
G eodetic and paleogeodetic measur ements of inter seismic str ain above the Sumatr an por tion of the Sunda subduction zone r eveal a heter ogeneous patter n of 
coupling. A nnual banding in cor als pr ovides ver tical r ates of defor mation spanning the last half of the 20th centur y, and r epeated G PS sur veys between 1991 and 
2001 and continuous measur ements at G PS stations oper ated since 2002 pr ovide hor izontal velocities. Near  the E quator , the megathr ust is locked over  a nar r ow 
width of only a few tens of kilometer s.  I n contr ast, the locked fault zone is up to about 175 km wide in ar eas wher e gr eat inter plate ear thquakes have occur r ed in 
the past. F or mal inver sion of the data r eveals these str ongly coupled patches ar e r oughly coincident with asper ities that r uptur ed dur ing these events. T he 
cor r elation is most spectacular  for  r uptur e of the M w 8.7 Nias-Simeulue ear thquake of 2005, which r eleased half of the moment deficit that had accumulated since 
its pr evious r uptur e in 1861, suggesting that this ear thquake was over due. B eneath the M entawai islands, str ong coupling is obser ved within the over lapping 
r uptur e ar eas of the gr eat ear thquakes of 1797 and 1833. T he accumulated slip deficit since these events is slowly r eaching the amount of slip that occur r ed dur ing 
the 1833 ear thquake but alr eady exceeds the slip that occur r ed dur ing the 1797 ear thquake. T hus, r e-r uptur e of par t of the M entawai patch in September  2007 
was not a sur pr ise. I n contr ast, coupling is low below the B atu islands near  the E quator  and ar ound E nggano island at about 5S, wher e only moder ate ear thquakes 
(M w<8.0) have occur r ed in the past two centur ies. T he cor r elation of lar ge seismic asper ities with patches that ar e locked dur ing the inter seismic per iod suggests 
that they ar e per sistent featur es.  T his inter pr etation is r einfor ced by the fact that the lar ge locked patches and gr eat r uptur es occur  beneath per sistent 
geomor phologic featur es -- the lar gest outer -ar c islands. Depth- and conver gence-r ate dependent temper atur e might influence the patter n of coupling, thr ough its 
effect on the r heology of the plate inter face, but other  influences ar e r equir ed to account for  the obser ved along-str ike heter ogeneity of coupling. I n par ticular , 
subduction of the I nvestigator  F r actur e Z one could be the cause for  the low coupling near  the E quator .
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V er tical displacement r ates deter mined fr om cor al gr owth over  the per iod 1962-2000 (T able 2) (a) in map view and (b) along sections nor mal 
to the tr ench [Natawidjaja, et al., 2007;  Natawidjaja, et al., 2004]. B oxes (A , B  and C ) indicate the swath cor r esponding to each section. T he 
or igin of hor izontal axis for  each section is at the tr ench. Outer  ar c islands ar e subsiding, a patter n consistent with the inter seismic locking of 
the shallow por tion of the plate inter face. C ontinuous lines in (b) show theor etical uplift r ates pr edicted by assuming that the plate inter face is 
fully locked fr om the tr ench down to a depth of either  30, 40, or  50 km, cor r esponding to a hor izontal width of the locked fault zone of 110, 150 
or  200km r espectively. Subsidence r ates incr ease southwar d along str ike suggesting that the locked fault zone gets wider  to the south. 

H or izontal velocities r elative to A ustr alia (a) in map view and (b) along sections nor mal to the tr ench. B lack ar r ows r epr esent velocities deter mined fr om G PS 
campaign measur ements [B ock, et al., 2003] and gr een ar r ows show velocities deter mined fr om continuous G PS measur ements at stations of the Sumatr a 
G eodetic A r r ay, SuG A r  (http: //sopac.ucsd.edu/cgi-bin/sugar T imeSer ies.cgi), pr ior  to the occur r ence of the Sumatr a-A ndaman ear thquake of 2004. E llipses 
show 1-Sigma uncer tainties (T ables 3 and 4). B oxes in (a) show location of swath used to constr uct pr ofiles in (b).  E xcept at E nggano and Sipor a hor izontal 
velocities decr ease noticeably tr enchwar ds, as expected if the shallower  por tion of the megathr ust is locked. T he lar ge velocities at E nggano and Sipor a suggest 
little locking ar ound these stations. C ontinuous lines show velocity pr ofiles pr edicted fr om for war d models F -a, F -b, and F -c. T hese models assume full locking 
of the megathr ust fr om the tr ench to a hor izontal distance of r espectively 110, 150 and 200 km.

C ompar ison of inter seismic coupling along the megathr ust with the r uptur e ar eas of the giant 
1797, 1833 and 2005 ear thquakes. T he souther nmost r uptur e ar ea of the 2004 Sumatr a-
A ndaman ear thquake lies nor th of our  study ar ea and is shown only for  r efer ence. E picenter s 
of the 2007 M w 8.4 and M w 7.9 ear thquakes ar e also shown for  r efer ence. 
(a) G eometr y of the locked fault zone cor r esponding to for war d model F -f (F igur e 6c). B elow 
the B atu I slands, wher e coupling occur s in a nar r ow band, the lar gest ear thquake for  the past 
260 year s has been a M w 7.7 in 1935 [Natawidjaja, et al., 2004;  R iver a, et al., 2002]. T he wide 
zones of coupling, beneath Nias, Siber ut and the Pagai islands coincide well with the sour ce of 

Locked Fault Zone
vs earthquakes

FORWARD MODELS

C ompar ison of obser ved and pr edicted velocities (r ed vector s) computed fr om thr ee r efer ence models with var iable 
locked fault zone width (F or war d models F -d, F -e and F -f).  C ontour  lines on the megathr ust (5-km depth inter vals) 
indicate the por tion of the megathr ust that is assumed fully locked. V elocities der ived fr om campaign G PS 
measur ements and fr om continuous G PS measur ements at the SuG A r  stations ar e shown r espectively in black and 
gr een. Pr edicted (small squar es) and measur ed (lar ger  squar es) ver tical r ates ar e color  coded. T he color  differ ence 
between the inner  and outer  squar es r eflects of the fit of model to data.  
(a) I n model F -d, the locked fault zone extends fr om the tr ench to a var iable depth that was adjusted by tr ial and 
er r or . T he misfit between the obser ved and pr edicted velocities in the B atu and Sipor a islands in par ticular  show 
that var ying the location of the updip edge of the locked fault zone would impr ove the fit. (b) I n model F -e, the updip 
limit of the locked fault zone is ever ywher e 50km away fr om the tr ench.  T he data fr om the B atu and Sipor a islands 
ar e better  fit than in model F -d, but at the cost of a poor er  fit to many other  data points. (c) I n model F -f, the updip 
limit of the locked fault zone var ies later ally. T hr ee r egions of shallow inter seismic slip ar e intr oduced tr enchwar d of 
the B atu, Sipor a and E nggano islands. 
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Distr ibution of coupling on the Sumatr a megathr ust der ived fr om the for mal inver sion of the cor al and of the G PS data pr ior  to the 2004 Sumatr a-
A ndaman ear thquake (model I -a). (a) Distr ibution of coupling on the megathr ust. F ully coupled ar eas ar e r ed and fully cr eeping ar eas ar e white. 
T hr ee str ongly coupled patches ar e r evealed beneath Nias island, Siber ut island and Pagai island.  T he annual moment deficit r ate cor r esponding to 
that model is 4.0 x 1020 Nm/yr . (b) Obser ved and pr edicted hor izontal velocities appear  as black and r ed vector s r espectively. Obser ved and pr edicted 
ver tical displacements ar e shown by color -coded lar ge and small cir cles r espectively.
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(a) M ap view of the isother ms 100°C , 300°C  and 400°C  as deduced fr om the ther mal modelling super posed on top of the L F Z  of model F -F . T he later al 
var iations of the age of the subducting oceanic plate ar e indicated in M yr  [C ande and K ent 1995;  G r adstein et al. 1994]. (b) T opogr aphic and steady 
state ther mal str uctur e of the meagthr ust inter face for  thr ee tr ench-nor mal sections acr oss the B atu, Siber ut and Pagai islands. T he slab inter face is 
dr awn using the backgr ound r elocated seismicity catalogue of [E ngdhal et al. 1998]. T he L F Z  of the meagthr ust inter face deduced fr om M odel F -F  ar e 
r epor ted in gr ey. I sother ms ar e computed fr om analytical expr ession of the steady state ther mal str uctur e model pr oposed by [R oyden, 1993]. T he 
model accounts for  conduction, advection, a shear  heating of 40 mW /m2 and upper  plate r adiogenic heat pr oduction of 0.4 mW /m3. T he two 
par ameter s var ying between pr ofiles ar e the age and the nor mal conver gence velocity of the subducting plate . On each pr ofile, the downdip end of the 
L F Z  appear s to be in the isother ms r ange of 300°C  and 400°C  (r ed dashed line).
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Distr ibution of coupling on the Sumatr a megathr ust der ived fr om the for mal inver sion of all the data (model J -a). (a) Distr ibution of coupling on the 
megathr ust. F ully coupled ar eas ar e r ed and fully cr eeping ar eas ar e white. T his model shows str ong coupling beneath Nias island and beneath the 
M entawai (Siber ut, Sipor a and Pagai) islands. T he r ate of accumulation of moment deficit is 4.5 x 10^20 Nm/yr . (b) C ompar ison of obser ved (black 
ar r ows for  pr e 2004 Sumatr a-A ndaman ear thquake and gr een ar r ows for  post 2005 Nias ear thquake) and pr edicted velocities (in r ed). Obser ved and 
pr edicted ver tical displacements ar e shown by color -coded lar ge and small cir cles (for  the cor als ) and lar ge and small diamonds (for  the C G PS) 
r espectively.

B asic active str uctur al elements and histor ical gr eat ear thquakes of the obliquely conver gent 
Sumatr an plate boundar y. G r een and r ed 5-m contour  lines of slip for  the 2004 Sumatr a-A ndaman 
and 2005 Nias-Simeulue ear thquakes ar e r espectively fr om C hlieh et al. [2007] and B r iggs et al. 
[2006]. Outer most contour s depict the limits of r uptur e. A ppr oximate r uptur e ar ea of the M w~8.3-
8.5 1861 ear thquake is based on macr oseismic effects [Newcomb and M cC ann, 1987]. R uptur es 
dur ing the gr eat 1797 and 1833 ear thquakes ar e fr om elastic dislocation models based upon uplift 
of cor al micr oatolls [Natawidjaja, et al., 2006]. T he souther n limit of the 1833 r uptur e is poor ly 
constr ained. T he ellipse shows the appr oximate r uptur e of the 2000 ear thquake and the r elatively 
high seismic activity that occur r ed in this ar ea in the last decade fr om A ber cr ombie et al. [2003]. 
E picentr es of the 2007 M w 8.4 South Pagai and the M w 7.9 Pagai-Sipor a ear thquakes ar e shown 
for  r efer ence (http: //ear thquake.usgs.gov/eqcenter /). Dashed lines par allel to the tr ench ar e the 50, 
100 and 200 km depth of the megathr ust [G udmundsson and Sambr idge, 1998].

Plate tectonic setting of the study ar ea. Secular  motion of the Sunda block (A ) and for ear c 
sliver  (B ) r elative to A ustr alian plate (C ), indicated by ar r ows with r ates in mm/yr . R elative 
motion of Sunda block (A ) r elative to the A ustr alian plate (C ) is fr om B ock et al. [2003]. Plate 
motion of for ear c-sliver  was deter mined by assuming that its motion r elative to A ustr alian 
plate is par allel to slip vector s of moder ate inter plate ear thquakes along the Sumatr a 
megathr ust. T he for ear c-sliver ' s motion r elative to the Sunda block is par allel to the 
Sumatr an fault and about 23 mm/yr . R esulting hor izontal motion of the for ear c-sliver  
r elative to the A ustr alian plate is about 45 mm/yr  tr enchwar d. F ocal mechanisms ar e fr om 
the H ar var d centr oid moment tensor  (C M T ) catalogue for  ear thquakes with M w > 6 between 
1976 and J une 2005 (http: //www.seismology.har var d.edu/C M T sear ch.html). F ocal 
mechanisms of ear thquakes poster ior  to the M w 8.7 M ar ch 2005 Nias-Simeulue ear thquake 
ar e shown in gr een.
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SEISMO-TECTONIC SETTINGS

L atitudinal distr ibutions of seismic moment r eleased 
by gr eat histor ical ear thquakes and of accumulated 
deficit of moment due to inter seismic locking of the 
plate inter face. V alues r epr esent integr als over  half a 
degr ee of latitude. A ccumulated inter seismic deficits 
since 1797, 1833 and 1861 based on (a) model F -f and 
(b) model J -a. Seismic moments for  the 1797 and 
1833 M entawai ear thquakes ar e estimated based on 
Natawidjaja et al. [2006], the 2005 Nias-Simeulue 
ear thquake is taken fr om K onca et al. [2007] and the 
2004 Sumatr a-A ndaman ear thquake fr om C hlieh et 
al. [2007]. Postseismic moment r eleased in the month 
that follows the 2004 ear thquake and in the 11 
months that follows the Nias-Simeulue 2005 
ear thquake ar e r espectively shown is r ed and gr een 
r espectively, based on C hlieh et al. [2007] and H su et 
al. [2006]. 

Moment Released vs
Accumulated Moment Deficit

of  cor al and of the G PS data pr ior  to the 2004 Sumatr a-A ndaman ear thquake including the SuG A r  C G PS fr om J une 2005 - October  2006


