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THE DIRECTION OF THE PARTICLE MOTIONS
OF LOCAL SMALL EARTHQUAKES

By Tamotsu Furuzawa and Kojiro IRIKURA

Synopsis

Records of the local small earthquakes on magnetic tape were filtered with the analog variable
filter in both positive and negative times and digitized with A-D converter.

And the surface particle motions were obtained in the horizontal and vertical planes to
identify the P, SV and SH phases. The initial motions of the SH wave of local small events were
decided and SH/P and SH/SV, the ratio of the mean level of Fourier amplitude spectrum of
P, SV and SH phases, were introduced to study the mechanism.
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stress drop DREF EZHBCEMTEILHARU 1Y, LBALEMLINLDFER VTR BOER
TOEFOBFICIShEELT, BRAOTCHEETORANILTHBAMBEICT 3 ICRIAEYTH 5,
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(BB OB E RSB BELIL > TRTI B, SHEOHAIE particle motion % { OMBEF|TH 3%,
Nuttli® OFFEHEICLD SV BEOAHAM sin-1(V,/V,) LD/NSOFFH TR & particle motion A3
linear TSN EVIREND 5709, &L TRREHHI40° LI LOFENSTDA SHE D polarization
PRERINTE, LOULEMNSERETOHRPHROBKIIMN 10kn BEIKERTELITHIL LD
5, ERICGLINHBEAELZ L, BRERICHTIRSOENAE B, BMEE~NOAHAI/NS LK
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Fig. 1 An example of near earthquake recorded in Amagase observatory.
Upper three traces are original seismograms, middle three traces
are 20-50 cps band-pass filtered seismograms and the lower three
traces are 25 cps lowpass filtered sesmograms.
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NHK OM#iZAbE CTERLI, € Dfft monitor & LT scratch recorder %ML 7, HiRBIIBIRILT
AAOLD 500m OHAKHEREL, DHEHIAK 100m ORBERTTER -7, EMB D gain F7H&
8 F OATEHI20004% (K7 ¥% L DHUKIC X 3 Noise DEEAAZ { fiz72%), 8 BEEAM000MED 2E
¥ TH 5, data recorder D% DHEEEIZ 15/16 IPS T, 6 BRIp4EIC Tape [WETIV, 7 ARKHO
%4, 8 I324RMERENE L, COX DU THEKM S 8 A128 I - /o LM ER =M (M=7.8) ©
MBHFICRBEMZ, 2 TH 300 DHIBOEHENE SN,

ASREIET AV DI DR S-P time 234 LT ORFTHIET P RIIESERICED SN 5 b 0260H &
BRLLEE (B 5km DIR) OFAE 3 SORMIE TS 2, Bohi-iEo—#l% Fig. 1 iKRd, EF
3traces NREITHTHD, HiID 3traces #% 20-50 cps band-pass filter X N7 HETHY, FHD 3
traces % 25cps @ low-pass filter XN/ TH B, Fig. 1 o PO L S ICEREIX KRTOFE
BIERYoRGPE Th, i EW- RSCHEETHY, Z07/-DICHBIE O phase & REBICL T
%o LT85T Fig. 2 @ block diagram {C 7R3 & HIC analog filter 2T A2 FBET 3, B
analog filter {3 RC-[AlE% L W 5D, octave 30 db DIEERE> S DT 1/3 octave ffE TAIZ D band pass
filter T&H 248, friEEMED flat TR EWVIREAEHE L, particle motion A8 2 DICEHANEN, 0D
7o filter 1% —EERID data recorder (TEAC-R-400) iKit4& L, # tape 2K VA OHEHELTS
S—ER U filter @3 C &iC kD phase shift ZRET 5 &0 5FHEERAVES, - T filter Ok
REB B (low pass DA 25cps, band pass DA 20 cps, 50 cps) T —6db, #41L D 1 octave BEh
7T —60db DIEEAFHOC LKL 5, DL S phase shift DL filter 2@ L 721 i DATAC-
1030 DA S & 75T, low pass fitered seismogram {3 100 c/s, band pass filtered seismogram It XiC
Fh%aek (ground noise W TXIC 60c¢/s % & { 72 2~50cps band-pass filter 2@BL7z) & 250¢c/s @
sampling g C=pRARRIC digitize XN, K7 — 7IiTH X f, particle motion % XY-recorder |
KB 3D, KT —7R—HH— FiIRES W %BEMA L& L, radial-transverse Z #% T30, P##)
B, SEHEESIC O T Fourier spectra %3R3 7z, pulse {73 FI BB HicHEH L TZ D spectrum %
& B7pit, time window {3 P part, SJE part 3£10.64%f1 & L, truncate OEB LB 2 H K,
window DFHEILIC 0. 1681 cosine HI DK TH L3 weight )7z, Fourier Z#id Couley and
Turkey X 2 HH% ATz,
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Fig. 2 Block diagram of data analysis facility.

3. Particle Motion

SEFFE > - BRIZ—ABEA O DBEEARD B EBHRBOOTRESH, BREHEDF — 288
o, Lids 'OKSFET@ particle motion Z3R¥»Td P EHEDOM & L BR AR E EORERNS
PRAMTH B, CHLRKEFHOREENH BBAICBEKRITIE S, THETHNB7DICIEFIH - T
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Fig. 3 Particle motion diagrams of P waves and vertical
component seismograms of explosions.

BEARMERAT %, Fig. 3 KR—HAD 3 2ORKILEOP BB E LD 5 0.2BHOKERT
Oparticle motion 2R3, T ORBPABHRAILFTN Skm OHARICH2HAETHD, R ETRkDEH
BlSr 5 OFE N30°E L7553, Fig. 3 KBOWTRAIMRBAOHE, REFPEOBOAHERDL,
BKTT, BOTL°, M8 FRAOFPERFE-TH5Y, BLTBEFAEML EEITHROTHS D,
TBRIKE 4O LTEHRGORFEETTY, OHICHET LT up THD, Lich-> TKEETOHE
FHrEIBESA L180°HFHICH 3, fid 2 AORWLHITIFEHEIGLBWI: 72 ¥ saturate L, filter Of
HoEEBNKE L R Lo ERAMRSMHT particle motion 4% linear L3518 /- D TER K &
W3 3 C &R D -1, RICEHMHER % R 5 &, particle motion A3 linear 273 % DX KK 1 i E
515 BEOCHT, LrdHaR2oMISEELTV S, TRIBEELSERIGENZHOBNAD
Rigx2 @SSP convert LcBEB+HA40HESNT, RALERDH->TIETEINPSLTHAH I,

PIEicE D BOBEA PR ESBMDOILE EMND $120d 1 EIX particle motion S linear €11 5%
DT, RPDEA LRARICC ORFICX>TELBZFAVBREFMICLSZLEZTROTHA D, £LCT
P B #)8)D particle motion T5E 7= BI 5 IC/KEFER S % radial, transverse i A ICEEIEE#T 5,
ZOW K% Figs.d, BLUV S IKRT, KARPHANIESDILL LD 5454, R P EMNBIOHHEICL
Ygroup FFFL7- b DDOh» 5K group DML S DERT,

Figs. § 3LV 1 KBEOBODOHBO P HHHBS & S BB T D particle motion 2R3, &4 DX
BT EBRICIZAERTOD particle motion %, FBricid LT & & radial R4 & @ particle motion %
Rt 20 PHEOIBIOH N AL SV phase DRINETREH71-DTH b, LBXII scale pFE—shTH
RO HEENICEZRBIZJODTH 3,

No. J. 13-002 DRI P OB LS S33°W GHILARL., S-P time #31.87 sec C, KAEEME
FHHGEICEE 2 2 EEbN B, T group IZiRfhic s >OMBHI D, WEFHIBIER L H@, S-P
time %759 _F particle motion & {3,
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Fig. 4 Seismograms of near earthquakes illustrating separation of
longitudinal and transverse horizontal motion.
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Fig. 5 Seismograms of near earthquakes illustrating separation
of longitudinal and transverse horizontal motion.
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Fig. 6 Particle motion diagrams of P and S waves, measured
on the horizontal and incidence plane.

D No. A16-213 & S-P time H32.530 L B 5D, EEA LR UMHEARLRE U group E£XTRWD
THAHD, T group OEEIL P HEDE linearity 26 L, BEHOEBICHHMRS LS IC transvers
RO WCHIER SENBNEDONE L ETHS, Lid V, R ROOXNT 32 ICHIES phase 237200
DT, SH EEZZOND, TOHSD V-R particle motion [FPEEF LAEICIED, ZOEEKEORMD
BAXLIBRPSHM SV B EEZ 520730 linear 73 particle motion 27RL T 3, KEFHTOSH
PIB O P WRB O ICK LEA TV ARZ &> T3, No. J13-002 B PE#IE 0 R O A
N TR - HBOHRTRES AKX, SV 0 particle motion @ linearity 2SN T 2HAICH
BL#EZONBDIC, SV D particle motion 75 linear €75 - T2 DIE SH JKicH ~TEL AT &
EEADHETEZ B L path BRI B DM, Fhid convert LizFETRIEHWILEERDLNS,

No. A10-067 IZERRIAICK LALPE DRERIC P W HIEDH { group IKEE %, T D group {tikic Fig. 8
TART LG IGENSDORML, FHICTNHDREI& E3M, BRAVBTELAVENE XS TH
%o %7 @ group I SEHV, R, T FRACEARHCHEON, b LMD OEHHHI->THA B, LdL
585 % OKFEETO particle motion (& S BHIFIMA TEANTOTHAIHELEY, ZO P EIFO
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S-part A15-192

A11-078

Fig. 7 Particle motion diagrams of P and S waves, measured
on the horizontal and incidence plane.

linearity & Z DR W, F7- No. A10-067 i J13-002 KX L, R#BFOAHAMSBEL/PIVHOT
HBH, SV D particle motion @ linearity RFICEL -T2, THIPEIBOHFAERENALE
WD, R-T RSOHBEET AT P2 ELXBTHS D,

RIC No. A14-168 {3 P HHBIANRIZHICHE, MLICLALDOT, TO group Kidflic 4 r Op@EHs
a¥hs, Fig.§ TERE-T V, EW, NS B4 hi20g % V, R, T RGKIE 3, TO group BLTPH
PRESSHR->ED LR EVHKHEF T 5, particle motion 5 & B S Ja RHid C L b8 thk
AR

No. A11-078 {3 No. A14-068 &EMAHH CHASOHBEIKEBELXL>bDT, EW RAHMTIC, NS
OWRICILE, TOFEPSOMBE 12720 LOEZEEOLTORNY, THRSDSHEOBIVIEEICKE
) PRI 2 SOLMESREL LB,

RRIC A15-192 BEREAMP SR ZMBRT, PHVIBIREI&TH 2, ZOFH» > OMBSBIFLIzb
OO IN1DULDREN, ZOMEBIRMO group EEID, THERS SH BEXREETEL, V,R RS
T SV #% 7R3 IR/ phase 23Blbh 3, ZHid particle motion iCiZ» & D ERENTV 3B, TOME
b PEVHO BB OAHAMKE VDI SV H O particle motion @ linearity X570 B,

4. & 0B

INFTRNTRAC LA T EDLHERE Fig. 8 & Table 1 {RY, Fig. 8 P WRHBOFAED ST
DI BEHA & S-P time iIL X 2 BIEBNREFAE L Tolot L b DT, HHRBPHOBFHHHL, BA
F5l&2RbT, BERZUNBOFSEEKL, REBZBAST SH BHBOM&47Rd, AHIZ particle
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Fig. 8 Epicentral distribution plotted by using direction of P waves’ initial
motion and S-P time of near earthquakes.
(O :dilatation, @: compression, { : the first motion of SH waves.
A\ s indicate hypocenters obtained by seismograms of three stations.

motion 5B BEHFAA check 3 270K, MARLMBEAUFOMLHBEN Nets OHD 2 DDE
BERR, FEEX (Rbh+H) OF—4% copy S¥THLVRELLBRONETH 5, BEONERA
BESOPHESEAERKICE L path 2B ->TL 2 EREL, V,/V=1.72 £ LT, K5 ¥®D S-P time D>
OSRBEREZRYD, hO2 >0BAEAOPEERRLVBLDNEATERT 5 HETRDIz, K S-P time
XD plot LifBERBIIERICHEL TWEOOTERR—HKLTVEY, ZCTERIEREZEREL
feb DOBEFH & PIKRAB)D particle motion HSRD7zd DDHM &LAEFADAH THET 5 45, 253
024, 034 @ 3 DI KIKF UHFMICIZD, 030, 045, 162, 006, 168 D S-P time 54y 3 LT DM
002%f T particle motion OFBRICHENTALAED OFHMICTNTNZ LI TH D, 002K E
B oFHIKFATN B, LOLRAESBEORED ZOURBEEFITE->TORELOT, TITRAS-E
KD ->TRELBBFRTORBNVC EEYICEBRT A EICT 3,

RICH LB DM TH B0, G OMIMBORBEBEIC DO TRNRILOKLHERINA » + 0%
{ OF — 2 ZRAOTHT - LHPHS space stationary DIKED FICBEABERAGDE B LV I HEERNT
HMICERLENL, PEMBICELTIE N-S, E-W 2EE#IC & »CT45°F1MiC nodal line A3k D, H
FIREEIDBEHL CEEHEL TV S, Lt -TLLTHENAERRLTEZS L, NOF 1RBILH 3
group {347 N45°E ORI DRI HOLETIHL, F2RBO group dHERMFONMIIERESREL
TRDOP->TOBOCT LEERUTELE NBW 2BICH LB &SN TE D, HEETLHO nodal line
KHELAS. CNREESD 034, 078, 192 DHBICONTHF—ZRDEOHLLES. LA LENEDS
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Table 1 Summarized list of observed earthquakes classified into 7 groups by azimuth of epicenter.

Earthquake | Azimuth |P-S time| Initial | Apparent gzcisdent dAngle
Group of Motion | Incident Angle | “ySYAC, o | SH/P | SH/SV
No. Episenter sec P SH P sv » ’P_ :

I J13-002 | + 33° 1.87 | + | — | 56° 50.5° 46.3 5.9 1.5
A16-229 | + 32° 1.86 | + | + | 40.5° | —55° 33.5 3.2 1.4
A18-259 | + 31° 1.85 | + 5.5 2.0
A18-261 | + 27° 1.75 | + | + | 41.5°| 16° 34.9 4.6 2.0
A 8045 | + 25° .75 | + | + | 43° 86° 36.1 2.3 1.2
Al4-162 | + 21° 1.81 | + | +
A 7-030 | + 31° 2.80 |+ |+ | 49° |—44.5° 40.9 2.3 1.5
A16-213 | + 15° | 2.58 | + | + | 52.5° | —34° 43.6 2.9 1.7

I | Al6-228 | — 13° 3.65 | + | + | 47° |—23.5° 39.3 0.96 | 0.99
A17-253 | — 25° 3.64 | + | + | 40° 33.7 1.3 1.7
J19-011 | — 44° 3.38 | + | — | 41.5° 34.9 2.1 0.83
A12-087 | — 550 | M4+ a5 39.7 1.1 | 092

I | Al0-067 | — 35° 2.33 | — | — | 35° 61° 29.6 2.2 1.9
J19-009 | — 71° 2,57 | — | + | 47.5°|-73° 39.7 1.0 0.7
Al4-178 | — 73° 1.95 | — | + | 46° 38.5 2.1 1.2
A 6023 | — 74° 4.09 | — | — | 50° 41.7 1.2 0.57

IV | Al4168 | — 82° 3.50 | + 0.60 | 40.8
Al2-116 | — 83° 3.39 | + 0.67 | 0.72
A 5-006 | — 85° 2.73 | + 0.57 | 0.73
Al1-073 | — 90° 2.47 | + 48° 40.1 0.94 | 0.61
A10-070 | — 93° 2.77 | +

V | A8-03¢ | —136° 3.4 |+ | — | 49° | —50° 40.9 12.3 2.2

VI | Al11-078 180° 2.72 | + | + | 41° 34.5 5.8 0.89

VI | A15-192 123° 2.21 | — 58° | +54° 47.8 3.2 0.75
A17-243 | + 46° 8.66 | — 54° 4.8 4.7 2.0
A17-246 | — 72° 7.07 | + | + | 54° 4.8 6.0 1.2

HAEDFEICH 3 group ¢ 168, 116, 006, 070, 073 D5 D> DHIBIT O TIIL L WD sense TATHIL
CE->TNB, COFMIZPEARDIE - LEFMER LBV FARZOTREDOSLOTHTRENT
&1, TNIFT @ group 721D mechanism % & D &EZ RIFH SO, e OBS—SEBH O
b BRIF-2 606K, 3D LBRHELATRER -2V LENTSHS S,

RICSHAEEZ S L, SH WOMHOH XK >0 TIREREEES, double couple 2R iE-&D L5
MICRBOBNEI TH B, &TAHEPEDPRHLIFHNY sense il 3 group i3 SHMIE - & DHETH
FROSKREX LSBTV DT, S nodal itk 2 L3 2 EHEAEES double couple DFIC S E < Ao
T %0 LLENEZNHOT8ICONTIIWIC S nodal FiCH D555 SEMIEBICAX LD ADE
{135, COSEDEMEEZROT I DICHE « FHF L Punax & Smax OHERDTEOHFNAEE & -
TWV3BH, TITRPH, Si%E pulse HEEEZ T %D YEIES @ Fourier amplitude spectra % & 0
(Fig. 8), ZO2KELTOD level %3k¥, SH/P, SH/SV %2RDTHIz, Table 1 D5k icz D%
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KT P E LT vertical FR53%, SV & LTIt radial fi43%, SH I transverse R 44 & > THELT
W3, ZRICEBEE group THRVBHENIELRT I ENbL B, SR PHE, SEOMBOMNX
KE-TR-%0 L7 nodal line 2BETE L h-72DTI L LOBRITIHEL -1,

73% Table 1 |Tid V-R 5@ particle motion kD RH7- P, SVEOREHIFOALHAZSRLTH

5, b3V L BEOMBEAEL SO TRELNRNIC OfEE - CHASLEEOEEOEBSICELTH
NBLEWTEBEBDbh B, CORERSEHRRT 2,

P wave-v
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a) P-vertical and SH components of earthquakes of group I.
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b) SV-radial and SH components of earthquakes of group I.
Fig. 9 Fourier amplitude spectra of P and S waves.
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Fig. 9 Fourier amplitude spectra of P and S waves.

PlEic kb, particle motion % AT LICLVMAHBOSEEDLBDRIHIITE 2T EMbd -
fro FTI=HMIICED SH/P, SH/SV K H#HBH 5L TH B, TNErRBEHICETRUITELZRKR
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RO IR TR T S - L HIRE, SHERIER 7—428#0 LFRIUMBERF OMERE
BBEBRRIUCHETIERATON 4, BHll, BTCCHITS - . AREHRBRE OLLFREB KIOLr b B
DEERLTT.
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