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Th e 2005, Mw 8.6, Nias-Simeulue earthquake occurred 

within an array of continuous GPS stations and pro-

duced measurable vertical displacement of the fringing 

coral reefs (Briggs et al., 2006) above the fault rupture. 

Th us, this earthquake provided a unique opportunity 

to assess the source characteristics of a megathrust event 

from the joint analysis of seismic data and near-fi eld 

static co-seismic displacements. We have used seismic 

data of multiple frequency bands (normal mode, surface 

waves, and body waves) along with the geodetic data 

to understand earthquake source (Konca et al., 2007). 

Using the dependence of excitation of the normal mode 

data on dip and moment along with near-fi eld geodetic 

data, we put relatively tight constraints on the seismic 

moment and the fault dip, where the dip is determined 

to be 8o to 10o with corresponding moments of 1.24 

× 1022 to 1.00 × 1022 N-m, respectively. Th e geodetic 

constraints on slip distribution helped to eliminate the 

trade-off  between rupture velocity and slip kinematics, 

resulting in more reliable slip models. Source models 

obtained from the inversion of various combinations of 

the teleseismic body waves and geodetic data are evalu-

ated by comparing predicted and observed long period 

seismic waveforms (100 s to 500 s). Our results indi-

cate a relatively slow average rupture velocity of 1.5 to 

2.5 km/s and long average rise time of up to 20 s. Th e 

earthquake nucleated between two separate slip patches, 

one beneath Nias and the other beneath Simeulue 

Island (Figure 1). Coseismic slip clearly tapers to zero 

before it reaches the trench probably because the rupture 

propagation was inhibited when it reached the accretion-

ary prism. Using the models from joint inversions, we 

estimate the peak ground velocity on Nias Island to be 

about 30 cm/s, an order of magnitude slower than for 

thrust events in continental areas. Th is study emphasizes 

the importance of utilizing multiple datasets in imaging 

seismic ruptures.
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Figure 1. (a) Slip distributions and 20 second contours of the rupture front 

for the teleseismic and all geodetic data. (b) Fits to the 16 cGPS and 4 coral 

measurements of uplift for the inversions shown in Figure 3. Th e slip on the 

fault is also shown in the maps. Th e data is in black, the horizontal fi ts are 

in red and vertical fi ts are shown in gray. (c) Uplift distribution predicted 

frfom the source model from our best-fi t model. Th e measured vertical coral 

displacements are also shown in same color scale (circles). (d) Prediction of 

Earth’s normal modes for a fi nite fault model using teleseismic and geodetic 

data with dip angle of 100, Mw8.6, vr from 1.5 to 2.5km/s. normalized 

amplitude diff erence between synthetics and normal mode data, calculated for 

spheroidal modes 
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