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An Array Processing of Precursors to P’P’ Phases
from a Deep Earthquake in the Fiji Islands

By Ichiro NAKANISHI
Department of Geophysics, Faculty of Science, Hokkaido University
( Received November 25, 1986 )

A beam-forming technique for measuring slowness and azimuth is applied to P’P’ phases and the
precursors recorded by a seismic array in Hokkaido region, Japan from the deep Fiji islands eart
quake of May 26, 1986. The precursors arrive about 150 sec before the onset of the P’P’ phases ar
have been interpreted as an underside reflection from the upper mantle 650 km discontinuity benea:
an area close to the Mid-Atlantic ridge. There exist large lateral velocity variations within the arrz
and it is prerequisite to correct for these variations in the array processing. P-wave travel tin
residuals are measured for 35 events in the teleseismic distance range and an average P residu
(station anomaly) is obtained for each array station. The amplitude of the residual variations with
the array is about 1.2 sec. This value is comparable to a half of predominant period of the precursor
Thus it may be essential to correct for the station anomaly in the processing of the precurso
recorded by the Hokkaido array. The station anomaly exhibits significant geographical variatior.
The western side of the Hidaka mountain range shows a positive anomaly, the Pacific side of tl
Kurile arc part of Hokkaido a negative anomaly, and the Japan Sea side a positive anomaly. Tl
beam-forming of P'P’ and the precursors results in a slowness value of 3.4 sec/deg and 2.8 sec/de
respectively. The obtained incidence azimuths of both phases are shown to be in agreement with tl
direction of the great-circle connecting the array center and the earthquake epicenter. The
slowness and azimuth measurements are consistent with the underside reflection hypothesis of tl
precursors. A comparison between the slowness-azimuth diagrams obtained with and without ti
correction for the station anomaly suggests that the measurements without the correction must 1
seriously distorted by the velocity heterogeneity within the array.
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KEET VA 12k » CHEE o dT/dA (BUF slowness p & IF.32) % EHRIE T LT IRPIERO MR
HEREICET 2 EELBHR,E S5, Niaziand ANDERSON (1965), #iv>C JOHNSON (1967) i3
#E7 Y VM TFSO (Tonto Forest Seismological Observatory) 7L 4 # B\ T P slowne
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Array) TE#RE h72 PKIKP o%BRIEIC ZHME 2T, Bohz (b, ¢) 4T 77 bz L Wik
DM DEBEE D HORE (BOLT, 1964) Tk % { <> bV —i%3E R T PKP caustic »#EL (HADDON,
1972 ; CLEARY and HADDON, 1972) ik » CHBHE N B Z L &R L 7z,

Zo#mxo L, PP (=PKPPKP) /5B (SRR 150sec) o (p, @) AT 7T 4%K
B, ZORBEOBRICERIIODT—I%BIZILTHE, TNEFTINHNMFERE L T L=~ 650
km F5EfED 0 PP o4& (ENGDAHL and FLINN, 1969 ; WHITCOMB and ANDERSON, 1970 ; Ab-
AMS, 1971 ; Fukao, 1977) & P3KP o= b;v—&iﬁﬁf‘m%ﬁ(ﬂ (CLEARY, 1981 ; MUIRHEAD, 1985)
D2FHIEEENT B, FNFNLDEHUIC DO TERIERE 70° TP =2.9sec/deg & P =1.6sec/deg
PHEEND, 74—V —HBEORREHEICL - THRA L2 PPOSRE % b5 o BB T8
#L, =i beam-forming M35 Z ki &k » TP =2.8sec/deg 7B o5 N7, THEIIRERH» X
{5,

II. 1986 E5 A 2687 1« —C—RRMBIZ L 5 PP OEKE

NAKANISHI (1986) i3 = HMENH 35 4 40 Mg LB E FHER S 7 — D RERRE
H PP iR & LESR TR L, JOENERIZ PP (JEERIENH 150 sec #£) DFRE R TR JLi
BTOR2660km TOTERS & L THBATES Z LR, HIZERHE D slowness & L T 2.90
sec/deg #1787, 2 N7 4 — Y —ERMEIZ L 5 PPOLBRKIZ L REBREZ T Tiik <, EREROHR
EEmEEREr (MAT, SHK) (NAKANISHL 1986) 33 & (b, B, ikt (NAKANISHI,
®fE) TLEGEIN, duiEE, FAL, ML TIET 4 U S NVETEESSE L Lk,

PDE (Preliminary Determination of Epicenters) 2k 3 & ZNDHENEIE T A — 2L | HEK

(GMT) 19864 5 H 26 H 198 6 &
17.5%, ¥ 20.069°S, BB 178.723°
E, #®&%553km, mbé.8.
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Fig.1. Locations of stations. The closed circles indicate the
stations where the data were available for both the beam-
forming and P-wave travel time measurements.
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Fig.2. Short-period vertical component seismograms. The seismograms are ordered so that the epicen-
tral distances increase down the figure. (a) The seismograms are band-pass filtered with a pass-band
of 0.5—4.0sec. The dots indicate the onset times read by NakanisH1 (1986). (b) The seismograms are
band-pass filtered with a pass-band of 2.0—3.0sec. This set of seismograms is used in the beam-
forming analysis of Fig.5 to 8.
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I. 7L ATOEMME PREBREDT

T v A Nic BEEENHIBMESH 5546, FEAUSHERBRELHWET 248 H 5. R THN
Tvg PPREEDSMERZ2 — 3 sec kDT, TV A4 NDEBREZENEH 1 sec FREIC 4 5 &, beam
-forming NERICKE( FEL2 52 5L Bbh s, ERNBERAESHEZBEHICA—T Vv A 2HWTE
Hu B P B ERERZE 2 WA,

Fig. 3l Wi EHbEN
BRERLETUAOEL (v 21855 N

(Jh#% 42.85°, H#E142.587)  DDisT= 30.0
i L2 FEF AR TH
3, PHEwEBINILL ESYD
PR BN A S RAT, H
BEiL 35, BiE T A—F &
L ¢ PDE (Preliminary De-
termination of Epicenters)
WKB-TwbsbnEHWE

(Table. 1), W

BRI ERME &0
# IE (DZIEWONSKI and
GILBERT, 1976) %17~ 7.
H¥EF L L C JEFFREYS-
BULLEN (1940) » 4 /0 % Av
72, WIEZAT - 2ERIER G
& IBERt.nES (13
HE, jIRBHSEERT) &

BIR/ 7 A~ DEBRELEE S
PHOTVAETH= M ILE Fig.3. Map showing epicenters of teleseismic events. Equi-distance
T2 O RS E RV 7 azimuthal projection is used. The map center is the array center
a . ) ) (42.85°, 142.58°). The concentric circles correspond to the epicentral
HEBEEZATHBENTT LA distances of 30°, 60°, 90°, and 100° from the center to the outside.
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Table.2 ¥ Fig. 4 IR THEL 2 ¢ 2R, BREEFEIIHRLFEv—0.64sec (NMR) 7 5% LB
0.54sec (TOL) DMicHHT 2, BUEBREONE1.2sec i3 PPREENOLAYICHL T 3, Fig.drb
B 57 &9l PR ER SRS BRE B HENSA 2R T, B ETEE R CRTFEMN (NMR,
AKK, TES, URH, IWN) i1&, HSihmEsE (ERM, KMU, MUJ, HIC) {31F, HA¥H (KNP,
AIB, TOIL, IMG) IIEnERBELYRT. ZOEHBEZL TV ETOMEE - Fi<r L PEEER
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Table1. List of earthiquakes used for P-wave travel time measurements.

No. Date Time Latitude Longitude Depth m, Region
(y m d) (h m s (deg) (deg) (km)

1 1985 4 13 1 6 0.1 9.245S8 114.185E 99 6.2 Balils.

2 1985 4 13 3 067 1.622N 126.411E 51 6.4 Molucca Pas.

3 1985 4 21 13 53 0.7 5.181S 130.443E 79 5.9 Banda Sea

4 1985 4 23 16 1512.0 15.344N 120.610E 188 6.3 Luzon

5 1985 4 27 10 11426 21.0328 176.820W 260 58 Fijils.

6 1985 5 24 22 4434 51.422N 178.430W 34 5.8 AndreanofIs.

7 1985 6 3 12 6211 15.289S8 173.516W 33 6.2 Tongals.

8 1985 6 4 3 5627.0 4.873N 127 481E 94 6.0 TalaudlIs.

9 1985 6 5 23 4555 4.646S 153.173E 68 5.6 New Ireland
10 1985 6 12 8 4910.9 4.103S 102.581E 81 5.3 S.Sumatera
11 1985 6 15 0 57 0.7 49.839N 78.881E 0 6.0 E.Kazakh
12 1985 6 30 2 39 2.7 49.861N 78.696E 0 6.0 E.Kazakh
13 1985 7 1 7 4929.4 8.272N 126.516E 78 5.5 Mindanao
14 198 7 29 7 5444.0 36.190N 70.896E 99 6.6 Hindu Kush
15 1985 7 31 7 37546 52.404N 173.487E 46 5.7 Aleutianls.
16 1985 8 8 16 18 2.6 6.102S 113.491E 592 5.7 Java
17 1985 8 8 16 29579 6.097S 113.441E 596 56 Java
18 1985 8 28 20 50483 21.011S 178.981W 625 6.1 Fijils.

19 198 9 3 23 32475 1.409N 128.153E 114 5.7 Halmahera
20 1985 9 15 11 25 43 19.216S8 175.576W 247 5.7 Tongals.

21 1985 9 26 7 27511 34.693S 178.656W 52 6.3 S.of Kermadec Is.
22 1985 9 27 3 39 85 9.829S 159.854E 32 6.2 Solomon Is.
23 1985 10 5 15 24 2.2 62.237N 124.266W 10 6.5 N.W.Canada
24 1985 10 9 1 15 46 6.791S 107.082E 154 59 Java

25 1985 10 9 9 33324 54.765N 159.613W 30 6.2 S.of Alaska
26 1985 10 12 2 12579 21.656S 176.382W 155 59 Fijils.

27 1985 10 25 18 12195 7.077S 124.284E 596 5.9 Banda Sea

28 1985 10 26 15 5936.0 54.838N 159.534W 33 5.6 S.of Alaska
29 1985 11 28 2 25423 14.043S 166.240E 33 6.0 Vanuatuls.
30 1986 1 15 20 17314 21.369S 170.327E 146 6.0 LoyaltyIs.

31 1986 1 18 1 59 16 51.553N 173.109W 33 5.8  Andreanof Is.
32 1986 1 22 14 5713.0 0.467S 124.366E 59 5.7 Molucca Sea
33 1986 2 13 19 8205 14.227S 167.315E 206 5.7 Vanuatuls.
34 1986 3 5 15 47 6.8 18.8133 169.605E 287 56 Vanuatuls.
35 1986 3 6 12 31240 7.0008 155.781E 72 5.9 Solomon Is.

Table 2. Average P-wave travel time residuals for
the seventeen Hokkaido array stations.

Station  No. Obs. Residual Error

(sec) (sec)
AKK i5 —0.41 0.42
IWN 35 —0.33 0.40
MYR 35 0.06 0.40
ERM 34 0.46 0.63
KMU 35 0.15 0.37
HIC 22 0.25 0.28
HSS 34 —0.13 0.39
ESH 35 —0.37 0.22
KNP 33 0.10 0.36
AIB 32 0.31 0.31
TOI 20 0.54 0.38
URH 35 —0.19 0.32
NMR 11 —0.64 0.40
MUJ 35 0.26 0.39
TES 34 —0.28 0.34
IMG 35 0.04 0.29

KK] 34 —0.13 0.30
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P RESIDUALS A_0.5 SEC @+0.5 SEC ¥ DBERICOWTIRBINDE ZATEHRT
BTETHS.

V. E=LT74—3>21245
ZA—3 R EFRDRE

ZhFikldz Nz TLASA (Large Ap-
erture Seismic Array) % NORSAR 7% &
DRBET v A % B\ 7z HERNERRERE DRF
RICHWLNTEL, KiNGetal (1976)
12 PP, PKIKP, PP’ m4cERik - BE 3 A5
R EBRIE L T 5, Akl and RICHARDS

(1980) % beam-forming # & & 7 L 4
F— S OB BRI OWTELCHBELT

w3,
AHF %2 Tt beam-forming X 1EiE N 5
m&] WL R B, B E S b
b XA % slowness T 22 ERHMTH
Fig.4. P-wave station anomalies. The size of the sym- b, ZZTHM S DFED L slowness p

bols is proportional to the anomalies according to the TTUAIC A>T BEF D, IETLA

scale indicated.
NELEHRLELTHS, F2TVAAN
ENOBRETHIELPZEET S, ZOLEBAS ] COENELERA t I3kt JickeD ©

t; =t —péA, +¢; +h_, (3)

I Tl lddH pEERTHEBRS, CAIZEESLBENE ] LnBRERNE, o ZBNAREE, hid
BRIROBEC L 2BERMNNENTH S, LLKELLZP, ¢ 2TELL ¢, b 2 EL { HIES UL,
RIS & — TR % § ST N THBRE CRBFICHEDEIET 2. HoTZnTHL LLBAS
NIMBEEFZESTUTREIKREC L 23T THE. —HEASETHEN W/ 4 XEEWICITHE
THRREMEARE W, L2 L, LLIRELRDP, ¢ 5 HE - TWILZEST 2 EEWICHTLIETZ L LS
D, ELWBEICHEL TRIEN/HE (%2, RS LEHENTD, ¢ 2ELECEAZNEEL (P, 4)
FHICERRL, ZORBEIRLKAESC LS (P, @) 2FEFT LR L >TTPVAIRASTL 2HN (P, ¢)
FRETDHIENTED., TOTKRTRRZLUB(D, @) FAT 7760 BEESLLERIC—ERD
BedhT oM TIRIEN rms 2518, iz (P, ¢) FHEICERLL.

Fig. 5132 & Jic L Tk PPEREOE —LRIEND rms Th 5. ZHMEBICIZ RN E S %reT
A—F&Bwiz, Pl 0 sec/deg »* 5 6 sec/deg F T 0.1sec/deg HifE, ¢ IZHEE 7L A NDELERKS:
KHEDFRZRLE L T—24 25 24 C2° MR, EEEZH.LET 2EE 30 sec DFFRFIIC beam
-forming #47vy, Z1UC 3 sec NDEZHNT I sec Tk D rms FEEL rms AIC e B EFA PEOE
D(P, $)FAT 77 L6% FigbloRLTH B, COR»LERENDAFFHIIHESL TL A NELLE
SR> T b Z Edhhr b, /2P =2.8sec/deg #7155 17z,

Fig. 6 (2RI L UKD PP — ARIED rms Th 5. T OBAIC L AR FEIKENFHICH -
T3, slowness & LT P =3.4sec/deg #1§7>.
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Fig.5. RMS beam amplitudes for the precursors to P'P’ in slowness-azimuth space. The station anom-
alies are corrected. The zero deg azimuth indicates the diametral azimuth of the epicenter. The
amplitude of each horizontal line represents the rms beam amplitude for a slowness value at an interval
of 0.05sec/deg. Areas with higher than average amplitude are shaded.
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Conventions the same as in Fig. 5.
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RHDEETH D, BT M0 (1 —1.5sec) L BUARENE (#91.2sec) BFERERD T,
HERENOHEIL L )REVWETFETE S,

Fig. 7- 8 12 BBSHESL Lic 22N PP4Ei - PP’ic beam-forming # #i L T/&7: (D, ) ¥4
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123K % %A% slowness i3 P =2.0sec/deg L MHIEZ L72Ba s » D BA 2. PPois (Fig. 8), Hiri
#5° 9 slowness (34 1.0sec/deg ¥N 3B, - THhBETL [ DBED L S| 71/4 PSR &
PEEYHLHE, POWEE2TIZLRAENCEETH S, SEAVCLHEEIPEOEREE L
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Fig.7. Beam-forming without the station correction for the precursors to P'P’. Conventions the same as
in Fig. 5.
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