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ON THE NEAR SURFACE EFFECTS OF THE SEISMIC WAVES
FROM EXPLOSIONS AND LOCAL SMALL EARTHQUAKES

By Junpei AxaMATSU, Kojiro IrRikura and Kazuko MATSUO

Synopsis

Various techniques of mode separation are tried to identify the near surface effects near
observatory. Multiple filter technique, time variable filter, phase angle, direction of particle
motion are used. :

The seismic waves from explosion and local small earthquakes were observed at Amagase
Crustal Movement Observatory.

Group arrivals of Rayleigh waves from explosions are obtained and phase velocities are calcu-
lated with mode separation. In relatively higher frequency ranges, these waves are effected by
local geology and topography. In the amplitude spectra of the earthquakes, peaks in lower
frequency ranges are caused by multiple reflections of SH waves in sedimentary layers.
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Table 1
Explosion .
Data | Charge (ton) ‘ 4 (km)
21 May 1969 1.7 } A point 2.05
30 May 1969 1.3 B point 2.59
C point 2.27
Earthquake
Data | Time Epicenter Depth (km) l 4 (km)

11 Sept 1969 00 50 27 Kamigamo 12 16
15 Sept 1969 05 07 15 Katsura 8 14
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PN O SR BRSO R 1o ikEE & 7 OB O A B XU particle motion DE#ID AR

¥, phase identify &A1,
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BEAHEOMNE Fig. 1 IR, AMARK Y BHBEDBRUROMBIET, HREOWEI 1m
FHEEDAY 7 )~ Tay I ERAATH B, COMATOLOMLEDIRK 150m THB, BHA
BZoILOBEAET, MORNKEL D EOWYII-7ETH 5. A B #AIKIIEEBIREE 1cps DO
BEF 3 A%, BB A LT, radial, transverse K53 XA ABHTHEE Lz, CHARNELRIIZ
WA HAODEOBETHY, vertical A OHXE Lz, ZNENERKT ¥ 74B LT, THS data
recorder LB L1z, 7 v 7OMMEII, BUERENII 205, WMBEHIZ, AMADA 2005 T, B C AR
100f5Tdh 3,

BRS NIOEHER SNSRI, AMA 3RS BHIS 3RS, 3HiA vertical RGD 3 I v— I
ST, 3F v v ANEREBICY Y AT E 5% A-D ZHB T digitize Lic, ¥ 7Y ¥ BRI,
IEREERIS 250 cps, HIBEDERIE 100cps Th B, MBEILEIT, 7)) v I7OEBEL BT 3D IC
A-D z5#3 2 §iic, cutoff frequency 31.5cps, 30 db/oct ¢ high cut filter % L T, 60cps noise %
BELi, COEE, T analog filter iCkZMHDE NAERL To0IK, WRTF—TE2HML EERD
5E2EFELT filter KDY TH B, - T digitize S - HE L8R 13, 31.5cps, 60db/oct T low
pass ¥ N-BETH B, PIED block diagram {3 Fig. 2 KRS T 3,

BREHOBERTIY, RYEZ & source spectrum %15 7o 3 ICHREBIMA D BE K B 1/ BRI
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Fig. 2 Block diagram of observation system and digitization process.

3cps MBETABOTHEMBBERAIL 72,
3. BiFHk & Data Processing

3—1 BRAE

Group arrival % 3 42, Dziewonski 5 IR 5TV % “multiple filter technique” Th 3,
FFHOAREE o. OB band pass filter % 5 7o BB hy(we 8) &, 90° AIHEOREAFZBIH Ao,
t) &5, instantaneous amplitude AMP(w,, t) & instantaneous phase PHZ (w., t) %K% 3,

ie. AMP(w. t)=vh,(0, D+ h(w,, 1)
PHZ(w., t)=tan~1(he(w., t)/h o, 1))

instantaneous amplitude {3 filter G(0) %Ml WEOEREMTH D, BEAMET normalize LT, 7
~ABATE L, MEENCHEE, MEICABERE LT 1) v 7 2FZRLEb DI Y 2 —Z O TRMSH
1Yo

fIMEA ¢ % Vertical gR4r & Radial g4> @ instantaneous phase OETEH L, amplitude EFE L %
F—nwTRRT DL, WHOEBENZ L ENTE B,

%72, Vertical fk4r& Radial pR4r® amplitude % iy 5 & B4 %] 4 @ orbital motion Ak b, &
RTRME Vertical LDFE a HRH SN B,

o :ltan" (2 AMPy(w,, t)-AMPp(w,, t)-cos¢)
2 AMPr(w,, t):—AMPy(w,, t)?

¢ =PHZy(w., t) —PHZg(w., t)

SZISMOGRAL FOURIER TRANSFORK .| INSTRUMENTAL CORRECTION
£(%) £(%)— F(w) F(w)/I(w)
]
I
FILPERED SPECTRUM QUADRATURE SPECTRUM
H(w)=6(w)F(w)/I(w) Qw)=¢iH(w) wg§NQ
NQ=n/Sample Time
T
|
i
INVERSE FOURIER TRANSFORM INSTANTANEOUS ALP.and PHASE
H(w) — 1 (ug,t) s M (ug,t)= (n ()2, ()22
Q) — 1 (g, %) Pz (wy, t)=tan (ng(3/n () )
1
v " r
[AMPLITUDE mJ ] PHASE ANGLE] DIREGTION OF ORBITAL
MOTION

Fig. 3 Flow-chart of data processing.
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ZDa»b PERE SV BOAHANEBICKE 205, SV BTRAHAD sin-Y(V/V,) LDKE
{#22&, a BANADO_MBOBERICE 5, KE2RGERNSEE S WDH i) O polarization angle 23
kbohd, COBEA S WD Vertical MHADAHNALEE R A L D /N& W3 polarization angle iC
equivalent TR B3ETYH B, /- S Love BODEMICIR I D a OEABVBI ENTE B, FFT %
/- 7ot x% Fig. 3 IKRT,

3—2 EREHRSOLE

BREHOLEE Fig. 4, BPHATO LG L anplitude spectra % Fig. 5 IK/RF, BB H 0.05~
0.4 5 250 cps T digitize ¥ N7-1024M (K4 BRE) ® data 2 FOTIE-7- map % Fig. b TR
4, G(w) ¥, (1+0.5)w, T 30db %L, TOWMMHTIE zero L7533 Gauss filter RT3, band
M3 EE D group arrival OQME%E K T BHHIKEL E-TWBD, BZVEETOBEECTMO
SEEOHBIIETE2L5TH B, HBEDI»IC (1+0.42) 0, 30db ZFH /A ® map b Fig. §

SHOT 5/21

CV 227

Time
[ S T O T S S U SO A S SO TN S SN (NN NN (NN N S SR SR SR N F SR S S B |

{
0.5 sec 1.0 1.5 20 25 30 35

Fig. 4 Seismograms of explosions observed at Amagase Crustal Movement Observatory.
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Fig. 5 Near source seismograms of explosion and amplitude spectra.

CRENTV B, contour (X 2db AR TH 3,

SHOT5/21 ® A /&, B & ® Vertical g4 & Radial fR4r% LT, phase angle %3k ¥ #-, in phase,
out of phase, retrograde, prograde 43T B7-%HIC, 0° 180°, +90° KZNnFH 30° oMt -
T, Vertical g5 ® map ICERTRLTH B,

normal mode +#Z 5% mode (4. BFHEREBR) % H¥ET 57-0IC, 2.25~0.96km/sec, 1.77~
0.96 km/sec, 1.48~0.96 km/sec, 1.28~0.85km/sec iC{E4 4 % 4 B D time window % »if, Fourier
7531 7> phase spectra DE M 53k¥»7- phase velocity 2% Fig. T IR X LT 3, time window D
U2 540D cosine curve THI->Th %, T D20 HA window Difi& U L OFEEARDI-DTHD,
Fig. b6 KERENTWN B, ok, MEFTTORMN EMHEORMER filter 201 ZHIICHES N,

3—3 HURENCHROME

8 Fig. 0 ka3 h T3, RoEa% (1£0.3)0, @ band T filter L, 0.08 REEIC plot L
7z map % Fig.8 IC/R9, 7 S S D5. 117 @ Fourier amplitude spectra % Fig. 10 K/R7,
EHAME, RS HBIKXZBDD#ENIIH 5HY, amplitude {3 2.5¢cps & 3~5cps D& T AIC peak A8
»HD, map Tk S WHEHREMEL TV S, THOOREBIKEZBLT, 2.5cps #HhlEARKET 3
band pass filter Tk - Tz & vertical HiN D phase angle 33 XV particle motion 2#§[H &4 3
& xORMOF %A Fig. 9 IKRT,

SEBITESNTOEHLHBRELLE LN TH S, MWBOBFELFESREFELESEH—BE 5.5km/
sec, 5km, /& 6.0km/sec, 15km, FE=F 6.7km/sec & LT, PRIKDI-SDTH 3,

4. B B B R

4—1 Explesion
BHEBBHOTE,»S, PHEDORBE D 5 O apparent velocity &, A, C #ii 5T 4.7km/sec, B iR T
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ARG KRBT EAEREISE A (.45, 3)

SHOT 5/21 B-V  iBendioen

e : i ;
20 e 1 2 4 1020 1 274 10 200pg

Fig. 6 Output of multiple filter of seismograms from explosion.
//// —prograde  |||| —in phase
\\\\ —retrograde -.".. —out of phase
Time window for phase volocities are showed on 5/30 A-V.

_6.—



T - AR - BE L ENEE S X ORI O Near Surface Effects I20T 169

k [ -
ke A—ﬁx K"/s cC—8 % A—C .
]
3 * ! 3 x 3 %'
L] 'u, ° .'_ ‘ng --
', H ole
2 S aotente o) 2 o & = 2F—a—t s ot .
¢ . e o ™. e | ®aR >
. 81 o0 ’:
/ / * / . . ..
/ 2 3 ¢85 7 / 2 3 ¢ 7 e / 2 3 ¢« 8 7 /o

Fig. 7 Dispersion of phase volocities. Various lengths of time window are used.

4.6 km/sec Thb, X AB, AC, CB [ apparent velocity {Z, TN, 4.3~4.4km/sec, 3.9~4.0
km/sec, 4.7km/sec TH -7z,

ZSRSBRETIE -7z A B WHATIE S BOHAKICERENTED, apparent velocity (BE,S)
2, ASTIE 2.5km/sec, B/ATIE 2.4km/sec TH B,

Zhooffiid, AMARS B, C iRl 28E I X -» TERNEHRBIES U b 3,

Fig.6 @ map £4 % &, BA®D Vertical BEAMC S i (10cps ) DO FZ K, 2.5¢ps FHED S 2
KOEAH TV B, ic SHOT 5/21 Vertical FiSHCHETdh 5, phase angle 75 EEDFONFIE S i3
T, BEWVWHIE normal mode &EZ L3,

Source spectra (Fig. 5) Tit, Wb 4, 6, 9cps IT peak 1idh - T, BETOREEICIE later phase
ELTIBHRICHENT B, map OENH DRI 4~6cps DA 9cps O & CHEETEb->72b0
EEZOND, FEOEMAEZRL T3, band MR- %HIC, WD mode BAEEINTIA-TI S
72T, S HOBEERHBRERELHIZ0,

B, 5/300 map Tid normal mode MFAMHAI N TV, ALTIX SHEDHY pulse fic ik
LT3, LML, 3cps, 1.3km/sec BILDMA 5 normal mode OEFE IR HESFT& 3, phase angle
i3 band INDIESICE 3 S HOEEBIN/NES L -TL % 2¢ps LIFT prograde %R T3, it 150
m DEXICH ST &P normal mode DRINAE S PICH~NTHHWIK/NESLL LTOBDTHAS, normal
mode % S EM LSBT ZiICiE, D UROHATENT 2 48NS B,

normal mode &EZ SN ABEICHBNT, AKTIE 3.6cps MK, BATIE 2.8¢cps BiEIC, CATIE
4cps HfALiC energy SEI#EL TV %, contour DR HTH 2db THBT &, fhd mode DEENH
BT EREA#EZLBE, Airy phase &, BATI energy OHMLLBERBHELEI O30, ASE
FUCEHTEE DL low cycle ThAH D,

normal mode &E% 5% mode % time window {Z X - T mode separation %f773L», SHOT 5/30
Vertical % CRD /- &AM D phase velocity 45, Fig. 1 ICRaN T3,

Mick &, Riz-ESOwindow 27200, HD/85D&1d, B-CRITRLDEL, Thid,
BRI E DL, S HAS normal mode X ¥ &l L TV 3 AHIA @ mode separation 23K H TN & iT
& %, AL 3~4cps DI EOFBBTHEN BTN S, TNIZAHATO mode separation DR
FHE R, B, C HAD energy H5 4~5cps 5 BINESL B AHERBHNS, X, amplitude k
0 & phase DD # D distortion AZiF R4V L LA EZ 3 &, amplitude 7217 IC X - TH¥ 7~ window
TI¥F 4315 mode separation RO HNIE,

®., group velocity |3 path £{k®d response T&h % DITH L, phase velocity {3 station [if ™ response
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Il Sept. 0059 KAMIGAMO 4:I5 H-8Km

1 2 4 10 20

0507 KATSURA 4-16 H'12Km

1 2 4 10 20¢

I 2 4 10 204

I 2 4 10 20

Fig. 8 Output of multiple filter of seismograms from local small earthquakes.



R - AR - BE | BHEHE XUIHIMR R D Near Surface Effects it DT 171

Thd, -T Fig. 1 OHMFITRE W T B & 5 KA L R~/ path @ phase velocity %, space
stationarity & plane wave £IXELTRH B C &, HIERFRTIHBHETHY BESOXELZY
ZOTHETH B, COC &SRO P @ apparent velocity DBV S L5, L5, il
DB D cross-correlogram 7> 5 inter station group velocity £ RHTHHIE B REBDTHEH, &
D4 d plane wave R{HERX 3ZBUHN,

AHiS @ Transverse FRAMCILB] &5 Longitudinal FRAMBAL TV 3, THid path OWHH LD
LEROEOMBITOB X HFBLLTRTO I/ DTH 5,

A, B #15d Transverse FRAHCIE pulse kD SH Whia o> b, Fig. 4 0t LT, 8.58&10.8
U & AR ICA > 5 phase Td B, EIC Transverse fF4@ map id, 2~3cps ICEREL /- mode
£RLTH B, T @ mode i¥, Vertical, Longitudinal F{5r OB DR & 32 B - T3, T Dmode
&, Rayleigh Bk D E4r75D pulse {73 Love K LEZX 5N 5,

ST TR, BN DY) & sedimentary layer & LT V,=4.3 km/sec, DS S LT 399,

11 Sept. 0059 KAMI.. 15 Sept. 0507 KATSURA
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Fig. 9 Original seismograms and filtered seismograms.
Phase angle (¢) and direction of principal axis
of orbital motion in the vertical plane (6).
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Z D% BT granitic layer (V,=5.5km/sec, V,=3.2km/sec) X TO®E % P D arrival time
HoRDBEW 0.2km &7V, - T sedimentary layer Tix V,=2.0km/sec £33, ThoDiEH

5 Sept. 0507 KATSURA
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Fig. 10 Amplitude spectra of S parts of the earthquakes.
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LYW ERIZ T Love O EWEARKMAERD 5 & 2.5cps &LV RIS Love LB b3 mode
DEWEARE 2~3cps iIL—HKT B,

R, AHE~D PHEOASAIIHKT5° Th 255, 4.3km/sec, 5.5km/sec D EHEEICk 5 Head wave
Bd-EX-TL 3, #E-TiLhoRE (W10° O LEALAEOERMEZEL ZLEPSHY, apparent
velocity iIC L AR EFE/L LV,

ChoDED I, FirE@A 2% 5154, group velocity & phase velccity d43EdS high cycle T
FKED S PEEWBET B M5, 1~1.3km/sec MWEZ S5 5,

4—2 Leocal small earth quakes

HEOFEEHLIE D amplitude spectra (Fig. 10) iZid, HE, HA RS L Z3E2D0ENEH 5D,
2~3cps iT peak i B, Fig. 8 itk B &, Tl SHEEERLS 2~ 5 PlMkEEd % mode TH 2 (K
FICiR& ih’Cb‘-Z) 7S, 10~20cps Tid S &% DHE K 2 HHIZ £iC pulse MICHEHL T 2,

C OikEEd 3 mode o Vertical Hpy® phase angle, particle motion O £ # O KA Fig. § KRS
hTwaschickss, SKIFERICE, SV MREERIROY, 202~3BKkiICH, AMATH
Rayleigh % ~SV Ji9ic, BHIATIE SH EMNEHEERT LSICBE->TE TN 5, THHISHFIKE -
TR SN 3 standing wave 75, Wk, HEHBLEOEELATZTIbDLEbNE, SHARKY 2~3
cps THBIEDD, BRBEHTHR SN 5 sedimentary layer OBHEHMHARL T Eb0LBbhi s,

¥F b O [

K4 SRS BT & = Of E TR S i BIES I, Bt Rayleigh J & sl fHRH 2~3
cps O Love ¥AEEEFICE LN B,

Rayleigh # %1 mode DWHONBEL, ML A KH/zLT A, 3~4cps LI LTI smooth T
%, Zhid, path 2R Z7-% high cycle OFiE kD local 1, BHE, KEHMOREEMER
EDEBEZ I DEFEL LN D,

BINEOT EHEMSIC, BRBERHOREHROHET 5T 2 mode 2& 5, ZHIF SH FD
FTERYEEZEL NS,

FRHAETE, EHHBRED V,/V, OB 1.72 TH 55, REETH» 53 arrival time 2R3 L
1.9~2.0Th %, Love HOEBEAWMBARLBRERALTH L LH S T DR 200m DIRDETH 5,
B - THUNE T E OB OGN WOAL, particle motion 73 & A HiRT 2 ICE MRS E X 5 40H
Wb b,

BOYIC, REMIEENIZOFNREER FRSEHELV RO BBRBER 7-4ZEL
TF& - oKL MBEAFR O PR ERRICESB#H VLT, BlRECEBLTRIBIEBEERL
TTE-LAEBHKE, #7-BSRORML & 2 OB %E L TV B TR ok « kg
CBHOVZLE T, o8, HEBIRAABHER 2 — FACOM 230-60 %M L 7.
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