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Calculation of Theoretical Strain Seismogram by
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The great Sumatra-Andaman earthquake of December 26, 2004 is studied by using
extensometer (strain-meter) as very-broard-band seismograph. We analyze the strain seis-
mograms obtained by 100 m extensometers installed at Matsushiro Seismological Observa-
tory, Japan Meteorological Agency. We compare the observed strain seismograms with
those calculated by normal mode theory and obtain fairly good agreement between the
observed and calculated seismograms for a five-sources model with a moment magnitude of
9.3 and a source duration of about 600 sec. We find a peculiar strain change right after the
passage of Rayleigh wave in the NS component of the strain seismograms. This strain
change cannot be explained by the summation of normal modes and double-couple type
sources.
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AwsZ ETMy=9.0icZEL”. L LRERD ) —<VE—F2 b My=9.3 Tho7zk\»
JRFFED % 2T 5 (Stein and Okal, 2005), F72#BER, TNV OKEE L w7
i LT\ 5 (Bl 21X Ammon et al,, 2005 ; Ishii et al., 2005 ; Ni et al., 2005 ; Park et al,
2005),

29 LEXBECERAMOWEIFIAR SIS 2, BEE A LT 5 LEEES STS
-1 DEERHESTFHE L B 0.1 825 360 ETTH 2, 22 T2 ) LEEXMEZEHT 2

IR ERIR O falloff 3% WEHOFHIE 2 5115,

R TRIRRORF TR EBRBE 12 5RE S 72 100 m AHEMIETIC L > TEE e
2004 ££ 12 A 26 H Sumatra-Andaman MiENEMERF &, /—<LE— FDOELEbEIC L
D EEHYIC AR E N7 BHERTE 2 RHER CHIE T 2 2 L TZOMBIZOWTHENS,

II. SREls &HE

R[S HEBBIZEICHE S 172 100 m A2EMMER (6 36 B 324 35 B, 3% 138 12
25 %), madb - 3P 2 B R 7z, sk A moMEkERHE N 02°W, RS EoEstiE E02°
N #Mw»wTWw3

AHF SR TIE 2004 4F 12 426 H 2 %84 L 7z Table 1. Harvard CMT Solutions of the
Somatra Anduman 8, 186127386 A i
Macquarie BT THE L 72 EIC L A EHE

BHEHATWS, ZNLDMENDERL LT Harvard CMT Sumatra ~ Macquarie
Harvard Centroid Moment Tensor(CMT) fi##% Date [y/m/d] GMT 2004/12/26 2004/12/23
Fvd TNEROMED 7 x—5 5 Hou ! e
Table 1 12”7, Minute 1 59
Second 8.96 30.92
. /=< E—FEHICL EREN Lat. N [deg] 3.09 4991
BEEOE Lon. E [deg] 94.36 161.25
BREEFZ 12 B 1 % Gilbert and Dziewonski Depth [km] 250 273
(1975) ORE, 0, ¢ 1= & D BRI EIBS L ——— = -
Half duration [sec] 95.0 26.7

TKFEZEE L2, 22 TlE B EoEE
o/ —2IE—FEER&bEEEZEKL 72

Moment tensor [10% dyn-cm]

M 1.040 0.0108
(FERT, 1999 : #H, 2005). Harvard CMT f#i3 M 0.427 0.0874
it Y. .

EET NV PREM (Dzi ki and And )
A (Dziewonski and Anderson M, 20.610 -0.0982
1981) % A \v» THRE 2 LT\ 5% %%, Sumatra- M, 2.980 0.0488
Andaman i & IMUEEI M oRE (Fig.1) % M, -2.400 -0.0317
ZREL, HERETNVELTEET LD 1066 A (Gil- M, 0.426 -0.120

bert and Dziewonski, 1975) & w72,
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IV. 2004 ££ 12 A 26 B Sumatra-Andaman #Z2(- & 3 EHEiRT

Harvard CMT % W CHEBREHMBRE 2 5TE L2, B8RS (BR) & Harvard CMT T
5.2 6117z centroid DALE 2 Fig. 11y, HEREFZ2AHRT 2BICHREERE 7/ (Akiand
Richards, 2002) # Joic L 7z duration time #EA L 7z, duration time #Z{b &7z & 2 5, 150
sec M & ZBBPELERIC A L CTIRIE, MAEA L (& -7z, Figs. 2, ZIF BB EIE T & duration
time=150sec & L CFt& L 2B & Ol % NS, EW £8ac i L ORT, HEinEHE
Wi I BEBTHES N TW S, /N> F2927 4 VP —I3 Harvard CMT OPRZEIZFH - 5 1L
72 300 sec 72 & (S, DEFEH 3233 sec & &ir 300-4000 sec &\ 5 FEAE ZHEH L 2. EW HK4
IZBWTEHIEREE CEREREFIZ L CE->TWwa Y, NSESTIEZG1I+R1, X3+G2, X4+
G 3 DIRIE - AL E - T,
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Fig. 1. Location map. The solid triangle is Matsushiro Seismological Observatory
(MAT). The solid star is the centroid of the 2004 Sumatra-Andaman earthquake from
Harvard CMT solution. The solid line is great circle.
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Fig. 2. Comparison of the observed (solid line) and synthetic (dashed line) strain

seismograms (EW component).
centroid time of Harvard CMT solution.
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The pass-band is 300—4000 sec.
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Fig. 3. Comparison of the observed (solid line) and synthetic (dashed line) strain

seismograms (NS component).

The zero of the time axis coincides with the

centroid time of Harvard CMT solution. The pass-band is 300—4000 sec.
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V. 2EEBRICH T 32 EREMERE

Sumatra-Andaman HiE TiZ 1200~1300 km & \» 5 & CHIEEE S -7z L SN TEY

(Ammon et al., 2005 ; Kriiger and Ohrnberger, 2005), 4EiT & " NS B o E SO EE D

Sumatra-Andaman HEIZ B W TTN o 72 & SN2 BEHHER (centroid) TIZTRE TV WD
TlxZ v k&2, BRZEEME LS L EREMERELZHAEL 2.

ZOBICEBIR D7 A —% & LT Tsai et al. (2005) i2 & » TH2 5N BELXHW, 5 H0E
¥ (Table 2, Fig.4) #5272, Tsaietal.(2005) T2 26 DEESY 5 My=9.31 &\ EZH
LTw5,

Z 2 bEME S N EE AN S BRBE O g % Figs.5, 6l L7z, 22 THRED
EW Bz B W TIZIRIE - MM & bz k (Ao72, NSEGIZDOWTZ EW BGIZ EA-72 k13
2% wHEER (Fig. 3) It THEEN2, SIVEULLEERERZEZZ5Z T2 bickw
FMERTFLTEMEYDH 5.

T2 1 BOBRNEA, b5 HMOBRAGEZNEIUIBEWT, BRIEEE CEREREENED
HIEf% 7 — 7 # TEl- 724 D (Table 3) 2 WE—FD BZ L Lz, ZOEIVREWIIE 22D

Table 2. Parameters of the five-sources model taken from Tsai et al. (2005). A

composite solution (Comp) obtained by summing the moment-tensor components
of the individual sources is also listed.

Source Strike [deg] Dip [deg] Rake [deg] Moment My,

1 318 6.4 94 0.318 8.94
2 345 6.3 109 0.387 9.00
3 343 5.8 95 0.275 8.90
4 15 8.4 132 0.105 8.62
5 35 8.1 155 0.081 8.54
Comp 343 6.1 107 1.15 9.31

The depth of all sources is constrained at 25 km.

Moment is in units of 10°° dyn-cm.

Table 3. Comparison of average residuals between CMT source and Multi source
(five-sources model) (Tsai et al., 2005).

Component Time [sec] Average Residual [107'%]

CMT source  Multi source

NS 0-3000 5.602 4.824
0-14000 3.307 3.018
EW 0-3000 6.376 4.501

0-14000 4.302 3.580
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BRIE—HLTnd, ZZ26EEMICL 1ALV EATERE2E 272 E20F L vEn
FEFRE o T,
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Fig. 4. Locations and focal mechanisms of the five CMTs from Tsai et al. (2005).
Also shown in the figure are the moment magnitudes of the five sources. The
sizes of the beach balls are proportional to their moment magnitudes.
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Fig. 5. Comparison of the observed (solid line) and synthetic (dashed line) strain
seismograms (EW component) using the 5 sources in Fig.5. The zero of the time

axis coincides with the centroid time of Harvard CMT solution.

is 300—4000 sec.

The pass-band
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Fig. 6. Comparison of the observed (solid line) and synthetic (dashed line) strain seismo-

grams (NS component) using the 5 sources.

The zero of the time axis coincides

with the centroid time of Harvard CMT solution. The pass-band is 300 —4000 sec.
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Fig. 7. Location map. The solid triangle is Matsushiro Seismological Observatory
(MAT). The solid star is the centroid of the 2004 Macquarie earthquake from
Harvard CMT solution. The solid line is great circle.
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Fig. 8. Comparison of the observed (solid line) and synthetic (dashed line) strain

seismograms (EW component).

The zero of the time axis coincides with the

centroid time of Harvard CMT solution. The pass-band is 300—4000 sec.
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Fig. 9. Comparison of the observed (solid line) and synthetic (dashed line) strain

seismograms (NS component).

The zero of the time axis coincides with the

centroid time of Harvard CMT solution. The pass-band is 300—4000 sec.
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VI. 2004 £ 12 B 23 H Macquarie #12(C & 3 EHEiRTE

Sumatra-Andaman MEIZ 81T 2 HEHEEE L BREEFON—EDERE % 8 5 72912 [ #
W CTEIER S 1172 2004 4 Macquarie HiE (M, =8. 1) I2 D W THREREZHE L, BUERE
L L7z, AJ1oe7 A—2 1% Table 1 12f& L 72 Harvard CMT & T® 5., 7z centroid & #
Bl E A& % Fig. 7T12R7.

PSRBT & BBER O L 2 Figs. 8, 9I12RT. ZHIZIRIEBICZDDEWNZH 555 NS,
EW izl & < AB L7z, 727222 TH EWEG & D & NSEGDFFEoE&bk vl vz
%, L7 L Sumatra-Andaman H3ED NS DA —E DR RS AFIE TH 270 75 LD
BEECRERERNZOAEMERFOTEGICL 23D T Lhtbh o7z,

!

VI &%

NS&%@&%ﬁAb&uﬁ@ﬁi?—&:Bwfkﬁﬁ%éfm?u&m#k%z,é?—
FIERMUI L ED v eFoy 7Lz 25, BMBELZ->TwE NSESITIZBEEIR L,

B DEFIRED 72 ) Db TR TRED 2RV IN T2 Z L HBAL 72, 12 A 26 B 15 34 4
(GMT) @iz 3 Iz bz ) A—DELSFEHES N T/, Lo LEHENEFIC BT 2 BAIRIEA
ED 3 EEFE—DEICEE#RE, 300—4000 sec D7 4 VT —E T BRI, TOERTEWRFIC
7 4 N —FpT 20 EITEL L v, ko TR TIT-> T 28I B W TE 2 DIk
DT & RIS HR D S I 72,

ViIl. % & )

Sumatra-Andaman HEIZ B\ CHEREMEBEWRE 2485 L, [KETREHERNZEOMIEC
I D BB S N BB L gL 72, Harvard CMT &% F V725 &R RICB VT, EW &Ko
IZDOWTIF L CHBATE 2 NS B & Trc BBl TA Z i3 TE o7z, L LZEER?Z
FAWizZ ETCNS G OR—ETH 2 RBEWE I N2 erb, BREZEZALIZLETELIZLEL
BMEATE %9 Th . F72 Macquarie HEIC & 2 BHIERTE r HRERBORIT L AL 7
Z &% 6 b Sumatra-Andaman HEIZ L 2 EEOR—BDRERERIZ DHENKE E, BIFEFE,
R, B RfHENES L CIERT 5 LR TE 5,

HE RERBPEESEFRHMBEANIICEOESTEEREN L LICEHEEL . BRE
BhB%, NUEZEEE D 5 AT ~DERMOBSFHE £ L2, SREEHER, SERmEE,
FIIRRRE D b DEFTOBILFHHER & L TOFAIZOWTH ZERIZFEFIC & > THAIC
) E L7, T—7F DB T 2005 FEMEN RS (BBIFEG) [EEMEDRHM
BESHEOER LG 7 X —F OHEEICE T 2] (FefRE  HaZE) e w2,
BRI 7.
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