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Surface ruptures associated with the 2000 Tottori-ken Seibu earthquake

REME—RL' - SMEH ' - KEFES ' - REER'
HATRES - AR BK - e RRIE

Yuichiro Fusejima', Toshikazu Yoshioka', Kiyohide Mizuno', Shishikura Masanobu',
Ryusuke Imura’, Taku Komatsubara' and Toshinori Sasaki*

Abstract: We carried out detailed field surveys in the aftershock zone of the 2000
Tottori-ken Seibu earthquake to ascertain whether surface fault ruptures appeared in
association with this earthquake. As a result, we found fractures of the ground surface and
destructions of artificial structures not attributable to landslides or liquefactions at many
places in the epicentral area. These surface fractures and destructions were found along five
NW-SE-trending lines in the area 6 km long and about 1 km wide. The surface fractures
strike N40=+25° W and have left-lateral strike displacements of 10 cm or more. Several to
40 cm left-lateral displacements toward N40==25% W were estimated from analysis of the
destructions and deformations of artificial structures, The direction and sense of the
estimated displacement are consistent with the focal mechanism of this earthquake
determined from seismological data (e.g., Iwata er al., 2001). From these facts, we have
concluded that surface fault ruptures with a total length of about 6 km appeared in
association with the 2000 Tottori-ken Seibu earthquake.

Key words: 2000 Tottori-ken Seibu earthquake, surface rupture, earthquake fault, active
fault, field survey
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A fault model of the 2000 Tottori-ken Seibu earthquake

EIER - BEOET - HEME - U

Haruo Horikawa', Haruko Sekiguchi', Tomotaka Iwata® and Yuichi Sugiyama'

Abstract: We investigated the characteristics of the 2000 Tottori-ken Seibu earthquake, using
strong motion data and leveling data. Five faults were assumed on the basis of detailed
analyses of the aftershock distribution. Inversion of the strong motion data with the multiple
time window method revealed two asperities (patches of large slip). The larger asperity is
shallow and to the southeast of the hypocenter, extending over two faults. The smaller asperity
is located at the deep part of the northernmost fault. However, the depth of the larger asperity
is somewhat ambiguous. Analysis of leveling data suggests that the southernmost fault does
not reach the ground surface and the upper edge of the fault is about | km deep. Another
characteristic of the event is a distinct initial rupture stage. The rupture area during the initial
stage covers the region of swarm activities prior to the 2000 event.

Key words: 2000 Tottori-ken Seibu earthquake, fault model, inversion, strong motion, surface
deformation
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WL DED L2 ) ALBENE DL (bbb, &2 FEMID) SERD 5. 7
ﬁb,%%K%<K%tofm%ﬁ$£ﬁuﬁézeﬁ§wmf,uTmzommﬁ%ﬁ%
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(RABBY 2R 7 v v N OTEBARIEEE T 1.4 km/s 205 2.8 ki/s DFFH TEX T 21T -
7-.

2. 4 MEWFTER

AHETEHEONTREBMICE T D REMNLBEE 7 v FOEEEET 1.8 km/s T, AEN
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Fig. 1. Map showing strong motion stations used in this study (triangle) and fault locations.
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Table 1. Velocity structure in the analysis of strong motion records.

Upper Depth V. R Density Q Q
(km) (km/s) (km/s) (g/cm”) P s
0. 5.5 3.179 2.6 400 200
2. 6.05 3.497 2.7 550 270
16. 6.6 3.815 2.8 800 400
38. 8.0 4.624 3.1 1000 500

)k KEF—RDOEFTTRE LEEBEETIV.

Table 2. Fault model assumed in the analysis of leveling data.

Fault # 1 2 3 4 5
Latitude 35.244 35.305 35.296 35.340 35.385
(N, deg.)
Longitude 133381 133323 133277 133309  133.272
(E, deg.)
Strike (deg.) 140 142 74 150 144
Dip (deg.) 90 90 87 90 90
Rake (deg.) 30 10 -170 210 20
Fault Length(km) 10 8 6 4 6
Fault Width (km) | 16 - 18% 17.6 17.6 17.6 17.6
Depth of Upper
Edge of Fault 0- 2% 0.1 0.1 0.1 0.1
(km)
Slip (m) 0.5-0.8 0.5 0.5 0.5 0.5

* The depth of the upper edge of a fault and fault width vary so that the lower edge of the fault will
be keep a constant depth of 18 km.
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Fig. 3. Distribution of total slip on faults. The total slip is a sum of contribution from all time windows. A star
means the hypocenter. Left: faults striking NW-SE, right: a fault striking N74E. Green dotted lines show
the location at which the two fault systems intersect. See also Fig. 2 for the fault configuration.
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Fig. 6. Comparison of observed (black) and synthetic (red) waveforms. The waveforms recorded at
TTRSO2 were not used as inversion data, and the synthetics were calculated as forward modeling.

_38_

-38-



2000 B HR B i #s LR o 5 L

35.5° - W

.
N\

Fault #5 hN

~
\

- Fault #4

AN

Fault #3 \ R

937
Fauli 2~ 33 3%5

@\ Fault #1
(]
’
5
35° b q
Ek\
O
\I
\E]\
2201
133° 133.5°

FIR. WEDME & KERR.

Fig. 7. Map showing fault locations and leveling route.

.39.

_39_



15

Height Change (cm)

4
67
|

S
o
2201

YR e« B -F - S - 2L

1 | I L L 1 L L i 1 1 L L i 1 L Il L Il

a1
I

o
L

1
o
I

=
o
!

— Observed S
— — Model 1 T
—————— Model 2 ‘

............ Model 3

2234
22351
2237

Bench Marks

B, SN ETEE GEM) SWRHOLROERS CHEBHETODTRYEZER

F=32OBETILMNSHEINDLETERE DB, Model 1 TIE, BT E TE
LCWT, 0 Ei305m. Model 27CiE, LiEOTEEA1kmT, 4~V 81307 m. Model 3
T, EBOEE2kmT, 70 E{30.8 m.
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Geoslicer survey of a liquefied layer
due to the 2000 Tottori-ken Seibu earthquake

TgE—" - BREE—BR - AEEHA RO |- mEER

Koichi Shimokawa', Shuichiro Yokota’,
Hiroaki Ishiga®, Tsuyosi Haraguchi' and Keita Takada'

Abstract: We have been collecting liquefied sediment samples and observing them in detail
not only to reveal the mechanism of liquefaction, but also to utilize the common features as
index of past large earthquakes. We carried out geoslicer survey of liquefied layers due to the
2000 Tottori-ken Seibu earthquake. The geoslicer survey has revealed that a 2m-thick
artificial fill of dredged sand was liquefied and erupted on the surface through the 1m-thick
capped reclaimed layer of decomposed granite and soil. Detailed observation and description
of liquefied layers are the clue to know the liquefaction mechanism.

Key words: Tottori-ken Seibu earthquake, Daikon-shima island, liquefaction, fluidization,
geoslicer
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Fig. 2. Generalized log of the geoslicer survey sites.
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Photo 1. Sand boils after the earthquake (1 ). Photo by Seiki Yamauchi, Shimane Univ.
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Photo 2. Sand boils after the earthquake (2). Photo by Seiki Yamauchi, Shimane Univ.
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Trenching surveys of surface ruptures associated with the
2000 Tottori-ken-seibu earthquake
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Center, GSJ/AIST, present affiliation: OYO Corporation, morino-michio@oyonet.oyo.co.jp)

Abstract: Trenching surveys at the surface ruptures showed that the 2000 Tottori-ken-seibu earthquake
was caused by reactivation of active faults. At Ryokusui-en site, shear zones in granite appeared on the
trench walls and floors. They consist of parallel shear planes with gouges and planar fabrics, as well as
oblique secondary shear planes indicating left-lateral strike-slip movement. These features indicate that
the surface ruptures at Ryokusui-en originated from the parallel shear planes in granite. At Mt.
Kamakura-yama site, sediments covering the shear zones in weathered granite have been displaced by a
large number of en echelon minor faults suggesting left-lateral movement. Older flower structures within

the sediments were also found and dated between ca. 27,000 and 7,200 years ago.

F—T— K ;2000 EESEIRELME, HEBWE,
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Keywords: 2000 Tottori-ken-seibu earthquake, surface rupture, trenching survey, active fault, strike-slip

fault, pull-apart
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Fig. 9. Expansion plan sketches of trench P2-2. See Fig. 3 for key.
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4. Pl-1 b U FALTE{AIRET D

Photo 4. Close-up of the fault zone on the northwest wall of the trench P1-1. See Fig. 4.
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Photo 5. Close-up of the fault zone on the southeast wall of the trench P1-1. See Fig. 4.
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Photo 6. View of the northwest wall of the trench P1-2 and a part of the northwest wall of the trench P1-1.

The red lines are the surface ruptures associated with the 2000 Tottori-ken Seibu earthquake. See Fig. 5.
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Photo 7. Close-up of the fault zone on the northwest wall of the trench P1-2. See Fig. 5.
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Photo 8. Close-up of the fault zone on the northwest wall of the trench P1-2. See Fig. 5.
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Photo 10. Close-up of the fault zone on the northwest wall of the trench P1-3. See Fig. 6. =
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Photo 1. View of the southeast wall and floor of the trench P1-3. See Fig. 6.
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Photo 12. View of the northeast wall of the trench P1-4. See Fig. 7 and Photo 3.
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Photo 14, Close-up of the fault fracture zone on the
floor of the trench P1-4. See Fig. 7.
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Photo [3. Close-up of the fault fracture zone on the
northwest wall of the trench P1-4.
See Fig. 7 and Photo 12
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Photo 15. The surface rupture associated with the 2000 Tottori-ken Seibu earthquake near the trench P2-2. See Fig. 8.

NS R

x

TG, P24 b L FIRBIMLE ISR B TR, 20004 OE RICIRE. WK,

-204-

_74_



UEEN

i

2000 4 B He R R LB 0> b L FRHI

E¥l--1

*6 "SI 99 "Z-7d YoUS1 9y JO SICO[J PUE S[[eM ISOM PUR 1SES 21 JO 1ed pue [[em YiIou ay) Jo M3IA “L] 010Ud
C(Bi2E6m) LI —UXUXOEFEMEY - BHEME - B EHEMIF-£ 1T LIEE

-205-

..75_



{

ft— - K

I

PR Al

B

A

7‘/"#

By b — R - HEARTPER -

N

"6 314 995 "7-7d Youen ) JO SIOO[) PUE S[[eM 1S3 PUB ISB2 U1 JO yied pue [[em YINOS Y} JO MIIA "] 010Ud
C GH2E6E) LiE—uUrUQIFEMY - MM - B3 DREEL S -ld BIEE

=206~

_76_



2000 4R URBR I M HLERITIE O Lo FARAIK A

BE19. P2-4 b Lo FALMBER &R - FEREEE - RNBEE O ZNEh—E5 CEI0RZHR) .

Photo 19. View of the north wall and part of the east and west walls and floors of the trench P2-4. See Fig. 10.

BH20. P2-4 b Lo FRIMUBETE & PR - PG NIBE ) -
HNEFOZN TR (FEIORBH).

Photo 20. View of the south wall and part of the east and

west walls and floors of the trench P2-4. See Fig. 10.
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Photo 21, View of the north-northwest wall of the trench P2-1. Sec Fig. 11,
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Photo 22. View of the south-southwest wall of the trench P2-3. See Fig. 12.
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Geodetic surveys of crustal deformation associated
with the 2000 Tottori-ken Seibu earthquake

REWH—H ' - EOETF - REARK - HllgE—1

Yuichiro Fusejima', Haruko Sekiguchi?, Yasuo Awata®and Yuichi Sugiyama®

L3 i B9z o 4 — (Active Fault Research Center, GSJ/AIST, fusejima.y@aist.go.jp, haruko.sekiguchi@aist.go.jp,
awata-y@aist.go.jp, sugiyama-y@aist.go.jp)

Abstract: We conducted a precise geodetic survey at many benchmarks in a small area around the
northwestern edge of the surface fault ruptures associated with the 2000 Tottori-ken Seibu earthquake. It
includes static GPS survey, real time kinematic GPS survey and leveling survey with an error of a few mm.
The survey clarified the following points. The crustal movement due to the earthquake has dispersed in a
band approximately 600 m wide. The surface fault ruptures occurred inside the band. The total vertical
movement is 35 £ 10 cm. The total horizontal movement reaches 70 cm, approximately three times as large
as the total displacement of the recognized surface fault ruptures.

F—T— F : HERSEE), AMRAE, WEKE, EE, RRRENHE

Keywords: coseismic crustal deformation, geodetic survey, surface rupture, active fault, Tottori-ken Seibu

earthquake
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Geological structure of the epicentral area
of the 2000 Tottori-ken Seibu earthquake
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Kenta Kobayashi', Yasutaka Aizawa’, Kengo Umetsu?®, Atsuko Oyama* and Ryo Yamamoto®

b3 I8 R S KR 8 AR S ZE Rl (Graduate School of Science and Technology, Niigata University,
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University, present affiliation: Nissaku Co., chousal-ngt@nissaku.co.jp)
S E B k& (Teikoku Oil Co., Ltd., r_yamamoto@teikokuoil.co.jp)

PR RS E A,

Abstract: We precisely described mesostructural characteristics of geological structures in the epicentral
area (aftershock zone) of the 2000 Tottori-ken Seibu earthquake and the surrounding area. Mesoscopic
distribution density, width and hue (color) of fault rocks, such as fault gouges and cataclasites, are different
between the epicentral and surrounding areas. Foliated cataclasites occur only in the epicentral area. These
facts suggest that the 2000 epicentral area has a longer history and higher activity in faulting than the

surrounding area.
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Keywords: 2000 Tottori-ken Seibu earthquake, epicentral area, fault, fault rocks, distribution density of fault

rocks, width of fault rocks, hue of fault rocks
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Fig. 1. Geological map of the survey area and the attitudes of dikes (equal-area lower-hemisphere projections).

1: 50,000 topographic maps "Yonago" and "Neu" published from the Geographical Survey Institute are used for

the base map.

167
_89_



ANRB A - FREIRIE - MRS - ANDECE AR S

ol W RBEESR

9 LRE~
S . RS AR
Ty & 7T LR
' :nj;. . »
.'= i
;‘,I “ :
Y i -
i f = M .
S ol s i
KBS LA _
\l
i1
i
)
B 7 e b3
(1) N45WBBSW :
(2) N45EBONW o
B RMEEER n=10 |7
d ' . LCATEes, KRE~ _ )
(1) N23W8BNE ded TRy ® e n=56
m FHEEER n=0 %Eﬁt‘%ﬁn '. _ *& rco | A 7T 54 MR n=11
A = A \ -ﬂ “_|x #m  n=20 |
® pumman P10 Ey il g r a B e N L
n AT IS4 MR =0 “re;#u‘- : X
Wl mm on=e | LT TN
m Vo o g:@fﬂ :t-\“}; S SO . _{‘._-_':-'
m— ] 2 R R
1 km“ i Vi =f( =e 7 l\- .fk ht

RIEHALAEE N REEPRE N

N52W83NE

i
‘N..,___‘_‘:—d_r__,«'
N58WSEGNE

G FUEEENR n=4 s REEESN n=29 G ORSEEEIR n=0
LRE~ ZRE~ ZRE~
® lmEmep 2 ° lmmam 020 ® e "
& TTS54 MK n=0 & 754 RIK n=33 b TT54 RER n=3
X I~BH n=0 X ~HH n=44 X N n=10

2R, SHUEOEIRS A & BHh.

Fig. 2. Distribution and attitudes of dikes in the five areas.

168
-9()-



2000 47 55 R YR 25 0 MO o0 BRIRUAGAC 6 1 B M LA IS M A

Mo Bl
[] g
O EMNTED
W xR s
B~ EMBRREREEE
U M B ERERA
U P BEREHE
Bl =mzmes
S B
7 KRB

—rs "-"."""’.\’,,-'f”
sk 1
Ll

X .
. ! SR

!

I " L
1 AN -’.ﬂ B f .
L L ] bt

N s oonE
(H &0 #/5m)

e 0~1
e 1~5

Bn ‘ " Nl B A\ =.
e 4 v Cramies:: ' @ OliEdemilk

Hi. WiEE WEYoY  hF s v—¥A ) off, BE, I§.
Fig. 3. Distribution, density and width of the fault rocks (fault gouges and cataclasites).

169
_91=



ANFRIE A« ARAARRE » MEHEBEE - /LT IR 52

hRAOL—H1 bk

4. AIFITIRZE D A Bk H RBFHHE CREB SN HERY & 7 L—¥ 1 b,

Fig. 4. Foliated cataclasite zone at Hino.
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Fig. 5. (a) Foliated cataclasite zone at Ryokusui-en (box). (b) Photograph of the polished rock

slice. (¢) Optical photomicrograph of the thin section.
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A new seismotectonic province map of the Japanese Islands and the adjacent areas, which carries
maximum magnitudes of earthquake (M max) expected for the individual provinces, has been prepared
as a revised edition of Kakimi et al. (1994). The major part of the mapped region constitutes an island
arc-trench system, which is surrounded by Northwest Pacific Basin (1), Shikoku Basin (2), Philippine
Basin (3), Kurile Basin (4), Japan Sea Basins (5), and Korean Peninsula and Tonhai Continental Shelf
(6). All of the peripheral provinces have too low seismicity to be given Muax. The island arc-trench
system is subdivided into the following constituent arcs: Kurile Arc (7), Northeast Honshu Arc (8),
1zu-Bonin Arc (9) Southwest Honshu Arc (10), Ryukyu Arc (11), Sakhalin Arc (12), and the Tectonic
Belt along the Eastern Margin of Japan Sea (13). While the constituent arcs 7 to 11 are divided into
three tectonic belts, which remarkably differ from each other in tectonic, seismic, and volcanic
activities, from the trench to the inland: Continental Slope on the Trench Side (A), Non-volcanic Outer
Belt (B), and Volcanic Inner Belt (C), the constituent arc 10 alone has additionally the Continental
Slope on the Marginal Sea Side (D). Province 12 started developing in Late Mesozoic and functioned
as a collision belt between the North American Plate (NA) and the Eurasian Plate (EUR) in Late
Cenozoic, whereas province 13 is considered to form a current collision belt between NA and EUR
plates. Province 11X, Okinawa Trough, is defined as a current rift zone developing between the
Tonhai Continental Shelf and the Ryukyu Arc. Some of the provinces are furthet divided into
subprovinces in response to local differences in active faults, seismicity, Mpnax €tc.

All the active faults on land are grouped into seismogenic faults (Matsuda, 1990), which are
considered to generate characteristic earthquakes. The magnitudes of earthquake expected for the
seismogenic faults (ML) are estimated by the equation: log L=06ML—-29 (Matsuda, 1975), where L
is the length of the faults in kilometers. The maximum magnitude of earthquake expected for
seismogenic faults (MLmsx) and the maximum one for historical shallow earthquakes (Mhmax) are
compared in each province to choose the larger one as the expected maximum earthquake magnitude
(M max) for the province. Since no method to decide a seismogenic unit from offshore active faults has
been established, Mhmax is tentatively adopted as the Mpmax representing the province. Extraordinarily
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Jong faults found in inland provinces, which are called the designated faults (Matsuda, 1990), are
excluded from estimation of the Mpmss. None of the magnitudes of earthquake expecied for the
designated faults is shown here, because they should be individually estimated. All of the informa-
tion, such as tectonic geomorphology and geology, characteristics of active (seismogenic) faulls,
historical earthqualkes, modern seismicity, and other, is putinto a {able 1o facilitate the identification

of a seismoteclonic province and the determination o

f the Mmsy and the designated faults. The details

of the boundaries between seismotectonic provinces are shown in another table.

Key words: Seismolectonic province, Japanese islands, Arc-lrench syslem, Maximum earthquake

magnitude, Seismogenic fault.
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Fig. 2. Index map of boundaries among seismotectonic provinces. Numerals on boundary lines

correspond to those in Table 2. Others are the same as shown in Fig. 1.
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