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Tk 100km Dl Fithtz»T~Y) 272 —~TEEXDHFAEL /2. BHbIAE, B EAENT,
RET - 200/ oNI7 4 ) CVHBOLERIRRSEMTN BESTHS. ¥
BEOERZ 154°NE, Eflf 76°W Th 0, BEOREIE 120km, 183 20 km,
WiEE ETOFHEEMER 5.0m TH 5. HMBRIZHEINNBEL CRIEFEROR
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FL0BRID/NZIZILSE D ICHERT 2D KRE Y 71 v 2258 20 BORMET 5
HLIC EATETE. T v=dvNOrFTH 2m OBEXOEEN FEL 1225,
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ATFANECS BROBHEXE LIcr 7 vRKEBE»O 12 A8, 1990F 7T 16 Hic >
A VEY AV VBT /=5 . — F T8 OKRMENRE L. HMEEROWEIRMN I

b 1964 FHBHECIRT 513 LORE LTS — 2 v b 2ELRI. CRERIET 5

2O X5 CHM TIIHBECRRCWEREAHE L., T3y 4 ) Y YEIBERO—IfL
LTHIDR Tl 2AHTHL. EFIEARFIREAIRERD —H & LT 1990

#B8HB3HIYIBHFCHEMAELYERL L. ETEAEIX4 Bic PHIVOLCS (7 4

Y ¥ v KILEWERT) TRESEHOITLEE, 5~6 Hiz Digdig, Capintalan, Puncan,
Rizar, Bongabon 7c & -coMEREFE, 7 Bl Dagupan <oO®RRILHEE, 8~9 Hic
Agoo, Baguio To#EFRZE, 10 Hic PHIVOLCS cto®k#H4, 11 §i< Dingalan &
X » Imugan dtHE@HFC 100km [ Eichiz-ToO~N) =2 72— X3 HBHETH
5. ARTIBERFCR - T, HHREOMKR L ABE and YOSHIDA (1990) © 2 7 =
X AEERE G THRET 5.

74V EVORBIIEMETH S (fok 2 1E, ACHARYA and AGGARWAL, 1980; SEA-

SEE, 1985). 7 4 ) € v O Tid=—F v 7 S v —F Y vEEHO= =7 HETH
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MNOEIETTE ¢ DA, BEXAHBINRI Hic\s., Y VvEREFOMENTT 4V
EviEs v — b S ORALIKELADRS. B0 I vAFAEDORFTTILT 4 Y EY
ﬁfv—hﬁ74uEyﬁﬁﬁiwiy7fv—b@TKﬁ@%EK@WT%COﬁ&,
FITRAREFARC M8 7 S ADERMBENELETS. WEOME 7 4 )V ¥ VKiEL
TR B R EREAILILE - BEEARCE VTS, ToR S 1,200km @ik
£“;hm75UW®%y7va7x%E,:1~9~57F@7wﬂ4y%%,H¢
DR P ST L, BRTOLEROKNIBTHS (ALLEN, 1962;
M, 1979). 7 4, V¥ viEs v — b OBEBCE L 0 B REROERIIERTH
Th% (ALLEN, 1962; NAKATA et al., 1977; SEBF - fib, 1986). S EOHEEZ OWL
BRoIM oIy TRE L.

74 ) EVIBRIMENE CH AN, vV vERNTOREOMBEEELE k. 1973
FERESEOHENOEHHK 200km 0k AT Mg7.0 OHENRHKAEL, £3 30km DI E
itz - THEXA 3.2m 0L ThEM I Ui (ALLEN, 1975). BB R7s & OMFF
BIFEED S 1645 I KHEN AL Y v EBPHCRE LI Eabh AR, L7 4 U € vl
BRCIRE OMBEEME o0, KHEREOTEENMEHI T (FE - fil,
1986). 54ERio 1985454 H 24 Hic, ~FAHOEIE 25km T, Mg6.1 DEV-HIED
KL, COHET, ~S¥413 RF (Rossi-Forel) BET oM\ DhEiliEl, L6
Ay BBEE 11 AOBENRREL:., COWMBRIDAFIDAL Ty b+ T TR AT
TN == NERT AR E, W OO EA Rl EYZT .

2. WEOHE

WEL AL LOBb VRN DR BEOHEL 2L E LD Tk, H Kz 15,
9 FHIRRY, =X e monglf, vy, b, SvFvrvll, 2155, 2M, 79

=d MR S CRERKRE N T, BED A2 — i3, WENB EowE, BB

WE, WML XA HE, IUBhRIAHEECRES L 3T bR,

CEARAHBEEIEN R o =N EAYHICBBE L. BiBOoE EOR
EYIEE L, FRLDOWTIRER o BEIALRRh T, = = vafla
RFVT VD7 4 VEY 2 VARF 4 v ALy DT, 6EETCOHCEEVLHRE, B
60 APTEL Lic, v 7y b HAF A7 4 U € VEROENRTH S, 22 Tl—i 11
BEBECDALT b e TR AT ARABRETE AL « AT L, 6REND SPEICHEX
NI AF Ak & 28 HAVEIEE, Fhidh, by —F R BEABERLISCHBELE. A
For ek L WAL TSR R B EL R, EEEOTHT Iy I A T 40 E
VTIRBIBBICK K RAE L, HE TR 150 ADBHE N, AFFTILRE, TRF
BOBRET X )~ INIRBIC 5 .

REACERAD YRSy, b EOIUEMCREROREREIREL, IUEE
BRI S e, ) v RO F 7SR T 23T & TIRRRE BN
TP L, SROBBHAEBE LI DAV D L, 474 CIIEBREL <, il
NI~2m AT LA, 2234V 2 A)l|OEIOZAMcREL, HMENEIHDTEL,




1990 £ 7 1 Y © v ibEHFEE 853

BRFE/ L OREOHED L FLWRILOBWELER LI & & 5 ThH 5 (REPETTI,
1946) . BRABEVW = SHNTREVCED LS W F 7 H, % v &2 7 L AR T—HOE
ENREELT:.

WBT X rEER, FEE 1,648 A, 7JiT8 782 A, &fE% 3,613 A, 48 22,000 %,
FrakoTte N 18 HA, #KE 1O FARC b1, AEHEPHS 1T BIRIRE I,
ERR2Z BB DIREICEE T 2 B2 1987 FIiifT INTHHIiX6 A1 5 vHE S
WC2EHDOIRETHS.

3. FRLRR

7 AV HHEFRER (USGS) (3t R 483 D F — 2 bRkD L5 7 4 V) ¥ v HIE
WEERLHRE L., BERLT A 16 H 07 1526 4> 34.6 # (UT), &4k 15.679°N,
121.172°E, BEOE XL 26km, Mg 1118 ThH 5. RABHRARKINIEHBEELR CRAE 16
f 26 picin s, BFEMIE~ = 7 odbd® 110km o v v &b, Bongabon {+ir TH
5. Ms6.1 & Mg6.6 OBWAEHN 1T Ao 18 B 0653\221 B 14 45 (UT) e 3£ L7,
ABIHE - FHEA ECECHEEChE > TRE L. 7 4 ) € v ORBREEIA
V. 74 ) E v RILBERZERT (P PHIVOLCS) 72348 12 2 ikt L\ o BE
ThHY, VY UERIIDTH4AF UL, —F, USGS (Rt A {4 HoOBAEIC S & D
TEHERORBOBRREY T -7, Mg uwE2EHE USGS & PHIVOLCS o&B4
AELHE->T5 (Fig. 1), Lo LPFRIBEREBEDE VS ONLEHETh TS
DI, HHEIHELESDWTW5, Fig. 2 13, XBE# 2B USGS -0 5% T
BEDIWLDDLE Fv , F LD THL, REOEILOVWTIHECRERENE
, BEAEDEBTOWTIEINERE s Tuic., USGS © Monthly PDE X hif 10
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Fig. 1. Distribution of aftershocks. (a) Data from U.S. Geological Survey.
Large star and open circle denote main shock and largest aftershock, respec-
tively. (b) Data from the Philippine Institute of Volcanology and Selsmology‘ :
Broken lines denote faults. . .
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Fig. 2. Aftershocks from USGS and surface faults. After-
shocks with good quality are plotted. Large star and open
circle represent main shock and largest aftershock, respectively.

- Sizes of solid circles denote difference of mg. Solid line denotes
surface fault resulting from main shock.
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Fig. 3. Daily frequency of aftershocks felt at Baguio
Seismological Observatory (PHIVOLCS, 1990).

% EDRBCOWTL pP HORANSEENRD LR TWE., ZRLDEIIZTRT
20km L%k TH 5. Fig. 3 @ AAF¥r BB coFRMEOH Jl M ©H 5 (PHL-
VOLCS, 1990). #EEHEOBEN AN,

REBOIM TEAFH RN L BRRE N A DI S, £ 0D KBS FilTH
REVS I VEERICAERZ S, AFHHECHBE EE T\ 2.2 21, PHIVOLCS o8
FAMWBLHA T I~2 Bl oicfv S-P KfE b - HBAN R D EEIh T 5
CEnbbbha. AV vEIREIET 4 U EVEIBORBEL, FHENLE L OWE
BREL TS EZAHTHS (ALLEN, 1962). HEE O EKIE S s WiEHE CAE -
BAOWBENFREINTREE Lo L., '

74 VY TIIBER » > - 7 » LU (modified Rossi-Forel) R #H IR T
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%. Fig. 4 13 PHIVOLCS X2 ABOBELSMHTHD. ABROEEIINIEREDHIL,
AF¥F, FrAvEECEIE RF BESTHL., BE RF BEIZIBEL DL VOB
EfThHb, BE RF BEESRIKETEED b BECHEST 5.
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Fig. 4. Distribution of seismic intensity of main shock.
Modified Rossi-Forel scale w1th 9 grades of intensity is used
(PHIVOLCS, 1990).

4. HERURE

ERGHBEHRE LY vEOMEBCHE L., SMRAEY T L5, WENBILE
> Dingalan T X b JbdbmE -~ ), Rizar, Digdig %#& T, :H:ﬁvi Baguio 0¥ 5
wETS (Fig. 5). EMBOHRARTIIRDO L5 ThH5.

WiEEGE LTRESETHEESNEBRTAY, LA L > TRETORTIER X
- TEMBE K iz, Dingalan 37 < 25 Bongabon {55 % TIlRHiENIE 2 MEH
OKHEMEZEY S . HAPHERNAICIET Ui lo b BRI B A 8 U C AN KB O KA
hirAte (Photo 1), ZOMEDOEBTHOEMET 2~4m BETHS. Bongabon
AL oK BHE DL Balacat Larcon TITERA Sm 13 & BVE S 5 X WHEAINE
TeX-ThkBLE -7 (Photo 2). #£H DI ThTRAKIL 2m BEL, WEBE LD
K X iz (Photo 3).

San Jose 2 BFEHE~ 16km o Rizar TILHBEWR L FoRIMB T2 B 5. £
THhOEEMEL 4m Th%. WIBOBELEOFIWEINLS, ThELOROHIBIT
BERREERR LA LAbhAN -, Tk 2, EhiROBCRREZ AN TR,
IRTTHLEECTH -V EETHS. BEMOWEL LTHfeErEh b
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Fig. 5. Location of earthquake fault. Large and small
open stars denote main shock and largest aftershock, respective-
ly. Solid line denotes surface fault resulting from main shock.
Solid star shows the event of 1985. Inset shows the entire
Philippine fault in the Philippines.

N ks cBbhies, ERCRBBoE LRI EERZT . HELYZTRE
BEIEE L VS XD IIEORVEWE L - TEAC X S AR, CoBRII IR
R & FHEFTT& bz, Rizar odedE CIIEHAEIE OB EICEs - The Db LR IR
7= (Photo 4), % CiXfFIEE s OW B EA DS (FE - fit, 1986). EBEEFEOAHICY]
+TELRINEEE ECTEBORNRATBE L T 5 05D bl (Photo 5). 7’
ORBSEOWTIIBIEERRS.

San Jose 75t~ 10km o Puncan HECix 5m OEBTRAMAHLRE. ZT
CREESRDICH lm OENBEESAE IR, HEOELIN In 0RCBELE
(Photo ‘6). San Jose 7> HdtdbiE~ 20km o Digdig #:f CIXWBILER LT LD,
i U7 ST E AR LT (Photos 7, 8). #EHER: < Whb AW AMHEL L7 Digdig ©
SEXB T, EEThoBMEY 48m, WEROBRELME 1.5m TH% (Photo 9).
BB D ARIC D T D R v FFFH bATIC bm, BEEC 1m bBELL.

Digdig I v dbCiIBIEMIIEH & LI~ IEERNICEY, ThithbiD
¢ Xy wIlfEE 2 Digdig JIPV-OMEY 5 - THED. LORD R CEE L K8
MZEELUTHEBOREGATD bhte. $ic Digdig odt)f 15km o Capintalan ff
SR E B BUSE LR B (Photos 10, 11). = ofRE COEBTh OB R 3~
6m TH5.

- Capintalan X v X 5icdb~ 10km o Imugan TREBIEELZEWTED, BED
HEOREMNEC & 2L W Shic (Photo 12). % 5 CHEBSKEOTLRINCBE L7
DX 5 B Th B (Photo 13), [UEHOR B WIZBEE RICKEREEL, £
HOPAEOKBED TR Shic s LR T X5 CKHoR R HBENHE, KiE
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Photo 1. Oblique aerial view looking south toward linear trace of the main fault
south of Bongabon. Earthquake scarplet formed water puddles in rice-paddy region.
See Fig. 5 for location.

Photo 2. Left-lateral displacement (3m) of road at Balacat Larcon near Bongahon,
The far (eastern) side of the road across the fault was submerged by subsidence.
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Photo 3. Faulting at Balacat Larcon near Bongabon.
Horizontal slip is 2m. Western side was uplifted by
0.5m. Note that a nipa house directly astride the
fault was damaged, but neighboring houses were not.

Photo. 4. Aerial view toward the north showing col-
lapsed conerete bridge north of Rizar. The fault runs
just below the bridge spanning an irrigation canal.
Many boulders were dislodged on the man-made terrace
along the canal.
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Photo 5. Dislodged boulders north of Rizar. Many boulders were thrown out 20
to 30em without ecutting edges of their former seats. This suggests that the
maximum acceleration, even in a moment, exceeded that of gravity.

Photo 6. View looking southeast along exposed fault south of Puncan. Horizontal
and vertical displacements are 5m and 1 m. The ground was horizontally tensiled
by 1m across the fault. A nipa house on the fault was scissored.
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Photo 7. Aerial view toward the north showing fault trace and sag pond in

Digdig. Horizontal displacement is 4 to 5m. Vertical motion of about 1 m formed
searplet along the fault.

Photo 8. View toward the northeast showing dislocation of footpath across the
field in Digdig. Left-lateral and vertical slip is 4 and 1 m. This spot is at lower
right corner of Photo 7.




Photo 9. View toward the east showing offset of a junction road in Digdig. Left-
lateral slip is 4.8 m and vertical displacement is 1.5 m. This spot is at upper center

of Photo 7.

Photo 10. View toward the east showing left-lateral offset of road south of
Capintalan. The road was displaced horizontally 3m along the fault trace and
vertically 0.6 m.
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Photo 11, View toward the northeast showing left-lateral offset of highway north
of Capintalan. The fault diagonally cut the road just by half a road width,

amounting to 5m along the fault strike (22°NW). A nipa house on the fault is
slightly damaged.

Photo 12. Aerial view, looking east, of the fault crossing Imugan.

heavy damage on the fault as if a violent tornado passed through in a straight
line.

There was
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Photo 14. Aerial view showing offset of paddy dikes on fluvial terrace north of
Imugan. Dikes are offset 5m in a left-lateral sense. There are a water buffalo

and a man near the fault,

Photo 15. Aerial view toward the east showing fault trace across rice paddy and
river north of Imugan. Left-lateral slip of paddy dikes and river banks is 6 m.
A buffalo is seen in the center. This spot reportedly was destroyed by a later
flood.
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ELRBEEORVEN L/ > THE LA (Photo 14). < TR AEEL T TR
Nasiaan JIlofEFR S { Wb WE L (Photo 15). FZ 138 0B K CHEI LT L %
Sl DT L THE. EETHOBMEDR b~6m Ths. ~V 272 —CksBEREE
Tix, Imugan odk 10km 7 CRIEMER DR oo ERHIBARR L 7t
STeZ &, O OGS HIENE OJ & Il Lics, BiboBE LW Tk
BEFIANERT B3 L.

5. REAHZRAL

IRIS #iEEf#E o 5 2:7F (CCM, COR, HRV, KIP, PAS) *A&# gt ERIOS #E
Bl 2 557 (SHK, TSK) oM@ & EeEo dial-up AR CIEEBHER 7 4
ALY ED, ERUPERARCH LT KAWAKATSU (1989) mEe—2 v b - F vV
WA v A= g VIR X D 2 7 = R AfEH%4T -7 (ABE and YOSHIDA, 1990). Fig.
6 1> TSK o STS K HMEEHO L THRS Ths. o MBH AR IS
360 B CHEREHNNZ I, kv by, HOXT 4 o2 REIh5. RIS
D 30 HyEIOFRLE, TRIEIRWO S LR LCESETHS. WEMS CIZH S L
BHRNTRERERALRS.
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Fig. 6. Vertical-component records for main shock recorded by STS broad-
band seismograph at Tsukuba, Japan. Upper and lower traces show the first
30 and 5 minutes, respectively.

AEORRE 79 » AR, WiBHEOER 1564°NE, WiBEOHEAA T6°W, 3
DoHE —2° TthH5 (Table 1, Fig. 7). 3IFEHEAEIBEICHE » CTOMBHCE WA T
KB Th 22, MThEsEdb Tt >. TEDEMITIZE KT T, HEE - G
(110°NE) ofm% >, #E=®— 2 v bk 8.6X10% dyn-em THYH, E—2 v =5
=Fa—F My 1276 ik, Zodbdill - BERECERY OEBTHhEBRL 7 4
V) e vEIERO—D>TH % Digdig Wig oM, EERDIZIE—KTS.
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MAIN SHOCK, JULY 16, 07:26 LARGEST AFTERSHOCK, JULY 17, 21:14

Fig. 7. Mechanism diagrams of main shock and largest aftershock. Both

- are lower hemisphere, equal-area projection. P and T denote pressure and

tension axes. Diagram for the main shock indicates left-lateral strike-slip
motion on the fault striking 26°NW.

Tabie 1. Parameters of the main shock and the largest aftershock.

Main shock Largest aftershock
USGS .
Date July 16, 1990 July 17, 1990
Time (UT) 07:26:34.6 21:14:43.8
Latitude 15.679°N 16.495°N
Longitude 121.172°B 120.981°E
Depth 25 km 23 km
My 7.8 6.6
ABE and Yosuipa (1990)
Strike 153.8° 223.0°
Dip 76.4° 27.9°
Rake —2.2° 91.8°
P-axis, azimuth 109.8° 131.7°
plunge 11.1° 17.1°
T-axis, azimuth 18.8° 308.8°
plunge 8.0° 72.9°
Moment (1020 Nm) ' 3.6 0.067
My 7.6 6.5
Fault length 120 km
Fault width 20 km
Average displacement 5.4m on the northern 70-km
4.5m on the southern 50-km

Average stress drop 43-51 bar ,
Motion : Left-lateral strike-slip




1990 £ 7 1V ©v B 867

HRAMOBHPFAE ORI L HILHFRENE O RIEREITH 110km TH%. Ll
JEMLUEHOREV22A T Imugan X 0 $ EFIANEC TV B AERND L. Bhkd
BIHENE ORI REL, BBT 2 L5 CL0 2% =X A 3EMBORBATC
BELZ LETRTS. RESMS COMIE THIBSIED T W5 AR ERET S, &
NEDZ L ERBOESNLEMBEOAE 13 120kmX20km L H#EZIhD. HEBoO
It 83X 10" dynfem?® & LC, HEE — 2 v b OKE SinbRD I WEHE Lo T
LB 5.0m, PHOIGTIETEIL 48 bar L7rs. WBOISIIAFAHOES 30km
BT, S

FHEEC LI HBERB OB O 50km O#s CEEOWBARIME ) 1
BENE, bTHRBETID BN, CORYERTLE, BB FANETHRESIRS.
Zhud, Rizar fHEABIC LT, WIBORBA 50km D4y CHIBE LD 15 4 i B »
45m, Jtf T0km CHIEE EOFHEAE 5Am L5 =S ThHS. Fig. 8 12
DI = 70 DIERLLAT L KBGO (FH - fl, 1990) &2 IFHICHE - TH~7cd
DT, BRETADEAEELRSFARML TS E2bns. §

TSK o P FBighins e BMEMCE LT, BEOBMNEILE > Cak (Fig. 9).
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Fig. 8. Observed surface offsets and theoretical displacement along surface
fault. Solid circles show the offsets on the fault resulting from the 1990-.earth-
quake (T. Nakata, personal communication, September, 1990). Solid line shows
the average dislocation of the fault model.
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Fig. 9.- Displacement of initial P waves at Tsukuba. The
main shock consists of two major subevents with initial slow
build-up. a
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TSK 13 EWB oF 7 At UTRETE 01t - TH 60° ofifricdh %, ERED O
RN B THS. WBOWEREY S WHED 0.7 5, Tiubb 2.5km/s &
B &g, & o8RRI 120km ORI O R SICHST 5. REIO 10 DI S8
THERYRLSRS. COEIEE— 4 v DN RHBER I RACRE L ALND.
CRULHER OB E IS OBEMAVNI N LEHIET B D2 h Lt/ FEIS I
WHOEBEBEVTD 2ROV 74XV b hbins.

B CHBHBOBETYE . IWEEBERAV-1H 5 Capintalan K TOHEEMOFE
ThD., [F0LEHEBBEOROICIL » T, HEIACPII-O THENS X 5 il
ekt BODOTEFDOEZF Lo E LT WD, HW > TEHREBVPIARET,
B LS ENMSLEAEETCERL T o, AR, HORTERIATEZHL
CTERI R, FENERST, EULPRIL 30 Bt . BhIERMASTE 0K
DEELZI, BYOoRIERLh -l TOXEOEE, WBRESRE CTBE
LTt b &, BBEORVECEREOM CERMO Y bioiEho &, BiE%
F NIRRT RS 57 2 ERTEE LT 5. %< OHMETIX, B 2~3km/s
CTHEFL, BWEWE lm/s AAOEE TRE L LML TS, EROESIIE
NHDOZ P EFBEI L. THENELEABE L] LW ESIHOAT RN
~] BEbD. FENSLLZTEHBHRERENLIABB L Bbh s, WHHTEDH
WREHAIACL-TEBLELTH -1, v

FORDOERALTY, TBRODOHEHND > ThHLBITRCMEENEEL, ThTHE
BENFEI W] LEEETHANSD T AR X - TRIBEIFIRIZER 2 580 Th »
O LTIE- X0 Lish-te. 10 HB% S L EI» R0 BROY 71~ D
Zeet MEOBRGCHER] 24740 LemiEtksrmuv & Bbhs. TSK oMELEN D
T, BAO 10 BECHEEEIE - R~ 77 I AET L, £oRAtfosE
Bl =25 F FACEFL, 2EORERY 74 XV rEREBILCEELDRS.
BRI R TR 5 30 B RE L 2BEOKRE LY 74 v MK OIRE <,
AXFOBEEMETHRELCEBbRS.

B CRBIODID B 1~8 HHBICAFA I TRELMEND -T2\ 5 RFED
B 7e (PHIVOLCS, 1990). 7 4 V € v &+ OMERESFIIR Y U T, £ DR
SHEWEER ., BADRSEYATLEO X S BRI R O b, A AT CHRAE
Lickabhz 2BB0F 74 v b ZFIOMBLHERE L L 3EL LR AD, RECR
EBRAFFOEDTRETWLZ LEETRE, MTEBEUTOFHBEOMENRED
WEARC AR BETER IR TREL LV AEELSD L ABETE L.

USGS i@ Xhid Ms6.6 OBAKRENITADO 2L 4 e REL. BIR OB X
16.495°N, 120.981°E, ¥EX 28km T» % (Fig. 5). Z oMBIROWTH AR L AR A
= R MBI HFT - 7c. Fig. 10 11 TSK 0 E#EHMEFGRED ETBRS ThH5. KE
o P i (Fig. 6) K~ TRAKED P OB O ZRBEITE 2 E .

BAREOREX TS o FAREAEL T, EHRHEEcH5 (Table 1,
Fig. 7). WiBEOEML 228°NE, WiBHEOESIA 28°W, Xy DJHHE 92° TH5.
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Fig. 10. Vertical-component record for largest aftershock
recorded by STS broad-band seismograph at Tsukuba, Japan.
Record of the first 5 minutes is shown. This can be compared
with the main-shock seismogram of Fig. 6.

EEDEIAFCEL, REOKBRAOERITE . HWEE — £ » ML 6.7X10% dyn-em
THY, ThIb My 2 65 id. ZhIABOET—2 v OOl AEITH
. MAKRBOME L ABOMBEREOMEN AT, TWBOEMD 7 r » 7 2MILILE
TR TEMBOIMMERYEM LI ENBRRBOREERLERING. ﬁU@ﬁ
S 1976 F£ELHE CH S/ (BUTLER et al., 1979).

1985 4 i@ & 7o VWS (Ms6.1) i3 ¥+ oFEbE 26km wEBRE L%, SEO
WEKBOIERE Ficp 5 (Fig. 5). Z 0BOREEE IR 332°NE, FHilf TI°E,
TN 10° ThB. EE 28°NW 11199047 4 ) © v HIBOKEROER 26°NW
LEBLAYRUTHY, EMTHERSERT 5 LA BLTHB L Lhb, COME
i3 Digdig WiB S LB L Abh 5. ‘

HADOAEETEET % X 5 kB3 1891 L0 B (M8, 7% 7,213 A, &ERE
¥ 142,171 1) ThnH. ZOMBETRBEROBESYHLCHELBENBAREL, &
RACPERL 8m L (falH, 1974). HRAH T — x /s £ OFHL LREMEL B

Table 2. Major inland strike-slip earthquakes in the world.

M,
Earthquake Date Mg (kl%n) (kvg) (IIl)'l ) ( I>\<I10)20 My
m

San Andreas, California 4/18/1906 7.8 450 10 3.0 4.0 7.7

Motagua, Guatemala 2/04/1976 7.5 250 15 2.0 2.6 7.5
Tangshan, China 7/27/1976 7.8 140 15 2.7 1.8 7.4
Nobi, Japan 10/28/1891 (8) 80 15 4.2 1.5 7.4
Digdig, Philippines 7/16/1990 7.8 120 20 5.0 3.6 7.6

Mgs=surface-wave magnitude, L=fault length, W=fault width, D=average displace-
ment, Mo=seismic moment, My=moment magnitude. References: THATCHER (1975),
KANAMORI and STEWART (1978), BUTLER ef al. (1979), Mixumo and ANDO (1976), ABE
and YosHIDA (1990). ,
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DOk EESITE X 80km, 1§ 15km oOWEE L TFEY 4.2m oK Th Tths (MIKUMO
and ANDO, 1976). SE¥GHRETEL 40bar TH D, 199047 4 V € VHED D D L
BFRUTHS. BEMED My 1374 Thby, 74 ) VB MIEE—2 V1T
2.4 k¥, 1948426 B OEIHBREHIFHOE T TRE L EH ThEE onE R
EBohs. FONBEE 30kmx18km, ik 2m TH% (KANAMORI, 1973). FEHHl
BB ER OB R NT 7 4V EVvHIBED 1L 301 DREITHS. 196456 AD
FEMEBIRY 4 VEVHEL A7 = X2 BT 50 UHEE (MpT7.6) b0, HiKH
BpAy=RAa13 80kmx30km OWBHEICHI » TEH 3.3m oFhiids Uik
BEsichs (ABE, 1975). 12:Af06 F 20 Hici@¥ i1 5 vihED My % 7.2 Th
Lo kink, WEBESORBICRT7 4 ) VB 7 vIHEL ) IW4BIERE
U (B, 1990). Table 2 BHEO KX HEThEBOMBETHS. ThbOWEES)
DO&EE LTORBIL My ik My THEITES. ' o

6. # B %

m%%$®ﬁﬁﬂﬁﬁﬁﬁ~W:%VM@—%@ﬁ%f%$L,%?@%%%&Lh.
EE@%T&,K%%E#Bﬁﬁ%m%§ZmDE&ﬁLwa@Bmm%yHM%ws
%%m,mﬁbpmmMMS&ﬁﬁw%%%ﬁﬁbt.:@EH@E%K,ADEG@M
DT RN B ECEENELCET L. Bt Luna ofRrE., ERI—MREER
kT A%, IR X5 AR IRED o T, BAIOKE B OB S A,
P BT S8 LT ey, DLkl PHIVOLCS o33 #i3 # % X ¢ The Philippine
Star # (TA 28 H%) ks, MBEXEThEEES THS C LXAMBLARCSHS 2
EhbRIT, & OBEORERKEES Db 00 LIBREBITERT 5 L O TR
—7, BT » TR SN RBEBECRR LR Lics b aE 2 hud, Wik
B THREOMHME N 1~2m oThFEDL L IVNIELRBEER T X ZEI L, TR
R BEE Y REIRICEELDRS.

HA T, K16 B 17K 22 40w Ul s, AR, ILP R &y B
BHA RS LTSS, BROTMNESRAn -, 1945 CAEER % BB L
7e.

‘Rizar OWBHET, EE 5~30cm DEROFAN 20~30em (& XA TW5DH T LB
T E TH D -7 (Photo 5). FHICRALLDNEWHRES ThhvDdb BT, %
Pt Rizar odb7E o AR FRoAE )+ & S/ NEER O EThH % (Photo 4). 7
BE KB SEHA B0m BT b, KSEBLL 100mx20m Ths. FHE
DTICIEKBELD D, F 0BT HEBIKNBOE LB L Chikc b REES L
Fo. BEIRS LD T LA & BRI TH - CHMBINREDL 19 Rz 7o &R
%35 (KgH - fit, 1986). ,

O RIYRIZEI L CEHBRE RO F — 2134\, The Philippine Star #& (7 3 30 HZ)
I REHBEENCEYORERTHRL bR, 57— FNDLEBHBIHT, Foo¥
R EDREFEHNABRINCDOTH S, HIED DI ETMC—BEOFIRE X DT T—
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ERCEEL, AEEZEAYR. BEO—ENBECEETS L, 5 THAIREND X
SIE—FHIHITEMD EIcfha (B L, 0% ¥ 0LRBAET. dhiRES L, Oh
RUTW R B THREDHF AR - Tl o, X b RERTEY i, BE
MURDRELATTH -, AME2L bR, 2v 27 ) — MERO FEE -7 5
FTLEok, —HEREVDO ISR » Ttz DHABINE B &35 At o TIEDE#
NRo T ole, —H, MBEICHL D ITERLE LN TH -1, BRSO
DTIZT OV Ligh ok, SEABBLVLTTDOTIL BN TH -T2, ZOKROE
WHT 2RBD X5, LERBDROBRL RS 5. % E PHIVOLCS N4 B5E L
T bolkih, F2ik~=5HDES 30km o Canlubang <Hn, HEDOER:
Bﬁ@ﬁ«l@hn%%hka.ﬂ%@%ﬁﬁ%%b<&kéﬁ,&ﬁ%ﬁﬂ%ﬂ??
Tr XocBbhs., —ED &z ARBIL EBTEL. : :

. % & B

ZaVEV Y vEMBIXY ) VB EFoBBRO—oTH 2 Digdig WiE
W TR B RS kTR L. BITE S BI85 b, & OHEOK
Bit, &L L TERH 26°NW T, EX 120km, g 20km OIIFHELKBEY b
DEETREE LR ShD. WEE L TOTHECEL 5.0m Ths. BREOWRIC
A 50 BERE LI LR SRS, S OMBICE bl THEANT - ¥ =4 vl 0—HT
FIMIEIC R L. % O AR RIEIORALICAE - T DUE O ¥ 7R BEHT < ) b
5LEZDRD. BRARBREMBOIME CREL, F0 25 = X 23 HEEERH T
b5, ,

B fiE

ERIOS A B BRI B EINFT, AR MOEENFT, WETHE IS
Brva—Av A7 2%, MEEHFREOA X , 7IC X - THE, #HEIWTHDY,
Eikﬂgﬁﬁéﬁﬁbt.ﬁk%ﬁﬂ@f%%%ﬁ,ﬁ%%ﬂ&mmﬁﬁfﬁﬁ&%%
ZL T, BIHEET 0L S TREOHBICE T EERERAGEND 7
4V EVHIBE X ORECE L CERIIER, BE, BEXBH-7. 74V ©vKIUHE
P92t Raymundo S. Punongbayan FiE7c SUORARETEHEEDORBEDOA 2, 7
RS AT S L OB TEROBI R VR e, EARETORBEEDOR £ » 71c
EHHEFONE THMRFE L oo, AMEZOMEET FHERIIHET — 2 D BB

BER KR L. BUFAE CH LMMEAR R LA BRAMA X vV BEa et ni.
R LTHEIE#HL .
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Seismological Aspects of the Luzon, Philippines Earthquake
of July 16, 1990

Katsuyuki ABE

Earthquake Research Institute, University of Tokyo

The Luzon, Philippines earthquake of July 16, 1990, with Mg=7.8, was generated by
left-lateral slippage in central Luzen Island. We surveyed surface breakage over the area
from Bongabon to Capintalan through Rizar, Puncan and Digdig by vehicles, and also made
an aerial survey by helicopter from Dingalan Bay to north of Imugan. Ground breakage
was observed and mapped for a distance of 110km along the Philippine fault system and
its splay known as the Digdig fault. Maximum horizontal offset as measured on the fault
at Imugan is 6m. It is one of the largest strike-slip earthquake ever recorded in the
world.

Centroid Moment Tensor (CMT) analysis is applied to surface waves recorded at 7
broadband-seismograph stations (CCM, COR, HRV, KIP, PAS, SHK, TSK) in the world.
The CMT solution represents almost pure left-lateral strike-slip faulting on a steep fault:
strike=154°NE, dip=76°W, rake=-—2°, moment=38.6x102Nm (My=7.6). The fault area
of 120kmx20km is inferred from data of field studies and aftershocks. From the seismic
moment and the fault area, the average dislocation along the fault is estimated to be 5.0
m. The average stress drop is 4.8MPa (48 bar). Teleseismic P waves at the TSK broad-
band record exhibit a- complexity suggesting that this earthquake consists of three events:
two strong subevents following a weak initial rupture. The duration of the sequence,
about 50 sec, probably corresponds to the time for the fault to break.

The largest aftershock (Mg=6.6) occurred on July 17 near the northern end of the
main fault. The CMT solution represents a reverse faulting: strike=223°NE, dip=28°W,
rake=92°, moment=6.7x10¥Nm (My=6.5)."C The largest aftershock probably was caused
by compression produced by block motion of the eastern side of the main fault.

A small tsunami with maximum height of about 2m was generated along the local
coast of Luna, La Union, and caused somz damage. This tsunami was entirely local and
was probably caused by a submarine subsidence or landslides near the coast due to con-
current, large-scale liquefaction. In a subdivision of Laguna, strange behavior of cows,
goats and birds reportedly was observed about five minutes bafore the main shock.




