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GROUND TREMORS CAUSED BY ROCK BURSTS
IN THE IKUNO”MINE

By Yutaka TANAKA and Ryohei NISHIDA

Synopsis

Rock burst occurred at the Ikuno mine in the central part of Hyogo prefecture on Jan. 26,1970.
Coincidently, ground tremors were also observed by the network for micro-earthquake observation
stations in the prefecture and it is evident that the origin of tremors coincided with the rock burst
area.

Energy release in the origin estimated as 3 10'? ergs from the analysis of microseismogram and
this value coincides almost with the strain energies estimated from the situation of the broken
domain and the strength of rocks.

An exact source-mechanism for the tremors could not be obtained. However it seems that the
direction of the principal stress (E-W) inferred from the seismic data was perpendicular to the
vein-plane near the scene and a null vector of focal sphere was within the plane.

Moreover, the E-W direction was the same as that of the tectonic forces in the prefecture.
It is interesting to note the frequency of the rock burst and the active epoch of the seismic belt near
Ikuno coincided with each other.
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Fig. 1 E-W cross section of the Ikuno mine (Upper) and the levels below
29 L in Kanagase-ko (Lower). (Supplied by the Ikuno mine)
Arrows and numerals indicate the positions and the dates of rock
bursts respectively.
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Kanagase-ko

Fig. 2 Underground map of Kanagase-ko. (Supplied by the Ikuno mine) The domain

of the rock burst is closed by dotted lines. Chain lines show the fault lines in
level 31.
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Fig. 3 Side view of thc domain of the rock burst and the geological structure
in horizontal sections of each level. (Supplied by the Ikuno mine)
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Photo. 1

Photo. 4 Photo. 3

Photos. 1~4 Scene of rock burst. Each position is shown in Fig. 3. (Nos. 2~4 were
supplied by the Ikuno mine.)

No. 1: Level 31-19

No. 2: Level 31-22

No. 3: Level 32-21

No. 4: Level 32-22
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Photo. 5 Record of ground tilts observed at Ikuno. Arrows show the time of the rock burst.
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Fig. 4 Vector diagram of ground tilt observed at Ogoya before and
after the roof fall occured on June 1, 1952.
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Fig. 5 Distribution of observation stations of micro-earthquake. Cross shows the position of the Ikuno mine.

Table 1 List of observation station for micro-earthquake.

Station Abbr. Latit)xde ., ] Longi}udc ., A—ll:itude
KANZAKI KZ 35 04 35 134 47 50 200
HIKAMI HM 35 13 35.5 135 02 36.6 250
1ZUMI 1Z R 58 20.0 134 53 08.6 230
OYA oYy 35 20 02.0 134 39 52.2 260
YUMESAKI| Y S 35 00 10 134 37 55 260
MIKAZUKI | MZ 34 59 01.3 134 26 04.6 200
FUNAOKA FO 35 19 59.3 135 16 18.4 160
TOTTORI TT 35 30 48.8 134 14 13.2 45
TANTO Tt 35 30 23.5 134 58 38.1 190
TANNAN Tn 35 10 55.8 135 12 50.0 340

Table 2 Seismological data of rock bursts.
Date ‘ Obs. ‘ P-time S-P time P-F time | Max. amp. Initial
1970 station h m sec sec sec o kine motion
KZ 14 21 21.2 1.6 10 260 pull
Jan. 10th HM 14 21 22.7 2.6 10 50 pull
YS 14 21 23.9 3.3 10 50 pull
HM 06 55 14.5 2.6 30 290 pull
1Z 06 55 14.8 2.7 40 250 push
oYy 06 55 14.9 2.9 25 220 pull
YS 06 55 15.5 3.3 30 340 pull
Jan. 26th MZ 06 55 18.0 5.1 40 430 pull
FO 06 55 20.1 — — — pull
TT — — — — pull
Tt push
Tn pull
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Photo. 6 The seismograms of tremors by the rock burst in the Ikuno mine.
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Fig. 6 Differences of seismograms in azimuth.
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Fig. 7 T,—T,., diagram for the tremors Fig. 8 Crustal structures in the area
of the rock burst. ) concerned.
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Fig. 9 Travel time curves for P- and S-waves by the rock burst.

ZdrZid, ZOBEMINRNOBSLOREINT-EBEFETHLLEZLTHBENEANTDSH ) FIT
Brxmihid, BIIZonwTH, LRABHBBIZ, bXTHBBIEWIEIRD Y, HThsHREEEF
BEANT K EBETHLI L ERELNG, BIWR I LOBELRD LI ERSOBBETIIARTEE
Th 5o

TOBBEIMRNAICLZ 0L TR, REMBNRDD>TABDT, 20 P, S HEOREEHLY
12, e L7cBisE o model X RETAEKT, Pk, SEOERMBRYEE, EEEEPROTHT.
Fig. O %5, P, S Bo#EEEZnFh 6.04km/sec,3.33km/sec %Y, Z @ model OE2FDHE
IZIzIg% Lo THIZ, FBASAICOBERLD, H2ELHE-> TL 2EHY, BRVICHAET2LEDNS
DT, KE L7 model ZExbDTREEIDTHLLEELTINS S, ’

ii) [L3RICEDIRED DR D energy

I RDBE S b, %O magnitude FRETHZ &1}, FRMEEEORBRECOIURNATITE 2T
w3, 43, BlEORBORKFEEN &4 b magnitude &8I0 energy %R®, ZHERRAOE
B OHEEINLTE energy THBIL THh B,

RO E M D magnitude ZRDIRIZNANAERIN, BLOBARNKD 24, ZZTH, HED
B OB KIEIE £ 1 - T magnitude ik ZKY

M:%]og V+_g _log o e N ( ]_ )

V: velocity amplitude (kine)
r: distance (km)

THRATIHRROKRE I Zhdo Table 2 pbbhd L 5T, £#BANOBEITREYSERED 5. T,
ZHABNE ENBEISOBREIREABINRRABRBICHERK L ob Ry, 22T, £
T2 T (1) XA 5 & iz magnitude TEMFEH L, 2hiF—KEME LTAh % & Magnitude=0.2 &
k5o

RIGHNOFELE LT—2o0 8RRV S K& WHIRIE L IREBEGERR (F-P time) HEWEW) I Z L
#» b, magnitude & F-P time QFBRABENITL - THEBH I N, EERTHNIGEUBR D LD T LR
TNTnD. FEILRRBMIBERFTOM/NEE D magnitude & F-P time OROBEHBREB T 5o

— 11 —



160 RAY KPR REILTA (. 46. 4)

M=2.7010g (Fm P)Y =385 +-ecveererreeriisisieieteieceteiet ettt (2)
LoRipb, ko F-Ptime 2280 A0F M 3B E LT, Magnitude=0.3 %%/, 2hbkb,
ZOURNOBEE TR D magnitude CHKbEIE, M=02~03 LiEEIh 3,
Z @ magnitude ¥ F\», Gutenberg—Richter ¢ Bi{&X
logE:11_8+l5M ....................................................................................... (3)
P h, HEO energy ¥ RDTH B L, E=12~18X10'%erg & % 2,
KICHIRAD 5 FET 5 HE energy E £ RAPHKDTH 5o

E:_%__pchznrge”/rc ................................................................................. (4)
V: MEmoiRm
re: BEEO energy IR
T KM E D OB OGN
p: HABE
c: R E

Z Iz r=2x10%m, V'=3x10-¢kine, p=2.7 gr/cm?, ¢=55%x10%cm/sec, r=1sec & LT, E=6.23X
10%erg #1835,

WFhoB4 4 10%erg D order THBLEELTEINTHH5,

—7% 1H10 ot 1a® magnitude & energy %, L (1) (2) Q) RiT Table2 pfEix ANTHEL

THbBE,
BREMASHRD Z (1) R 6B magnitude /3, —0.93
F-Ptime 1 HbKkH 5 (2) e A THHE LER, —0.95
Z Offi*# Gutenberg—Richter »f; (3) IZAN T energy ZRODNIL, 1.0x 10! erg
BAEME Z OB BoKERM-D 4 Ricdk b energy RDZ L, 1.7x 10" erg

Exy, 1A26 Hoiidiad energy & 1/12~1/36 fiLd % %,
ULo#R%, BAOEHBELBRERSL, BHOBERICH> T/ L HEEIN S strain energy
EHBLTA S,
MRRBBOERORERRI=FEBRHEERREHOPRAERITET W, Witk 32 Fiid bR
L7z Tuff & Basalt [TOE[EMME, 51RME, Young BREHINTNS. T OEROTPHETREEK
DBV TH Do

A kg/cm? FIRHAE kg/cm? Young # 10* kg /cm?
Tuff 927 167 4.8
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Fig. 10 Push-pull distribution of initial motions of two possible types. (lower
semisphere) Shadow zones show the moval extent of nodal lines.
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Fig. 11 Mechanism diagrams of two possible cases for the rock burst.
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Fig. 12 Distributions of epicenters occurred within 100 km of Ikuno in two different epochs.
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