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ﬁﬁMﬂ®ma®ﬁ%%%h%h®ﬁ%%b6%%éhé EEBbbhHDT, TIIK
[E AR —ﬂ&Lfiﬁawkuﬁotﬁégﬂhﬂﬂmmrkﬁéﬁm ZoW
T, #HRO—-WEHRET 5.
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1) S. MivaAMURA, M. Hori, K. AkI, H. MATUMOTO and S. ANDO, “Observation of
Aftershocks of the Kita Mino Earthquake, Aug. 19, 1961.——Observation at Hachiman,
Gifu Prefecture, Central Japan—,” Bull. Earthq. Res. Inst., 39 (1961), 895~908.
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Fig. 1. Location map of the simple seismometer array stations at Hachiman, Gifu
Prefecture, Central Japan, occupied during July 30-Aug. 29, 1963. H: Hachiman,
S: Recording Room at Gujo High School, E;: Epicenter of the Kita Mino
Earthquake, August 19, 1961. E,: Epicenter of a small Earthquake July 24,
1963, (M=5). Distances between stations: 1-2=1,155m, 1-3=1,652m,
1-4= 683m, 2-3= 642m, 2-4= 892m, 3-4=1,171m.
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Table 1. The Seismometer array stations at Hachiman, Gifu Prefecture,
occupied during the August 1963 observation.

Station Coordinates Elevation | Foundation S;enigg;)- Remark
AE® | e @ h - Geology | component

No. 1 136°58/59/7 | 35°45743// 274 m Paleozoic | Z Newly occupied

- . greywacke

No. 2 | 136°58721" | 35°45722/ 264 sandstone | Z, NS, EW | No. 3 of 1961

No. 3 | 136°57'56” | 35°45/27 | 260 R‘é’;‘{{‘ge z No. 2 of 1961

No. 4 | 136°587347 | 35°45749" 418 Sgilgs"tf)‘;‘g vA Newly occupied

3. HAEE

AT, H2RCFORENE LD LLL S, BERBUMET - 72/ALOER
hEROEEDREEPR TR S X 5ItE Lz PWM %D Sony Data Recorder 3 iliERY
SETE 2T, 6 ROSDEWNTEBLDT, TTIT 1962 48 5~6 A KIRHEA O
e BT HBW? THEALLIOTH S, HAOFHMT OV UIEHDO L D IRARIER®
CEOTHICHEINATETH DD, & TRERCSHOEIIICEIT HE&EEITOV
TORTHL.

#EsH3 No. 1~ 0% HcrhFh ETHifdER 1A, No. 2 12 NS, EW @4 &L
CATFMIERE 2 R BEShic, CALOFEHIVThL T T bbb OB
T3 bV ST & AT EAIT RO T HEURRTHOT, BTHEM To=1sec,
W3 h=2 KEELThbWwiz, WA ETE 3volt/kine (1kine=1cm/sec), 7KFH)
L.2volt/kine ‘Th %73, FYHRBMOMIITIT £5% BEDESOERH L LB DD,

RIS T — T O BTG - FFERMOBIERRTNK 20seciTin D & 5 ICIRE SV,
Z DI T —~ 7 b T OGHE ORI L LT b/t DT, T — 73k
MOMEMLE LchDE2IHNVD,

VEHRREBTIAE EARTH B2, FIEITAEKE L MBI b PV HIEER & D #R
i LDk, SEEERE D IRFEREIKEED O < v No. 2 (FiE D No. 3)ick\wic
BRI DI W DT, BEGEREEKEIANTE 15V, SREHERIK 5 micro-
kine X7t b, RO 50 £V (30 g kine) &< BN O W KETHUZI A S
ZEMTER,

RERSSERIIBTIOO LN 90sec TEIMICZEL, DI DBENITLE

2) S. MIYAMURA, M. Hori, K. Ak, M. TsSUJIURA and H. MATUMOTO, “Simultaneous
Operation of Two Seismometer-array Stations in a Study of Micro-earthquakes in the
Kanto and Chichibu Region,” Bull. Earthq. Res. Inst., 40 (1962), 885~897.

3) H. MATUMOTO “ Triggered Magnetic Tape Recorder with Endless Reel Device for
tue Expedition Use,” Bull. Earthq. Res. Inst., 43 (1964), (in press).



260 EAES I F e AR . B

25, MR7T — 7O EIZTXT 7.5inches/sec (18.6 cm/sec) ThH B, KT —
7 DA EVIIZEEN 20 sec 1Tt LTHY 380cm, R7ET — FIARIFRER] 90 sec 1T L

B B TR R

amel [avpl [amell Tave] [avp] [ame
=1 [172] 3] |[z-1] |m-2| |o-3
AMP - fo—rd | i ] ]
SET I SET T -
PWM MOD PWM MOD
CRvSTAL] [VONITOR DATA REGORDER DATA RECORDER
N DRUM
ALOCK [|recoRD : | i ! ] ]
‘ SET I SET I
szl | 3-TRACK ENDLESS 3-TRACK ENDLESS
MAGTAPE MACHINE MAGTAPE MACHINE
o e S SR N ST S N
T SET 1 SET 1
REPRODUCE REPRODUGE
DATA RECORDER DATA RECORDER
SET 1 SET 1
MAGTAPE MAGTAPE
AMP AMP.
SET I SET I
3-TRACK STORAGE 3-TRACK STORAGE
MAGTAPE MACHINE ,' MAGTAPE MACHINE

L DATA RECORDE?j
L 1]

ELF POWER AMP

||

4=CH INK I
RECORD OSCILLO GRAPH

Fig. 2. Schematic diagram of the¥instrumentation. (AVC: Auto-
matic Gain Control. MOD: Modulator. MAGTAPE:
Magnetic tape recorder. ELF: Extremely low frequency,
i.e. 1~30c¢/s.)

#1,680cm T, 0 ED0DFEEHRK 2 NOLLOREFGENTE S,
z=4— Eﬁ®477% %m%//ﬁ777r%% WS DL DEBOREGER
FESE 3R Lo T i ABH) 3 XU BN O X SRETH D, JE L Y b
;T;}%:,:@%S%‘(H%*C“%‘fc T= K- 'Eﬁ’nv/ Hix No. 2D NS, EW,Z 0 3 ®RicoWThk
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4) H. MATUMOTO, “ Automatic Step-wise Gain Control of Seismometer Amplifier for

the Routine Observation of Small Earthquakes,” Bull. Earthq. Res. Inst., 43 (1964),
(in press).
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Fig. 3. Magnification curves of the seismograph system used at

" Hachiman, during the expeditions in 1961 and 1963. (A)

(B) correspond to day-time magnification and night-time

magnification in 1963. H.E.S. 1-0.2 is also shown for
comparison’s sake.
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Fig. 4. An example of the magnetic records of an aftershock of the small earthquake
of July 24, 1963. (A): High speed reproduction. (B): Low speed reproduction.
5) XK. AKI andg M. TsuJIURA, ¢ Correlational Study of Near Earthquake Waves,” Bull,
Earthg. Res.;Inst.t37,(1959), 207~232.
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Fig. 5. An example of the monitor drum record for half a day. Numbers 2-2 etc. are
given for the earthquakes recorded by the magnetic tape recorder.

6) K. AKI and H. MaTUMOTO, “Study of Earthquake Waves by means of a Seismo-
meter !\::Jy. Part 2, A Study of the Crustal Structure in the Kanto Region by the Ob-
servation of Apparent Velocities of P waves caused by Many Small Earthquakes,” Bull-
Earthq. Res. Inst., 41 (1963), 279~292.
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Fig. 6. Epicenters located by the correlational analysis of P waves recorded by the
seismometer array stations occupied during August 1963 at Hachiman, Gifu
Prefecture. H: Hachiman. E;: Epicenter of the Kita Mino Earthquake
August 19, 1961. E,: Epicenter of a small earthquake of July 24, 1963.

7) T. Mikumo, M. Otsuka, T. Utsu, T. TERASHIMA and A, OKADA, “Crustal Structure
in Central Japan as Derived from the Miboro Explosion-Seismic Observations. Part 2. On
the Crustal Structure,” Bull. Earthq. Res. Inst., 39 (1961), 327~349. :
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Fig. 7. Details of the epicentral location near Hachiman.

8) K. AKI, “Study of Earthquake Waves by a Seismometer Array. Part 1. After-
shocks of the Kitamino Earthquake of Aug. 19, 1961,” Bull. Earthq. Res. Inst., 40 (1962),
371~389.
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755 3mm B T ORGRAEURFOMBETH DT, BET AL bNEPDIRIETDDH
DEEPAMBLBND, TOX SRR Lcaridic ) OMERS, SO VWTE
2H I LHLTHY, THICEDT2ERALFEIHORERENELZL b5 L a)
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Table 2. Number of local shocks, epicenters of which could be determined
by the triggered magnetic tape records of the seismometer array stations
at Hachiman, Gifu Prefecture, during the expeditions in 1961 and 1963.

1961 1963
Group of epicenfer Reduced to the
Total Total trigger level of
(per hour) (per hour) 1961 (per hour)
a. Very shallow shocks inM the Fiafte}t;- 99 8 4
shock area of the Kita Mino Earth-
quake, Aug. 19, 1961 (0.162) (0.012) (0.006)
b. Very shallofw t?hocks hnea{{ th(;, 1 21 12
‘ epicenter of the earthquake o
Tuly 24, 1963, M=5. (0.002) (0.031) (0'018)
c. Very shallow shocks distributed 12 27 11
over the whole area. (0.020) (0.039) (0.016)
d. Ragherddeep shSallov(\i shocks dis- 7 3 6
tributed in the S. and E. quadrants
of the whole area. (0.011) (0.011) (0.009)
e. Intermediate and deep shocks dis- 3 7 7
tributed over the whole area (0.005) (0.010) (0.010)

o, d-BHC OW TR AR EHRLSEABETHS LV B, eRCOVTES
B HEBRLRERTH O SCHZ D,

a-, b-EEE c, -d, e BEE THEAHMT HEENE DL b1t d b, EWHLOEHEE
L OEOBRETHIRT S ERELTHEVI LIV S ETHREW,

S¥i e = X —REORUERC OV EET 5, 1T S—P RHEICIHEL
T, HEENHER N LS OMWMER o (N /45 %) BIIRH) 25 3R LD
'f:@%KﬁB&ﬁ@%:ﬂ—mww%ﬂb%m¢<B&étbméﬁoﬁ%%wm
LAk B LIEH VOB N, w2 Ld Lk, COREERI2EDL ST
Lz —pic®= # —5ET X5 E SR SHIHNSIER AT BRI 2 mm B EOXH
R X AT L DS NADT, 1963 FORIEN 1961 EORTR DT EEFMLT,
Rk EERE 12mm M EOd DR FELDT N LLEDTHS.

BHME (S—P<10sec) 72U 2T, S—P BHEOFES %% 8 i Lo,
BT — 7T X B » DX DN ERr bR TH L, T= 2 —RHTX SIICHLED
S—P<3sec Db DITAIS b-FE (1963 427 A 24 HIEEIE) TH Y, S—P=3~6sec
HODOKESNE a-BF CEBBHELRER) THEHEEPABRZ LR S, FINCE= X~
s A R ER OB UHHR OWEHO BIHBIESE AT LB TE 55, LI
EE 7, Bz S—P<2sec (ZEAK O OOEBRMGHAD B I LW IRETITH
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Table 3. Number of shocks recorded by the monitor during the 1963 and 1961
expeditions at Hachiman, Gifu Prefecture.

1963 1961
Classification S-P
N [ n ’ N’ l n’ N n

Local shock <10sec | 195 .28 53 .077 675 1.10
Near shock < 2min | 178 .26 34 .049 56 0.09
Distant shock > 2min 30 .04 6 .009 0 0.00
Unclassified ? 40 .07 1 .001 22 0.04

Total 453 .66 94 .14 753 1.23

Notes. N=Number of shocks actually identified on the monitor records with the maxi-
mum double amplitude larger than about 2mm. N’=Reduced number of shocks for 1963
identified with the magnification level of 1961, i.e. with the maximum double amplitude
on the monitor records larger than 12 mm, as being the monitor magnification in 1963 about
6 fold higher than in 1961. # & n’=Hourly number corresponding to N & N/, i.e. n=N /687,
n/=N'/687 for 1963 and n=N/611, for 1961, as 687 hours and 611 hours being actual time
of observation in the 1963 and 1961 expeditions respectively.

GUJO ~HACHIMAN DPLTHDZLBLDENTED, TRLDOKE
N , GHTR24AHEORBRET Chok L%
— JUL.30-AUG.29 RERLTW5,
5 O e es PAFT — 7 CRIRES TE LBREDORR B

SVEIMNEBOBRBHSHBFDOEE T = £ —56%

T2 b B/NIEO EEICSLTIIES L LT,
o X —FREICX D S—P<3sec OHIE N1=73
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DHELE N:=68 (1961 47k ¥eTixk N/=23) @ 5
HENKETE b BIC a-ic B T3 E Lk LT
XUPERHEELTAHE S,

(5T — 7Tk S—P<3sec 3031 D5 %
21 37 24 BHIBEORBERICH S b-FETH D,
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Fig. 8. Frequency distribution of

S—P times.

SN=195: number of shocks
recorded by the monitor.
ZIN=81: number of the earth-
quakes recoded by the magne-
tic tape recorder.

FYN=42: reduced number of
shocks identified with the
magnification level of 1961.

EWVWSERIEBANRLILNS,
S—P=3~6sec DLDITONT a-Fimt
IS fET - ST S—P=3~6sec ©H D 23
(1961 427k T 15) @5, a-BED LD H»N 8(1961
ERETHTH BT &b, 68x8/23=23.7
(19614270 35TC 23X 4/15=6.1) 2% a-BIC BT 5 &
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Fig. 9. Daily numbers of local earthquakes observed at Hachiman,
Gifu Prefecture, Central Japan, during the expedition in
August 1963. Hatched column: S—P<10s. Doubly hatched
column: S—P<2s. Blank column: Total.
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14. Observation of Micro-earthquakes by a Seismometer
Array at Hachiman, Gifu Prefecture, Central Japn.

By S. MIYAMURA, M. Hori, H. MATUMOTO and M. TSUJIURA,
Earthquake Research Institute.

In August 1963 a cooperative observation of micro-earthquakes was carried out by
many institutions of Japan in the territory around the Neo-dani, Gifu Prefecture, where
the famous earthquake fault was disclosed at the time of the Mino-Owari Earthquake,
1891. As an observation point of the outer large network for the operation, a simple
seismometer array consisting of quadripartite stations was occupied by the present
authors near the Gujo High School at Hachiman, Gifu Prefecture, some 30 km east of
Neo-dani.

The site is just the same as that occupied by us in the after-shock observation of
the Kita Mino Earthquake, August 19, 1961¥. In Table 1 and Fig. 1 the location,
geology and other items of the stations are given.

The block diagram of the instrumentation used is shown in Fig. 2. It is the same
one used in the previous expedition in 1962 at Tochimoto, Saitama Prefecture?, and two
sets of the 3 track PWM triggered magnetic tape recorders (Sony Data Recorders) are
used to enable us to record 6 channel seismic outputs from the seismometers installed
at the 4 array stations as given in Table 1. Details of the instrumentation will be
reported by one of the authors®.#. The triggered record is effectuated through an end-
less tape device with a delay time of 20 seconds between the recording and reproducing
heads. The trigger-level is selected to correspond to the ground velocity of 5pgkine in
Z component at No. 2, instead of 30z kine at No. 1 in the 1961 expedition. Every
magnetic tape recording lasts 90 second and stops automatically to wait for the next
trigger.

Overall magnification of the monitor recording is given in Fig. 3, and is about 6
times higher than that used in the 1961 expedition.
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In order to secure the readings of the S phases for larger shocks, which swing
already in the P phases beyond the full range on the recorder giving only obscure S
phases, an automatic step-wise gain control® is applied to the E.L.F. amplifier, changing
its gain about 1/10 which recovers when a small input lasts a fair time.

The observation was carried out from July 30 to August 29, 1963, for about 720
hours and the effective observation period was about 687 hours, excepting the interruption
of the observation by lightning and other accidents.

Fig. 4 is an expample of reproduced seismograms of the triggered magnetic tape
records and Fig. 5 is that of the monitor drum records for half a day.

Wave correlational analysis of P phases on the array station magnetic tape records
allows us to locate the approximate origin of the event, on the basis of the assumption
of a crustal model obtained by the explosion seismic experiments near the station?. Fig.
6 and Fig. 7 show the distribution of the epicenters with rough depth classification.
The pattern of the maps leads us to the following conclusions:

a) Some 20-40km NW of Hachiman, several epicenters of very shallow shocks are
distributed. This area is nothing but the aftershock area of the Kita Mino Earthquake
of August 19, 1961, and the activity of aftershocks can be said to have still continued
after 2 years. (a-Group)

b) About 10km NNE of the station another concentration of very shallow shocks
is to be noticed. On July 24, 1963, just a week before the beginning of the observation,
we had two felt shocks at Hachiman, the epicenter of the stronger one of which was
reported at 137.0° E, 35.8° N with depth 33 km and M=5.0 by J.M.A. preliminarily?.
(E; in Fig. 7). The location of the epicenter suggests that this group of micro-earthquakes
seems to be a kind of aftershock activity of the small earthquake of July 24. (b-Group)

c) Besides the above a- and b-groups there are some very shallow shocks distributed
over the whole area without remarkable concentration.

d) One thing next to be noticed is the fact that in the east and south quadrants
more than about 20 km from the station can be found many shallow shocks with rather
deeper foci of 30-60km. (d-group)

e) Finally there are several deep and intermediate shocks scattered over the whole
territory. The group can be said to belong to the meridional Izu-Bonin Seismic Zone
across Honshu, lying on the inclined surface dipping from east to west. (e-group)

In Table 2 the numbers of shocks belonging to each group are summarized in order
to facilitate the comparison of the seismicity of each group during the two expeditions
in 1961 and 1963, showing in particular the numbers for the reduced trigger level of the
latter to the level of the former expedition.

By the monitor record interpretation 453 events (0.66 shock per hour) were identified
and the respective numbers for different classes of S—P are tabulated in Table 3, which
gives us some idea of the comparative results of the two expeditions.

Fig. 8 shows the frequency distribution of S—P times of the shocks recorded by
the monitor (blank column). The peaks in the ranges of S—P<3sec and S—P=3~6
sec may correspond to the b- and a-groups interpreted by the triggered magnetic tape
records respectively. As 23 shocks with S—P=3~6sec obtained by the trigger records
‘(or 15 in reduced 1961 trigger level) contain 8 shocks of a-group (or 4 in 1961 reduced
trigger level), 68 shocks with S—P=3~6sec recorded by the monitor (or 23 in 1961
monitor magnification level) may eventually contain 68x8/23:=24 shocks of a-group (or
23x4/15=6 in 1961 level). Consequently the seismic activity of the a-group has decre-
ased 6/600=1/100 for the micro-earthquakes of the order recorded by the monitor,
where 600 is the approximate number of shocks obtained by the monitor records in 1961
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while the activity for the micro-earthquakes of the order of magnitude over the trigger
level has decreased 0.006/0.162=1/27 as shown in Table 2. It seems to suggest that
the magnitude frequency relations of aftershock activities in the initial and final
stages differ, i.e. the latter may have a smaller value of Gutenberg-Richter’s coefficient
b than the former stage, indicating a smaller decrease of activity in larger magnitude
shocks. )

As for b-group, the daily numbers of local shocks shown in Fig. 9 indicate that the
number of shocks with S—P<2sec (doubly hatched column) decreases with the time
during the observation period, suggesting a nature like aftershock activity of the b-
group. Similar estimation of the number of b-group shocks to be included in the shocks
with §—P<3 sec recorded by the monitor is made as was done for a-group above.
Namely, among 73 shocks with S— P <3 sec, 73 x21/31:=49 (or 19x12/16=14 in 1961 level)
shocks are suggested to belong to b-group, as 21(or 12) shocks among 31(or 16) shocks
with S—P<3sec are located for b-group in the triggered records analysis.
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