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IFig. 3. Location map of the tripartite stations for the observation of aftershocks
accompanying the Earthquake 02/46m and 03%20%, Aug. 13, 1969, near
Kobugahara, Tochigi Prefecture. The distance of A-B; 640 m, B-C; 970 m,
C-A; 740 m.
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Fig. 4. Seismicity map of Tochigi Prefecture. Epicenters were
determined by J.M.A. during 1926 to 1967. Shocks near
Imaichi were main and aftershocks of Imaichi Earthquake in
1949 and those near Ashio occurred between June and October
1962. (Drafted by M. HORI)
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Table 1. The locations of Earthquakes on Aug. 13, 1969 determined by J.M.A.
and by the authors using the data of Utsunomiya University, J.M.A. and

ERI.
Origin time Lat. Long. Depth. M
J.M.A.
1st shock 02k  46m 56.8s | 36°38’  139°44/ 10 km 4.2
2nd shock 03 20 20.8 | 36°3%” 139°41/ 0 3.9
Authors -
1st shock 02 46 53.38 | 36°39.6” 139°43.2/ 6.78 3.0
2nd shock 03 20 24.47 | 36°36.6” 139°40.8’ 4.75 3.1
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R LT\ 5, a branch station of Dodaira Micro-earthquake Ob-
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Examples of the reproduced records.
a) An example seismogram of aftershock.

6.

Fig.

The azimuth is 112° and the epi-

central distance is 13.5 km.
b) An example seismogram of the shock near Ashio.

The azimuth is —107°

and the epicentral distance is 10 km.
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Table 2. The number of micro-earthquakes with the ratio. A is the region
of the azimuth 80° ~130° and the epicentral distance 9~15km.
B is the region of the azimuth —90°~180° and the epicentral dis-
tance 5~16 km. C is the region of the azimuth —20°~90° and
the epicentral distance 5~18 km. D is the region of the epicentral
distance less than 5 km.
A B C D
Fig. 7 7 (41%) 5 (10%) 6 (32%) 6 (32%)
Fig. 8 5 (29%) 15 (31%) 4 (21%) 3 (16%)
Fig. 9 2 (12%) 14 (29%) 7 (37%) 8 (429)
Fig. 10 3 (18%) 14 (29%) 2 (10%) 2 (10%)
Total 17 (16%) 48 (47%) 19 (18%) 19 (18%)
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Fig. 11. Epicenters of micro-earthquakes with S-P<3sec at Kobugahara, Tochigi

Prefecture during Aug. 29 to Sept. 6. The symbols X shows the epicenters
of shocks on Aug. 13, 1969 and the symbols ) show the epicenters of Imaichi
Earthquake in 1949.
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Fig. 12. The daily number of micro-earthquakes
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the hatched column is the estimated
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WHEBEbh, # 12 oo FOM5E, BHEO 2 A XD 5%\ B O ERCE H R
EDENBHELILDOTH D, HER YRV ICHELRT 188, =0 5 H4IiRiE 16mm
PlEomiE Ry 71 ETh s, RUAXERL L, 1 5 A0BNO 5 LA DI 20 BT
HBH., 2% hiniE ETEIRES 16 mm D EomEr 1 B 3.5 H, HELRD LR
Lowgdsrk, 1 AFY 94 BEST\\WAZ Litic s,

SHIZH L, 1954 FOERENOEOMBEENI &KL, 1964 £ 7  ~8 Ao
BRER T, EHERE 23 BiexlL, P-SEE 3 #BLUT T, $EOLIERE 16 mm L
LoMBCHEST BT 24 EXES LA ET, 1 BFEEY 1 BoMERBN S

TR TH oM.

MLDC&#%,ﬁMﬁ®EM,ﬁﬂﬁ%mﬁ@@¢ﬂg®ﬁﬁﬁmi%4ﬁﬁﬁmm

LCEBEL o TbEE 2 5.

DX 5 IR, e EFENIEEcDN, SEOMECL ) excite Ihicb o
THHEMIRETH Y, Fic\v b back ground & L TORUIMEEDIEE - DEGRY,
EDXOEELZTRUNLTRATH S, SBRBRFLETHMETHAD.

» 5 BE o back ground seismicity DOFEHEE LT, %< OE5E, BB
DEGEPIT T, FoOMELD seismicity TS 2 EAMfTbhT05. LnrLlE
Bk 5 REELRDL L, ZOFEKUO—AY AHBE R VCEHENEY B 50 THE

BaET5.




62 PETEOr « BURERIUSE « FARIEE o RN

§6. & i

AEMOEREEL, FHERY, WIEWHRCE, BIUBTORAZ I LD, HE
RO Y, 2 hBIEFT e, SEL ML R 5,

Fho, WML, BB ORE, FERNORST, BAFORMIL Y, Bk
Bz fe, Z CRE BHOBEET 5.

LEO BRI L, AFTHRRALE, Tty 2 —RHREEO ML EkRc
SWTHIEERET B, WEEORINC LTiE, ABRMRIEREHR T,

ERAOMEE, FSoRME, FHEMRMES I Fi, BNBRoRE K
Wik, REEBEOLRRTEE, FUETL HRE%, WHBEOHKoRHeEk oo
B AL BV 5.

Rk AT, M2 THEE T SOoREHARR, ReRRO BTG u0
fo, HEERTHE KERECHRE L ORI 5.

References

Earthquake Research Institute, 1951, Observation of aftershocks carried out in Imaichi
district, Tochigi Prefecture, Bull. Earthq. Res. Inst., 28, 387-392,

AL, EEFET, BEREL, FE—LF, 1962, HpnlcHil s i 1962 £ 4 § 30 H =R
TORE, HIFRDITRITAIR, 40, 625-637.

HAGIWARA, T. and K. KASAHARA, 1951, On aftershocks accompanied the Imaichi Earth-
quake, December 26, 1949, Bull. Earthq. Res. Inst., 28, 393-400.

Kawasumi, H., 1951, The Imaichi Earthquake of December 26th, 1949. General Description,
Bull. Earthg. Res. Inst., 28, 355-367.

Mikumo, T. 1966, A study on crustal structure in Japan by the use of seismic and gravity
data, Bull. Earthq. Res. Inst., 44, 965-1007.

BAHES, ZEW—, NAKER, ZER—, 1961, Jb3uf B AR — ke /RN kit 5 B
W—, HWEPFIEATHHR, 39, 895-908.

FORRSE, SEFRERS, EAREIE, 1969, MiRkIRiRM, ZURMEOMFEMBEOMETE, I 4 £ 9
A 22 B, 5§ 478 [E3ERIERHGEA.

4. Micro-seismic Observation at Kobugahara, Tochigi Prefecture.

—A ftershock observations of the Earthquake, August 13, 1969—

By Katsutada KAMINUMA, Kenshiro TSUMURA,
Hideteru MATUMOTO and Ikuo KARAKAMA,

Earthquake Research Institute.

Two felt earthquakes of magnitude about 4 with rumbling of the earth, occurred at
02%46™ and 03#20™ (J.S.T.) Aug. 13, 1969 in the northern parts of Kanuma city, Tochigi
Prefecture. To explain the cause and feature of the felt shocks and earthquake sounds
which continued from that time, a temporary micro-seismic observation was carried out at
Furumine Shrine, Kobugahara, Tochigi Prefecture about 15 km west of the epicenters, from
Aug. 29 to Sept. 6 using the tripartite array net and from Sept. 6 to Oct. 6 with one com- )
ponent monitoring system. A block diagram and a sensitivity curve of the instrumenta-
tion used are given in Figs. 1 and 2. Tripartite stations were occupied, as shown in the
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map of Fig. 3, near the temporary observation room of Furumine Shrine.

A seismicity map of Tochigi Prefecture during 1926 to 1967 is given in Fig. 4. The
shocks near Imaichi city were the main and aftershocks of the Imaichi Earthquake of 1949
and the shocks near Ashio Town occurred from June to October of 1962. There was no
seismic activity observed by J.M.A. network near this region other than the above two
events.

As shown in Fig. 5, the temporary observation was started when the number of detecta-
ble aftershocks at Tsukuba decreased and became very few.

The origin time and location of epicenters for the main and secondary shocks are given
in Table 1. These epicenters were determined using the arrival times of P wave and S-P
times for the records of Utsunomiya University, J.M.A. network and Dodaira Micro-earth-
quake Observatory network.

The observation was carried out only at night time (18:—08%), The epicenter location
maps of these shocks with S-P time less than 3 sec for every two nights are shown in Figs.
7-10. Fig. 11 shows the epicenter location of all shocks through the observed full period
and the location of shocks on Aug. 13, 1969 and also shows the epicenters of the main and
secondary shocks of Imaichi Earthquake in 1949.

According to Figs. 7-11, the number of aftershocks seems to be decreased rapidly.
In order to explain a seismic feature of the observed shocks, authors tried to compare
the micro-seismic activity in each region given in Table 2, the frequency of micro-earth-
quakes in region B is higher than that in region A which is the aftershock region, the
micro-seismic activity of regions C and D almost equal to that of region A.

The daily number of local shocks with S-P<3sec during the period of a single seismo-
meter observation is given in Fig. 12. The hatched column in Fig. 12 shows the estimated
number of shocks for the noisy time, obtained from conversion using the ratio of the
effective time to the noisy loss time. ‘

188 shocks with S-P < 3sec excepting the estimated numbers were observed during
Sept. 6 to Oct. 6, and the number of shocks with trace amplitude larger than 16 mm are
71. The average number of micro-earthquakes per day estimated from the effective time
for observation is then 9.5 for all shocks, and 3.5 for shocks with the trace amplitude
=16 mm. More than 709 of these shocks occurred in regions B and C, because the number
of aftershocks was decreasing during this period.

After the small earthquakes with magnitude around 3 had occurred in 1962, the tem-
porary observation of a single seismometer station was carried out in 1963 and 1964 by
members of the ERI and Utsunomiya University at Kobugahara, the same place as this
observation.

Seismic activity in these periods was very low. Only 24 shocks which had larger ampli-
tude than that equivalent to 16 mm (trace amplitude) in the present observation, were
observed during 23 effective days in August of 1964. Then the micro-seismic activity from
August to October, 1969 near Ashio Town is several times higher than that in August, 1964.
But the reason for this high activity is not explained. It is necessary to find the relation
between this activity and earthquakes of Aug. 13, 1969, and to carry out temporary
observations every one or two years in this area. ’




