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Seismotectonics in Indonesia Inferred from
the Recent World-Wide Earthquake Data

Tetsuo TAKANAMI
The Urakawa Seismological Observatory, Faculty of Science, Hokkaido University
Toshikatsu YOSHII
Earthquake Research Institute, The University of Tokyo
( Reeived December 22, 1997 )

In order to investigate the recent seismicity and the earthquake mechanisms in and around
Indonesian archipelago, we used the International Seismological Catalogues from January 1964 to
March 1992 and 210 moment tensor solutions in the period from January 1981 to January 1993 for
the earthquakes which occurred there. The obtained results present the newly important find-
ings for the recent tectonic development that they ascertained the truth of the active zones along
the Andaman rift in the Andaman sea and along the boundary among the the Asian, Philippine
Sea and Pacific Ocean plates and that the presence of many non-double couple earthquakes
indicates the complex source processes in this region.
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4> FRITEBRB L2, EEHIFEEICE, BMalELH ) B BE T3 (12
EZAE, S, 1990). THEOETIE, 1992412 A12HN 7oL AEME Mw7.8) R, K
Z oMz k- T 1700 B L LD ZHDFEEHFER I Lz (FBF], 1993). ZH k5 BV HEEENL,
LA FOEEDO 7V — FEOEMNEEIOBRTH D Z LIZT TS DRI L > THALICR
nTar Fz1F, Oliver and Isacks, 1967 ; McKenzie and Parker, 1967 ; Morgan, 1968 ; Le
Pichon, 1968 ; Isacks et al., 1968 ; Fitch, 1970 ; Osada and Abe, 1981 ; Nishimura and Suparka, 1986
; Ghose et al., 1990),

Fitch (197024 v FA Y T—7A4 ) v EY TRELEZZHENREBHMERZGOP W L ST &
ZEMILBEAA=XL2RKD TS, Huc LU, ERAMB L Y LEAENE & EWE & ik,
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EICHRE EBERUFICHREN A TG COXRBHRIZEBAENE S A 7L DII LA ET
hob, Thbb, BETTOMEAHN=XLEZ, 22007V — LA TEL 2IEANNE S 4
TOBEN L\, LER 5. HENR) v 7 X7 Aok, B> FRTiRdER, £r
AMNEBRBLUZFDILEENDT 4 ) v EVIKCH» TRFEEICAWTWS, —5 Y » T HEEBEMENHE
PHIBIEMEI A TOMEA A =X LHEKEY, hHARAL 7TV — 2B T CHIF St o B
Blo i) @ CHEIBEL TWAINIEFTE L, TLAVIRBEBIML T340, BIK
TihARAL 7V — P SEEA TR o T3, 2L ) ICHEYT— 55 6 DfEfly, 7v—1T
DABBET 2B THOEREER), Thbb7Vv—1F - 77 =27 20—KRPUBREAREL —BEH R
HENT & (Oliver and Isacks, 1967 : McKenzie and Parker, 1967 ; Morgan, 1968 ; Le Pichon,
1968 ; Isacks et al., 1968 ; Nishmura and Suparka, 1990),

— R LHIBOWEL, LB O NMEBERET— S LRt 2 FE L 24BN LT 7 =7
X ®'TNEE, TPT, AV FE-F—ZAFF707, 740V, FLTKFEENLKRTV—
F OAGHEEPHICED LD TH Y, HROWFHIFHERREI NI L - THHAINTEL, S bics
HoBulgSRomiEom L, Frl WBEERITEOEAL XTI VML T 7 F =27 ADERYH
FINT 5,

FHETIE, DAY FRAITIREERZBEL 2HENOEBFESAORMEFRE, HBHAE Il
BOE—AVF TR, LR EINT PEBBH DA T v 4 FRERDERZITV, FN6N%
BB AHRLUIZEOPDOH L VEERE AFREETOWTEMNT S, LICBROL Y TESF TOMESF
WEEPLFBINTEL YOV A RET 7 =7 ADBRILLTH L0 L HEET 5.
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BaMEE, TR, L CHERSOMRALICY - T, FHREmMb>5.7) Bl EOMENEIR
T A= ERDBFERMPN T HIATONDE LI IC > TES, 72& 21, N—r— FR%
(Dziwonski et al., 1981) & K EME T4 T (Sipkin, 1982)ic & » T, BEEERED L BB A —
FDE—AVF - TUVYNFERETIEEB T LT ZL0BFESTHIR, $BTIEA>9—F v F
FIEU THERESREL LB T A= PAFTEDL LI ICh o7z, /21981 £ LI, KEHE
[F# + > ¥ — (the National Earthquake Information Center, NEIS) %> 513, #I8hcd & 7 W@
HEE—HICE— X2} - T Y NDEF T ¥ —% L 1B #E#H (the Preliminary Determination of
Epicenters, Monthly Listing ; PDE) TR REI N L ) ich -2, ZFETHE -2 210 HowBEH € —
A2 b TV, 1981 4Eh 5 199348 1 B 2 Clo G RE L 2 ZRBHE, LRFEHEF RO T
NTHRELR ) OWBOWHA >~ 3—2 3 > 5KH2H D TH S (Sipkin, 1986 ; Sipkin and Need-
ham, 1986, 1991, 1992, and 1993). 7% 19924F~19934 1 BT —5i3A > %—F v +t2HLT
Sipkin 7* 6 EFEHS N2 LN TH 5. —HFHBOBBMEOERIT, HRAFHEIEIH ISC
OHERRNCBAL T 3 EHE (ISC Bulletin) #5872, 22T, 196441 A5 % 19924 3 H
FCOMMIC LR CREZ mb4.5 U ELOMET X TE AW,

I #EFMER

1967 4EBIET, FicH ¥ FOWREIC & > T b NI BHIOBA L WHEHT— 2 5 b 1%, Bk
RABLEA > FRALTHLET74) v Y c BB TETEROL% 6, K& 2 KFHERH
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HoTzDHBd LNz, 72k 2, Brouwer (1925) i3, ZOHIBHOERNEEIZEINTH b L8538
L, BHOREHZ 2> 7L, LYo KUERNIEE FERUENRE S 5% 2 2EIRTH S &k
XT3, Umbgorve (1948) i ks, 2> il & A<D ILRIbH & DIFATER), B L UHEE¥N
B|OES» S, ZO2BIWIBL » FRAITHLELIYE THRXBELLOTH S L LV, Peter-fil
(1966) I3HIERWHAEMFHIC L > T T > o WHEREIRICH > TS 2 B2 BHFL Tw5, 72
Brouwer (1925) ick 2 &, 74 ) v EXEEBICIZBEHEZ DBRLSEEL TS T4bb, 74 1) v
EURBIIRMEN 7L Y v e rillE, Ne~TIHERRED L EDS KIUF) & #EL B TR E OB
BELPLL-TWS, SLIEAVY YERBNOBEMEFE (Ludwig-fi, 1967) I Liud, 22
DWERFEINT EA EOBIRBHAIC RN LFARNL Tk, L >TA Y FXRITH L7
4N v B IcE D NFEEMEICE, AU TH4ENENR, LB LRES 2>, 74
Yoy BV e~ TH, FLTELY YIBEEL T3, 52 &9 (Fig. 1). Brouwer (1925)
&S, OB HBOMEYNTRIC L > T, PERAY SV ETESOER» S ( BR
AN, 2OHT, RVITBRONETRORELEDF £~ VE THM#EIHE A — 7 —BL 2K
% FTEBIHRI N, T E, ABEOBIE BRIRLRELZ L OBDNHLEL L, » o TKF
EEH 5722 L EFERL TS, L2 (RF77x1y) BERAFMZH B A—)N—+ 23— (Sulu
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Fig.1. The Indonesia-Philippine region (modified from Fitch, 1970). Striped and cross
-striped areas indicate ocean depths greater than 6000 and 8000 meters respectively.
The heavy curves indicate the extent of the Sunda, Philippine, Halmahera and
western Lizon arcs. The curve through Luzon and continuing south to Mindanao
indicates the trace of the Philippine Fault (Allen, 1962). The line crossing the
westernmost peninsula of New Guinea (the Bird’s Head region) represents the Sorong
Fracture Zone.
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-Spur) Tlif, FERL D BOKFPESOFLEZBHTVD, A—N—23—DZKRDTE L, K
FIBIZ 3RO EYDH N, TOmIMmMAIcH 2 FEROMBGIC N L TEILIITE A ETERIC
b, O ERESRICEEEOEHE, FREERS D722 E EYRE-> T3 (Klompe,
1954), Z < DHWHEFE I A—N— A —FE ¢ =2 —X =T RELE OMIC R LN 5 8H & EH
EOFELDEICERL, Thiiterv <2z, T4, TN, FOMEABOBEL2A—Z T PRENE
BREUIMDERIC & > TBENT —FREBLZEL R e2EEH L2 (Klompe, 1954).
BT — 2512, FOXWRINTV—F, A2 F - =X Z)7, KEHE FLTTPT
B EDTV— ML L5 T b ERE N7 (Fitch, 1970), &idvz, BEL/7 L —  HoMEE
BIHIEEICHBIN TR LIFE 2 W,

—%F, —HDOKIUERE)Z > TIRNELE-> TS, BICAELENAR I TELVPYTBET
ZOREFAEI L, 22t 7HE (1882) DBRICIZZFIUCH > THEA—F —DRVEBNYELL
(Richter, 1958). '

REPRETIR, §FTRRCELLE I LT 7 V=7 A0RETRHBA Y FRACTEBIUZNFEMH
DMBRIEE), WEOEE %2, MEOBESH, BLUE—22 - Ty YNVEL EORAENHES
BT —Z I EDWTHRN, F15 L ME¥NEE L OBR L EET 5,

V. B R & #

oL BRI bt (AR 90° ~140°, BEAE 13°~13") O EE D HEEE 2 B 5 2200z, ISC DMERE 2 v
TEESANEERL72, 1964 F 1 A5 1992F3 A TOME(mb 4.5 L) nERGH%, (a) :
0km~33km, (b) : 33km~100km, (c) : 100 km~200 km, (d) : 200 km~300 km, (e) : 300 km
~400 km, (f) : 400 km~500km, (g) : 500 km~600km, (h) : 600 km~, ZENBEIFNUHRL 72
D Fig.2 TH Y, 4> PRI TINCER L TE- 2 EEMERERO/NKEF] (A~K) #° Fig. 3 T
Hb, ELEEINLDERSAR D LHEES N LHER (7L — | L) 0S@EE % KR L 720 Fig.
4THD, FIETARTCERT 7 =R INLH L WBESHOBRTHT L (AL T 300
5, ADDO7Vv— F PEHEICBIRL L5 WARAA TV BETFOIERICHEBETE S, ECRELFIR
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Fig.2. Epicenters of earthquakes with magnitude 4.0 and larger reported
by ISC for the period from Jan. 1964 to Mar. 1992. (a) : depth 0~33 km,
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Depth, 33 - 100km

Fig. 2. (d) : depth 200~300 km.
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Fig. 2. (g) : depth 500~600 km.
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Fig. 2. (h) : depth 600 km~700 km.

Vertical cross. i Vertical cross il of hyp

Fig. 3. (a) : Distributions of hypocenters project- Fig. 3. (b) : Distributions of hypocenters project-
ed on the N-S vertical planes of the sec- ed on the N-S vertical planes of the sec-
tions A to E shown in Fig. 3(c). tions F to J shown in Fig. 3(c).
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Fig. 3. (c) : Distributions of hypocenters projected on the vertical
planes of lines ab and db of the section section K.
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Fig. 4. Depth contours to the surface of the subducted lithospheres inferred
from the distribution of hypocenters.
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Fig.5. Epicenters of shallow earthquakes (depth = 100km). Arrows
indicate the newly finding shallow earthquake zones which place in the
young tectonic zones as Andaman ridge and Ayu trough, respectively.

R 5 BOESIAITITERE 100 km F TORFESMICAE L CHAML T3 (Fig.5). ZNMED
200km %82 % & ZAIEIMT, MEVWHFROMBEHF I LMD TV — | DBFRLHEICED TS, &
7z, BizA s, LOVBROGHEDBERSM, L D MECHE L HEF RO LS,

— I KITEE e ERDT 7 b = 7 IEENR & BIRY 5 MBS EI I, HiE 4 DDKELIE
WEENE, I3V —F (TPTTv—F, AVFE-A—XFIFNVTTv—F, 74V EVET
v—F, KFEFSL—F) oL T3 (Le Pichon, 1968 ; Barazangi and Dorman, 1969). 77
T74) vy B RKEENTL — MERBHBEHNECBETEHLNLY, 74 ) v BN
B 0B, HMEEE TERTE 5 (Katsumata and Sykes, 1969). Sl B2 &, LY > BEE,
VSt - L2l B RZA-Em 2 —F=THTO7 Vv — P EROERIE B2 e H N %
5 Th D, BESAIZT 53D RDEY, R/ > PR TIREIIC DWW TRALE-_=4 7' —
CHRICELCEBHL, ZOoRNRAOBIIC/ Y FHERL T3, Ba2BR2 600km 282 2BREME
DEDET THE T3, Nishimura and Suparka (1986) %, HFED ALK T— 7 2 ¥
T— L UHMNEERERZENEZM L VTVE, FOHRT, BHOFET—NLVE, AV XEDOHE,
DO TN—B, £T7LBDERFH 12 LBRL T 5, BB EERNI TR TH L35
eV _ABOWAICERL T3, & LIEMHL T2 (Fig.6).

—H7V—bERTELWHIT e ENhRE 1 DOMEVRCHEBEEIFIFRLNE, 72
KEE7LV— L OBEBERICH= 22— X =T L7 ABBICHUIHECRHEBFRHFEIR LN
5. 5FTCINLBE7TV—ERELTHINVHBICERI N b - 213 TH 6 (Fig. 5 I REITT/R
). L&L, BiglR, 78 BENEME -, &, 7T2MERS (Ayutrough) Dd 545
Frehl, ELIRBEMENDEICHS, ZNLDBRBHBHIEFDT 7 =7 A2 RBLIZbDER
bbb,
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Fig.6. Tectonic map of the eastern part of Indonesia (referred from
Nishimura and Suparka, 1986). The outer non-volcanic arc in"’
eastern Indonesia, especially Sumba, Timor, and Seram, Aus-
tralian continent before the Upper Jurassic at rather high lati-

. tude in the southern hemisphere and in a position rotated clock-
wise or counterclockwise.
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V. E=A P TFUoINREFTTIN - By TILHBE

WEDEEA o _—2 3 v LROLEBERENE—2>F - TV L (Sipkin, 1986 ; Sipkin and
Needham, 1986, 1991, 1992, and 199319924 1 A~1993 £ 3 ANMIA > 5 —F v L #RL T
Sipkin 2* L HEHE I N2 D 0) 2 5 LFEMBICEI -2 198141 A 5 1993 FE 3 A3 TOME
% 210 BHI L, ZOSBOMT R~

¥ ¢l Sipkin (1986) > L T2 ki, HOFEHRICINTARELE— A2+ (Mo>107
dyne-cm) OHBLUN, ZLALDHENDZHT— T— A ¥ P —r—FRFEDEL g F -
E—RA P TrYN (CMT) =KL Twdh, BETRKEDIIK- 5, 2, EHRDIEY
HEEZET AN TA L WIZODNAL T AP TF— =22 PO CMT#H2/KEIETWS
EEZLNTWA, LL, REVWHENOEAT, HECERAESCMTRBLIV IS (REDS L
IRINAT AP > TnbEEZ LN, E5KEDOMBNEEIZ CMT BOFHHFENEICT VD
THL9. LaL, W L T SMBOKRRRDT 7 b = 7 X2 @R T 202, ZNb DB D
RE g R BE BT I LW B2,

EC, LHBOME A H = X LDFHIZEIL Tig, ﬁtzﬁﬁ&hﬂ%@#ﬁof#%#ﬁé %
L T Ghose - i, (1990) i3 2> UKD LA IAGHET % BEOMERPYBET— S 2SFT L% »5 3K
T 23— arDEREPT->TwE, INLNDGETCOREBA =X LDEN» LbBEHIN
t~%%&%%%¥ﬂ?ék,%mﬁmwﬁﬁ%@ﬁﬂ%—Fu,ﬁtAEﬁﬁﬁMEtEME#B
&ofwf,%mﬁguy&W.%%%%ﬁﬁ@%w,xyfmt74uv57mu%otﬁwﬂ§
EEE S L ERILTI L OBICA Y, TALOMEEICEL ZHEN A =X AE, BEOTICMH
2o THVALEAOMBHE 2 - 2EBUENE S 4 7HFERTH 5. HEOE) Fiz, BHI5
WHBEHIBICH > TIALTUS, 74 Y v EVIRE ZDERD L LV N ABHIEKICH > TRERSICL -
Twd, PxTHELET74) v EXBENT CEMEORENSDH), TNRBRTTHITFLNALY Y
A7 2T — Lﬁ@@ﬁ% £330 THB. 2R FROBRMP BINT ORtHICE W 22 3ESE (0
é-«wﬁ7/~ ) FERCEHTVE, A TIRTORMBHNESR LERY, ANEHREES
ﬁ%ﬁ%mﬁkﬁﬁtﬁ%%%k%é —FIEEACTERITIENT7A4Y) v EVRDOTICH 25HDH
B, Sﬂ‘\&)ﬁ#fydthrﬁ#of WOEREORD L LEVIZRBITIRS L > TnE, o2 —F=7,
A= J—« Z2%— FLTNEL74Y /t/ﬁ%&&*m%ﬁ%&i&iﬁ'c i KEL7v— FicEY
FF 2N T V= PEECHFLEL TS

;Tém077}~71%,%ﬁwﬁﬁimﬁﬁﬁ%tﬁﬁwfﬁﬁTtbu,%Eﬂﬁﬂﬁ%
72mb5.8 L FnMELHEL, FNLENEBFENE—A> T Y NP LEEINTZAL 5T
N Hy TNMROTE (ZZTIIPE) omx 2RI EC 7oy b LA (Fig.7(@) ~(©). ZoR»
5, 4/F$/7ﬂfmﬁk A FE-F—ZAFF )T 7v—} TORHRENELI7L— D
BWRIZES TV~ PERTHRARILS, 2T7L— F ORARCHOBZHES T, ATEICREL
2P EFNRUGHFENCERXL T, TNEIEOEBT7Tv— o LHEEICEE S EME S 4 70
BYEBLTWAZER2RRLZLDTHSL, 7 — & LB RAATEBENTTR7V—1D
EAITHE & —H U2 PEGAAPEDOANG, F0FEIT 7V — t OREIEEENC & » TELL T3
&Eﬁf%é.§BL%<¢A@A&7V—%®P%%EH,/&VE#Ei%@A/Yﬁﬁ74U/
EUIREIREINLHIRICLLFEL LW, 7V— OB ADRTFERBLAZLDEL > T
3. METRLNLEMLT 7 P =7 A0H TR, BTV —F Ol 0 AUTKTIC b RS
KRBT E RTRNS.
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Horizontal projection of P axes inferred from CMT solutions with magnitude greater than 5.8
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Horizontal projection of P axes inferred from CMT solutions with magnitude greater than 5.8

Fig. 7. Distributions of principal P-axes projected on the surface of earth infer-
red from the best double-couple mechanisms calculated from the moment
-tensor solutions. (a) : depth 0~30 km and 30~35km.

— DL ) A MBEA A X LBERT 1 DOOEEE LIS TN - By TENEZ LN
b, LHIBOLE DB, TOBELIESTN - v TABDOBAHEBTH -7z, =2 TRERML 27
BOWMENE—AV | « FUYNVERRRLIDH Fig. 8 THY, FonBEERIE Tablel o/
L7z,
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Horizontal projection of P axes inferred from CMT solutions with magnitude greater than 5.8

Fig. 7. (b) : depth 35~70 km, 70~100 km, and100~200 km.

215



216

B k- HH B

Depth, 200 - 300km

10N

Depth, 300 - 500km

~10°N

s0* 10‘0' 11b' 120° 130° 140°E

Depth, 500 - 850km
[

10N

90* 140°E

Horizontal projectlon of P axes inferred from CMT solutlons with magnitude greater than 5.8

Fig. 7. (c) : depth 200~300 km, 300~500 km, and 500~650 km.
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Non double couple solutions
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Fig. 8. Equal area projections of the moment-tensor solutions of non-double-couple

earthquakes. Striped and dark areas indicate compressional motion toward the
source and dilatational motion away from the source, respectively.

Table 1. Source parameters of the earthquakes plotted in the Fig. 6.

No. Date Origin time Lat. Long. Depth mb
of event yrs-m-d hrsmin sec ° ° km
1 1983-02-12  08:47 12.7 5.669N 126.297E 51 5.7
2 1983-04-16  12:57 00.0 10.161S 110.890E 57 5.9
3 1983-05-11  00:12 07.0 2.293N 128.340E 125 5.7
4 1983-07-14  19:47 46.5 5.557TN 126.452E 43 5.8
5 1983-10-27 19:43 484 1.093N 120.833E 28 5.7
6 1983-10-31 17:37 56.3 9.016S 119.180E 33 6.0
7 1984-03-05 03:33 51.0 8.147TN 123.762E 649 6.5
8 1984-10-04 16:31 53.4 9.8309N 118.780E 34 5.8
9 1985-01-11 14:41 58.6 0.196N 123.582E 189 5.9
10 1985-04-13  03:00 0.68 1.622N 126.411E 51 6.4
11 1985-10-09 01:15 04.7 6.791S 107.082E 153 5.9
12 1987-10-25 16:54 05.7 2.323N 138.364E 33 6.2
13 1987-11-18  16:27 05.3 12.845N 124.770E 22 5.9
14 1988-07-03 11:43 12.7 8.919N 137.896E 15 5.9
15 1989-02-10 11:15 24.7 2.305N 127.760E 44 6.2
16 1989-07-22  05:02 11.5 2.299N 128.142E 142 6.4
17 1989-11-25 07:49 44.2 2.1798 138.862E 26 5.9
18 1990-02-08 07:15 322 9.755N 124.694E 26 6.2
19 1990-04-19  12:40 38.7 1.108N 123.429E 24 5.8
20 1990-07-06  00:16 204 6.904S 108.120E 14 5.8
21 1990-12-13  12:26 40.6 1.116N 124.034E 33 6.0
22 1991-01-25 17:38 36.5 2.1528 139.020E 22 5.9
23 1991-06-20 05:18 52.5 1.196N 122.787E 31 6.2
24 1991-11-13 11:12 13.2 8.361N 126.371E 36 6.1
25 1992-05-04  08:45 01.7 6.762N 130.229E 86 5.9
26 1992-06-09  00:31 56.3 8.474S 111.100E 64 5.9
27 1992-11-25 06:02 25.3 4.069S 102.160E 58 5.9
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BHRLTH-724 > FRIUTERBE UV ZORAMBORENT 7+ =7 A, 420KELT
L— F OFPEB TEBRTE L2 0, BaEOMBET— 225 /I NL, FHRC, FEF7L-
Ay TIWVEREFIZEA OB TRWHIN, KEERELT 7 =7 2A0FKIcH 52 X b HBHRS
Nz, &S LRRRDT TNy TVERP b ERICEBR L 22— A2 b -T2V VROMER,
LIZLiIEA =2 s ViAW RERET—5 0 S/N H, REL - THEEL I ZOENMEICE
HLTWwaE, bbb bbb, Lrl, BENDEBERETCOWEBL X L THRT2Z T35,
THhbLIESTIN - B TADE—RAV |} - TV L3~ g vicld, BEOLZEN, ETFE
RN LTS, 2 U CREFE S TOMREYN 7 EEBOYBRNBRREDZATWS, Lizh-
T, DL BFBBIIIFEST TN By TIEGD, T— 3 DEDOBEE ks A > X—2 5 VicEEE
KT 5 TH5) L, BEOUWBLZBHATLHO0BELTEHRE LN H 5 THH ). T TI2 Kuge and
Kawakatsu (1993) i3 M RREHMBRLRREHBICBWTES TV« v TVESHARCRED LN, A
5 7THWTOREE L ERROREBICIEEG L T, ZOENFRMEIL, o0 F 2 edkmic BIRE
%, $RBBEEENR T 7TOMEBICERAL Twa EERL TV, 2L, HEWIFES TS
TN DIFHEL, SHIBOT 7 P27 ADBHS 2RERL 720 LR TE S, F2450RL 2285
L WEEOZES A b1, BINT 203, BIBEETICBIT 2 27 7ofRks & DIk - 72,
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