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SE0FEL, BOREROEELY LT, ThrBERIRERN &S b enic
fTisbhbhic, RARLERBKASPICI-> T, T LTHEBOSEE LOFE mode ICE S %
BWTET IR T3,

Lan L, EFEHE, BTchlicoos T, 9, UHOMEL LA XKELIHANLZ LxE
EME L, WHOMIGIZ DV TTERNEEO R & b,

IL 52 BR O 4t B%

FERBEIFERBETLAOKERFORETHD, ERI /v~ TOMOER L b
T, 1963 4 8 AFAICATishhiie, ERBOBIRCHIc > Tk, Fil> TEHEC X > THF
BEr LN, ZOFRCHELGDO IVETEEAL,

418l D EB’JM%‘%EE%E# geophone DEEX[HE L, RBEEREORLELIE,
s TOMECHIL, Boh ROl EY LS Lh- T,

FRCETAMA T AW CFHE LV 0TI I TR 2N,

e 200m 200m
B S

5 10 2m 50
E - = 7.5 CpS 3 comp. E -
c 20 e n singe c 20
= _ o shot point c
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Fig. 1. Disposition of geophones and shot holes
(a) horizontal span (b) vertical span.

WHROBRFRE LR L THS, BRIERE 200m OS54 35 & L, geophone % #ifH
AN PR & KPP A RE L, B TRLTHH T EL, REEEY S, 10, 20,
30, 40m FFIbL s TaHEEY & -1,

sEE (VR T, BRATRLTHS L L, geophone % 0, 2, 4, 5, 10, 15, 20,
25, 30, 35, 40m DEFE BB L, vertical B4y % WE Lic, geophone o EA B EIL T~
T 75c¢cps TH5H,

AKFRRE H R Tk 75ceps SO 2K SCEE, BAOTHOImIc 1E, thiciks
2b, #FE b2 mHRT 8D geophone 2% E ST\ 5, AL vertical B4 O HIE
LafTlebhicho il

ZhZh o geophone Hif x 1B LILKFTH OMBLEG R 7 v 7 (E.T.L.PRAZH) %
o T, BAEBERIBcps DAL A) A= —kfo+ve 57 (ET.L.ER64H) T

15) RIHY, 13).
16) MBEGER 7 Vv —7LB, 31 (1963), 15.
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FEAND FBEOBEEHEIE 2KIREINT VS,
EBRABLCT7 VIO gainli—EE L, EED

150 g &~ TH 5B L VMBRORKEE Om DL §
BoOZ, TVvIO gain xEPHT CLHLRTY 2
% g
&K 4 D geophone RU'T7 v 7 DRET A MELIT ‘2 10 100
trequency in cps
TehhThiewdy, BICILSh I ndh 2z Lol o) Ly Ay T
LoXxitiluwsFE L T3, Fig. 2. Frequency-response curve for
. ) o the overall system, including geo-
sk, HBRB AT X o THRORES % AV phone, amplifier and galvanometer.

%, 4 BB, OB RMRE, Z: BUIRE,

III. @SalEhloms

AFEORE/ TR X > CI0MOEEH B, TheE IR L, @i H R, b
VR TH 5,

H HEE Cit trace © Epvs, 4=200 m =351+ 2 3 4 (transversal, radial, vertical @ Jig),
AFEEMN 4=200m, Z=52m, S5FEALLTF2 4=200m 75 214 m & 2 m MR HEzE T s
7= geophone DFRETH 5,

Vi, bz X v EBCIEIC 11 o trace 2R LCw %, BRI IEH I
L - THE L Qe & i, ok, HEORIERE 5 m k1T 5 B ERORTF
Bz k> C @b TR TLE> T 5,

IRLOREY RS L, RUEEBERRLLEBONIEHEL KRG Rc-Twb v &
Nibin b,

L, FIN (@ ORBHEESM DL SMPCLIMEBEOBELEML T, K&
WRA S ET Y, ERUEICE LR TOIcERE XS M4 >0 BRI S Tvb, §
fedob, LHTL 0 it T B O ARNCSHE S UE, BI85 o A #1500 m/s,
B 5~6x10"%s > I $, T OBERICH K REIRET [ BFE @R UMEEE L, Ml
0.9%107%s ¢ B o I B, shot time 735 1.8~2.8 s H7- 02 /B 51 5 (LHEE 150~170 m/s,

FAPIo2ls o 1L B, £ L CIHIFRCOE /T, EtEOH B 2 e MHERE 100 m/s < BT
A014~020s » IVHETH 5, (B LERIEH 200 m IR 54, 224 EF i 14m Lol
BAE DR T DT, ERFMBARTS THH i, Ll SHEEEDOREEILR {7\,

B3R MD) AR T, BREENRGHACEL L EORMIE> XD Licw2y, FEIIE
B et s, HEREEAHEL, BEYRES, X, VO trace 6 & 7 O] THMHD
MENR LGRS, UL IV BHIREEN 20mITi 5 &2 & A EBRN X3, %, FRpELC
b b, Bk I AT Xt geophone (HIFEIZ S HNTIZ LA E@ R T Tl D
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BAR FEBOHETOI &
Fig. 4. Particle motion for each wave groups,

Elk HEBEOMERERKEHM

shot depth being 5 m.

(E=5m)

Table 1. Phase velocity and period for each
wave group, shot depth being 5m.
wave group phase velocity period
(m/s) (sec) .
I 1500~ 1600 5~6x10-2
II ” 9x10-2
101* (150~170) (10X 10-2)
II1 150~170 20x10-2
v 100~130 14~22x10-2
107s 1

SHOT DEPTH Im

\;\1\\“\ o
T B 4///i;/

%

-

EE5R  E R M
Fig. 5.

Time-distance plots.

17) MBS 7 v — 7 &, 31 (1963), 3.
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OEMMC AL D EHCER L,
DWBHIFBERIE N E L I hioh T
HIBEZAR b, HiI2 16m o
THIH OBITRLEH T, iR
e THLBMSh w5, SO
VRETC BV e L3 & BE R 21 H
HeEz, chiI*L4005,
LA RS oo EiEE 3 Mk x 0t
R CTRER TS,

FRRECHR T B MR OB X (14 4
Rmsntunbd, X, 500w
RILFLDDHEFLRDO T L L TH
b, REEEINEHD &, BRLEDH
50T, Tit E=5m 0, 0icfR
ote, Tods, HI* FRBE L Cikthic g
L#E 215,
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Hiro TEBRBOMTHEOHS F L
PR CEERIC Lo TRB N,

MO E XL 240m TH bH, HWE
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R L, ZOEMHBII—E L ELASHRD T, MTHEESIBEETEIbL> Thb E
HIeE b,
EERUIIAEL S E-> TR, RPACHTEEXHT VI L Ho T FLWHRE
%m%f,ﬁﬁodmbﬂﬁbtﬂotﬁ,%@%%u,
Upt = 500m/s, vy =800m/s, vm = 1600m/s
H=9m, H,=24m

Thote, BL, Up, Uppeeeeee BRFEODWEEBO PHOEEY, H, H, 3 ET5EBOREX
HhHbHbT,

KHEE® 1L 4=100m OFRFOEREBITT L, Zo#REYEEC LTS, KEFE
RS 3 SH i A CRD I TREE L B L, Mz oMo& VML, REExER
THCEL T, SH B I FTRELRAL TV 5,

EXZIBRAWD TROBIAER B, BO5HORBBEE 5m o oERMRY RS L,
FRBOEEDLN RS E D o dIciTh il b Sikid-> & ) Ligvs, KA LA 3D
HEECHEEND, Tbb, 700m/fs, 900m/s Z LT 1500m/s TH%, L L, 700m/s &
900 m/s DRICILIL - & D & Liciihlh 0 Eai e T, 2 2 Tk 700 m/s 7> % 900 m/s ~ & 33
ERREE > T Dot ahiu, (IO, o200 ERB% 800m/s X3
1o0EEBTLTLE> TWi,)

—77, REEE 1lm oF T, BBC500ms OEERBNFEL TSI Ebhbd, K
7, HELT, 700m/s, 900m/s DEEFLHFLEL T 5,

UEDZ e ELDE, FBRBOMTIL, vn=500m/s, v,,=700m/s, v,=900m/s, v
=1500m/s D 4 DOBI LR IR TWBH I LI E, CO4OOEERYFTELALL,
WREXZERBCANTEBORE S RDS &

H =50m, H,=73m, H,=144m

ThHh, IRTrLEROER S, oD = SH
B, PHREHF U ERSE CRdTe SH B K Z:;%?EI ;; ZZ%?EII
RO TEE L Thvi, BELRLI BN -

Be, BWEI—HLTHY, Cobpvimge "0 >
AETswv, SH & P I X 52 REHE L, 4L 1500 ' o 204
L—H I LEECVS, TR, B6ROZ depthinm
DFNELTHBHFCBbLI S, from P-and SH-refraction.

18) A0, 13).

19) WEBEHEER IS v — 72, 32 (1963), 17.
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SHEOEE Y &b T, MTORFARCTHEE2ERLKD, BRI ET Y V(9
LRDTCHD, BTV VL, KA b ERC S W THELLNAETH 5,
HIIBI B\ CESH I BT, HE 15m & 20m OICMIEOMIEN A R, o
DN B O HEBE X FIE L Ty,
2% R‘BoOPH, SHoHE, Bxe27v i

Table 2. Velocities of P and SH wave, thickness and
Po1ssON’s ratio (9) for each layer.

P wave SH wave
" Upn(m/s)  Hpn(m) | veulm/s)  Hon(m) ’
1 500 5.0 60 46 0.49
2 700 73 109 8.6 0.49
3 900 14.4 159 145 0.48
4 1500 204 0.49

V. BREShHBOME

I BCHI XN ERY—E S DG CAFTEY DT fe, ZOETIE, IhELLZ

N OBEBHOLEX TN THD,
. I&

7, H3RNH 4=200m, Z=0m Tk} 5 trace ¥ FEWREFQ XL T, L 1T
CHYT LM EE TRCR L, 2hbii+XT vertical 45 TH 5, ZORICLTHD &
L I BHOEWIRBEREOEIL > TESE> T pp AT d, HBHEESm &
0m Tk T8 s B -> & 0 R rcuwns, 1T BLRHIEENKE < d LIEEIVNX
oo THMEHOSEN R sd, Lnl, Fhidhe, BHEAHMLTELDT, <{D
#ﬁﬁﬁﬁ&ﬁbf%b,%5%$Kmmﬂikvo%:T,::f@lﬁd@%@lm&b

| | 1 /\ i . ! ! 1 i
J /
A\ oA

S

shot depth in m
8

8

5

fime in second.
BTR REBREECHT 3L IIHoREOEL

Fig. 7. Variation of wave forms of wave groups I and
11 for each shot depth.
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TEZHZ LTI,

WROBEIHE 4RO T &L, vertical HOHNEM L TR Y, ZOEMIIEBREETH I
LFRLETH D,

H k26 R E L RD 5 & 1500~1600m/s TH Y, 4BHO P BEOFEECELL,
R, $5ROEMBHCE T, 4=200m T4 BEORBHENABRE IR T3,

HOKCRHEE & I WO MBI & 0BFRER Lic, MENKRE 82 LREIITRL
2 TCVBIExREL TS, MBHEFIL4BELERL CREBFPHEELOAD,

—7, RHOEDC X AIRE L AN, REEELBRIRE CE 5 esr kB IRITRL
oo HWEREBEAEZICEEC Z=0 THREIZICIRES LAY AL CRRA L, BEE iR
THREAL, BENEEREZICHECE, BALTORLAEIEL, E=SmEH LT, Thfthk
RDTHDD, FHOFE E=10m & 30m OFERL SHhfivThHh 5,

arrival ti i . -
me in sec relative amplitude period in 10 "sec
0 25 3 o (I) 2
t ! B P
. ' N /
£ |O>— . 'O . ) ______ 9/
£ 20F . o
- = » ﬁo ________ Z o/
=
) 30 ; i
o
Sol . [ |
S aoL Joae
£ 1 E5 B+ 30 10 &
- . I ordnate s « « . depthin m
—o= shot Wh inm
IR I BoEEsXCAY
HEIR HWREREE I#HOHERA Fig. 9. Amplitudes and periods of wave
Fig. 8, Arrival time of wave group I for group 1 for various shot depths and

various shot depths. various observation depths.

I HORBIRBEE 0L UTBRELZF >, AT REEE M HE-C o T
W&, Z=30m UTF Ci—E T b, —F, BREELZLEETh, Bllabdzo
¥, BEEIBENETRRCEL Z=5m LT TR LA E—ELCKD, RICiL, &S
THITHEEXZEX AN THLH, BOBRRCEL CREE L Picwvno G, Lun TRk 20w,
EBIRCRLRAFELE LVHEER, RESNSRIRE L E X o L BRELE 2 ok &
TIRHEL B> TWHB I ETHL, Thabb, REELBRIELIETHNTH 5,

2. I &

NFHEOHFEOE SLIOMAEERIFHLIGEAEEI NV, BRI I REL,
HTREYBREH S B RWEESRRE b & D HXHEN> THRE, X, Z=15m &
20m O CRHMHOMEL RO S Z &, BEEEIE > THLHABZII@EZEELV I &
E%%&f@éoLmttﬂa,Lﬂﬁu%mﬁgﬂwém%%m%%éﬁfmmo%:fL
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Fig. 10. Spectra for wave groups I and Il in V-
span, shot depth being 5m.
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Fig. 11. Spectra for wave groups I and II for
various shot depths in V-span.
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RLTH %, IRIBEAEBIREOWA L
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B, L L, it peak oI , /\ RN
o NN N S T beeoo
0.1lsic (A . P -
D sSICRFEIh T3, S /\/\ ~
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WHER IBEEL DL, REEENK
ELL B ONTIERRELS BT
Bo FREHLTIBIFREBELL

Wb Uit @2 IcBERAE < 7% 7\/\ AT R
o THIM I BRE o TF A A A A

B, Zo#Exbk, IBHEIFLO® period n secend
W E R ST, %121,12‘;1 gggigﬁg 5 RBRE &

0.1s iz peak 2 ¥ ouBfiL, HEEE Fig. 12. Spectra for wave groups I and II

o for various shot depths in H-span.
PHREENE - THRWHEE 0L
T B D B I, b 5 —H D peak DIRIENRIEHFEE DK &I LR LT
L, THXIFCEERSZ ACHOMBENEN> T B20beELBNE,

NHEOMTIIHEOBGRLH > T hEMETH Y, S0 U ERANL Z L1kD
Clic, ZOEMIBEREMOER TLHEC L-> EHTH > T, REMBEITZDOTiol,
GFHEOBTFIR I bhbRr, REEEOWACKH T AIRBOR 04+ B2 L EEITL
T3, =7, L, I OB BEELEERH D L5l L xEzHbehid, BEMCIIK
ORICEREELLND: Tiobb, PET4EER2EZb> TR oAEROEE CEREE
WIRBERLERL LT, COBRBMREINICER TH D, RBERENAKRE s L, L IIHFO
R o2 DEHP B - TRHO T, BEOMHFBEOFLEY L1ELbhD, BTHK,
CoIFRE, BHRELRHEDAGLE- b0 EELHONEYE Bbnb,

R, BRMEBCRRERS T, FUEFEROEFBCIRRTsE2EmYE & Bbhn 5 B
B X529, o I #d mode BAINCITE D OFEFCTHGT 5 0h b fhio,
LL, ZOEFBRCRRTHIEHHRIEROC LT E ) LELIh T, X, B
RS L IR TRV DT, $0EZAZRUEERTE RV, WThCE L, ZOFENY

VRN
SN
N A i
/\,\ ; R 206
i N RN
[ { M SoE A ~
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: . ) T i

relative amplitude
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PO T Hlcdicid, L) ERAERROBITEDT 7=y 7 &, Thicft > BROEDR
NLETH D,
3. I &

I REEE Rl 7o IV RO LITC BT 5 2, 3 MO M TH 5 RREE S L O
BANEE WA L ZBCIRIELXZ R, &4 20m I AHEEEALBRIINT WS
WO TRHEEE2bIb,

BRI 1349 160 m/s T3 BH© S BOEEICE LS, HiL 025 ThH D, HEOH X
progressive TIZIEME TH 5, LoL, EHESH TV #E-> TF, SHEFALRIcho 1,

MI#E VIFLZOBEB x> X ) Uit 2d, ikl JUHMEROE & 2 K % E D
THIHFCH T 7 — ) =& iTleot, 2hRE B TH> T, E=5m OIFEIFAVH
nTWwW5b,

ARy I ADTHTL BB LCEBER 2> Tk Y, 255130 peak #ED,
Lo L, &b EB LIREY b2 peak BT 2 MIILIEE 02s TH-> T, B LTCALR
ZREMCEL, s L TORBBEUIRENE > T X EBELLEV,

relative amplitude

Or——T— T 71—
=0 2 4 5 - *
g & o .
5 P
. v [ e L .
..; _ j
° 10 15 20 25 -
) M SVAVAN £20r
~ \/\/—\/ o
1 2 3 A 2 3 + 2 3 _‘I' 2 3 _qc) L
period in second (E=5m) .
FLBR I BoBHRE S 2 EHkE
(E=5m) B4R I #Ho 02s g 2R
Fig. 13. Spectra of wave group III at various R 53 ‘
observation depths, shot depth being 5m. Fig. 14. Amplitude distribution
of wave group III for period
of 0.2s.

R LA 0.2 s ST peak R ORBABIEE LN LTS ey FLIELDTH-
<, UIBERREE L ThE ZOBEENMEIEL TP BOREBSMErnt o Leis, IR
DAY F I ADEMEE, ZOWEBI M TEESCELEIRPTLWILEBERLTWS LS
Bbohd, BICRZ IV BT L, RS 16d BE &M Bl 3, BlscpgEih
TBhDITELILRLS,

—J, ThHBICHENDTEL, ML UDOBFRELICREPIS /LD ¥ > T,
KREFEOXBY LT TCOLHETTH S, WEOHE AR TL, BHOWHTILIEEME
% &9, radial g4y A% vertical 455 L D - T B,
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Fig. 15. Seismic records and particle motions of wave group 1IT*
for each shot depth.
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WEOFEBRMER L, SEIOKRBEES ORI XiuE, I M, mode W2 &3 % EH
THBHEREINTWE, §E, SHOBTEMNASENIho o, wWALWAOEBMIIEED
MREFHEL TR, 1o, Mo c ¥ Wi ahicsvd s exZE 2L, =&
THERORE L HL B3 RCARERC LD E > ThH ekt wEELLRS, ZHOZ L
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9, Seismic Waves by Small Explosions Carried Out at the
Vicinity of Takada City, in Niigata Prefecture

By Toshiro KOYANAGL
(Department of Geophysics, Faculty of Science, Hokkaido University)

We had. two spans: one was named H-span in which geophones were disposed
horizontally and other was V-span in which geophones were disposed vertically. Vertical
component was mainly observed by each geophone. Three components were observed at
one point on earth where was taken as the base point in the present experiment.

Shot depths were changed from 5m to 40m, but observation depths from the
surface to 40 m.

Five types of wave groups were observed. They are characterized by different periods,
phase velocities and particle orbits, and are disignated respectively wave groups I, II, III*,
III and IV in the order of their arrivals.

Wave groups I, II, III and IV had been often observed in the previous experiments,
but wave group III* is a new one.

Wave groups I and III* seem to have natures as that of bodily waves. On the
other hand, wave groups II, III and IV may be corresponded to various kinds of surface
waves.

Wave group I must be refracted P wave. Wave group II has the same velocity as
the velocity of wave group I, but the other properties are different from each other.
Amplitudes of wave group II are rapidly diminished with increase of depth. This may
be similar to a property of surface waves. Therefore this wave group will be considered
a “leaking mode”, being generated from wave group I,

Wave group III* has a property of refracted S wave on one hand, but its appearance
time is considerably larger than that expected for a simple refracted wave. Multiple
reflections of S wave would occur in the superficial layer overlying the half space in the
present experiment.

Wave group III is to be surface waves M,, which were effected by wave group III*.

Wave group IV has the most predominant amplitude and regular wave form among

all wave groups and it showed characteristics of surface waves M.



