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..\l)stract. On J u l y  12. I WL. ;in carihqu;ikc bl,v = 7 3  occurred at 
14aIckula. i n  tnc Nev: Hebrides :irchipcl;ipo. Thc GPS data 
ctdlccicd acrrish the New tlcbridcs trench hctwecn I Y90 and I996 
wcrc processed in ordc: to s c p u n k  \lit interseismic and 
coscismic motions ïrom the ciriits rel;itcd to thc ctmvcrgencc with 
thc ,4usrraiian p!atc. Ï n t -  GPS-dcrivud coscismic displacemenls at 
the GPS site in klaleh.~h art JIJ 2 15 mm s(iuihu"I. 230 = 30 
mm w-,st\vard and : 7 0  = ?7 mm dtwnw:ird. uhcn th:: ChIT- 
dcrived displacemenx are YI mm southward. 3 I ( 1  nim wstward 
and I 50 mm downu.ard. Takin; into account lhe interseismic 
strain accumulation !25 mm!yr a l  the sourcc established from 
historical seismicity. 7.5 m m ' y  ;it the GPS sitc). the strain-frec 
convergence rare at klalekula is 19 t 3 mmlyr. Other GPS- 
derived convergence ra[es are O5 t I m d y r  at Efate and 37 i 2 
mm/yr at Santo. These :ates inp ly  a region:il right-lateral motion 
between the Et'are and the Santo-Xhlekula segments. In coiitrast. 
the focal mechanism oÏ  the e:\rthquake, mostly indicares a leit- 
lateral motion. Therefore. we hypothesize that the earthquake is 
related to wriations i n  ihe inkrplntc coupling along the 
converging boundary of the S;lnto-!\/lalekula segment. 

Introduction 
Th:: New-Hebrides subduction zonc is part 01' the tectonic 

systcm which accommodates rhe convergence between the 
Australian and Pacific plates (Figurc I ). Along this trench. the 
Australian plate subducts easr\vard beneath the New Hebrides 
archipelago which borders Lhe North Fiji Basin. Facing the Neu. 
Hebrides archipelago. the .Autralian plaie hears the Loyalty and 
Neu. Caledonia ridgcs. which offers an opportuniry for collecting 
GPS ohser\,ations across 2 subduction zone for hasclines less 
than 500 km long. In the q r x n  paper. w c  discuss the results 
t'rom GPS series at Sanio :SST@!. hlaickula  rhlLKLi and Eîate 
iEF.AT). ccniral Teu t l c b r i h  ,Figure I 1  i n  rclarionship with thc 
Vi ;i1 cku la c:irt ha u:\ k c. 
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Figure 2. CPS series and best-iitting models. Bars rcprescnt 
projected la 5D rcpea:abilit!. At  SKTO Lind EFAT. thc drifts are 
derived with offsets set at rnc ChlT-derived values. At  MLKL. 
lhe drit'i is. m u m i n :  [hai srrain ;iccumulated at 75 mmlyr. lower 
hy 7.5 miniyr beiorc th:. cosc!sniic ofïser than i t  is at'tcr. The dash 
line sands for the niodrlled mjcctory if the w a i n  accumulation 
\vas no: ;iccountrd (or, 

Calcdoni:i RidFe t F i y r c  I 1. 'Cdrrrwr r! d .  [ 19951 and 8 c ~ i . v  cr 
d. I W T ]  showed th:): r h x  sires form :I geodetic iict rigid t o  

tvithin the tinccri:iinties. Thcrcl'nrc. clrifts i n  the GPS series give 
thc cnnvcrgencc ;:itcs rclativc K I  the .-\us[l:ilian platc. Thc GPS 
d:it:i arc presented in Figur: 2 :is Icast square weighted averages 
pcr epoch of scve;31 daily nbserv:itions. Standard deviations were 
i'omputcd by gcncr:ilized 3D repeatahility of the daily solutions 
xotind thi. \\,tightcd avcrags .  I t  is \vorth\vhilc noting that the 
sc:lttcr hct\\sc.en d:iily solutions y w l y  \*:irks l'rom one epoch io 

011 July I ? .  IO!M. an earthquakc (II' M, = 7.3 occurred at 
Aluickula. It acti:*ated an CJS[-W~SI trending fault dipping 
northward with a mostly left-lateral strike-slip motion. I t  is 
worthwhile notin? that the fault has a very small dip angle. 
narncly 22'. unusual for a strike-slip fault. In fact. the slip very 
IikA! rook place on a pre-existing structure inherited from tine 
early history o1'the islanc! [B. Pellerier. lield notes]. 

We derived coseismic surf'ace displacements hased on the 
elastic half-spacc hypothesis I Clkodrc. I985 : S C I I ; N ~ > .  19801. The 
I'atiIt F e o m x y  (63 x 2 I k m j  and slip ( 163 cml were derived 
empirically using the hypoccnter coordinates ( 167.35'E. 16.5"S. 
15 k i n  fixed depth]. focal mechanism parameters and seismic 
moment ( h l , ,  = 6.6 101"Nm) provided with the Harvard CMT 
soiution. Tne ambiguity in  the actually activated plane was 
r c s o l \ d  hy looking at the aftershock sequence (inset in Figure 1). 
.4 liinited change in the depth of the source relative to the one 
tised for the CMT solution was applied since i t  improved 
noriccably thc a y e m e n r  between the CMT-derived. 
displacemens and the CPS-deri\,ed ones. We chose to use a 
depth is IS km rathcr than thc 25 km given hy the CMT solution. 
The coseismic displacements modelled using this modifed CMT 
ar t  displayed i n  Figure 3. 

We also derived the evolution of the deformation at the 
location of  the GPS sites during the time that strain was 
accumulating at the source (Figure 4). using the same algorithm 
as \va5 used to compute the coseismic displacements but varying 
ÌVI,. from O to 6.5 IO i y  lu" (Mts  of the Malekula earthquake). To 
illustrate this. note that thc intcrscismsic deformation that occured 
at the GPS sites is related to that accumulated at the source. 
Furthermore. the time derivative of the interseismic deformation 
that occurred at the GPS sires is also relared to the rate of that 
accumulated at thc source. At the rupture point. the deformation 
ar the sires cquals the coseismic aisphcement when the 
deformation accumulated at the sourie equal: the seismic slip. If 
tvt d i \ k k  both ases in Figure 4 hy a constant rate. that of the 
dtt'orrmtion at th: source. thc slopc o ï  the curve becomes the 
r;itio hct\\-ecn the currcnf deformarion rate at cach site and the 
dtt'ormation ratc at thc snurce. At the time of rupture. this ratio is 
I,'.: 21 3ILKL ;ind almost nil at SSTO :ind EFAT. To determine 
the dcr'ormxicm rate at the sourcc. w c  estabiished the time period 
herwc-n th:. I994 cvent and thc last event \vhiih ruptured this 
samc arc:i from historical scismicity. Tnc event which occurred in 
1 %  appears to he the most likely preccaing event [/sacks er al.. 
1 I : Loiru! cr (il.. 19%: Trrylor r r  d. .  I9S7. 19901. .Although the 
actu:il iDca1 mcïhanism :ind depth of this went are unknown. i t  

\\:is 1oc:ired in roughly the samc :ire:i ( 167.5'E. 16.5"s) as the 
I L W  re". Lind cshihired :I similar magnitude (6.F-'7.2. /socks L'! 

U!.. I I < u I ] )  and :I similar scismic moment ( 5 . h  IO'' ' Nm. ~c:yiorcr 
(I:.. [ IWOIL Thus. thc 163 cm rclc:iscd in July 1904 by scismic 
slip ;it the sourcc iiiifht then prcsun::ihly have accumulated ïor 67 
y;:irs. Conscqucnrly. the avcrarr rate 01' strain accumulation 
\ v ~ ~ i i l d  hc 25 mm&r nnd the dcform:iiion riiie prior to the 
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carthauake would then Sc about 7.5 mm/yr at RILKL. and 
negligible at SSTO anci EF.4T. 

Discussion 

Tne GPS series 3: th: I4LKL silc was modelled by least 
square inversion with both an offsct :it the date of the Malekula 
earthquake. July 12. !?W. 2nd a drift \vith the constraint that i t  

was reduced by 7.5 " n y r  prior to that datc bccause of the strain 
accumulation. The st;3in-I'r:e convcrpencr ratc so derived is 39 = 
3 mmlyr oriented X7-W = 2'. This result is consistent with the 
convergence rate 01' L I  = 2 inmiyr. puhlishcd hy  Tcr,dor er al. 
[ 19951 using the dat i  :ollectcd i n  1P90 and IPO? only. i.e. while 
the strain was still accumulaLing. The corresponding offset. 
standing t'or the GFS-derived coseismic displacement. is 49 = 15 
mm southward. 330 t 20 mm westward and 170 i 37 mm 
downward. These vaiues compare well with the CMT-derived 
coseismic displacements: namely 50 mm southward. 2 1 O mm 
westward and ! 50 mm jo\vn\vxd iTa.hlc I ). 

.At SNTO and EF.AT. :he CMT-derived estimates of the 
;oseismic displacemenrs a:? small and the rate of strain 
accumulation can be negitcred. Results ol' the drift-and-offset 
inversions at SNTO an: ?.FAT are reported in Table I .  The 
Ch,lT-derived and GFS-oerived coseismic displacements ' only 
agree ai the ?G levcl. Tnus. c reverse procedure was applied to 
determine thc convergen:: rares for these sites. i.e. ' the value of' 
thc coscismic ot'l'set use:! ir. [ne GFS inversion was se! equal LO 
tlic CbIT-derived estimates. Tine corresponding convergence rates 
;ire > :  = 3 mrniyr orientei N14.4" = I '  at SNTO and 95 ? l 
mmí?: orientcd S?-.?hc = 0.5' a: EFAT. 

Mniekulr! and Santo are considered a piece of inner wall 
uplif'txl b! the d'Er,:recasteaux Ridge (Figure I )  which 
underthrusts t h t  Sew H-,b;ides margin from North Malekula to 
Santo [ I S ~ I ~ X . . ~  ci (II.. I 9s I : Colior er AL.. I 985: TciJlor. er al.. 1987 
and 11190). Flon: the anaiysis of the historical seismicity along the 
Sew Hebride3 trench. is ark.^ c: d. [ I98 I J noted that the strong 
interpiate m u p i i n g  uhiri: characterizes the subduction at the 
Santo-klalekula segm-n: zigh! be weaker a: South h.lalekula tnan 
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elswh:re al(ing this scfment. Considering thz Quaterfiary 
veiiical motions a: Swro and Malekula. T o ~ l o r  cl cil. [ 1OS7 and 
I9901 a!j(i con:iucic:! L: iocall! w a k e r  interplate coupiing at 
South hlalekuli. Thes: pieces of evidence. taken together uith 
(ne sinistial motion OC the Malekula event and the larger 
convergence iatc ai Eiate compared 10 tha i  at Malekula (which 
indicates right-lateral morion beween Malelrula and E f a t e ~  imply 
that ( 1  I the fault activated by the IVY4 earthquake is not the 
northern ' boundary of the Eiare segment. consequently. there 
exists a small block south ni':ht fault which belongs to the Santo- 
Malekula segment. i?! the convergence rare of this small block 
with respect to the Austialian plate is less than the 41 mmlyr 
found at hlaiekuia prior to the 1994 event. consisrent with the 
lower convergence iate evidenced in the northern part of the 
segment. i.e.. 37 mn'yr ar site SKTO. and i31 the hlalekula 
earthquake o::urred ?r:sumahl~ because the interplate thrust 
zone along tnc u m  const of South hlalekula is less strongly 
locked locally than ii is alonf the rest of the Santo-Malekula both 
ln the nor!h a n i  to th- south. 
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