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The paleoseismic history of earthquakes along subducƟon 
zones is an important tool to evaluate the cyclic hazards that 
millions of coastal residents are exposed to globally. We use 
litho- and chrono-straƟgraphic methods to correlate turbid-
ites between sediment cores in sedimentologically isolated 
accreƟonary prism slope basins and trench seƫngs. In 12 of 
15 cores collected in the region of the 2004 Sumatra-Anda-
man subducƟon zone earthquake, we interpret the upper-
most turbidite to have been deposited as a result of seismic 
shaking related to this earthquake. Measures of relaƟve age 
(lack of oxidaƟon in the core tops, which can take months to 
a few years) and radiometric age (210Pb and 14C) support our 
interpretaƟon of the uppermost turbidite. P Sequence 
(OxCal radiocarbon soŌware) age modeling results in an age 
of -60 ± 10 cal yr BP 1950 (2010 ± 10 yr AD). These cores 
clearly show the ubiquitous generaƟon of turbidity currents 
from this event. The physiographic seƫng precludes terres-
trial or tsunami derived sources. The only remaining regional 
turbidity current triggers being random self-failure and 
earthquakes. High resoluƟon (~ 25 cm) CHIRP subboƩom 
data can resolve some mulƟ-pulse coarse Bouma Tb-Tc beds 
in the ~three meter thick 2004 seismoturbidite. We find fur-
ther evidence that there may be long-term cyclic repeƟƟon 
of large turbidites similar in size to the 2004 seismoturbidite. 

Using our correlaƟons for the straƟgraphic history spanning 
the last 6.5 ka, we esƟmate recurrence of earthquakes capa-
ble of leaving a turbidite record in the region of the 2004 
earthquake to be 260 ± 160 years. Down-core variaƟons of 
interseismic intervals show similar trends between cores, 
supporƟng our correlaƟons. Recurrence of trans-oceanic pa-
leotsunami records in the northern Indian Ocean is between 
280 and 320 years, consistent with our esƟmate, suggesƟng 
either coincidence, or similar sensiƟvity between tsunami 
and seismoturbidite preservaƟon. 
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Sorensen PGA (g) vs. slope and Rdist

A. We plot envelopes of the PGA content from the Sorensen et al. (2007) model, 
versus slope (degrees), for cores 96, 103, 104, and 108 in green, purple, red, and 
blue respecƟvely. B. We plot PGA content from Sorensen et al. (2007) versus Rdist 
(m). C. Overall sedimentaƟon rate (mm per year) and 2004 turbidite thickness 
(cm) versus PGA modeled by Sorensen et al. (2007).
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Ground moƟon contribuƟons to core 
site source areas

We plot envelopes of A. PGA (g) and B. AI (m/s) 
versus slope (degrees) for four earthquake magni-
tudes M = 6, 7, 8, and 9 with purple, blue, red, 
and green outlines respecƟvely. We use different 
line symbols for four slope cores 96, 103, 104, and 
108 with fill colors green, purple, red, and blue 
respecƟvely.
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These data represent the form of ground moƟon predicƟons 
regressed by Travasarou et al. (2003, equaƟon 12), equaƟon (3) for 
earthquakes of four magnitudes (M = 6, 7, 8, and 9 are purple, 
green, orange, and blue). 

These data represent the form of ground moƟon predicƟons 
regressed by Zhao et al. (2006, equaƟon 1), equaƟon (2) for earth-
quakes of four magnitudes (M = 6, 7, 8, and 9 are purple, green, 
orange, and blue). “Distance” is the shortest distance between the 
ground surface and the fault plane (Rdist).

Ground MoƟon AƩenuaƟon RelaƟons

(Gorum et al., 2011)

Earthquakes and Landslides

Factor of Safety
Stable: RF/DF > 1

Unstable: RF/DF < 1

Slope Stability Force Balance 

Material 
ProperƟes

ElevaƟon 
Model

FricƟon 
Angle

Cohesion

Slope

Factor of 
Safety

Slope

CriƟcal 
AcceleraƟon

Shaking 
Intensity

Newmark 
Displacement

SaturaƟon

Fault 
Geometry

Earthquake 
Magnitude

ElevaƟon 
Model

Slope Stability 
Modeling

Core Depth* Error Age † Error§ Sed Rate # Error**
108 344 1 7,520 490 0.46 0.07
104 445 1 4,290 120 1.04 0.03
103 380 1 6,470 200 0.59 0.03
96 400 1 2,070 150 1.93 0.09
   * Depth of the deepest age in the core, in cm.

   § 95.4% Error in calendar years.

OVERALL SEDIMENTATION RATES

   † The deepest calibrated age in the core with uncertainty reported 
to 95.4% error and reported in calendar years. Calibrated age 
ranges before A. D. 1950 according to Stuiver and Reimer (1998) 
calculated using marine reservoir correction and regional delta R 
offset (ΔR = 16±78). 

   # Sedimentation Rate in mm per year.
   ** Root Mean Square error

Core R.I. (years) S.D. Core R.I. (years) S.D.
108 180 20 108 310 240
104 140 70 104 170 90
103 180 40 103 260 130
96 140 90 96 220 190
all cores # 160 50 all cores # 250 180

   † R.I. is calculated by averaging the R.I. calculated at

  RECURRENCE  INTERVAL  (RI) ESTIMATES
Oldest Age/T-# * Mean (Interseismic Time) § 

   '* R.I. is calculated by dividing the age of the oldest 
turbdidite in each core by the  regional T number for that
core.

of this table.
   § R.I. is calculated by averaging the interseismic interval

   # The mean for "all cores" is the mean of the ages in that 
column (and an rms calculaƟon of the standard deviaƟon).

each turbidite that is calculated in the first three columns 

in each core.
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Seismologic Observations
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Core 96TC is scaled to 96PC and graphi-
cally spliced above 96PC to generate this 
composite core 96PC/TC. Moment 
release (vs. laƟtude) in red (Chlieh et al., 
2007) and relaƟve amplitude (vs. Ɵme) 
in green (Ishi et al, 2007), brown (Ni et 
al., 2005), and orange (Tolstoy and 
BohnensƟehl, 2006) are ploƩed on the 
right, and scaled on the leŌ, to match 
peaks in the loop ms data from compos-
ite core RR0705-96PC/TC. Thick grey 
Ɵe-lines correlate the beginning of seis-
mic peaks with each other and with base 
of peaks in the core geophysical data. 
Grey rectangles denote the correlaƟon 
of the major pulses in the core geophysi-
cal data and the maxima for the seismic 
data. The rectangles are labeled with the 
laƟtude of the center of each slip patch 
maxima for the Chlieh et al. (2007) inver-
sion model G-M9.15 (their figure 9).

Comparison with Seismologic Data

108 107 105 104 103 102 98 # 96 95 94 #

1 P_sequence 96PC 60 150 xx -- -- xx -- xx xx xx xx xx
2 R_date 104TC 410 250 -- -- x xx -- xx -- xx -- --
3 Combine 96PC,104PC 640 110 xx x x xx xx -- xx -- --
4 Combine 103TC,103PC,104TC,104PC 760 110 -- x x xx xx -- xx -- --

----xx--xxxxxxxx071078citehtnyS5
----xx--xxxxxx--081089citehtnyS6

7 Combine 96PC,104PC 1,090 140 -- x x xx xx -- xx -- --
----xx--xxxxxx--012022,1citehtnyS8
----xx--xxxxx----002073,1citehtnyS9

10 Combine 103TC,103PC,104PC,108TC,108PC 1,510 110 xx x x xx xx -- xx -- --
11 Combine 96PC,103TC 1,630 140 -- x x xx xx -- xx -- --

----xx--xxxxx--002047,1citehtnyS21
----xx--xxxxx--032078,1citehtnyS31
----xx--xxxxxxx002099,1etad_R41
----xx--xxxxxx--081080,2citehtnyS51
----xx--xxx------021061,2CP69etad_R61
----xx--xxxxxx--091062,2citehtnyS71
----x--xxxxxx--012063,2citehtnyS81
------xxxxx----002074,2citehtnyS91

20 R_date 103PC 2,580 160 -- x x xx xx -- -- --
21 Combine 103TC,103PC,104PC,108PC 2,750 100 xx x x xx xx -- -- --

----------xx042009,2citehtnyS22
----------xx082070,3citehtnyS32
----------xx062052,3citehtnyS42

25 R_date 108PC 3,430 130 x x -- -- -- -- --
26 R_date 108PC 3,940 160 x x x x -- -- --
27 R_date 103PC 4,000 140 x x x x -- -- --
28 R_date 103PC 4,790 70 x x x x -- -- --
29 R_date 108PC 4,810 60 x x x x -- -- --

------xxxx041078,4citehtnyS03
xxxx081079,4citehtnyS13
xxxx091060,5citehtnyS23
xxx081061,5citehtnyS33

34 R_date 108PC 5,250 120 x x x
35 R_date 103PC 5,550 120 x x
36 R_date 103PC 6,050 130 x x
37 Combine 103PC,108PC 6,450 150 x x

   * (1) R_date ages are the result of using the Sequence command in OxCal. (2) Combine are ages based on the "Combine" function in OxCal. (3) 
Synthetic ages are based on the "Date" command in our OxCal age model. Synthetic ages are not attributed to any "source" core.

   † Calibrated age and errors reported to 95.4% error and are reported in calendar years. Calibrated age ranges before A. D. 1950 according to 
Stuiver and Reimer (1998) calculated using marine reservoir correction and regional delta R offset (ΔR = 16 ±78). 

   § The more certain that a regional turbidite is present in a given core is designated xx. The less certain that a regional turbidite is present in a 
given core is designated x. The absence of a correlated turbidite is designated --.

   # trench cores with sediments of low dynamic range, or greater coring deformation, are correlated with lesser certainty.

RADIOCARBON AGES AND PRESENCE/ABSENCE FOR REGIONAL 
TURBIDITES IN THE 2004 SUMATRA-ANDAMAN  SUBDUCTION 
ZONE EARTHQUAKE REGION

Regional 
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ploƩed vs. depth with blue dots, alongside core data. 
Regressions are ploƩed for some cores. Core data 
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Correlated Turbidite 

Stratigraphic Tie Line
2004 Region Turbidite Age
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StraƟgraphic CorrelaƟon

Core Sample Name Lab 
Age

Error Calibrated 
Age

Error Sequence 
Age

Error P_Sequence 
Age

Error

96PC RR0705_96PC_206_208_SUM-227 480 20 -30 60 50 160 60 150
102MC RR0705_102MC_065_075_SUM-249 460 20 40 40 50 60 na na

RADIOCARBON AGES UNDERLYING THE UPPERMOST TURBIDITE IN CORES 96 AND 102.
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RR0705-96PC Core Site and Seismologic Record

A. Core sites 96 and 95 are ploƩed as orange dots. ElevaƟon contours are in 
meters. Intermediate contours of 3,360 m and 3,340 m depict the shape of the 
basins. The CHIRP seismic profile is ploƩed on the map as a yellow line cross-
ing the core 96 core site. B. The CHIRP seismic profile crossing the basin at 
core 96. The core length of 96PC/TC is ploƩed in brown. Turbidite boundary 
interpreted in seismic data is overlain in transparent brown. 
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G. Core sites 103 and 104 are ploƩed as 
orange dots, with the core depth in 
meters. Intermediate contours of 3,475 m 
and 3,080 m depict the shape of the 
basins. Core 105 is ploƩed with the core 
depth in meters. Core 98 is ploƩed with 
the core depth in meters. Core 94 is plot-
ted with the core depth in meters. 
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Shaded relief 
map showing 
core sites 108 
and 107 as 
orange dots. 
Cores are 
labeled with 
their core 
number and 
the seawater 
depth at the 
core sites in 
meters. 

Core locaƟons (orange dots) on bathymetric map. Slope basin and trench source areas 
(orange) were determined by outlining drainage divides surrounding all submarine topog-
raphy contribuƟng potenƟal gravity flows to a given core site.
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