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Fig.1. Recent large earthquakes along the

Philippine fault. Trenches and major
tectonic lines are also shown (after
Nakata et al. 19919).
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Fig. 2. Active faults of the Philippine fault system in Luzon and the source
regions of 1796 and 1645 earthquakes (encircled with dashed lines)
(after Nakata et al. 1991%). Solid rectangles are locations of major
cities. The Digdig fault and the Gabaldon fault with solid dots show
the portion of surface ruptures of the 1990 earthquake.
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Photo 1. View toward the east showing offset of a branch road in Digdig. Leftlateral offset is 4.8 m

and vertical one is 1.5 m.

Photo 2. Aerial view toward the east showing offset of the Digdig fault 500 m north of the point
shown in Photo 1.
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Photo 3. Aerial view toward the northeast showing offset of a road south of Rizal.

Photo 4.

Aerial view toward the east showing left-lateral offset of the paddy field north of Imugan.
An estimated offset is about 5 m.
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Photo 5. Aerial view toward the northeast showing fault trace across the paddy field and the river

north of Imugan. An estimated offset is about 5 m.

&SR e\ @ b Sy R Rt AR \

Photo 6. Slope failures on the flank near Digdig viewed towards the west.
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Photo 7. Aerial view towards the southwest showing slope failures due to the 1990 Philippine

earthquake north of Digdig.
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Fig. 3. Aftershock distribution of the Philippine
earthquake of 1990 as of 16 October 1990
determined with the local network by the
Philippine Institute of Volcanology and
Seismology.
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Fig.4. Map of aftershocks for the 1990 Philippine earthquake for a period
of August 29 to September 5, 1990, determined by the collaboration
team from the Research Center for Earthquake Predication, Disas-
ter Prevention Research Institute, Kyoto University and the Philip-
pine Institute of Volcanology and Seismology (after Shibutani et al.
1991%). Cross-sections of aftershocks projected onto the N-S and
E-W planes are also shown. Symbol (#) shows a seismic station.
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Fig.5. Map of aftershocks for a period one month in November in 1990, determined by
the joint collaboration team from the Research Center for Earthquake Prediction,
Disaster Prevention Research Institute, Kyoto University and the Philippine Insti-
tute of Volcanology and Seismology (after Shibutani et al. 19919). Cross sections
(N-S and E-W) of aftershocks are also shown. Symbol (&) shows a seismic

station.
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Fig.6. Aftershocks projected onto the cross-sections for the directions in which after-
shocks show a most planelike distribution (N70°E-S70°W). The dashed line
represents the plane of the aftershock projection (strike=N70’E, dip=65") (after

Shubutani et al. 1991%).



ZHE D 19904E 7 A16H 7 1 V) € L R OB LT 53

BllAEE 279525 -0RBCREESN, Fig.5 DRBUEIDIFTRAF—HFIDLDIZB-TT Oy
PahtTwd, KEIL, 2N NE-SE OFMICETWEOPHFARNE, ThOEORBARLERIZ
FERFEEBATERE L/HER Fig. 6 Thb, ETHNTCE, HEFI65° 0ETHE, 71U
WEORER, 1989FEUTVIIHEDOL ) LRBDLIC—HOE?D L3R5 THEVEN T
LI ThHA, IBA, 279R5 %L TIOMEDORER, —HOMELIIHAET, ML OWEE
WKRELTWALZDTHA ). CDLIIKBIBODH L5 % 2 THIL, 1984ERFEHRTHBEDORIC
bRON,

1990 11/20 00:00 —— 1990 12/07 24:00 CDIFTAY—RIIEDBBRED A S
Z X A%, Ohkura®™® 2k h#E~NL R
Too BBV OEROKREFL
Y BEXRIC7Oy ML, BEPHEHER
(compositenodal plane solution) % K&

. 2o W ODPDRADER, TNTRE
m 2R UBRRRICEETLLBIEOWE
*a WS, W ORDHIRIZSTT B L RAE
o [y ..,,8 1 bNBTEHFhotz Fig. 7TDED
o | I2 4 D DB 72354 DD Fig.
8IZmdhTwa, I, IOHEETIRIE
’ 0] EWBLEL L) 2 PREERIEOR

N=62

2o LU, T, NOBRYDZoDHE
16 20 TRE—WLRBRBOAE P o7, 2O

120 L2, BEBSIFICE IR LDHTE»E
Fig. 7. Aftershock distribution used for the focal mechanism SN0, BHBPEEOENE DS

study (after Ohkura et al. 1991'®). Data are taken FAREER DL EESND, 2K
from the second aftershock observation task which was 547 L PEE B A b, Baguio T %

carried oyt as a joint collaboration by the Research - i
Center for Earthquake Predication, Disaster Prevention Agoo TOET DUIERIE, EHIEIZH

Research Institute, Kyoto University, and the Philipr WAHBRTHIELER 615,

pine Institute of Volcanology and Seismology. A dia- B_RFEHEUOEBMI, Bi0
gram of composite focal plane solution was made for 1 52 74 ) VoROXBESN, &
each rectangle (I-IV). ¥ Baguio % Agoo M4t L7=20

FHZHIOPIITEREH o7, RE
BillAr o, BHTETHOBENEI G406 LD LB LBRENB LN,

4, W E T TN

RIFAR - BT 7V CowTit, REAMEREKEHV MK - F89° Of%, PROBHEIZAV
7z Ando et al'® OB RLZ EDH B, UTINLDHERIZOVTHEIIHAT L, HADETTNVIE, WHEO
RE2120km BEOAETINE L ORTIRIZIZF—HL, »ORRTHRBINLHBOBHE L RANT
b, 7272, Andoetal'® EFNDRIRMBEROL LAGHRLY, BIRHHMEL LTEBE S D,

4.1 REHFDEORER
HAHBFEFOMBBERK L FHKIE, BRAELICKHBEFVERER L. BREFTEL TEDL
KE D 3 BT GDSN (Global Digital Seismograph Network) D EC$%, HAKHER 7T Ak EBLEIFT OILH

—_ 9 —



54

FOKRS KBFSEETE 8

#®34EA F3.4 (1991)

o

$

Fig. 8. Composite focal solutions for aftershocks within each rectangle referred to Fig.7 (after
Ohkura et al. 1991'®). Symbols @ and O represents down and up. Nodal-plane solutions
can be obtained for regions I and II but none for regions III and IV. East-westward nodal
Planes are fit to the general trend of the aftershocks in Fig. 6.

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

Main shock
Strike 153.8°
Dip 76.4°
Rake -2.2°
P-axis, azimuth 109.8°
plunge 1.1’
T-axis, azimuth 18.3°
plunge 8.0°
Moment (10%° Nm) 36
My 7.6

Fault length 120 km

Fault width 20 km

Average displacement

Average stress drop
Motion

5.4 m on the northern 70-km
4.5 m on the southern 50-km
43-51 bar
Left-lateral strike-slip

(after Abe 1990')
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Fig.9. Results of the P waveform inversion. (a) Time sequence of sube-
vents, (b) location of subevents, (c) focal mechanism diagrams
(shaded area, up), and (d) focal mechanism diagram for the integrated
subevents. The area of the mechanism diagram is proportional to
the seismic moment.
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Table 2. Station parameters
: Back .
Station Phase Amr:mth Azimuth Dlst:mce Weight
) o) )

Stn Comp Az B. Az Del fc
COR. P 40.3 ~-61.0 96.0 1.00
COR. SH 40.3 —61.0 96.0 0.20

KIP. P 709 —785 759 1.00
KIP. SH 709 —785 759 0.20
NE31 P —339 61.4 916 1.00
NE31 SH —-33.9 614 91.6 0.10
YKW1 P 22.5 —52.8 90.6 1.00
Philippine 1990
3.0 3.0 0.5284
¢ 20 40 €0 80 100 120
Time,sec
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Fig. 10. Synthetic P and SH waveforms (lower) for the final solution of the

1990 Philippine earthquake for a model with a subfault in Fig. 8,
compared with the observed ones. The number on the upper
indicate the peak-to-peak amplitude in micrometer of the observed
record, and the one on the lower the azimuth to the station. The
synthetic records are plotted with the same scale as the observed.
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Fig. 9 (LE) (213, LRI 24&40HICROONAEREHK (£E—2 ¥ b - LA bOBEERK) ¢
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DEZRYMIESHYE, —2DANRYPLTRDEDDTHE, L2 5T, HBEOZFTARY FDOE—R
VMERBEICINE B (6X10%) LR s, HEE—A Y FOBMEEHEMII—KIICELRY, HE—2 >
FHLLEBDR, ETHOHFTAXRY POKBHEIFE LTSS, Fig. 9 OFITIE, BERBFEY 74
RY NCAAZAAN R 570, BHMOFIKE N, 2 CHEALES L, Table2 DX )24 8
HOPHKYL SHEDEF TH B, Fig. 10 1212, FEAAOBMMEN L BRERITENTNS, HEROHE
B, MOXKBBEOFIHLT LS BIF TRV, 22720, M2 3BERERICLERAIA TV,
BEOL ZABHSOFA EHOSFIBOA TS, 74 Y Er»5h7: GDSN BRlE0Hm - Mk
HRLENTWVAD, BHIEATEAMATH, RECHKBETHOIEEELY, Fig.9 (TE) o, BE
DOEIH, BREBEEAL) B TA VR FDE—A Y}, =AY FOKRH, BIEERN% i Table
2, Table3 2 LS TW 5,

Table 3. Parameters of subevents

sul&i)\'ret onset sec depth > ﬁl)gsnél;qtcm strike dip slip
1 11.00 0.00 49.59 334.90 89.00 0.70
1 14.00 0.00 88.35 334.90 89.00 0.70
1 17.00 0.00 36.95 334.90 89.00 0.70
2 68.00 5.00 3.63 58.10 44.60 84.90
2 71.00 5.00 20.36 58.10 44.60 84.90
2 74.00 5.00 10.88 58.10 44.60 84.90
3 3.00 5.00 34.56 91.60 83.10 —15.00
3 6.00 5.00 50.00 91.60 83.10 —15.00
3 9.00 5.00 46.43 91.60 83.10 -~15.00
3 12.00 5.00 1.97 91.60 83.10 —15.00
3 15.00 5.00 27.87 91.60 83.10 —15.00
4 50.00 5.00 10.95 292.10 80.30 9.20
4 53.00 5.00 74.12 292.10 89.30 9.20
4 56.00 5.00 40.07 292.10 89.30 9.20
5 79.00 5.00 24.29 307.90 85.90 -11.30
5 82.00 5.00 61.30 307.90 85.90 —11.30
5 85.00 5.00 25.26 307.90 85.90 -11.30

residual error 4=:0.528
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Table 4. Group and total seismic moment for model with a subfault.

Group moment Subevent moment
10® dy-cm
1 174.89
2 34.89
3 160.82
4 125.15
5 110.86
Total moment | Seismic moment Strike dip angle slip direction
3.62X10% dyn-cm 7.95 86.0 8.0
Philippine 1990

3.0 4.0 0.5537

0 20 40 60 80 100 120
Time,sec

Fig. 11. Results of the P waveform inversion for a solution without a
sub-fault. (a) Time sequence of subevents, (b) location of sube-
vents, (c) focal mechanism diagrams (shaded area, up), and (d) focal
mechanism for the integrated subevents. The area of the mechan-
ism diagram is proportional to the seismic moment.
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. . . . oceanic plate on the left. (after
Fig. 12. Plate boundaries and major transcurrent faults in the Fitch 19727).

Far East. Dotted curves represent traces of known
transcurrent faults of great length. MTL, Median
Tectonic Line; LF, Longitudinal fault; PF, Philippine
fault; SF, Semango fault. (after Fitch 19727).
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SUMMARY REPORT OF SEISMOLOGICAL STUDIES OF THE 1990
PHILIPPINE EARTHQUAKE OF 16 JULY 1990

By Masataka ANDO

Synopsis

The Philippine earthquake of 16 July 1990 (M,=7.8) occurred in central Luzon. Surface fault
trace of left-lateral offset were observed for a distance of 120 km along the Philippine fault that had
been identified as one of the most active transcurrent faults around the western Pacific. The
maximum left-lateral offset is 5.5 m in the northern portion of the fault trace.

Temporary seismic stations were set up through a joint collaboration between the Research
Center for Earthquake Prediction, Kyoto University and the Philippine Institute of Volcanology
and Seismology, in order to locate hypocenters of aftershocks accurately. The field observations
were made twice for periods August 29 to September 5 with 11 stations and for one month with 5
ones in November, 1990. The results of the observations reveal that the fault of the earthquake
extended over a distance of 150 km, longer than the traceable suface breaks, and that subfaulting
occurred immediately beneath Baguio and Agoo cities, which are 30 to 60 km away from the fault
and received sever damage due to strong ground motions during the main shock. Composite focal
mechanism diagrams of these aftershocks show nearly the same solution as that of the main fault,
suggesting the subfault a right-lateral slip, conjugated with the main fault.

The result of inversion of P and SH waveforms are summarized as follows:

(1) Rupture propagates predominantly unilaterally toward the north.

(2) Strike-slip sources are predominant in the moment release.

(3) Strong rupturing occurred near the initial break during the first 20 sec and near the
northern end at 60 and 80 sec.

(4) Tensor sum of all subevents mechanism is essentially strike-slip and a scalar moment of
3.6X10%, which is almost the same as the result of surface waves by Abe and Yoshida (1990).

The recurrence interval of the Philippine fault in Luzon is estimated as more than 500 y, on the
basis of analogical inference from the Median Tectonic Line and of the oblique subduction rate at
the subduction of the Philippine Sea plate. This estimation is consistent with recent history of
large earthquakes in the island.



