Coseismic and Early Post-seismic Deformation
of the Great 2004 Aceh-Andaman Earthquake.
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7o oo | 1o The Sumatra-Andaman earthquake of December 26, 2004 is the first giant earthquake to occur since the advent of Thickness (meters), fom sea floor o acousti basement
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) N, oo ) deformation over the first month following the main shock using a variety of geodetic data. T hese include ground
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1o SUNDA o earthquake ruptured the Sunda subduction megathrust over a distance of about 1300 km and a width of less than 150
SHELF ! km releasing a total moment of 6.7-7.0 1022 Nm, equivalent to magnitude Mw 9.15. T his moment is slightly in excess of
Wy W ! the 6.2 1022 Nm moment released over the first 500s, as estimated from the inversion of seismic records (Model [l1 in Loq ..
R Ammon et al, 2005). W e also find that the highly variable latitudinal distribution of released moment derived from the
two models compare remarkably well. T his pattern is also found consistent with the 500s long sour ce time function and
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i ) rupture velocity derived from T waves recorded in the Indian Ocean (Guilbert et al, 2005). Finally, numerical simulation
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A of the tsunami assuming this co-seismic model are found consistent with altimetric satellite measurements of the tsunami
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A by JASON and TOPEX, as well as with the arrival times of the tsunami as indicated by tide gage records at a number of 0 06
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A sites bordering the Indian Ocean and Andaman Sea. W e therefore find no need for slow slip or delayed slip as proposed
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. s in some early studies (Bilham et al, 2005; L ay et al, 2005). However, the geodetic data postdating the main shock by up to
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500 1004 110 40 days, require that slip must have continued on the plate interface after the 500s long seismic rupture. The
Regional tectonic setting smpliied from C urray (2005) and Natawidjadia et al, (2004 corresponding additional geodetic moment is about 1.5 1022 Nm, representing about 20% of the co-seismic moment
Plate velocites of Austialla and India relative 1o Sunda were compuied from the release. Comparison with the moment released by aftershocks, which amounts to only 1% over the same period, shows 100 100
i rca velociesCompute fon bt £ et ples reshown. Age o e ea o that this deformation was mostly aseismic. Constraints on the depth distribution of afterslip are loose, but it seems that it 200 1002 1100
increases northwards from about 50Ma in the epicentral area to 100Ma at the latitude . . . .
B S must have occurred at depths less than about 50km, probably both updip and downdip of the seismically ruptured area.
earihauake are shown In green Time evolution of afterslip is consistent with rate-strengthening frictional afterslip. The proportion of aseismic slip is
larger to the north, possibly due to the effect of the thick sediment cover entering the trench.
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e =i These data shed some light on the physical parameters controlling the mode of slip along the plate interface. The ruptured area seems to
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previous background seismicity. The long term slip along the LF Z must be the result of accumulated seismic events with different lateral
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e extent, but possibly characteristic slip and, to some degree, of aseismic slip. The average recurrence interval of giant earthquake along

this portion of the I ndonesia-Andaman subduction zone could be as low as 240yr, but a more plausible estimate would be 600 to 700yr.
Given the >80Ma age of the subducting plate and the <4cm/yr of convergence rate, the Aceh-Andaman earthquake is at odd with the

concept that the magnitude of subduction earthquakes increases linearly with convergence rate and decreases linearly with subducting

Convergence rate (cm/yr.)
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plate age (Ruff and Kanamori, 1980; kanamori, 1983). Neither does it conform to the idea that trench-perpendicular extension, as occurs

- here, would be diagnostic of low magnitude earthquakes (Uyeda and Kanamori, 1979; Scholz and Campos, 1995). This example shows

Rifted Arcs [ Andean-type @ Intra-oceanic that thereis a need to revisit the physical basis used to estimate the magnitude and recurrence of large events at subduction zone.
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