Improved Characterization of Megathrust Supercycles, Mentawal Islands, Sumatra
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Abstract o s

Large sections of the Sunda megathrust have failed progressively over the past decade in a
extraordinary earthqguake sequence. One question of great humanitarian and scientific
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megathrust ruptures,
with some slow slip
between seismic events.

megathrust ruptures,
preceded by a shallow
rupture.
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Data are possibly
sufficient for a time-series
model (see future work).

modeling of interseismic

and coseismic slip before
and between the ruptures
will illuminate spatial and

far, with some slow slip
between seismic events.
At least one more M>8
rupture is expected.

October 2010 shallow
rupture is likely the first
of its kind since the early

temporal variations in
fault coupling (see below).

 —)

|
known to neares decade

_ | reliable hisorical records 1300s.
via U/ThdaYng
Space-time diagram of rupture history for the past 700Map of recent seismic ruptures Can you see this cycle... ...iIn this photo?
years compiled from our research. While Simeulue, of the Sunda megathrust.
the Batu Islands, and Enggano appear to lie above  (Inset) M, S, and J are Myanmar, .
permanent barriers to throughgoing fault fupture, the Singapore and Java. Detal Ied An aIyS|S Of the H IStOFICa| SU percycle Cosismic Upli L ER
Mentawali patch is characterized by temporary barriers _ _ _ _ | 0 &
to rupture. As a result, it breaks in sequences of While northern reefs died completely in the 1797 uplift and no corals survived the sllgt?drsempi;t . e
earthquakes rather than single end-to-end ruptures. 1833 uplift, the total uplift can be inferred in those cases by projecting modern : measrred/projedted b S Modern interseismic 5
Interseismic rates backward in time (right). Observations at ~30 “fossil coral” sites S5an ot I e coupling pattern based on .
and ~30 modern coral sites illuminate interseismic and coseismic vertical g — = /‘ L éc;]rl?; ﬁgf ;I?go%aét)a, from ) |
deformation patterns (below). Time-series modeling using PCAIM will allow more ¥ — %@g/f o dedoun Time-series modeling wil h
guantitative analysis of temporal and spatial changes in coupling patterns (below 1 ot likely: < owen permit the study of )
right). 85 an / Y coupling evolution before ¢
e / — maxrate and during supercycle &
Linear ( .t points)
1797 1833 20th_Century pI’OJeCted / Linear (.t points) rupture SequenCGS, an
Coseismic Uplift Coseismic Uplift Interseismic Rates " maximum: mprovement upon )
P Oseismic Upl - 120 an / static-rate coupling &
88‘ Sg§ sg‘ 6 *65 100 | | | | | | studies.
o 0.1£09 1750 1800 1850 1900 1950 2000 2050 h&, :E'. E:!
o S Sy eeos Example determination of coseismic uplift from interseismic Eh

subsidence rate (vertical scale is in terms of relative sea level, = %
inverted vertical motion.)

-46+2.0

-7.1+1.0

-9.4+4.0
-7.2+£0.7

39x19 e 8253

1.63+0.2

0.37 1.63+0.2 6.6+ 1.0

149+025 © 1.49 + 0.25 ° 78+14 85 L for components #1-4 V eigenvectors for components #1-#4
E)(ample Of a adlal (Dral Slab CUI 2.25110.43 ° 2.63+0.43 ° -10.5 000 > 80 02 k
0.48 ° . 175+ 014 ° o 175014 . o 68409 g :22 T 60 Coseismic Step F Utu re WO r
SRR LS e AN o =0 (Imposed) |
B o] BN A These datasets are su cient to compare
el "j . 0 =0 4mn et y 1700 T7E0 100 TR0 TR0 interseismic rates and coseismic uplift patterns
i D 006 . g/ I . = 400X - “ Pre-1797 EQ over three seismic supercycles, providing
= jes \6 $eos T 1os-017 /070 N et )] ) as = - v Interseismic unprecedented insights into the variability of
_ _ L AN, e | I 4 N ~ o < s [ o SRS U ¥ LS fault behavior and its implications for stress
HLS=Highest Level 19;3”V|Va| T T L o 3 a7:21 N\ o0 . o transfer. After completion of the historical
HT=Extreme LowTide T\ 0 25  50km ]}_\ 0 25  50km y 0 50 km E ‘2123 . 40 \\\/._V Oceanographic SuperCyC|e mOdellng prOJeCt, we Wl” apply the
. . L = : 20 > ° Signal ' B}
Technlques for measumg recent coseismic Brown numbers with Blue numbers are totals Subsidence rates (in mm/yr) ? _gsc >ame technlques to the 16th a.nd :
or postseismic ertical deformation. We uncertainty are totals in whereas black numbers measured over the mid to late 0 200400600 "' 1760 1780 1800 1820 1840 17th-century coral records. This will allow us

meters whereas those
without are minima. Black
numbers indicate total uplift
to be apportioned between
both ruptures. Contour
interval is 20 cm. The tapering
southern end of the uplift
pattern is well resolved.

indicate total uplift to be
apportioned between both
ruptures. Contour interval is
20 cm. The northern end of
the uplift likely tapered off
over Sipora, though it is as
yet unclear how far it
extended.

20th century suggest a peak B0, N
of about 10 mm/yr trending o
along the southwest edge of o

the islands. This pattern is ~200
directly responsible for the

derived pattern of 1833 uplift.

05 to compare the behavior of the megathrust

Post-1797 EQ during that period to its behavior in the past 5

interseismic years, hopeful that the events of the 17th
century will yield insights into megathrust
behavior during the next few decades.

measure net uplif by comparing pre- and
post-earthquake HLS @p), and net
subsiden® by comparing pre-earthquake
HLS o the extreme low tide (bottom).
Adapted from Biiggs et al (2006).

Example of a slab oss-setion, showing
the annual band gowth history and the
corresponding elative sea leel over time.
This cral demonstiates slav interseismic
subsiden@ before and afer a @seismic
uplift event. Fom Naawidjaja et al (2006).
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A preliminary PCAIM model demonstrates how the different
signal sources may be decomposed into spatial and temporal
component pairs.




