ Unl, Hi#H0Hsmno5%, Si
PEOWMASCHEBAEG DT R b2 Ld LT W5,

An(S)tr-s & ts-r L ORRE L LKA Fig. 12 Th B, fs—p 13720 FEEE% (%

7 BHE B THEO<Z =9 2— FOREMM, +4 X31v5 4 E BRI 225 M
#hg: [ii], 10 (1957), 28.
8) KWEXKGH H A (1952), Jan.~Dec.




FLprEL o atibe: G 140 355

=
5 °y
>~ 4! Lower Frequency
N s \ Selsmograph
a a:PU /s 3 so% (PU.3%s)
s 2 s
\ ~o .
£ N ~_ .
2 o e ———
| — T T T
o w0 2 4 e 8 10
b:PU.10c/s ~ \ By
e E 4{ & .
N < W\ Higher Frequency
2 < 1 n\ Selsmograph
1 PU
(o) . 2 ".\ ~ . (PUIO C/s)
00 20 40 60 1. e ~—
~ :

— Am(s)/i‘_F o T -2'| :4 T -6 T _-8~ T ||o|
tS-P in sec.
——— forAm (L) ———— for Am(s)
i.e, Surtace wave branch i.e. Bodily wave branch

Fig. 11. Frequency dis-
tributions of the ratios
of maximum trace am-
plitude in mm and the

duration time in sec Fig. 12. Ratio of maximum trace ampli-
after S, tp-g. tude A4,, to duration time after S, tg_»
a) For lower frequency versus S-P times. Points around the
seismograph. b) For dotted lines are supposed to be the case,
higher frequency seis- that A,, is measured at S and those
mograph. around the broken lines at L phase.

FH20, EEMNE B SR A 25 LHEGIIC N D3 222 L LT
. ET An L LT 2200 b 00 EKE (S) oibvw 2 EHEE (L) oldbvwenbh s
5. T LTEL UCEEETIZNEE, BEHETREHEOIZLWERD ) 50T, —BRD
IYRGER LT, FNFN2ODHRICDE EMANL DI &S TED., Hibk Ik
Db\ e L, BHEEARTHEOELWEL, T EN S IVIRTIGR 2 & bicor
HRAED LA WELLDL LTS, SHIIEEDOH T P.U. 10¢/s oFa P.U. 3c¢fs
DFLOVBRPNREATHBZ L, BHESOFNEHERC I 3REORTHLHZ EEL
DTLDOEMARL NG,

5. ¥ &

Wit 5 LBl oS, MG o4 o SR IERE  UTHEY X bR
HIUTHC B2 WA TR I D TWAZ LB L, Hick\WwT S-P EH 1D (BE
Eﬁéffé 5~10km) < BV DL DL falbll Tk awnAy, ARSI B E»AN L bR

SEOBRE— BT CoRic i 5 2 ek vwe kb bius,

%i@ﬁﬁ%&oa,a%mwtb?<&maﬂod<:aﬁ&éof,tazﬁ@&
THBCBICE TS, 17 AREOCHIMIEIEZ > S inn &, EMITEHORER
BREERTHI BTN BS, b L, 17 BRENS UCHBNEY S5 b,
YIMPECHY 15, R X D CHIZ T OHMEDHTIN 200 f DR AR EEC b bk
TEL). IVHRECBNEYSZ W5 % I WHEET A2 bIuE, FRIZOFE L
MR GO RS A THT 5 NENE B,

JIY S22 & LT S bW b & LI ENGELSE IR SV BN S % 25, b IR



356 w8 =

ATRETH B Z L bk,

BRSNS R O BT O JE W B R Db O Th 573, 10c/s DET
WA S DR ARMEE SIS HATETHEA 5. ik, P L S ERLTE L

S FIEENRBNROTE D, H#H TR 10c/s Lo AERSNER L &L Eh, BH
ik 3~10c¢c/s Dt D OERGBBB LW Z avbnok, BRIETCZO X5 /i
TAENT AL E, PRIIOED EAHIIL10c/s L h XbIEERECHIELTAL,
SwonTit 3¢/s ALWOERMEEFCRETLED LW b, WIhLTh, 1RGE
Jiirc P, S Iz o& h 3@ 32 LIRHEMENBRL, BHINCBEOYESHE DX S-P
WA BT 5 & L 3T E e ote. 3 BB X O H AR A B A D HbEERT
KX BBNRERNNETHD T i) b,

6. &

SEOBIIC R W TERO AL BT SRR RE T 2 506 &l o &k
5. BN _EREx ORI E Xt BT OB H Z A Lo RTTERHA R D b
D BILD 5 ULhbiFiaw, ¥ icBBERN AN SO 2@ 5 SN B BB T E 7
N— T OEMICIEB S,

22. Local Earthquakes in Kit Peninsula, Central Japan.

Part I. Reconnaissance Observation of Minor Shocks
at Gobo, Wakayama Prefecture.

By Setumi MIYAMURA,
Earthquake Research Institute.

Renewal of the local shock activity in Wakayama Prefecture began again in the
second half of 1949. Annual numbers of earthquakes felt at Wakayama from 1880
through 1956 are shown in Fig. 1 which represent the general tendency of seismicity
in the region. For the last culmination of the activity some thirty years ago A.
IMAMURAD executed comprehensive investigations, among which we cannot pass
unnoticed his seismological net-work operations and precise level surveys. Although
he anticipated the re-occurrence of great Nankaido earthquake like that of 1854, and
tried to continue his observation and survey programmes, intending to catch any
forerunning phaenomena, eventually should occur before the comming great earthquake.
But, various difficulties during the War hindered him from developing his investi-
gations, and at last compelled him to give up his whole plan, when the anticipated
great earthquakes attacked the Tokaido and Nankaido regions, adjoining in the Kii
Peninsula, successively in December 7th 1944 and December 21st 1946. On the other
hand, however, local shock seismicity in Wakayama Prefecture had gradually lowered
its activity after 1925, shifting or diverging its center from north to south?), and before
the Tokaido Earthquake in 1944 number of felt shocks at Wakayama Meteorological
Observatory reached a minimum of about 70 per vear. After-shock activities of the
two great earthquakes, of course, affected the region, but they had ceased in a year or
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two. After the Nankaido Earthquake of 1946 Hisasi IMAMURA, son of the late Prof. A.
IMAMURA, re-opened his station at Kainan City and traced the decline of after-shocks,
the statistical treatment of which was reported by F. KISHINOUYE®.

For the re-opened seismic activity in the region we intended to follow again IMA-
MURA’s programme both in seismometric and geodetic investigations. And, at first, in
order to obtain some necessary information for future seismological operations in the
region, the author executed in Jan.~Feb., 1952, reconnaissance observation by sensitive
electronic seismographs at Hidaka High School, Gobo, Wakayama Prefecture. (See the
maps in Figs. 2 and 4.)

Instruments used are two kinds of inverted pendulum electrodynamic transducers
of horizontal components, having 10 and 3c/s natural frequencies, connected to the
E.L.F. amplifiers and electromagnetic oscillograph, all having been developed for ex-
plosion seismolgy by the R.G.E.S. (Research Group for Explosion Seismology)®.
Owing to the high level of ground noise at the station®), the observation had to be per-
formed only on calm mid-nights to keep the magnification of the seismographs as high
as 50,000~80,000 at 10c/s. Relative amplitude-frequency characteristics are shown in
Fig. 3. Some items of the observation are given in Table 1. There was a total of 82
shocks during the effective 46 hours observation, or more strictly we could identify
this number of shocks as natural earthquakes on the 12 night oscillograms. Typical
examples of seismograms are illustrated in Fig. 5. )

The numbers of earthquakes recorded by our sporadic high gain observation at
Gobo are given in Fig. 6, togather with those recorded daily at Wakayama and Siono-
misaki Meteorological Observatories during the same period. Felt shocks at the three
stations are also inserted in the figure as asterisks of large and small size, following
the intensities. The figure suggests to us that the seismic activities around the three
stations, which are situated in the northern, central and southern parts of the Prefec-
ture are parallel in general tendency, though their degrees of activeness are fairly di-
fferent. It was also pointed out by F. KISHINOUYE in the after shock statistics men-
tioned before?.

The frequency distribution of time intervals between successive earthquakes at Gobo
indicates no distinctive nature other than ordinary tectonic earthquakes, of which the
time intervals are empirically expressed by an exponential law, implying a random
occurrence of the events®). Following Y. TOMODA®, time intervals of after shocks and
volcanic swarms are expressed by other formula, and we may conclude that the minor
shocks around Gobo are not similar to the above cited sorts of activities in their occ-
urrence, (cf. Fig. 7)

Among the recorded 82 earthquakes only 37 shocks gave us clear S-P times, fre-
quency mode of which lies between 1~3 seconds as shown in Fig. 8a. Comparing it
to the histograms of S-P time frequencies of felt earthquakes at Wakayama and Siono-
misaki Meteorological Observatories in Figs. 8b and 8c respeétively, we can easily
conclude that the center of seismicity lies to the north of Gobo, rather nearer to Wa-
kayama City, as was the case in the first period of the former activity in the region.
Moreover, numbers of felt shocks in 1952 at the three stations, Wakayama, Gobo and
Siono-misaki were about three hundreds, fifty and five respectively, which further con-
vinces us of the last mentioned northerly biased distribution of seismic activity.

Tripartite observations were tried in vain to add some information in locating the
center of seismicity as eventual direction of approach of any phase. The size of the
tripartite stations was too small and the recording paper speed was also somewhat slow.
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Frequency distribution of maximum trace amplitude was examined, taking the class
interval dA=5mm. As is shown in Fig. 9, it can be expressed by ISHIMOTO-IIDA’s
formula (I-I formula) with e = 2. Minor shocks with maximum amplitudes smaller
than several millimeters might be missed owing to the difficulty of identifying natural
earthquakes from other oscillations of artificial or unknown origins. Thus the number
of identified shocks must be taken to correspond to that recorded by several times le-
sser magnification seismograph. And, if we extend the above obtained I-I formula to
rather larger shocks, considering the effective magnification as about ten thousands in-
stead of fifty to eighty thousands, we can guess a possible time of temporary obser-
vation using a seismograph with lower magnification. Number of shocks recorded by
a seismograph with magnification V' is proportional to V'™-1, where m is the constant
in I-I formula (T. ASADA?, 1957). Thus, if we use ISHIMOTO’s accelerograph (V = 200),
the time of observation enough to record as much shocks as the present sporadic one,
becomes fifty times longer, i. e. about three months. If we make our future observa-
tion by the accelerographs in the northern area near Wakayama, we may expect to
catch more shocks and shorten the period to a month or so. But, as was seen in
Fig. 2, the earthquake occurrence has a rather sporadic nature, and if we take too
short a period for observation, we will miss the general nature of seismic activity,
however we can logically shorten the time by selecting calm stations and raising
instrument sensitivity.

Comparison of seismograms obtained by higher and lower frequency characteristics
indicates clearly the difference of spectral natures existed in the principal wave groups,
P-and S- groups. Fig. 10 illustrates it well, as the mode of frequency of A (P)/An(S)
by lower frequency seismograph (3c/s P.U.) lies in 0.2~0.3, while that of by higher
frequency instrument (10c¢/s P.U.) lies in rather higher values.

It is well known that the seismogram changes its shape according to its epicentral
distance. Ratio between maximum trace amplitude in mm and total duration in second
is taken as a measure of seismogram degeneration. As seen in Fig. 11, mode of fre-
quency distribution of the above proposed ratio obtained by lower frequency seismo-
graph lies between 0~1, while that of by higher frequency instrument between 2~3.
It means that, for the same maximum amplitude lower frequency oscillation continues
longer than shorter frequency ones. If we take S-P time as a substitute of epicentral
distance, it is illustrated in Fig. 12 that the above ratio gradually decreases with epi-
central distance. Dotted lines and broken lines in the figure separate the plots for the
shocks, whose maxima were measured in S and L phases respectively. Declinations of
the curves with S—-P times or epicentral distances are steeper for higher frequency sei-
smograph than for lower frequency instrument both in S and L phase maximum cases.

In conclusion, the main active area of the present local earthquake swarms in Kii
Peninsula lies in the northern half of Wakayama Prefecture and our future expedition
should be first focussed in that area. The instruments with fairly low magnification
like ISHIMOTO accelerographs will probably be useful if we observe for a month or
so. Direct use of JJY standard radio time signals as seismographic time marks was
tested and gave some hope in future practice. Identification of P and S phases by one
component observation was very difficult and 3-component observation and/or obser-
vation with different frequency character seismographs must be recommended in

future observation.



