THE "SIMEULUE SADDLE": AN ASEISMIC PATCH OF THE SUNDA MEGATHRUST?

Aron Meltzner, Kerry Sieh, Rich Briggs, John Galetzka, Willy Amidon (Tectonics Observatory, California Institute of Technology),

. . . . . . . . . . . Galifornia Institut logy.
Bambang Suwargadi, Danny Hilman Natawidjaja, Dudi Prayudi (Indonesian Institute of Sciences — LIPI Geotechnology), and Imam Suprihanto ffpcee LIPI
4 N ( ) 4 )
Ea o N I | 0
INTRODUCTION: THE QUESTIONS TN Fe [ SERET T OBSERVATIONS: OBSERVATIONS:
ey / UuD 1. m °n \A March 2005 cumUIati‘,’e In northern S!meulue,the uplift occurred !n the 2004 earthquake. TH E WESTE RN TH E EASTE RN
The December 2004 and March 2005 Sunda megathrust > Y P15 N\ R\ uplift In southern Simeulue, the uplift occurred in the 2005 earthquake.
earthquakes nucleated northwest and southeast of v ' In central Simeulue, only a fraction of the uplift occurred. SIMEULUE SADDLE SIMEULUE SADDLE
Simeulue iSland, respectively, and each ru th red 1?41 7.7} ; “//' 4 Q Up 0.5 M — The island's topography shows similar segmentation and suggests
biIateraIIy into the 100—km—|0ng island. Upllft at the -1:)821”M~79) § ’ i that central Simeulue may be a long-lived barrier to earthquakes.
northwestern tip of Simeulue was 1.5 m during the 2004 2004 (M ' 02) . [2002(m,,73) L . ANA! e
earthquake, and uplift at the southeastern tip in 2005 0 o D , D RN ) ~Survey locations ) -
was 1.5 m or more. Uplift associated with each e Ll Simeulue 00 B’ Sanyak | | * cGPS stations
earthquake diminished toward the center of the island, DS e _ SR e 150 islands 0C°“°“”“t:;'a'=25“;00
as did slip on the underlying megathrust, according to " = '1861““ - X N ,/“ 2°N e | —_
slip inversions. Cumulative uplift was as little as 0.5 m 1907 (M ~7.8) N . e up 1.5 m
along the west coast of central Simeulue. Hence, 1797 (M ~8.4) 0 3 \ S\ » _
although the 2004 and 2005 uplifted regions overlap, . B N NN B orted m B ot ol 2008
there is an uplift deficit, or saddle, on central Simeulue. Qj - L P
Rupture during an My 7.3 earthquake in 2002 produced A A 15;;2004
up to ~20 cm of uplift on the west coast of central 100 ¢H% \Marzoos
Simeulue, near the sites of lowest uplift in 2004-2005, N
but even inCIUding that Upllft, the saddle perSiStS. No The Elastic Slip Dislocation Model What coral microatolls can tell us about UPLIFT Eso ; 2005 | - -
events similar to 2002 can be found in the historical i ore-earthquake —# post-earthquake e |
record for at least the previous 94 years. PETWEENEVENTS. porites reEQHLS ! B' Isfands
OO e EQHLS uplift 150 fhd °¢ | | e e il &
The occurrence of the 2002, 2004, and 2005 A ive m alive postEQ i + S'me;’gjeE e . % M growth after die.down | ¢
earthquakes, their relative locations and timing, and i 4 100 - - by s A R PR
their associated patterns of uplift raise important EARTHQUAKE Sb*i_ S Sl N el
questions about rupture boundaries, earthquake === ' 8 QLS i 2005
triggering, and long-term behavior of these patches of post-EQELT O — -
the fault. Why didn't the 2004 earthquake continue distance along profile (km) No 2002 die-down at this site!
southward to encompass the future 2005 rupture? Why
didn't the 2002 earthquake continue farther onto the \ ) ! )
2004 or 2005 rupture planes? It does not appear that
the 2002 and 2004 ruptures extended into regions of § . ; |
recent high slip. Could the rupture terminations have
been controlled by permanent structural boundaries? -
—\b_ The saddle in cumulative slip at the juncture of the 2004 and 2005 ruptures 7 > ” s b s e e
Preliminary analysis of survey data from our 2005 anc OBSERVATIONS: | e 2005 R ;iégse:tﬁi:? Ul OBSERVATIONS: under central SimeU!ue;\avb?:imilartotheBa}u Islfandssegmerl:t, T T e |
2006 field seasons and of X-rays of slabbed Porites cora THE WESTE RN = IS?::(‘_;'S contournteral=25am_} THE EASTE RN a long-lived largely aseismic barrier to rupture during giant earthquakes. - :: SU:T:;M B
microatolls, coupled with a paucity of large historica 10, ——= Bocksal. 203 |
earthquakes in the region, suggests that the centra SIMEULUE SADDLE Sumatra | SIMEULUE SADDLE . -
Simeulue region may experience occasional aseismic slip
events, or that moderate earthquakes (M<7) may . »
account for a significant fraction of the uplift during a
2004- or 2005-type earthquake cycle. L |
. y, 2 - I
N
4 ) Batu 3 A \i\q,\{\\ I
Islands N
Simeulue-Nias Sea Surface Height History 5 "X:;% QQQ Died in A 100-km section of the megathrust at the Equator 4 A X \ -
300 Simeulue ' (% M : ‘ 1999 or 2000 has been a It?arrier jco rupture for at least *<.\
C965E , ., |, 977E ., 98E /x | Vo T the past 4 neighboring giant earthquakes. . S .
‘ D@0 T\ -
| 4R o K
100 L ; N ’\‘ | A\ Died in 2002 B:idzl‘;‘m Large uplift during the My, 7.7 1935 earthquake -6 __mgiat: T \ -
:g q y W / E | | : E \ | _ \\
E o | | | T e e e e ! - T - - T T T 7
§ / | W v/ v I / | @ ccale on xrays: N e oM S o7 o8 %9 100 o1 102 103 04
m-1o.o M V f- 5 w\“\ i 10.cm N——— Modeling of coral and GPS data shows that the Batu islands patch is largely aseismic.
V W | ! N qj ll\)lliaefzigos 3 l*ﬁfiléf'_'l“" 1 ____,.._,:?rf_’;.’—f-.9.'.1.,'_.'.‘.T£¥----_ The largest rupture in this patch since ~ 1750 was an My, 7.7 in 1935.
. .r\ Died in Dec 2004 =L A A L
W £ | - /f /7‘ /7“ Our hypothesis is that the Simeulue saddle, like the Batu islands patch,
0 s o oo T iore ey T ioos om0 o0 Ta00T Taoos Teaos o a00d . P i Yy’ Small uplifts during 3 giant earthquakes ...and 2005 reflects a long-lived region of aseismic slip and moderate earthquakes
Y




