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Figure 1. World map centred along the 180th meridian. marking the mptures of interplate earthquakes (37 > 8.5) from 1906 to 2012, numbered b 18'00 17'00 1&0 19'00 2600
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Fig. 1. Recent seismic ruptures of the Sunda
megathrust, offshore of Sumatra, delineate highly
coupled large (pink, green, and orange) and weak-
ly coupled small (yellow) patches. The September
2007 sequence involved partial rupture of the
Mentawai patch, which last broke in 1797 and
1833. B (Bulasat), Sm (Simanganya), and Sk (Sikic)
indicate principal paleoseismic sites. Adapted from
(1, 3,5, 12, 15). (Inset) M, S, and ] are Myanmar,
Singapore, and Java. The red line is the Sunda
megathrust.
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Fig. 2. Histories of interseismic submergence and coseismic emergence through seven centuries at
sites (A) Bulasat, (B) Simanganya, and (C) Sikici. Data constrain solid parts of the curves well (fig.
S4); dotted portions are inferred. Emergence values (in centi s + 20} are red. Interseismic
submergence rates (in millimeters per year, + 2¢) are blue. Millennial emergence rates are black.
Vertical dashed white lines mark dates of emergences. Red arrows at bottem highlight the timing
of the failure sequence for each supercycle.
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Fig. 3. Four ememgence episodes of the past seven centuries. Each episode
wnsists of mare than one major event. (A and B) Emergence amounts are below
the year of emengence (+20); colors indicate proposed event correltions. (O
Emergences atiributed to the 1797 and 1833 earthquakes are brown and blue,

respectivety. (D) Uplift values for the 12 to 13 September 2007 sequence are red
{GPS) and blue (coral). Contours of uplift in blue and green show the amounts
attributable to the M,, 8.4 and M, 7.9 events, respactively (SOM, including table
51). The 2007 events probably herald the beginning of the next failure sequence.
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Figure 15 — Calibration of radiocarbon samples taken from the top of the peat layers
submerged following co-seismic subsidence. Diatom analysis shows peat Z, peat B and Peat
C (open histegrams) de not record co-seismic submergence. All dates from in situ plant
macrofossils or tree stumps rooted in a peat layer. Calibrations based on OxCal v3.10 (Reimer
et al, 2004) (Ramsey, 2001). Shaded areas indicate 95% probability age range of great
earthquakes ~800, ~1500, ~2100, ~2500, ~3200 and ~3800 cal yr BP.
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L (a) Seismicity from the NEIC catalog around Japan from 1973 to 2011 prior to the 11 March
2011 Tohoku-Oki earthquake with m, > 5.5. Hypocentral depths are indicated by the color scale,
and symbol size increases with seismic magnitude. The magenta rectangular region indicates the SLSR.
The black rectangle indicates the zoomed-in region in Figure 1b. (b) Map showing the location of the
Sanriku low-seismicity region (SLSR), and schematic rupture zone of historic large earthquakes along
the northeast Honshu coast [ERC, 1998] with blue dotted ellipsoidal shapes and a gray dotted shape for
the 1896 tsunami earthquake source area [ Tanioka and Satake, 1996] updip of the SLSR, respectively. Slip
contours of I, 10, 20, 30, 40, and 50 m for 2011 Tohoku-Oki rupture model of Yue and Lay [2011] are
shown along with a red star for the USGS/NEIC epicentral location. The darkly dotted ellipse indicates
the approximate location of the 896 Jogan tsunami source region [Minoura et al., 2001]. The dashed curve
indicates the position of the trench.

1975F ~2011FE(IZHITHMELLU LD ERD i LB EFEE (SLSRD AL E

(Ye et al.(2012))

Figure 12. Schematic map of the Japan megathrust fault showing the distribution of rupture zone of
historic large events and the 2011 Tohoku earthquake (large blue regions), and aftershocks (small blue
regions) along the megathrust from Japan Trench. We plot the southern end of the 1896 rupture zone as
extending to about 39°N, north of the aseismic zone seen in Figure 2e, consistent with the southern extent of
the tsunami model of Aida [1977] and the region of strong inundation on the Iwate coast indicated by
Hatori [1974]. The convergence velocity of the Pacific Plate is indicated by a yellow arrow. The magenta
region highlights the SLSR on the megathrust. The SLSR is largely aseismic, but does have modest-size
patches of seismogenic regions downdip, including the off-Kamaishi repeater zone. The shallower portion
of the SLSR is almost devoid of moderate-size thrust events, but seismic activity is high in the 1896 rupture
zone region further updip.

BE{E = D BRI RE X
(Ye et al.(2012))
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. Magnitude
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v 56789

34° & . [ ' Fig. 4. Schematic figure showing the distribution of the hierarchical

35

structured asperities at Tohoku. The circles show asperities that have

; : z internal structures. The arrows indicate aseismic slip. The dashed bold
Fig. 1. Hypocenters of mainshock and aftershocks in a 24-hour pe- P

riod for the 2011 Tohoku earthquake (black circles) and aftershock ar-
eas for M = 7 earthquakes since 1926 (green lines, Uchida er al.,
2009). Hypocenter data are from the Japan Meteorological Agency. Red
dashed line shows down-dip limit of the Philippine Sea Plate (Uchida er
al., 2009). Thick pink line shows the western limit of interplate earth-
quake distribution from Igarashi et al. (2001) and Uchida et al. (2009).

201 1 BR AL 75 K T 5 i b B2 £ 24 B ]
DES A (BAN) L1926 F LIRFICRKE
L=M7 L L DFREE (5 OBRE%
(Uchida and Matsuzawa (2011))

Fig. 2. Interplate coupling coefficient estimated from small repeating
earthquakes for the period from 1993 to March 2007 (color). Distri-
bution of small repeating earthquakes (black dots) and coseismic slip
area (contours, linuma et al. (2011)) are also shown in this figure. Bold
lines denote the down-dip limit of interplate earthquakes (lgarashi et
al., 2001; Uchida et al., 2009) and the trench axis. Dashed bold line
denotes northeastern limit of the Philippine Sea plate (Uchida er al.,
2009). The averaged coupling coefficient is estimated for every 0.3 de-
gree by 0.3 degree windows that have three or smaller repeating earth-
quake groups. The red star indicates the hypocenter of the 2011 Tohoku
earthquake. Stars marked by M, F and A indicate the hypocenter of the
2005 Miyagi-oki earthquake (M 7.2), the M 7.3 earthquake on March
9, 2011 and the largest aftershock on March 11, 2011 (M 7.7), respec-
tively.

line shows the NE limit of the Philippine Sea plate and the dashed thin
line shows the down-dip limit of the interplate earthquake. The area
between the down-dip limit and the Japan trench has both seismic and

aseismic slip.
TAN) T4 DEBHEENRAR

(Uchida and Matsuzawa (2011))

19935 ~2007FIZHITH/MEYRLHIET—205
HEINDHYTY2 4 FE (Uchida and Matsuzawa (2011))
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Figure 1| Time series of east-west deformation at GPS stations in the Tohoku district. (a) Selected GPS stations (orange squares) and M,, 6-8

earthquakes (green stars) in the index map. (b) Original time series of east-west deformation obtained from the GEONET F3 solutions®* at the stations and
the effects of the M, 6-8 earthquakes (green lines). (c) Detrended time series obtained by removing the regular trends in 1996-2001 (solid red lines),
annual variations and earthquake effects. These time series deviated from the zero lines around 2002 and accelerated at the time of the 2003 or 2005

earthquake (green lines).
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Figure 2 | Distribution of total deviati and the result of a two-source

inversion. The red and purple contours represent the distributions of the
forward slip by the very long-term transient event and the backslip by the
northern source, which were obtained through the two-source inversion of
the total deviations (pink arrows). The black arrows denote synthetic
deviations computed for the inversion result. The co-seismic slip
distribution of the 2011 Tohoku earthquakeB is also displayed with the
epicentre (white star) and Japan Trench (dark green line). The black bar at

the bottom right denotes 100 km.
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seismicity region) ) M7FET 5 (Ye et al.(2012)),
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Figure 12. Schematic map of the Japan megathrust fault showing the distribution of rupture zone of
historic large events and the 2011 Tohoku earthquake (large blue regions), and aftershocks (small blue
regions) along the megathrust from Japan Trench. We plot the southern end of the 1896 rupture zone as
extending to about 39°N, north of the aseismic zone seen in Figure 2e, consistent with the southern extent of
the tsunami model of 4ida [1977] and the region of strong inundation on the Iwate coast indicated by
Hatori [1974]. The convergence velocity of the Pacific Plate is indicated by a yellow arrow. The magenta
region highlights the SLSR on the megathrust. The SLSR is largely aseismic. but does have modest-size
patches of seismogenic regions downdip, including the off-Kamaishi repeater zone. The shallower portion
of the SLSR is almost devoid of moderate-size thrust events, but seismic activity is high in the 1896 rupture
zone region further updip.
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g. 1. Hypocenters of mainshock and aftershocks in a 24-hour pe-
riod for the 2011 Tohoku earthquake (black circles) and aftershock ar-
eas for M = 7 earthquakes since 1926 (green lines, Uchida er al.,
2009). Hypocenter data are from the Japan Meteorological Agency. Red
dashed line shows down-dip limit of the Philippine Sea Plate (Uchida et
al., 2009). Thick pink line shows the western limit of interplate earth-
quake distribution from Igarashi et al. (2001) and Uchida et al. (2009).
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Fig. 2. Interplate coupling coefficient estimated from small repeating

earthquakes for the period from 1993 to March 2007 (color). Distri-
bution of small repeating earthquakes (black dots) and coseismic slip
area (contours, linuma et al. (2011)) are also shown in this figure. Bold
lines denote the down-dip limit of interplate earthquakes (lgarashi er
al., 2001; Uchida er al., 2009) and the trench axis. Dashed bold line
denotes northeastern limit of the Philippine Sea plate (Uchida er al.,
2009). The averaged coupling coefficient is estimated for every 0.3 de-
gree by 0.3 degree windows that have three or smaller repeating earth-
quake groups. The red star indicates the hypocenter of the 2011 Tohoku
earthquake. Stars marked by M. F and A indicate the hypocenter of the
2005 Miyagi-oki earthquake (M 7.2), the M 7.3 earthquake on March
9. 2011 and the largest aftershock on March 11, 2011 (M 7.7), respec-
tively.
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Figure 1. Index maps. (a) Major seismotectonic features of the central and south-central Andean fore-
arc. Rupture segment of most recent, major (M > 8) subduction earthquake [Beck and Ruff, 1989; Comte
and Pardo, 1991; Lomnitz, 1970, and references therein]. Note that distinct promontories seem to occur
systematically at rupture segment boundaries. LOFZ, Liquifie-Ofqui fault zone. (b) Location of the
Arauco peninsula and study area. Major Quaternary faults compiled from references in text.
Seismotectonic segments, rupture zones of historical subduction earthquakes, and main tectonic features
of the south-central Andean convergent margin. Earthquake ruptures were compiled from Campos et al.
[2002], Comte et al. [1986], Kelleher [1972], and Lomnitz [2004]. Dashed white line denotes edge of
>1.5 km thick sediment fill in the trench. Data on Nazca plate and trench from Bangs and Cande [1997]
and Tebbens and Cande [1997]. Segments of the Chile Rise subducted at 3 and 6 Ma from Cande and
Leslie [1986].
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Figure 8. Profile of surface and crustal structure along the Arauco peninsula. Surface profile with
maximum topography along swath shown by shaded rectangle in the center of the map. Fault dips are
only apparent because of vertical exaggeration. Seismicity and focal mechanisms of the ISSA [Bohn,
2004; Bohm et al., 2002; Bruhn, 2003] and TIPTEQ [Haberland et al., 2006] local networks. Depth of
the Tubul and Caiiete formations from ENAP boreholes and exposed sections in the field (see Figure 6).
Contours in the blue region labeled Nazca plate represent the top of the slab projected from 10 km
spaced, parallel lines in the area of the map (2 km contours also shown in the map). Slab geometry from
Tassara et al. [2006]. Shallow structures from the northemn sector integrated from seismic reflection
profiles described by Melnick et al. [2006a]; southern sector from profile ENAP 28 (Figure 7). Gray focal
mechanism from U.S. Geological Survey National Earthquake Information Center catalog (21 May 1990,
M,, 6.3, 5 km depth).
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Figure 9. (Right) Seismotectonic setting of the Sumatra—Andaman subduction zone showing rupture areas (shaded) of significant earthquakes.
(Left) Their spatial and temporal rupture estimates. Faults marked on the overriding plate are EMF. WAF, SFS and ASR (from Natawidjaja™). His-
torical earthquake ruptures are shaded in grey (from refs 18, 53 and 55): the 2004 and 2005 ruptures are in red and yellow respectively (from Chlieh
et al.”"). EMF. Eastern Margin Fault; WAF, West Andaman Fault; ASR. Andaman Spreading Ridge: SFS. Sumatra Fault System.

ARISB~TUARVHEERICHE THBEDMMEREERE
(Rajendran (2013) [C—E&fi0EE)

HsErEn



FEIBEIBFERE (H28.7.8) 65

1. %4F 4.2 BFGEORKRIT 4. 2. 8 HADEXRMELDOLLER SR pS0 B8
4. 2. 8(1)WIRIGREDOEInDEFTE : AR EFRTRELEEEXMEICEAT SRR (2.72)

Tang et al.(2013)(&, 2004 FERA TS ~T U A I MEDFESEHE20056FENMEDHKAEBEBOEREOMTEEIZDOLNT, PEEEEEIZLS
DHMD, BEREHIZIZFEVEEEMBNEEL, D BIEEBEO/N)T7ELTERT HRIREELAHHEL TN,

sSwW Distance (km) NE
120
ry T, \ \\ Ay
e 4 Tt " \ ‘\ q TOC depth below sea leval (km)
: N =
b -’ o
p= 8 10 12 14 16 18
£ |
®
a

forearc basin &

Depth (km)

Figure 4. Cartoon illustrating the segmentation of the
2004-2005 megathrust rupture in the Sumatra subduction
zone around Simeulue Island. The accretionary complex
removed for simplicity. CRZ: coseismic rupture zone; SP:
Sunda plate. Other labels same as in Figures 2 and 3.
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Figure 3. Velocity cross-sections extracted from the velocity model inverted from the first-arrival travel-time tomography
(contoured at 4, 6, 7, and 8 km/s). Relocated earthquake locations are plotted within +10km of Line 1-4 and 45 km of Line
5-6. Thick black lines: top of the backstop; Solid white lines: the TOC constrained by the MCS data; Dashed white lines:
unconstrained TOC; Dashed purple lines: possible oceanic Moho interface approximated by the 7.6 km/s velocity contours;
Thin red lines: intersection location of velocity cross-sections; ‘sim. is.” = Simeulue Island, SB = segment boundary. Other
symbols and labels same as in Figure 2.
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plate

sormpryen |
50 mm per year
I

Australia

-20°5 [} | I I
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m— Fault =3 Australian-Sunda plate velocity
=== Indian-Eurasian plate velocity == Sunda-Eurasian plate velocity

=3 Australian-Eurasian plate velocity =3 Sumatran forearc-Sunda plate velocity

AXLSRABDTL—bTFIR=IR
(McCaffrey (2009) )

ARNSE~TUEIY
(McCaffrey (2009) )

EEAEDO

BR(TUITUE) ORHEELN

== Fault
A Volcano

Abbreviations

Bl: Banyak Islands

BF: Batee fault

MB: Mergui Basin

MF: Mentawai fault

SF: Sagaing fault

SFS: Sumatran fault system
SS: Sunda Strait

WAF: West Andaman fault
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Abbreviations

AB: Australian-Burma motion
AE: Australian-Eurasian motion
AS: Australian-Sumatran forearc motion
AT: Australian-Trench motion (component
w of convergence across subduction zone)

50 mm
per year ] BE: Burma-Eurasian motion
SE: Sumatran forearc-Eurasian motion
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Figure 9. (Right) Seismotectonic setting of the Sumatra—Andaman subduction zone showing rupture areas (shaded) of significant earthquakes.
(Left) Their spatial and temporal rupture estimates. Faults marked on the overriding plate are EMF. WAF. SFS and ASR (from Natawidjaja™). His-
torical earthquake ruptures are shaded in grey (from refs 18, 53 and 55): the 2004 and 2005 ruptures are in red and yellow respectively (from Chlieh
et al.*"). EMF. Eastern Margin Fault;: WAF, West Andaman Fault; ASR, Andaman Spreading Ridge: SFS. Sumatra Fault System.
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Fig. 1. Seismic activity in Japan and its vicinity. a: Seismic segmentation used in the official earthquake forecasting*® of the Evaluation of Major i - ! {
Subduction Zone Earthquakes by the Headquarters for Earthquake Research Promotion. The historically largest earthquake in cach segment is 1960

indicated. b: Epicenters of carthquakes (yellow symbols classified by magnitude) from 1950 to 2010 with magnitudes given by Japan Meteorological
Agency equal to, or larger than, 6.0 and focal depths equal to, or shallower than. 60 km. Trenches and troughs near Japan are illustrated by red curves.
The 2011 Tohoku-oki megathrust earthquake ruptured the area circled by the solid ellipse, where along-dip double segmentation (ADDS) is obvious.
Along-strike single segmentation (ASSS) can be found in the Nankai Trough, where little recent seismic activity has been observed. Such regions are
often called seismic gaps. ‘hllp‘ fiwww.j-shis.bosai.go.jp/map/?ang=en (2010).

HAE DD EEE (Koyama et al.(2012))

Fig. 2. Seismic activity along the Chilean subduction zone.

located by Engdahl ef al. (1998) are used from 1900 to 1972. From 1973

5 3 3
“http://earthquake.usgs.gov/earthquakes/eqarchives/epic/epic_global .php.

2011,

2av),
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80w

We notice sparse seismicity prior to the 1960 and 2010 great carthquakes
(seismic gap) and a narrow seismically active area along the subduction zone. These are typical characteristics of ASSS. Epicenters re-
to July

the USGS NEIC database® has been analyzed.
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- Koyama et al.(2012)[%, BN DEXHEF, OTL—FDEHAHDAE (Subduction), QFEEIT L —FD 4 (Collision), QihE
(Segmentation) M3 D DIEEZXFALNTHFEL TS,

(DSubduction : f#&HE XM IEE@EEH

@Collision: EETL—rNKEMI Bl - KEDZEMN
@Segmentation: T ILET AUEMNE T IS AU MH (BEHIZDOWTIXFETIESR)

. 3DDIEEMD, HRDBEKXMEZ (1)1960FF)E, (2)1964FET7 5 RXAHE, (3)2004FXTFZE!, (4)2011FEFIHFBIZHFELTLS,

- RENBISINTUVATFEEEAVDHEIL (A RHokkaido), 2004F AT SELRILLEEEHR TS E (Margin) [Zx L THRID ILAA
(Oblique) THAHELIEFEHBEET T HH, WIRIRRICKELZELX RITTHEEE (Segmentation) (EEGLHELTULVS,

Margin
o d:Nankai
HRTHRELIZERHEDLLE (Koyama et al.(2012)[Z—EFME ) \\\a,\o ~
Table 1. Variability of megathrust earthquakes in the world. (JO b ! 1960 %
Event Overriding Plate Segmentation Remarks : UBQ
I 2004 Sumatra*® Continental Margin Single Oblique I fascade )
1957 Andreanof Continental Margin Single Oblique Continent i gr
1960 Rat Island Continental Margin Single Oblique v P
1060 Chile Continent Single Cordilleran Orogeny’ Transform g
2010 Chile Continent Single Cordilleran Orogeny RaLM g
1964 Alaska Continent Double Cordilleran Orogeny :
1952 Kamchatka Continental Margin Double Cordilleran Orogeny
2011 Tohoku-oki Continental Margin Double Pacific-type Orogeny® i BLIeH
*Boldface indicates a typical end-member characterized by the category ot single/double segmentation, Oblique Orthogonal

orthogonal/oblique subduction and type of overriding plate/orogeny.
(1997).

7: Uyeda (1982); 8: Maruyama

Subduction

Fig. 7. Variability of megathrust earthquakes in terms of seismic segmentation (along-strike single segmentation, ASSS or along-dip double
segmentation, ADDS), subduction zone geometry (orthogonal or oblique) and collision with continental plate or continental margin. Typical
end-members of great earthquakes are plotted by solid circles with their year of occurrences. Possible future large earthquakes in Hokkaido and
Nankai Trough (Fig. 1(b)) and the Cascade subduction zone are indicated by stars.
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BEDOAEREL, BHEPRFOZRESSICHFESLEZTANYMEEIL, 869FDHEICHIZRDEEEHTH>=ELTND,

W K E & — (AR _
& GPSEmREt | | ----- DR ERFEI D /N EE ALV ETE IR
18964F 19334F 19604 20104 20114 ian= . % 0 /N B e T
A R T F1) i;ﬂ:iﬁ‘,ﬁ A IRERT CRERFRE D /N A ALV ET E IR
A f f i 140°E 142°E 144°E
chinoh@y, 1 fi\ [40.57 . h;&jﬁm ] 140°E 142°E 144°E
"‘“’ﬂ- s TV chinohe t s
m’ .:;’ac te g A - “ i
g, Agls 2 JevesiEyt o . 4o 3 <. P,
Raga l; A A;:Q:;e:él:*:‘-'a... iy, r [} 4 ,‘ (* 3
Omot 4L §MM co® BRpo e gee P~
MyTakro .-\g “- }f‘ﬁi . .| 8 0.‘:. R 8 1e° [ 2%’:‘&'5}“
ivako '-A e:n“. " 5 %%, % L LM
A:.‘;A.;AliAfﬁl)“‘xA o-.'.o.u " L 395" P Wg‘
Otsuch Siie | ¢ : a ol l Y
B wimep 5o - g (
ol < o..A se8m0 20 o 30° ”
lv‘AM a
Bl G :
® b, 8
b e - 385 6
4 oa | ° | ‘ ] .
-M.atsuo e Matsuo ¢ CFl  ©Runup * Runup 0 10 20 30 40 o 2
:Q:mana :}iﬁLitomi‘JMA :;[::2::2;2 * nundation Tsunami hEight (m) 0 \
4 T -2
1960F R U 2010 F )R REBRBERVTHREL: R ) LB B ) “1 L ——
FREEOEESSO L o E > 5
(Tsuji et al.(2014)|—&RHNZE) Sof e S1MEISHFIRNE
R Srima Y BEEERLEEEOLE
Eo} 2 N
s 04 A N
= -2 :

0 30 60 90
Time (min) Time (min)

BAIRR S ERF DL

31 RIS D547 X9 %5, b,
(Satake et al.(2013)IC—&BINE) (-\ﬁjt@ﬂ
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1. 5645 4.3 HEWEETILDOERE HEH-1 p78 BB

4. 3.1 311thEISEON-MEOEE - MR i (2.72)

- BEIFHA(2013)(F, BURIRIRKIRE, BAMBREST —2FERAN D34 M UN—Da BT SHEESNISRRIRRETLERWT, [RF 5
BARFE1I0mKRRDEREZRSICHFSLIBIMMEDOTANYBEBOSMERELTEY, KIMAE, ERWALE P DB AR BEMEDEL
AN KEHFELTL=ELTNVS,

4.00
3.00
2.00
1.00
0.00
-1.00
-2.00
-3.00

-4.00

(a) f&@k5F — NPP (b) k555 — NPP (c) 7zJI| NPP (d) HJfE5 — NPP
(B E5(2013)) BRF A A O E150m7KR S OBAKE 2512/ E O KB RER
($2B71FH (2013))
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. 54F 4.3 HEHEETILOXRTE FEI-1 p79 —EMEE

4. 3.1 311thEMISEON-MEDOEE MR ii

i . BIRMTBET )L GBS SRBERFRET IV GEREL [CIEVARLONS,

SIMEDMERMZERIIZEOREMBETILOTRYMBEEE, EFEIEH~ZXHEAFTHAIDIIHLT, LEDRRFEEER
THRRKBEETILOIANYEEF, EHFRRAPRVEFRALM~ZHESPTHY, BEIZTEVNRLOND,

W3 HEO MBS EBRT 2EENBETILOT RYMES W3 HEOLEORRSEEEERT S
u ; ERREETILOT RYLESE;

BIIMBEOERT AYAMETIV . , o s N— y—
:(%*ﬁo)}ﬁlﬁ&ﬁg%T“/] i 1'\%?22
| R ERMEATIC LA T RYSTETIL Egg
| CRRBEESEMICLITYSmETL v Yo L Bty
| TFLAERICERTRYSFETIL ! iy W\ T e ]
LU DTRYSFHETIL] i * =4
| GPST—AILBHEROTRYSHETIL | = ESLR | .
| EREMERICEZTRYSHETL | ~ TR RRR R
D s ! | U FEhiL i

| ~ T

|

el R e

EEOEREEEERT 53 Y57 (B)
Rt A RFFHEOME (W%ﬁﬁ‘(zoma);\ e

(R B HEEARER (2014) [C—HBHOE)
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I.5$4% 4.3 HEMBETILORTE
4. 3.1 JMMHENEoNT-FNR DI XK iii

i . BRRRIGEWVBIRADZZAL(SHERM) ZBRIHETILE, LEAFRSHORIS (=2 RFH BRI IETIVEIELGY, METILOEE
BHLHDE, SERBRFAITASHRETHD.

EIFTH (2013) TIE, S1MEOBIRAD=ZX L ERMN) AEENDHE VDR R VSRR EEEE 4 —T vhELI=A 2N —D3Y
BRITICKYROONT-ETIL(=EERRETIVL)E, REDEMS (LEBOEREFEH) ZBHRIIETIVL(=EERRETIVZHTRY, &F
DETILDTRYZFREDETILOTRYEZE1.2{EL TS,

HEIEZHA(2013) TlX, MEDETILDERZUTOESYEELTINS,

> BERBETIVIE, ERZRIGAVBIZEAN-XLZEHLTWNSEEZEZON, BENAREICBEVLWTEZELHS,

> BERRETIVE REEEEOIFMAE@EICEVWTEZL DS,

> BE2-TZ2OMADESNSETORE(TL—MEROKIE, FREE, ZRB L ZHXEDETILTIYRGHEA-BR TELIENEN
THAHN, METILDEZIEDHLDIE, SEBRATREREETHS,

7%m
70m

&sm WEERRET IV
ssm BEORS (GEOEERSE)ZBHRT 50
-~ WIEAN= A LEBRTAEERBEETILOTA
som YsZ12(E8LI=ETIL
(120-1808)  (180-2405) m
(@) FREBIRET L o
Ty

(60~1205) (120~180s) (180~240s)

Om

(240~3005)

b)) EEKRET IV

SIMEZHRIT A RKBEETILOITARYSHDZELTIE

(R2EFIFH (2013) [T—ERANEE)

BEEERETIL

BIEAN—X L (MR EHE, FEVOEARR)
FHHEITLIETIL

IYV.%3.625,
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4. 3.2 ¥HHIEETIVEREICEAT SR

=L

. £4F 4.3 HEWMBETILOERT
4. 3. 2(1)TL—rER@mBIX

R EMRHEERER (2012) ARL TV B MNEDEBRAMICEITL—MEREDOHEEFRETL—MEREORKEL T, HEFK LS

Ito et al.{2000)
Mivra et al.(2005) DB E T EIHEOMY 102815

Kosuga et ali1996) (ShEPILEfTiaEiR#)
Noguchi(2002) (KR PHHTHOE)

DRSO TR (60km) M oiBEMETZRRBELTEEL =,
] 4 i Nishimura et al.(2000)

/.l"‘"-
[
L rHE
J |
5
.rl
A
‘/,
td JJ.
5) ¥ ra
C., .\'J'
g _ A
b .i‘ﬂé‘? i
Y
i
0 100 200
+ km ! 5 36" N
E o
= Do
= 3;‘ 3
o
; ..‘g_iﬁs"
: agon & Wy f
e gy A
'“r_'.b__._-‘i‘__ i il Gt T | | {
re ,
1407 E 144" E
I Z25.6»5,

MM EDOERSFICEIKTIL—FEREDHETEEFHER
(MEREETHEELRER(2012))
4 ==
H=iEh
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[.54F 4.3 HEMBETILORTE 4. 3. 2 HHEETIEREIZET IR
4. 3. 2(2)FHAET=(1.72)

AEFF (2012b) TIX, BEEDOEEMBETILOMEBEEOFEHIRNYEL, EZEHBETILOMBEOSE T2 LA (Ry—) 25 8)
lotéii’ﬁ/\‘ugtwim BT ABIEERARELT, 20011 FEHAL A KRKFEFH#E, 2010FEF ) #E, 2004FER T SHELLVSF-THAEDE Kih
BL, BAREDTHELELEMWSLL LD EE R, $iﬁmﬁﬂ¢?i§ﬁﬁbn\é

EXMEDEEMEETILOFESGHETE (65FH) (X, FHETI2MPa, EHEICIBEREFNZ-E(L2.2MPa (FEHEMNSIBEREES|0)
T={EIX0.7MPa) TH 5, LHL, MwB8KYUH /NS EFZSHLHE, BERMEDFIEENET=D FHEIXI.OMPaTHSHELTLNS,

ERBAT ST RAVEITICE ST AR T E0EE (RER (2012b))

Earthquake Reference data MO (N m) Mw S (km2) 0 (MPa) [log10(A0) |#ERIPRE
2003 Tokachi-oki Tanioka et al. (2004) Tu 1.00E+21 8 9600 26 0.41 041
1946 Nankai Satake (1993) Tu, G 3.90E+21 83 59400 07 -0.15
Kato and Ando (1997) Tu, G 4.00E+21 83 54000 08 -0.10 005
Tanioka and Satake (2001a) Tu 5.30E+21 8.4 52650 1.1 0.04 ‘
Baba et al. (2002) Tu 4.90E+21 8.4 52650 i 0.00
1944 Tonankai Satake (1993) Tu, G 2.00E+21 8.1 48600 05 -0.30
Kato and Ando (1997) Tu. G 2.80E+21 82 43200 08 -0.10 -022
Tanioka and Satake (2001b) Tu 2.00E+21 8.1 42525 06 -0.22
RAMAREEHHE |REH Tsunami+GPS 4.21E+22 90 1.20E+05 25 0.39 0.39
2010FFME  |Lorito et al(2011) GPS#+Tsunami+InSAR 1.55E+22 88 130000 08 -0.08 -0.08
2004F R YIIHE  |Lorito et al.(2010) GPS+Tsunami+f§i £ 6.63E+22 9.15 315000 09 -0.03 007
Fujii and Satake Tsunami+ &2 6.00E+22 9.12 220000 1.5 0.1 ‘
HREDFL(E
logl40) 0.09
Ao | 12]
HEEEE
-RERE 07

HV.ZI. b5,

HmitEn
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Murotani et al.(2013) [&, TL—MERMEDR7—) U BRIZOWNT, BARFMTETRELIZM7~895ADTL—MERMEIZ, 7OOEXKHE
(2011 EFAL A KT FEPHE, 2010FEFHE, 2004FEATESHE, 1964FET7SAAME, 1960FFHE, 1957FE 7)1 — v HE, 19524

ALFyAME) ZEBIML, M7~90SRAETICEARRELRRT— VT RIERELT-.

AREEEZREL=R 77— T BI(M=16/(7- 132) - A0 -S¥2) hvi>, BRIRFEE (S) EMDEAGRXDTEHIEHETEZETE T HLH1.6MPaT

by, BERESD(x0)EEET HE, FHIEHBRETEXRATIOMPaL S,

+ 2011
A 2010
O 2004
¥ 1964
|V 1960
<& 1957
O 1952
O=this studty
- = 8D (z0)
= Murotani et al. [2008]

Combined rupture areas (km?)

; ‘ E¥EAETEA0=15TMPa
1~ = —10 2/3
: §=1.34x107EMo S+ 0 BT A T8 A0 =082MPa
| (SD(£0)=1.54) S— o B DTS ST 8A0=3.00MPa
10° JEELSss R RS S RS LA S L I e
10" 1020 10° 10% 1= 0™
Mo (Nm)
IR FELE (S) EMo D 8% (Murotani et al.(2013))

UEDIMRZHEZ, FHIEAETEZ3.0MPalZFRFE LT,

H=itEn
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4. 3. 2(3)MItESR

4. 3.2 ¥MHieE

—

T
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ax e
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T REL(2016)F45EELT, 5.0x10°(N/m) &LT=,

40!

—
10G kam

NE Japan Arc
Dewa H. OBR __Kitakami MR,

L] 5 100
Distance (km)

Off-Sandky A’

FsgEasy°

(9.) aumesadway

(a) FALE AR (FH, 1977) ()AL B AA D (A% - KE, 2012 oAAMETFS

Depth(km)

W Yamato Basin

oBs21

Mogami Trough
Sado Ridge i
?BSW

5
10
s
15 N . 6.2
;% DR IR h /68
204 so 80 7
2058
25
30
o 20 40 60 80 100 120 140 160 180 200 220

Distance(km)

(c) Brdny (AT - 5%, 1999) (d) B 0 B A R (FEHRIED>, 2001)
(B) B A g PEEHA g KRR
00 & a0 300 400 500km
I 1 1 I I
O peee— 2.0 2.
:‘E\ 10F 6.3 6.0
2 ok
§ 301 e 5.8 8.0 !
ol 7.9 EAE

(e) Pamg AAJED (JARE - 43k, 1997)
PR EEE IR 2BEE RS (£ KFE&(2016))

Vp/VstbIZBE 9 2 BETERTZR I (1R % - KR (1996))

s Famg | PR | B b Sk - i
AT 1. 67 1.78 Yoshivama (1957)
RS 1.68 1. 75~1. 79 £ (1968)
HFEE 1. T16+0. 021 D - TR (1967)
LW 1.77 FEE (1969)
i 1.70~1.71 1.73 Hashizume (1970)
_ L70~1.75 | SBAIEH (1977
Rk 166 L7 1.75~1.80 | ¥ bAodffiizkil7 e OB
R 1.70 | e - T (1977)
P RETESE (1. 66) FhiEIEA (19800 FE/E Ofi
. N | _ . Ukawa and Fukao(1981)
G 1. 68+0, 02 1. 75~1.81 5 ROV, VbR
. (1.58~1. 65) = " [ 95 - A (1983)
o 1731 kil Lis O PERE oM
TREBUEE i) 1. 67=0. 01
IR 1. 69=+0. 01
e 1. 71£0.01
T D 1.69+0. 01 REL - il (1995)
TR 1.69~1,78
T | L e6~1.71
B T 1. 682+0. 016 1. 6863% 1.90 i -
EEFRER | 1.7000. 053 1. 6863 iz‘hiiﬁ“fg?‘_ -
R | 168020, 023 1. 763 1. T63% TR, R
== s "4 532 Ba A
ERMMEDOEE OBIME (X KFE=(2016))
W 1w ol
- TEEE HAREER T L — bR Vp=6. Okm/s
« FARHE BT Ip/Vs=1.6~1.7

< Fb— MEREN (REWEESE
& 20km BARIZTFIET HH5G)

p=2.7~2.8g/cm®

T,

1=3.36X10"~3. 94 X 10" N/m*
Lizd, ZoOWHEMELT S,

3.5X10* N/m*
(3.5 10" dyne/cm?)

CHEET L— R
- — MERED Rkt
& 20km LIBIZEET H5EE)

Vp=8. 0~8. 1km/s

Vp/Vs=1. T5~1. 80

0 =3.2~3. 5g/en’

Lhig,

1 =6. 31X 10°~7, 50 X 10'° N/m*
L5, ZOPRMEL TS,

7.0X10"° N/m*
(7.0 10" dyne/cm?)

+ T e— MERPRE (BEmARS
20km BAFE & PARICE 08> THAE
T5EHE)

5.0X 10" N/w?
(5.0 10" dyne/cm®)

B L RBORRNEL 5.
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. 5648 4.3 EEMEBEETILORTE 4. 3. 2 HHEEETILEREICET IR BEHI-2 p22 BB

4. 3. 2(4) KIRYig- BRI RV : AERF(2012b)

. NEERF(2012b) TlE, 2011 FEEAL A RKFEHHE, 2010FF) #E, 2008FER T SHELLVSF-THADE KEDRFTEFH DRAEIZEDE,
BEEBETIVICETARIANYBOEEFICEATAEHEEIEL, BN I7JOBEXRMEDZEEMEBETIVIC, KREHEZUTOELYREL
T3,

> RYARYEZREFEDFHTAYBD2ME, ERERD20%IEE BRI AYEHZET)
> BRIANYEERBOTHTNYEDLAE, £REIEDS5%EE

EEMBETIVICBITAREL T RYEEHOE|E (NERF(2012b))

[201 1 FEFE L A KT E i E [ESNCTHRELI-MOLL EDEEFHE
RELGTANYMEE | KELTAYMEE REGTAYBEE | REGTTAYEE
BEH M | CEEx1.5fF5LE) (4 x 2650 k) WELZ - HEH M | CE#x 1 5 LLE) (E# x24ELL)
5w | EH 2|4 (%) k- ElE (%) LBk 2E % B
@Fujii 196047 7R
(MDFujii et al. (2011) 23 1 18 1 Fuiii and Satake (SFkch) 9.5 30 3 19 2
?)
@5 FFH (2011) 20 2 20 2 196475 AN HE 0 2 - } ” 1
QHNEFREETIL 9.0 25 9 17 9 Johnson and Satake(1996) :
(BEEH)
— e 2004 FE AR NS B HHE
&iﬁ'{_’jfﬁ_";%f;h 26 1 15 1 Fujii and Satake(2007) w1 8 1 he 1
_ 1952F A LF vy hinE
8 24h 1. 518 18% 1.5 Johnson and Satake(1999) 9.0 33 2 25 3
(B, TRAELBEFHE 010FFVME 8.8 29 3 1 2
RELGTAUMB | REGTAUME AN B AR
R (W"‘l- AR (%"Tﬁuﬂ 825 - | % | 2.2m@ 0% | 1.8
2& %) B & (%) =k : — — -
- I HRTETATREESIED
(1 Tanioka and Satake
ot ] S I i L
(2)Baba et al. (2002) 25 1 12 1
JOAGERRAI R
(1) Tanioka and Satake
o) ] S R ool e
(2Baba et al. (2002) 31 2 24 3
1854 FE LW EhE
D545 (2006) 25 : il .
Fy 27% 1. 8{@ 15% 2. 0f@

HsErEn
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[ . 64F 4.3 HEMEBEETILOERT 4. 3. 2 HHIELETILETEICETIHERE #EHI-2 p23 i

4. 3. 2(4) RIRYG - BRI NYts: #285(TH (2014)

. EEIEH(2014) TIE, 2011 FEHAL A KEFFHE, 1952FHLFryvhithE, 1960FEFHE, 2004 FRXTLIHEELVS-HREDEXKME

DFEFEGDOREIZEDE, BRMBETIVICBTARIANYEBOERFICETIHBEREL, UTOERY, ERREOERMT Y
MDREAEERLTLND,

M~ iR KR BARE
(~Mw8.2) (~Mw8.8) (Mw8.9~)
H—¥~Y 2T ~AY BT AY
8D — 045, 2D
~ 065, 0.33D —
| ATy
3 KT Ru : - 0.25S, 1.4D
| O H R : q
S EEsHOm®E \~ 0.68S,0.33D
. D :411‘-'61"\")! !

WARBR IR SR D IRIREB N DO ER M T YD MO RE X R2EFIFH (2014))

HsErEn
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4. 3. 3(1)EERBEEHDEE

FEIBEIBFERE (H28.7.8) 86
BHE1-1 p84 —EMEIE

BHAETIRESNTOASNIMEICHESIEROBHRETILDSL, EREMEEA/\—23 > L-AER (2012a) E7 )L, Satake et al.(2013)55%

ETIL, FIFEHN(2013)ETILESEIC, BERREZFHREL-,

Satake et al.(2013) HEBIFEH (2013) ETIL

558ETIL

LB EREBRYT DERHRET L

HEIRF (20122) EFI)L

ZEREEETILOLE

ETIL Mw W A
MNRERTF (20122) ET )L 9.0 119,974 (km?2)
Satake et al.(2013)55#ET /L 9.0 110,000 (km?2)
#EFIEH(2013) ETIL 9.1 112,000 (km?)
LEOZERFEEZERLI-ETIL 9.13 129,034 (km?)

[ 1:NEFF(2012a) ET L

[ :Satake et al.(2013) 55#KETIL
KEFIFEHM(2013) ETIL

C 1 REOERSEEEEBLEZETIL

[REDE R EE
EZELEETIL

BR RO LR

H=itEn
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. 684%F 4.3 EEMEBEETILDORTE 4. 3.3 LEBOEEEEEZEZEL-EHEHEETIL EHH-1 p85 FiE
4. 3. 3(2) KIRYF- BRI ARYBDEKTE (1.72)

[LEOEREE RIS ZZEE T 518, AERF(2012b) TRENTLAIRITARYE - BRIRYBOEBEIVILREVEBEERLTOAEEFEH
(2014)%5EZLLT, $HHIEETILEERELT-,

> RIANYE GERTB DT T AYEDAE, 2AREEDI0%EE (BRXIAYEHEZST)
> BRIANYE GZRBOFHTAYEDIME, EREED15%EE

BE, BERARICITIMULDEMRSNZSHEONDIZEFHER, RETHIHMHILETILORTRYE - BRINVEOEEIL, ZEFEEH
(2014) [T RSN TV EFPBLEERIYBREEEN L,
X1: KFARYF:435% (BRI ARNYHESD), BRI RUE:16.0%

@ RIMIE O R¥E
I~ iR 3L BARM UL “ ’
(~Mw8.2) (~Mw8.8) (Mw8.9~) o Ini . .
¥—9 Y 2E5fET Y 3SRETAY ™
V4 S,D o 0.4s, 2D

39

BEM
&

Py 0.6S, 0.33D 0.158, 3D

g
A

""" AR ” Z; -
7

Il
O

\ !

3 KT ~_Ys : - 0.25S, 1.4D =

A REE | 4 ? s

. S KRLWMOE®E ! |- 0.6s,0.33D e

: D :FEJT&I’JI : }-_0 35

*22]7,[&75\(2014) I:J:éMWSguJ:O);E*EG)iﬂ%O) 139 140 i41 &;2{01 143 144 145 01 ]_Eﬁﬁgl"ﬂ io
S alosit e &R ~ R BRI 5 1531 RIS R ORI
7= (LA AT AR RARAEY IL—TF (2012))

X2 BEHEMNSDIERE1000m AN, EEEADT—7 (#%4:2,686)
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~ /8

- 1THEISE

[CRAT R MIEREBFATRE LT

LY

QEEE O F@EESE
(Seno(2014) %S E1Z/ERL)

Bt EEEENT
RERRARRUVE

RIGIEZERC,

FRALBAOH N

EHIDHEHD
EICRENHSD.

RHMIEE
TRYA, BtEd
SEWERIZEIT
BMOYZAMDEEH
DHIRERET 5,
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TON=HRHE
SE0DEVNEE
BR(BED/NY
T)ERB,

HHEEOEEEICE T H0IER

-12000-6000 -4000 2000 © 1000 2000 4000 10000

146"

O \ - HEONRINSHARESA

I e - GEONANSHFL TRRRERE

Lo RN +HBRRIHFELLNED,
EREMIZRRRERE

FE (m)

EEE /]
(M8UZRLT)

(R E R HEEARAR (2019) [C—ABNDZE)

Shf-HMR, HEOTL—MERETRELTLAMIVSADERMEICHRLIRH O FM - HFHMRICE DI SEHOEBES

WA RYEORE
 EFEGEE EREEEEEELT L IhER AR ORBICRE.
CERE 3 MBROT RYUSHIR, FEEOESELKI<EE OMELHE

THRMMGIEMELT RYDRKEEIEEEL T, BERHEACHEIRE.
BT RYBORE
- ETEAEE ERAROBAT RUSERYED &3ITRE.

EEE:

th
M8%Y35X)

EEE /I

(M8USALLT)

EEE: X
(M94I35R)

EEE /I

(M8UZRLLT)
TL—MERRBOEZ
Elx, &FRAFEaiLY
LREVNEEZLND,

869 i
Tsunami Source |
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il EPEEr
139 140 141

iad FRrS ETRE
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B EE BN (SLSRIDALE
(Ye et al.(2012))
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(Yokota and Koketsu(2015))
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4. 3. 3(3) BN EARTTE

4. 3.3 LEORRFEEZEELEFSRIEETIL
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KEFEHN(2014)ESE(C, SIMMEORKKRICEZEBALLZAFOTRRELB~ZHMEFBORIESOFRMEEHEEL, LEOZEORE
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Figure 2. Waveform comparison and slip distribution map. Left: Comparison of synthetic waveforms (red) with i =
the observation data (black): Right: Slip distribution inferred from the long-period seismic waves (<0.1Hz). = ;tﬁ/ﬁ B KT NYED Ejﬁ i% !ﬁ 'Ii
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Fig. 1. Changes in sea-floor elevation between bathymetric data before and after the 2011 Tohoku-Oki
earthquake. (A) Location map with bathymetric survey track shown as yellow line. Coseismic horizontal
displacement is estimated over the landward slope indicated by solid portion of yellow line. Cross shows
the epicenter. (B) Multibeam bathymetry collected in 2011. Red triangles mark the trench axis; the blue
triangle marks the landward slope break. Change in sea-floor elevation by subtracting the 1999
bathymetric data from the 2011 data (C), the 2004 data from the 2011 data (D), and the 1999 data from
the 2004 data (E). The yellow star marks location of probable submarine landslide.

A& ALE X (Fujiwara et al.(2011))
PEAIRIE R EAIME O ERF DL
Table S1. (Fujiwara et al.(2011))

Estimated coseismic displacements caused by the 11 March 2011 Tohoku-Oki
Earthquake in the outermost landward slope area, off Miyagi in the Tohoku district.

Landward Slope g,
Slope
Bpyey: Horizontal Displ t Seafloor . o
Years e Bl Vertical Additional Seafloor
evation i . ;
Distatica Direction (Fig. 1) Displacement Uplift LClevation
2011-1999 56m 113° +16 m (6=9.35) | +10 m (c=7.50) +6 m +0 m (0=5.32)
2011-2004 50m 117° +11 m (0=8.53)| +7 m (c=7.22) +4m +0 m (c=8.42)
2004-1999 20m 235° ) m (6=7.44) | +1 m (6=7.26) -lm =0 m (6=8.17)

21.640—5»64—20246-10—8—6—4—20246‘
Location Shift in Longitude (x0.0001°) Easting

%ulal]_\gqn_ng.\_liyim ‘ Large Additional Uplift )
2000 (D)  Lang, After (Shift)=~~ = Ho/nmnlal])isplacemenl "@_f\\x (E)
N Y Siops — BN« Troheh
. M Venical FR sealloor Blevation | = %«\,ﬁé
- i Displacefent ] ncl. Additional Uplift| . | 14m Detels BEpost radg) ||
E Erggﬁ \ After =94 ievss 1ag00 14405
= Slape T E—
£ = Befors o]
= 6000 Angle Tren oh e Saawafd | Slope
<& i3 | =
[=] 30m Dﬁsplace‘fncnl 50m u\‘
8000 (Re.7) wF
S Jokm
10000 " 7 :
VE.=5 143°30" 144700' 144°30'
Longitude
Fig. S1.

Contour maps showing standard deviations (~variances) of depth differences between
different surveys for given shifted locations. (A) Comparison between 1999 and 2011
data, (B) comparison between 2004 and 2011 data. and (C) comparison between 2004
and 1999 data, respectively. Red and blue contours show standard deviations of the
landward slope and the seaward slopes, respectively. Crosses indicate the minimum
peaks of the standard deviations. Arrows show vectors of horizontal shifts from landward
to seaward. (D) Schematic cross-section showing coseismic displacement. A sum of a
vertical displacement and an additional uplift for a sloping seafloor correspond the
observed seafloor elevation changes shown in Fig. 1. The mset 1s for illustrative purposes
(not to scale). (E) Bathymetric cross section at the trench. Red and black indicate 2011

and 1999 data.
th = RF A AL OBESETE R (K : (D))
(Fujiwara et al.(2011))
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Figure 7.  Slip distribution estimated by inversion of tide gauge (TG) data. Rupture ve-
locity is 1.0 (left), 1.5 (center) and 2.0 (right) km/sec. Rise time for each subfault is 3 min.
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4.5. 1(2)KEEEA: EEHEETILD
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[REMBETILO-1BRXITAYBOGE : AL ~FI30kmFEE)) ] (B3 : (m))
15 25 35 15 2:35
i iRBHIA R B Hh RiTE Bk O kO Bk O okO kA -5
AT Al A AT Al E
HAE (FFRIR) 18.42 17.33 17.32 17.15 16.04 16.20 | GREH—R)
P1 14.59 13.56 13.75 13.72 13.32 13.28
P2 14.78 13.56 13.70 13.60 13.66 13.42
P3 15.85 13.87 13.96 14.17 13.51 13.33
P4 15.51 14.02 14.16 14.18 13.38 13.22
P5 15.53 13.80 13.88 14.00 12.88 13.09
WIRIEIBRED
P6 16.70 16.07 16.09 15.79 14.68 1471 | e m s 2
(REWEBETILO2(BRTRYBOAE : E~FI60kmFBE)) ] (B (m))
15 25 = 15 2-38
G iREAE = EthHi kO kO Bk kO ko eSS
AT AT E AT AT AT E
R (RIS REEE) 15.11 14.64 14.65 14.60 13.69 14.04
P1 13.03 12.59 12.68 12.69 11.54 11.86
P2 14.08 12.93 13.13 13.13 11.94 12.41
P3 15.47 14.51 14.65 14.74 13.48 14.00
P4 11.86 11.45 11.54 11.54 10.48 10.84
P5 15.06 13.94 14.19 14.17 13.23 13.38
P6 16.62 15.12 15.36 15.38 14.15 1454 |BEIEEEEO

THENSERT—R

~ [B2r.43
_12.80
g0

*SARXBA L :60(s)

HRIERIR M A& (P1~P6)
[-a&iﬁe«ﬂﬁﬁrg;z.o<km/39

P

Y |Ber.43
L1280
U 302

BRIEREIS S E (P1~P6)

[- R TR 2.0(km/s)]

*FAXBA L:60(s)
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[BEMBETILO-1 (RTRYE - BRIRYEDOHE : HHE) ] (B3 (m))

15 25 3= 15 2:35

B iRBHIA = EHh RiTE kO kO Bk O okO kO =5
HIE BIE Al E HIE HIE
H 2 ([E] B iR) 16.34 1413 14.29 14.21 12.36 13.36
P1 14.74 13.06 13.09 13.11 11.25 12.67
P2 14.88 13.16 13.19 13.20 11.34 12.77
P3 15.19 13.50 13.45 13.48 11.63 13.01
P4 16.58 14.43 14.64 14.76 12.79 13.52

WIREBRED

P5 17.26 15.52 15.87 15.88 14.05 1897 | repasEs—x
P6 16.99 15.22 15.43 15.37 13.58 13.55
(REWEBETILO-2(KIRYE- BRI RVBEDLE : B ~FI40kmiBED) ] (B (m))

15 25 35 1= 2:35

G iREAE = EthHi kO kO Bk kO ko eSS
AT AT E AT AT AT E
Bt (ERERREE) 11.80 11.20 11.31 11.34 9.75 10.84
P1 9.89 8.65 8.79 8.83 7.89 8.21
P2 10.51 9.32 9.54 9.29 8.18 8.89
P3 11.21 9.91 10.10 10.11 8.98 9.70
P4 10.86 9.74 9.96 10.13 9.13 9.00

WIREERED

P5 12.32 11.05 11.35 11.57 10.77 1048 | cre i mr 2

P6 12.19 11.03 11.27 11.45 10.48 10.24

Bso.74
15.37
1,69
3.84

HRIERIR M A& (P1~P6)
-a&iﬁe&%ﬁrg;zowm/g]

['5’(29’(.&;:60(3)

BRIRBAYIR RALE (P1~P6)

[- TR TR 2.0(km/s)]

* A X84 L:60(s)
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BEH-1 pl64 B

[REMBETILO-1(KITARYE - BRI RNYEOGEE: FH#E)) (B3 (m))
15 25 35 1= 2:35
i iRBHIA = B Hh RiTE kO kO Bk O okO ko =5
BIE COJE] BIE BIE BIE
o (E R LE) 21.58 18.85 19.50 19.60 16.46 1716 | GRESY—R)
P1 16.56 13.70 14.32 14.76 12.96 12.63
P2 16.49 13.78 14.21 14.81 13.23 13.03
P3 17.39 14.62 15.13 15.71 13.97 13.63
P4 15.53 13.50 13.84 14.10 12.63 12.20
P5 16.79 14.10 14.36 14.71 13.09 13.06
BIEIGIEEE D
P6 19.44 16.93 17.72 18.15 16.00 1558 | fpeismmer 2
[(REMEBETILE-2(KRITRYE- BRI RYIBEDLE : B ~FI40kmiSED) ] (B - (m))
15 2= 35 15 2-38
BIERHIA | i B Boka | EwokA | BwkO | sokA | kokO &
HIE HIE BIE BIE HIE
H# (FBRLE) 18.19 16.44 16.71 16.57 14.08 15.75
P1 13.76 12.20 12.47 12.63 10.91 11.61
P2 14.72 13.22 13.58 13.58 11.81 13.29
P3 17.27 14.96 15.17 15.21 13.21 16.10
P4 14.50 12.47 12.77 12.83 10.80 1153
P5 1451 1255 12.69 12.79 1157 11.98
WIRIGIERED
P6 20.60 17.74 17.89 17.75 15.08 1702 | Zreiimer 2

IR BAIR M AL E (P1~P6)

RIS IR R 2.0 (km/s) )
*SARXHALs:60(s)

P

B29.35
22.01
14,67

1.34
3.67

WIR BRI E (P1~P6)

HRIRIGIERE : 2.0 (km/s)
*SAXHAL:60(s)
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[. %45 4.5 ZEFAHE 4.5 1 BEEBAOFEASDER
4.5. 1(3)KELTEME: EEWREETILOD

[(BREMBETILO-1 (BRI RYBOME : IL~HI30kmTEE) ] (B (m))
TR A 2BIKOIHIE % e O LW i

£ (FRFRIR) -8.61 -8.53 -8.63
P1 -8.86 -8.73 -8.86 i [
P2 -9.63 -9.69 -9.65 v
P3 -9.66 -9.72 -9.70
P4 -8.85 -8.76 -8.85
P5 -9.74 -9.76 -9.76

RIRGEERED e :
P6 -9.97 THENSEET—X -10.03 -9.93 IRIRRIR AL E
(B IRAGIBIEE : 2.0(km/s))
[(REWBET ILO-2(BKRIT RXYBOME : B~ FI60kmIEE)) ] (AL (m))
AN 2B EUK ORI o B e | 3 o |

B (RBERRIR) -9.18 -9.16 -9.21 A
P1 -8.51 ~8.36 -8.52
P2 ~7.46 -7.38 -7.42 /
P3 -6.96 -7.02 -6.97
P4 ~8.67 ;’f%ﬁfﬁgg’_x ~8.51 ~8.67
P5 -1.74 -1.73 -7.67 <A
i ~720 A 718 (a&ﬁ;gféi%i%fm/g)

&

IYV.%3.625,

RICEAN
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[REMBETILO-1(KITARYE - BRI RYEOAGEE: FHHE)) (B4z: (m))
" (%) (%)
L 5 =
HiERIE 2S5 UK ORIE =E3 B R kOEE |32 kD EE
HAE (FRFIRIR) -7.72 -7.82 -7.75
P1 -7.73 -7.80 -7.67
P2 -8.28 -8.26 -8.28
P3 -8.61 -8.53 -8.60
P4 -8.35 -8.33 -8.32
BIBIGIBRED
P5 -9.42 REEASE 8 b — R -9.40 -9.46
P6 -9.07 -8.98 -9.07

Bso.74
15.37
1,69
3.84

[(BEWBETINQ-2(KFTAYi - BRI RYBDME : F~FI40kmIEE) ]

(Bfz: (m))

IIRBAIE RALE

(BIRIGIEEE : 2.0(km/s))

Bzo.74
15,47
| BXT]
3.84

TR BAA 22Uk ORIE = B et | o
£ % (RIFFBEIR) -8.96 -8.81 -9.03
P1 ~8.44 ﬁ%ﬁfﬁgﬁ_x ~8.31 ~8.48
P2 ~8.08 ~7.96 ~8.11
P3 ~7.91 ~7.88 ~7.91
P4 ~8.23 ~8.09 ~8.22
P5 ~8.15 ~8.07 ~8.07
P6 ~8.36 ~8.28 ~8.36

WiREAIR RALE

(BUIRIGIEERE : 2.0(km/s))

&

IYV.%3.625,

RICEAN
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[. %45 4.5 ZEFAHE 4.5 1 BEEBAOFEASDER K12 pr0 BHG
4.5. 1(3)KELTIEME: EEHREBEETILO

[REHBEET LI (KIRYEH- BRI RYHOME : £#)] (BfL: (m)) T
BRI 2B UK ORIE = e leerem| 1L i
(R IR) -8.98 -8.80 -9.01
P1 -8.70 -8.48 871
P2 ~8.46 -8.24 -8.44
P3 ~8.46 -8.43 -8.49
P4 -8.39 ~8.20 -8.28 ‘ (
P5 ~8.94 E%ﬁfﬁgﬁ_x ~8.89 -8.93
P6 -8.79 ~8.69 -8.78 FEERA LA A B
(B RIBHEIREE : 2.0(km/s))
[(BRERBEETILE-2(KIRYE- BRI NYEOME : B~ FI40kmISE)) ] (B2 (m)) I
S 2 BT L T i e :
L (R IE) -8.78 -8.59 -8.80 ’
P1 ~8.41 -8.26 ~8.44 f
P2 -8.30 -8.22 -8.31
P3 -8.37 -8.28 -8.37
P4 -8.27 -8.20 -8.28
P5 ~8.65 ~8.52 -8.71 |
P6 -8.82 BemEaro ~8.67 -8.83 (E&iﬁ%@iﬁ?&fm/s»

H=itEn
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- BERFARRAOTHENSZZEREL-RHBREBRFEFALUTO 7T — AR RICHIRIGIBREDTHENSEEELLZR T AN EEREBL-,

W K4z E S

EEWEBEETILOD

HEEWEETILO

EEWBEETILO

f2r.42
1280
030

%ﬁ%%%?»@ﬁ
(BRI RYBOAE : E~FI30kmISEN)
(WEIERALE = : P6)

Bao.74
§15.37
1.69
3,84

HEWEETILO-1
(RFRYF - BRI RVEDRE : HHE)
(FEIEBASA = - P5)

EEWEBET LG
(KFRUBE- AT RYBOME )
(B IERISA &5 - P6)

B4
12.80
U302

HEWmEETILD-2
(BRIARYBOHME : E~FI60kmFEE)
(P 1ERASE & - P6)

HEWEETILO-2
(RKIRYE- BRI RYEDAE : F~FI40kmFSE)
(PR ERASE & - P5)

| PIR
L 22.01
114,67
| R

3.67

HEWBEETILO-2
(KFARYE- BRI ANYBOAE : B FI40kmiBE))
(B R BALA = - P6)
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. 84F 4.5 EHRFPHHE 4.5 2 WHECEBEEOLRENSDEE AHI1 p169 BB
4.5 2(1) R ENSDEELHX(2.72)

W KAL T R AR

HEWEETILAD HEMBEETILO HEWmEETILO
"l I to
: i
EEBET L1 EEWBET L1 EEHEET LG
(AT Yt B - ~H30kmESE) (KT _YB- BAT RUBOEE  5) (KE AUl AT RYBOEE  25%)
) (BEIEEAS &  P5) (BERBELA & - P5)
[l ki i
EAEWEET LD-2 EEEEETILO-2 W EET L2
(BB~ O 1 B - B~ 60kmES B (KT AU BATRUBOME  EALImBE) | (KU BATRYBOEE B~ 40kmiE )
(BEIBEAS 5 - P4) (BRI BEA & - P1) (BIRBESA & - P6

)
HmitEn
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[(BREWMBETILO-1 (BRI ANYBOME : EAFIZ0kmIE ), FRIERALR RALE :P6)]

(BAfsz: (m))
15 25 35 15 2:3%
WIRGIBRE By Hh /i kO kA kA kA kO 3
BiIE BIE BIE BiIE BiIE
H A ([EBFIRR) 18.42 17.33 17.32 17.15 16.04 1620 |REY—X
1.0(km/s) 16.74 14.10 14.28 14.28 12.91 13.83
1.5(km/s) 15.83 15.16 15.16 14.95 13.76 13.89
2.0(km/s) 16.70 16.07 16.09 15.79 14.68 14.71
2.5(km/s) 17.31 16.48 16.48 16.20 15.13 15.18
[REMBETILO2BRXITANYEOAE : E~FI60kmIS B, BEIEEAIR R {AIE P6) ]
(Bfir: (m))
15 25 35 15 2:35
WIRIEERE B Hh RiTE kO kO Bk O okO HokO -5
O] BIE BIE BIE BIIE
HAE (RIBFRIR) 15.11 14.64 14.65 14.60 13.69 14.04
1.0(km/s) 16.02 15.29 15.38 15.38 13.94 14.56
1.5(km/s) 16.59 15.14 15.32 15.46 14.16 14.70
2.0(km/s) 16.62 15.12 15.36 15.38 14.15 14.54
2.5(km/s) 16.42 15.06 15.31 15.29 14.04 14.38

“ 1 B21.42
L1280
g 3.0

(GARXBZAL:60(s))

Wik FAIR R AL iE(P6)

Y |Ber.43
L1280
U 302

WiREAIR RALE (P6)

(TARXE4L:60(s))
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[(REMHBETILO-1(KIANYE- BRI NYBOME : %, IR RLE P5)]

(BfZ: (m))

k= 25 KE=2 55, 2:38
WIEEEEE B Hh RiTE kO kO Bk O kO kO 3

BT B E B E AT B
H A ([EBFIRR) 16.34 14.13 14.29 14.21 12.36 13.36

1.0 (km/s) 18.86 17.03 17.40 17.55 15.50 15.34 |[REHY—X
1.5(km/s) 17.62 16.06 16.32 16.34 14.53 14.40
2.0(km/s) 17.26 15.52 15.87 15.88 14.05 13.97
2.5(km/s) 17.14 15.27 15.55 15.54 13.72 13.74

(BREWEET ILO-2(KTRYG- BRI RYEHDLE : B~ HI40kmFEE)

, BRIRBAIE R :P5) ]

(Bfir: (m))
15 25 35 15 2:35
WIRIEERE B Hh RiTE kO kO Bk O okO HokO -5

O] BIE BIE BIE BIIE

HAE (RIBFRIR) 11.80 11.20 11.31 11.34 9.75 10.84
1.0(km/s) 14.01 12.62 12.97 13.22 12.50 12.12
1.5(km/s) 12.78 11.55 11.85 12.11 11.35 11.01
2.0(km/s) 12.32 11.05 11.35 11.57 10.77 10.48
2.5(km/s) 12.15 10.80 11.09 11.27 10.42 10.17

B4
15.37
7,69
3.84

iR B IR R AL E(PS)

(GARXBZAL:60(s))

B4
15,37
7.69
3.84

HIERHIR mALiE (P5)
(54 RXBAL:60(s))
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[(REMBETILO-1(KIANYE- BRI NYBOME : %, IR RLE:P6)]

(BAfsz: (m))
15 25 35 15 2:3%
WIRGIBRE By Hh /i kO kA kA kA kO 3
BiIE BIE BIE BiIE BiIE
H A ([EBFIRR) 21.58 18.85 19.50 19.60 16.46 1716 | REY—X
1.0(km/s) 15.43 14.00 14.16 14.38 13.57 13.39
1.5(km/s) 17.92 16.04 16.58 16.85 15.35 14.79
2.0(km/s) 19.44 16.93 17.72 18.15 16.00 15.58
2.5(km/s) 19.97 17.51 18.32 18.79 16.27 16.06
[REMBETILE2(KIT AU - BRI RYBOLE  F~FI40kmFBE), BIRFAIR R E :P6)] "
(B (m))
15 25 35 15 2:35
WIRIEERE B Hh RiTE kO kO Bk O okO HokO -5
O] BIE BIE BIE BIE
HAE (RIBFRIR) 18.19 16.44 16.71 16.57 14.08 15.75
1.0(km/s) 18.58 16.28 16.54 16.56 14.28 15.23
1.5(km/s) 20.46 17.57 17.74 17.67 14.97 16.98
2.0(km/s) 20.60 17.74 17.89 17.75 15.08 17.02
2.5(km/s) 20.40 17.68 17.88 17.67 15.02 16.55

B29.35
22,01
14,67

| BT

3.67

Wik FAIR R AL iE(P6)

(GARXBZAL:60(s))

Bog a5
22.01
14,67

| )
3.67

W IRFA IS RALE (P6)
(T4 RXE4L::60(s))
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1. %45 4.5 ZEPHHE 4.5 2 BECEEREOTENSOER A2 002 B
4.5. 2(3)KLGLTEE: EEWREETILOD

[(BREWBETILO-1 (BRI RNYBOAE : E~KIB0kmFEE), BHIREIARALE :P6)]

(Bf: (m)) o O #__
o us s
IR A 25 UK OHTE i LA J oL
EAE (RIRRIR) -8.61 -8.53 -8.63 )
1.0(km/s) ~10.22 RIET—R ~10.24 ~10.12 J
15 (km/s) ~10.14 -10.16 1004
2.0 (km/s) -9.97 ~10.03 -9.93
2.5 (km/s) -9.79 -9.81 -9.79

(BREWBETILO2(BRI RNYBOAE  FA~KI60kmFEE), BIREIARALIE:P4)]

(B4 (m)) T

B A 25Uk OHTE i LA JY oL N
E# (RIFFHER) -9.18 -9.16 -9.21
1.0(km/s) -8.61 -8.45 -8.67
1.5(km/s) -8.37 -8.25 -8.37
2.0(km/s) -8.67 -8.51 -8.67
2.5(km/s) -8.82 -8.64 -8.85

B RNS A LB (P4)

H=itEn
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[. 84F 4.5 EHEFHEHE 4. 5. 2 WECBEEORENSDEE BH1-2 p63 BB
4. 5. 2(3) KL TREA: HEHMBETILO
[REMBETILO-1(KTRYE-BRXITRNYBOAE : H#E, BIREIRARIE P5)]
(ﬁﬁi (m)) B4
= . (%) (%) 58
BRIRBAE 25 BUK RATE L 1 2 E K OB |32 HUK O BT E
HAE (ERFIIR) -7.72 -7.82 -7.75
1.0(km/s) -10.38 RES—R -10.35 -10.23
1.5(km/s) -9.89 -9.87 -9.88
2.0(km/s) -9.42 -9.40 -9.46
2.5(km/s) -9.08 -9.04 -9.10
iR BANE R ALE(PS)
[(REMBETILQ-2(KTARYE - BRXTRYEOEE : E~Y40kmIEE), BRFARSAZE:PDH]
(B (m)) -
- i, (BE) (BE) e
RS 25 BUKOIBTE % e e e
o (FRSERIE) ~8.96 -8.81 -9.03 i
1.0(km/s) -8.13 -7.98 -8.11
1.5(km/s) -8.34 -8.21 -8.37
2.0 (km/s) -8.44 -8.31 -8.48
2.5(km/s) -8.55 -8.38 -8.60
HEiEEAIR RALE (P1)

®

IYV.%3.625,

RICEAN
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[. %45 4.5 2HFAHE 4.5 2 WEEEEEOTRENSDESE
4.5. 2(3)KLGLTEE: HEWMEBEETILO

[(BREWBETILO-1 (KT RYE- BRI RYBDLME  £4, BRI RAME:P5)]

(B4 (m)) -

R IEBEAA A 2B EUKOHIE E L LAV oL 1
H A (ERFRRIR) -8.98 -8.80 -9.01
1.0(km/s) -9.78 RES—X -9.73 -9.77
1.5(km/s) -9.23 -9.21 -9.23
2.0(km/s) -8.94 -8.89 -8.93
2.5(km/s) -8.76 -8.75 -8.81

[(BREMBET ILO-2(KI AV - BRI RYBDOMME : E~FI40kmFEE), IRIRFHIARALE:P6)]

iR EAIR AL E(PS)

(8- (m)) -
B A 25 EUKOHTE i LA YL \ i
£ (FRS AR -8.78 ~8.59 -8.80 i
1.0(km/s) -9.20 -9.09 -9.25
1.5(km/s) -8.93 -8.79 -8.97
2.0(km/s) -8.82 —-8.67 -8.83
2.5(km/s) -8.73 —8.58 —8.76

B iR BHNE R ALE (P6)

&

IYV.%3.625,

RICEAN
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IKEL T RRAIETHR DX L1 E R T 5120, FEEMBET ILORIANYE - BRI ANYBOFEMERTRZ N RICHIRRE R, WIRGHEEED

FHEMNSEERLI-REHZERRELT .

(K GL T 48] D 5T 4 ]

LR L Kg Ui - R EDFHENS 25 BUKORTE

TEEET BRI RVEBOME | gmpmms | mREERE | BAKGTEE (M)
HEWMBETILO-1 JE~£930kmF& Ef P6 1.0(km/s) -10.22
HEMBEET)ILO-1 Hi P5 1.0(km/s) -10.38
HEWBETILO-1 HH P5 1.0(km/s) -9.78

[#®EH5—X])
HEEWBEET LD HEMEBEETILO-1 HEMBETILR-1

(A B% RS &% VAT =5
L ~#940kmF& Ef L A~#I10kmFEES LA~ 10kmIS &Y
EA~FI30kmFIBE) | FHELIE HAE ML E GREME) HAE Sl E
L ~#920kmF&EN BAAH10kmIBE) B~ 10kmFB E

K S~ 2930k ST

H=itEn




I.54F 4.5 ZEFHHE 4. 5. 3 KETHRAGEHEOZ L SR
4.5 3(2)EEFTHHE - BEMBETIILOEKRKKETEFE)

FA4AEBEER
HH3-1 p9 BB

4 (H28.9.30)

168

[IEAFI20kmIEEN 7 — R IDBRAREEST=2 DD, [HEAKIBKMFBEBN 7 — X GHECIE) IORKRKETRELLRLT AEGEERDONGNIE

FHERLT=,

38, TIEAKI20kmIEEN 7 — X IDHRRKETIRE (L, /KO TRAGFHMEAT —R (REHBETILQ) DERRKATREICEESNDHILEHER
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[ 4% 4. 7 REFRESHEICETIEMEZOMNEORE 4. 7. 2 SHIEHE HH34 50
4. 7. 2(1)RFEICEAT B : HFRD XA AHFD D FE

BARBELAVIERBMEEREANEHL, HIMENRIEEDIRAHAHTIZTESNS (Bilek(2010)) .
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4.7. 2(1)EBICETHEHE: BN S 7RV O E EE

- BEBrSTTIE, J4VEVBTL—FDLHFAIAIZEY, T4UEVEBTL—+%
EOEAMHBEMERmBINF S IDI—ESAAERTL—MIZERONEZE O
[ZE-THIMEAFEL, ZOREAIIZIE, TEXERET, SigEiEs, FElER,
KEEMALMNS (BIFEFH (1999), FEFF(2012)),

- FIEOREBTIE, TL—FERNSODEEEDESICLY, SMEEET
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I.54F 4.7 {EFRREERICEAITHTMEZTOHMREDORIE 4. 7. 2 HIkERE H3-4 po3 BB
4.7.2(1)RBRICETAEE: BAREE AL OB E(2.73)
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(Tsuru et al.(2002))
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[. 848 4.7 {BERFREZRICEITHTMEZTODMEDREE 4. 7. 2 RIKERE HH3-4 po6 B
4.7. 2(2) IR EBICKYRET HEROEFEICETHIEHRE (1.72)
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1. $4%E 4.7 LFRREERIHETHHELLOMNRNOREE 4. 7. 2 SEWE s 4 297 B9
4.7. 2(2)TIKEEICKIYREET HERDFFIEICETHIME (2.72)
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[.5648 4.7 SEHEXEBERICETIMEEZIONEDRIE 4. 7. 2 HIKEE Siriniriplolire
4. 7. 2(3)FEHD
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1. 5458 4.7 BERREBRCETIIMEZOMEOREE 4. 7. 3 SBETWIE papieielllioriia
4. 7. 3(1)mFDMEDIUNE

Nakata et al.(2012)[&, 150m%/ ) yRDEMT—42%E(CL1-BEMBEGERT IS, BREE LV EDDBEMMBIZIIEEHEISHIGTLEE)
Az OEBIEEHEN ST HELTLND,

Z055, SNMHMERL, EFRAFRBMNORFEE PO BERAME THIERTHIRRGBEFHENESL-LOLLTNS,

e+ | 7 Thrast || 7 Nomal it 8 ic buigd

BREEQVELDEBEMA B I OB IEEETE O 52 B E 0 B
(Nakata et al.(2012)) (Nakata et al.(2012))
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1. 5458 4.7 BERREBRCETIIMEZOMEOREE 4. 7. 3 SBETWIE Fkia-1 o28 —BHEE
4. 7. 3(2)FEREEICEAT IR DEE

Nakata et al.(2012)[FEE— DM EEE R EL-BEMBEEEF DL IaAL— 3 EEL, B Ial—lavhoBondBEMMEEL, EEEARE
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(Nakata et al.(2012))
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4.7.4 BABEMHLOEERT XY
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