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GROUND TREMORS CAUSED BY ROCK BURSTS
IN THE IKUNO MINE (CONTINUED)

By Ryohei Nisuma and Yutaka TANAKA

Synopsis

The largest rock burst occurred on June 21, 1971 at the same position to that of Jan. 26, 1970
in IKUNO MINE. Ground tremors caused by the rock burst were also observed by the net of
microearthquake observation in Hyogo Prefecture.

A source-mechanism of the rock burst could be explained well as a dip-slip type. Namely,
g estimated from seismic data was perpendicular to the vein-plane and ¢3 was nearly vertical
within that plane. It is interesting that the direction of principal stress coincided with that of
tectonic force in the vicinity. Besides, the results that conversion rate of strain energy into wave
energy was less than 109, in case of rock burst were obtained.
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Photo. 1, 2 Scene of rock burst on June 21, 1971.
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Fig. 1 The domain of rock burst on June 21, 1971.
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ig. 2 The seismogram of tremors by the rock burst.
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Table 1 Seismological data of rock burst on June 21, 1971.

Obs. P-time S-P time F-P time Max. Amp. Initial
station h m sec sec sec pkine motion
KZ 19 16 02.05 1.6 35 s.0. pull
HM 03.8 2.7 40 310 push
Iz 04.1 2.9 50 467 pull
oYy 04.15 3.0 60 520 pull
YS 04.60 3.45 45 472 pull
KD 05.50 3.95 40 546 pull
MZ 07.10 5.1 50 5.0. pull
FO 09.3 — — 135 pull
TT 11.5 8.1 — 120 pull
Kh 12.95 pull
T t 05.05 push
Tu 12.35 —
Tn 06.65 pull
Mk 10.95 pull

Table 2 The position of rock burst and the origin of ground tremor.

Latitude Longitude \ Depth
Position on map (1-26, 6-21) 35°10°05"'N 135°50'03"'E ’ 400 m* (860m)**
Origin estimated 1-26 ‘70 35°10°06"'N 135°50’12"'E 0-6-7 km
by seis. data 6-21 ‘71 35°1020"'N 135°49°55"'E 0-1-1 km
1-26 ‘70 30 m 230 m
Difference
6-21 ’71 460 m 200 m
* below the sea level ** under the ground surface
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Thbo TNHLORTRYI: Magnitude % Table 3 (2§ 5. Z ERBZBAAIITZ L ZFh Magni-

Table 3 Magnitude and wave energy of rock bursts.

Date Mgy, Mg M, E 4 E @)

1.10 —0.9 —0.95 —0.14 2.4x1010~4.0x 1011 2.1x1011~2.9x 1012
1.26 0.2 0.3 0.6 1.3 1012~5.7 x 1012 8.7 x1012~3.5 x 1013
6.21 0.5 0.7 0.9 3.6x1012~1.4x 1013 2.3x1013~8.7 x 1013

Suffix indicates the formula’s number in the text.

tude ¥ ROEMFEYE LI DTH 5. 110 DIl Haid —0,95~—0, 14, 1426 I 0. 2~0,6, 6, 210, 5~
0.9 LEHEINTWA, FHIRITL 35 Magnitude /N {RZ b, I Magnitude KX {KE -T2
CERARBBIBPWTIRBOBERBR LN S,
#RIT, Magnitude 7> & # 8 energy * BT 2 0IKKD 2 2DREHN L7,
e O T T T PP
log E=12.66+1.40M
(4)Rit Gutenberg oKX T, (5)RRBMHAFSETREEARDOLN TS log E=a+bM O a &
b o, Lo Magnitude ZHEHATEAZRE LTRDLIDTH B, TNHLOERITL S E 1010,
1426, 6+21 OIIZ A DOHE) energy I F N Fh 2.4X1019~2,9Xx 10 erg, 1.3x102~3,.5x10'%erg, 3.6X
1012~8.7x10%erg :% b, HAMEB/MEDIZENFNHF 100 5, # 304%, #150 {5 CHE energy &
HOFHEL TR To
W ROBFIBCEXEINIE energy THFET 70T, HBEBES O KE & BUAEY Y ITERI L
33 energy OBRVBMHETH 5. WWRhBRBMHEHLREA Lz Tuff-Basalt-Vein 0 FHIZOWT, EHEH
[ * 5IRE « Young RE=ZFSELERKNSH « PRPAHE EMARBLEREETLELECHAES L
TWwLOT, IRLOEXANWT—BEROBAITHERITETS energy ¥#HELL. Thoofl%
Table 4 2R+, 22T, ko250 Tuff-Basalt @ Young EH/NE {KE > T2 0REBRKITFHKT
2306 L VwEoHERD o, X, RN T—HMEROBEGOMEKICE T 5 energy % 7000 erg/cm?

Table 4 Test results of rocks from the area of rock burst.

S, S, i S, E (Wt
Tufft 927 kgjem? | 164 kgjem? | 285kg/em? | 4.8x 10%kgjcm? | 8.4 x 10%erg/cm?
Basalt! 997 115 209 5.7 x 104 5.7x108
Vein¥ 1285 1.3x 105 1.3x 106
Tuff* 1620 3.4x10% 3.9x108
Basalt 717 7.6 x 105 3.2x 105
Basalt* | 858 4.2 %105 8.6 105

S.: compressive strength.

§,: tensile strength.

§,: shearing strength.

E : Young’s modulus.

(W,,)1: elastic strain energy in uniaxial compression.

t by Central Res. Lab., Mitsubishi Metal Comp.

* by Sugawara, Dep. Mineral Sci. & Technol., Kyoto Univ.
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REOREBIR, EWRTEL, BET2LE2L0605%, T energy SR I NG, Zhig 32 HHE
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IZERI N AZE energy W=10%erg/cm?® %242 &, 110 DIt 4alt 2. 4XxX 103 erg, 1426 I 4. 7x 10" erg,
6221 i1 1.5 10 erg L ELEIHLN 5, )

W R OBETOE energy L FBId L HE S NIkl energy & D HiZ 3 E) energy ~O LB %R T,
4, 1EE) energy OB AMEEHWTEHETNIE, 110, 126, 621 RZNFN12%, 8%,5%, &%b,
BMEERWRE, ZREN0.1%, 0.23%, 0.24% Lk b HIT, BREOLFEATHEEE 0 H K
BTEOLNTVRAMBLREN T V. ZOERD L D MR REHBTNIT W T AR IEIERITT - B
HORBREEZ 5,

e i :
Fig. 3 Push-pull distribution of initial motion of the rock bursts.
Dotted lines show the movable extent of nodal plane.
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& Strike N4O°E, dip=40°" 0 20 & %2, IhdhbRO LN L EES « LRSI OHTiE N8O°W, dip=15° &
N46°E T dip=65° TH 720 126 DI AT DWTI, LLEOBE QIR 621 DI & OBPIESH

6, 126 0 IZAO BN S dipslip BIA#H7 &
Bbid, iz Fig. 3 (T/5RF k(T nordal plane |3
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Fig. 5 Maximum pressure and tension of earth-
quakes and rock bursts occured in the
northwestern part of Kinki District.
Straight lines show maximum pressures
and dotted ones tensions respectively.
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Fig. 4 Mechnism diagram of the rock burst.
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Fig. 6 Directional Characteristics of principal
stress of earthquakes in the square region
in Fig. 5.
Open circle:
Closed circle:
Double circle:

max. tension.
max. pressure.
those of rock bursts.
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Fig. 7 Accumulative frequency distribution of rock bursts and bumps (Ban’nari).
(Supplied by the Ikuno mine)
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