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What We Learned from Recent Geohazards

TR B AESL

Masahiro CHIGIRA

Synopsis
Geohazards have occurred almost every year and their mechanisms have been still
being newly found. The physical principles that control landslides are rather simple and
mostly already known, but the diversity in geological conditions beneath the ground
surface makes it difficult to make models and to do quantitative analysis for their
prediction and mitigation. Here, various cases of landslides induced by rainstorms and
earthquakes are reviewed and new mechanisms found from them are introduced.
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Table 1. Alist of recent geohazards in Japan and
nearby countries.

199692 A& b 2LKE (LiFiE, 204%ET)

Toyohama rock fall 20 fatalities

199755 A/\ETFHE (AMORES L)

Hachimantai landslide No fatalities

19974 7R HARMAE (BB, 2143%E0)

Izumi landslide-debris flow by rainstorm 21 fatalities

199858 A @G RMARWAE B4RT)

Fukusima-kenNanbu rainstorm 8 fatalities
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2.1 REOLIEROTEHNHBELERZNLT
HEXMICSERE, BEKGEETHH5HE(Fig.
1A)
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19992 AMEEA TN (AMIBERL)

Yokohama rock fall No fatalities

199956 AL B RRMAE (24431

Hiroshima rainstorm 24 fatalities

1999498 A BEEHE
1999 Taiwan (Chi-Chi) earthquake

2000598 BRMLE
Tokai rainstorm

200157 AR SR BRKE
2001 Kozushima earthquake and rainstorm

20024 8 ABEAN—Y (8E, 200%7?)

Korea (Typhoon Rusa rainstorm) 200 fatalities?

2003% 7 AAXRKE (2143%ET)

Minamata rainstorm 21 fatalities
20047 AHTR - BERM (ERHE2EET)
Niigata-Fukushima rainstorm 2 fatalities

20044 10f8 0 EREARLIC & 2 KE
Rainstorms by 10 Typhoons

2004510 3B Bh#E (L2 T6&ET)

2004 Mid-Niigata prefecture earthquake 6 fatalities by landslides

2005598 £E145 (LB T245ET)

Rainstorms by Typhoon 14

22 fatalities by landslides

20054107 /8% 2 & LB R (LR T2H6F AET)
2005 Northern Pakistan earthquake

26 thousand fatalities by

2007E3ARER S BHIE (ERKERTEO)

2007 Notohanto earthquake

No fatalities by landslides

200747 B#TREFPIBE (R KERTEO)
2007 Off Mid-Niigata earthquake

No fatalities by landslides

2008458 RE)I#E GE&67 9 FA)

2008 Sichuan earthquake

69 thousand fatalities

2008% 6 AETF - SHAREHE
2008 Iwate-Miyagi earthquake

2009488 BT Oy (A, EE619%, /Whrfao0 400 fatalities by Shiaolin
Rainstorm by Typhoon Morakot landslides

2009498 /XL VIR (R< b7, FBE600% L)

2009 Padang earthquake Over 600 fatalities

2011 AR T PR (EWKETI6AIEL)

2011Tohoku earthquake 16 fatalities by landslides

20115 /R125 (GEEITATEEIZR, 568 IFLHKE)

Rainstorm by Typhoon 12 56 fatalities by landslides

013 FEAREER26S GtETHAE3ZR)

Rainstorm by Typhoon 26 in lzuoshima 39 fatalities by landslides

2014FEBRMKE GEE144)

2014 Hiroshima rainstorm 74 fatalities
20164 pEAHE R

2016 Kumamoto earthquake

20175 AN EBSRRE (BEE374)

2017 Northern Kyushu rainstorm 37 fatalities

2018FFAARMKE GLEMELE—LER)

2018 West Japan rainstorm 94 fatalities (Hiroshima)

20184 AL EBIRER MR (FEE36A)

2018 Hokkaido earthquake 36 fatalities by landslides
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Table 2. A list of recent rainstorm disasters in Japan in chronological order (Chigira, 2018).

Deep-

Shallow |Month & .
Year |Place Geology seate.d landslides | date Trigger
landslide
1989 |Boso Soft mudstone — O 7 | 31 | Rain (Front and T12)
1993 [Kagoshima Shirasu — ©) 8|6 Rain (Front)
1995 [Kagoshima Shirasu — O 8 [ 6 Rain
1997 [lzumi in Kagoshima |Andesite, T uff breccia ) A 7107 Rain (Baiu front)
1998 [South of Fukushima |Weakly welded tuff — O 8 | 26 Rain
1999 [Hiroshima — — O | 6 29| Rain (Baiu front)
1999 [Rumoi, Hokkaido Soft mudstone — O 7 |28 Rain (Front)
2000 |Kozu Island Rhyolitic pyroclastics — O 7 | 1 | Earthquake and rain
2000 |Tokaiarea — ©) 9 | 11 | Rain (Front and T14)
2003 |Minamata, Hishikari O O 7 120 Rain (Front)
2003 |Hidaka, Hokkaido — O 819 Rain (T10)
. . Soft sedimentary rocks .
2003 |Hidaka, Hokkaido (exfoliated) O 819 Rain (T10)
2004 |Nagaoka, Niigata Soft mudstone — @) 7113 Rain (Baiu front)
2004 ﬁ‘jlli\llj\;a catchment, Volcanics (need to be checked) — O 7 | 13 | Rain (Baiu front)
2004 |Kisawa, Tokushima - 8 (1 Rain (T10)
2004 |Saijyo, Ehime Schist O O 9 |29 Rain (T21)
2004 Saijyo, Ehime; Hard sandstone (heavily _ o 9 | 29 Rain (T21)
Kagawa weathered
2004 |Miyakawa, Mie O — 9128 Rain (T21)
Mimikawa .
2005 catchment, Miyazaki O 9|6 Rain (T14)
2006 |Okaya, Nagano — O 7 119 Rain (Baiu front)
2009 |Hofu, Yamaguchi — ©)] 7 | 21| Rain (Baiu front)
2010 |Shobarea, Hiroshima |Soil (Bed rock is rhyolite — O 7 |16 Rain (Front)
2011 |Kii Mountains O — 9 (3 Rain (T12)
2012 |Aso caldera Volcanic soil — ©) 7112 Rain (Baiu front)
2013 |lzu-Oshima Volcanic soil — O 10 | 16 Rain (T 26)
2014 |Hiroshima - @) 8 |20 Rain (Front)
2017 |Hida, Oita Andesite lava and pyroclastics ©) A 7 | 5 | Rain (Linear band)
Asakura and .
2017 Higashine, Fukuoka — O 7 | 5 | Raiin (Linear band)
Asakura and . L
2018 |Hiroshima — O 716 Rain (Front)
2018 |Hiroshima Rhyolite — O 716 Rain (Front)
2018 |Uwajima, Ehime AT _sandstone and mudstone A O 716 Rain (Front)
heavily weathered
2019 |Marumori, Miyagi - ©) 10 | 12 Rain (T19)




Table 2. A list of recent rainstorm disasters in Japan according to geology (Chigira, 2018). Surface structures
correspond to Fig. 1.

Dat Deep-seated |  Shallow Surface .
Year | Month e Place landslide landslides structure Trigger
1999 | 6 29 |Hiroshima — @] A Rain (Baiu front)
2000 9 11 |Tokaiarea — O A Rain (Front and T14)
2009 7 21 [Hofu, Yamaguchi — @) A Rain (Baiu front)
2014 | 8 20 |Hiroshima — @) A C Rain (Front)
Asakura and L
2017 7 5 Higashine, Fukuoka — (@] D, F Raiin (Linear band)
2018 7 6 |Hiroshima — O D Rain (Front)
2019 10 12 |Marumori, Miyagi — @] A D Rain (T19)
1989 | 7 31 |Boso — @) A Rain (Front and T12)
1999 7 28 |Rumoi, Hokkaido — O A Rain (Front)
2003 8 9 [Hidaka, Hokkaido - O A Rain (T10)
2004 7 13 [Nagaoka, Niigata — @) A Rain (Baiu front)
Saijyo, Ehime; Hard sandstone (heavily _ .
2004 9 29 Kagawa i) (@) A Rain (T21)
Hard sandstone and
2018 7 6 |Uwajima, Ehime mudstone (heavily A O A? Rain (Front)
weathered
2003 8 9 [Hidaka, Hokkaido — O A Rain (T10)
2004 8 1 |Kisawa, Tokushima O — Rain (T10)
2004 9 28 |Miyakawa, Mie O - Rain (T21)
Mimikawa .
2005 ° 6 catchment, Miyazaki O B Rain (T14)
2011 9 3 |Kii Mountains (@) - Rain (T12)
2004| 9 29 |Saijyo, Ehime Schist O O Rain (T21)
Asakura and . .
2017 | 7 5 Higashine, Fukuoka Schist O O Rain (Linear band)
1993 8 6 |Kagoshima Shirasu — @) B Rain (Front)
1995| 8 6 |Kagoshima Shirasu — @) B Rain
Asuwa catchment,  |Volcanics (need to be _ . -
2004 7 13 Fukui checked) O Rain (Baiu front)
2006 7 19 |Okaya, Nagano Volcanic soil — O A Rain (Baiu front)
2012 7 12 |Aso caldera Volcanic soil — @) A Rain (Baiu front)
2013 | 10 16 |lzu-Oshima Volcanic soil — @) A Rain (T 26)
2017 7 5 |Hida, Oita AT _Iava e (@) A Rain (Linear band)
pyroclastics)
1997 7 7 _|lzumi in Kagoshima |Andesite, Tuff breccia @) A Rain (Baiu front)
2003| 7 20 |Minamata, Hishikari [Andesite O @) E Rain (Front)
1998 | 8 26 |South of Fukushima |Weakly welded tuff — @) A Rain
2010 7 16 |Shobarea, Hiroshima [Soil (Bed rock is rhyolite) — @) C Rain (Front)
2000 7 1 [Kozu Island Rhyolitic pyroclastics (@) Earthquake and rain
2018 7 6 |Hiroshima Rhyolite — O A Rain (Front)
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A‘ % |
Surface layer consists of loose . . :
layer, which overlys less Finer surface layer overlies

i coarser materials with Hard debris occupy the base of
E.%r;?,f,adb;f?,ﬁgé‘ gfr?ég?;( Wit clearly defined boundary  soil on bedrock

E
Dﬂ i
Surface layer consists of loose  Horizontal permeable beds Surface soil layer graduall
layer that includes boulders overlies less permeable beds  changes to deeper bedroc{

Fig. 1 Surface structures in relation to shallow landslides (Chigira, 2018). Structures A to D are made by
weathering and susceptible to rain-induced shallow landslides. Structure E are generally made by
sedimentation and shallow landslides could be induced at the surface portion of the boundary of two
layers. Structure F is made by deep weathering and sometimes deep landslides are induced by rainstorms.

%) Neogene granite (30-4 Ma)

;) Cretaceous to Paleogene granite
(130-140 Ma)
Triassic to Jurassic granite
(240-180 Ma)
O Less micro-sheeting
Spheroidal weathering

o Micro-sheeting develops

Uetsu (1967, 131 fatalities)

Nagiso (2014, 1 fatality) ﬁ
Shimane (1964, 108 fatalities)

\ @

Asakura (291
fatalities) %P

Tenryu (1961, 36 fatalities)
Nishimikawa (1972, 64 fatalities)
Tokai (2000, O fatality)

Minamiyamashiro (1953, 221 fatalities)

Rokko (1938, 616 fatalities; 1967, 92 fatalities)
Kure (1967, 88 fatalities)

Hiroshima (1999, 20 fatalities)
Hiroshima (2014, 74 fatalities)

Fig. 2 Distribution of rainstorm disasters in granitoid areas. Data added to Chigira (2001)



Fig. 3 Exfoliation of vapor-phase crystallized ignimbrite
due to weathering (Chigira et al., 2002).

20044 F R E21 5 K FEORICIE, < Bk Lz A
FRFRERE O S EROW SRS BB OXE L8N
SRR LT3,  2014). Z D HEDOERKIT,
WERLELEDLTNRFHAIZL > TR ENT
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Yo THRG AT 5720z, BBRENZRK LT
EEZLNTWAH(Ondaetal, 1992). DX 51, 16
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of unwelded ignimbrite and water migration (Chigira
and Yokoyama, 2005).
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BIZIEAR I DT ROELLGERH D.

Fig. 5 Slope image of landslides that were induced by
water gushing out from hollows (Chigira, 2018).

2.4 RBIEHAKIKAILICEKDZaTRAIVEY
Y574 53545 (Fig. 1D)

AR A i )

Fig. 6 Schematic diagrams showing the landslides of
weathered granitoid. A: Landslides occurred during
2018 western Japan and 2019 typhoon 19 rainstorms.
B: Landslides occurred during 2017 northern Kyushu
rainstorm. A corresponds to A in Fig. 7 and B to B
and C in Fig. 7.

Fig. 7 Landslides
rainstorms. A: Landslide of core stones and gruss
during the 2018 Western Japan rainstorm. B Upper
portion of a landslide induced by 2017 northern
Kyushu rainstorm. The tree below a person slid
together with the underlying saprolite. C: Overview
of the landslide B.

in granitoid areas induced by
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WRelc B PARE Ik T2 Lz, 51T, 201747
AL SR F R ITIE, JTOE & R 76 [ PO kA
DO=Y P MES-6mICED ETHRIELEZFF S H -

7=(Figs. 6, 7b,c). Z D X 5 REWEILHITERN T



FREE LIZ< W T B 23 (Fig. 1F), BERTIRIIZ L - T
TRRET 2 2 L 2R LTS, L EO2FI0 RT &
20T, BEUbAERA ORI, ToMiEs ko

T HEREBEUSN D2 A T EBEE L TE

2.5 KEIZEWHET, FTHMNMESEKET, £
BrEEKEDISEE (Fig. 1E)
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RBAREIEDL LN A=A L EZX LT
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WHEeENTEY, 2O LoEEKEOWEZD LD
KWK 3R L= Z E SRR S = JIE, 2006).
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2.6 REFEORLEGMEFOFRICONT
FZREPEDL, ExOFREINSLTH, BETD
ZENEL, ¥, BRICE-TRALZLDITK
BOBZE AT E 2o TRRICER2EE LI &k
I, B0, FEAOEHT L RO TR
IhbnTERE., ENo0RLRENLRLOE, B
FET VK DB O TR & THREERIC L 25
AR O TRl (BAEMREDORERFNIFHL) Thb.

BlIC & 2 MEOMELT T LIC oW TIE, K%
DM ZET K D BFFED B4 1T BIWFSE T & 2 (Okimura
and Kawatani, 1987; {#fI, 1984). ZiuiL, Flm%
FEAKIFEOEMICEIY, DO T ORBEEZZRE L
RO THARICRE S, MTARMEZFREL,
RO THOEAMBIEDLEREHAETHHLOT
b5, HEETNVIC L DAL THNIE, REHE
PEFANCE SV CERBMICRTZ LR AETHD
2, JRIRIC bz - THIAR O o REE R ) 2 K UK
HYHMEEICET 2 ERENLTELE LTS, LAL
NG, MBENSHIIZETHY, b EHEEIZE
ETHZLIFFEA LB ERETHD. 2D
MFLET DO TIED R Y OO IBRATI S
TWBR, FEFAMIZE-> TV, M2 E PN
WCEHERERO—DX, HELEOEITHY, %
DEIZHBEHOMEBNSHE T2 FENIREIN
TV % (Heimsath et al., 1999; #204,2016). 7272 L, Z
OFFEFTEBOE S PEEMAIZE{L LY, 2FD
EEREICODEWVWHI ZEEREELELTEY, 21
DB TH D &9 S & % (Phillips, 2010). £/,
IhboeTFATlE, Hicagns ekl CaEd
HPEBELTCEY, ARLCELE LI RERITLL
AL RS OB W E OO ZEMEITEE SN T
AT AN

19994 DK By 2 K E LA, KRG T O L3 &5
¥ (soil water index) 23FZFHEEMEIZ A - 7= ([ i,
2001). ZHiE, HBOFOKZE D T ILZ A 2T
LI ET2HETHD. IRBTTIE, JRGL—4
— T & o T Lkm#& - 0 22 [#] 53 fif HE “C B E /9 A1 2 5 (H
L, Zhz ik 2 8 L BANGEM S 3By v
JICEE AT, ZHHDX 7 OKOBE(HERNEE
B) &30 T LIZER L, REIA gD oKy &
EEML TS, LT, ZHICIFEHRNEREEOHE
R & 2 A G b T, AKRENSBEEO LK
EORBROOHE LLBRRELEZ 2 LTSN
L&, TWREERA/RELND I LIRS T
W5, ZOVATAE, #IENS LS oFHIe
HEICOVWTIHIEFICRER DO TH L, HITD
HUoTIEDIRT Ty IRy 7 AT, 2FE R
LONFEHENTWS. LMrLAans, Hodix
AR L TE/LH1E, 2R bOTHS. £, K
DETHRAD XS, WEREIIREMNE L ITR
DANZALTHRAETHHLOTHD. Lehs>T,
Z O - HERH BRI RO < FEAERE T O B,

IR ZRIRA N D D Z L > T LERH D.

3. MICkbFEERRE

AR L7z k9IS, RIEHE LM OMET, RO



EAEEICEK L TR E THL RN D DD B
Thd. ZHIEHEPAEZEICATZHAETH S
B, W TWoRE, FEMRERE FELREW
TEEEBEZDE, KHBRELIZEALERETHD.
WE & HICTRE H D WITHAIC MR EEMER S 5
DI TR, 72, —ERICTRE IomRE, K
H1I0~100 T mBEU Lo b DIiIc>WTHWLR S
ZEBZ.

WIERE O, < oRERELFICLTH
WHNTELD, FEIT20094E 0 BB /IMRA O g &
201 VR EI2512 X D2 B DL DR EEFR AL L
B, HEH 2180, — AW RD koo 7.
IR, BB ORE S L8R, mEtod
WKW ELZB X T2 ENE. F-, TR Fig. 8 Akatani landslide induced by 2011 typhoon

X ARTR LT, ZRAIEE LT FRIc k% - Talas. A: .Vlew from th? air. B: Slope image a.fter
the landslide. C: Slope image before the landslide.

TIEbDD. D: Closeup of the crown before the landslide.

VR A 32 8 2\ R B i 38 00 1 Bl ek 52 703 IE e L2 Arrows in C and D are plotted at the same points
WED D WTHEE S NI BNTZ < 20D, 19848 K and indicate small scarps, which were the precursor
B LEL P S M O R O 1L O K EREE D BRI L, R of the landslide. DEM data provided from the Kinki
ASEEBES~ 10km%Z BB L, F¥3E71~95kmT & 7= & Regional Development Bureau of the Ministry of

~ Land, Infrastructure, Transport and Tourism.

o pa HHe =

HIE SN TS O, 1985). W& SN TN SRR Modified from Chigira et al. (2013),

Table 4. A list of deep-seated catastrophic landslides induced by rainstorms in Japan and Taiwan (Chigira, 2018).
Many are related to fault crush zones.

Slope
Disaster Landslide angle | Volume (ma) Geology Causes Precursory landform
©)
Hisatsu volcanics Red clay (oxidation
2003 Minamata Hogawachi 30 26,000 . . under high Probable small scarps
(Andesite/tuff breccia)
temperature)
. Chert, Mudstone, Sandstone .
Kasugadani 40 500,000 (Sambagawa belt) Fault, dip slope Small scarp
2004 typhoon 21 Takisaka (Satong 30 19,000|Green stone (Sambagawa belt) |Fault (wedge) Small scarps along faults
Miyakawa, Mit . i i
(Miyakawa, Mie)) Kotaki 33 5,000|Mudstone (Sambagawa belt) It;l))llz)slope (plunging No
Oi 40 50,000| Mudstone (Sambagawa belt) |Dip slope (buckling) [No
2004 typhoon 14 (Saijo, Arakawa 32 170,000 Pelitic schist (Sambagawa Fault Small scarp and bulge
Ehime) " |belt)
Miocene alternating beds of
2004 typhoon Aere  |Sha wenguan 32| Unknown |[sandstone and mudstone (50° |Dip slope (buckling) |Probable small scarps
(Taiwan) dip)
Taiping 30{ Unknown |Ditto (58°dip) Dip slope (buckling) [Probable small scarps
Hata 30 429,000 [Mudstone (Shimanto belt) Fault crush zonoe _|Small scarp and bulge
Hata-N 35, 1,125,000 |Sandstone (Shimanto belt) High-angle fault Small scarp and bulge
2005 typhoon 14 Matsuo shinbashj 34 863,000 g;iﬁfmnz EZ?DS andstone Dip slope? Small scarp and bulge
M ka, Mi ki - "
(Morotsuka, Miyazaki) Shimato 46 333,000 |Sandstone (Shimanto belt) Fault crush zonoe _|Small scarp and bulge
Mudstone and sandstone .
Nonoo 45 3,300,000 (Shimanto belt) Fault crush zonoe  [Small scarp (old landslide)
Fault crush zone,
2009 typhqon Morakot Shaoling 25,000,000(Mudstone and sandstone bedding plane, Small scarp
(Taiwa) buckliny
g
. Broken formations, mixed rock
Akadani 34 8,200,000 (Shimanto belt) Fault crush zone Small scarp
Akadani-N 29 2,100,000/ Ditto Fault crush zone Small scarp
Shimizu 36 930,000/ Ditto Dip slope Small scarp
Nagadono 34 4,100,000 Ditto Dip slope Small scarp
Tsubonouchi A 32, 240,000 Ditto Unknown Small scarp
Tsubonouchi B 31 340,000|Ditto Unknown Small scarp
Tsubonoouchi C 30 1,200,000 Ditto Unknown Small scarp
2011 typhoon 12 (Nara [Kijtamata 32 880,000|Ditto Fault? Small scarp
and Wakayama)  [uguhara 34 1,600,000|Ditto Fault? Small scarp
Nishitani bashi 31 650,000|Ditto Fault crush zone Small scarp
Sandstone, altternating beds of
lya 27 5,200,000(sandstone and mudstone Dip slope (buckling) |Small scarp
(Shimanto belt)
. Broken formations, mixed rock
Nojiri 28 1,600,000 (Shimanto belt) Fault? Small scarp
Kuridaira 31 14,000,000|Ditto Fault? Small scarp
Fudono 32, 240,000/ Ditto Unknown Small scarp
o . Gravitationally deformed (detail
2017 northern Kyushu Otoishi 23| Unknown |Green schist (Sangun belt) Fault crush zone not known)
(Fukuoka and Oltﬂ) . ] ] RET le-y (OXTaatrorn i
Ono 30| Unknown [Miocene andesite/tuff breccia |under high Scarp (old landslide)




T, 970XV —THAELERXNFA - TRF
T DRAEN b E Do 72 X 9 T, KRE200~360km
L HEE & T B (Plafker and Ericksen, 1978). KA
FEE O 9 LKREREFR 2 EOXUEFIZERT 5 b
DX, AEOFHFEHENTHD.

31 MICKORBRRDORKLES
RIS R AT DD & —RINITIZB S
NRHTHDN, ZOFEITRCHOESMEE

AT L2 BHIM 5 2 LB BN R-oTE .

Fig. 412, ITFEAAR L BE THRA LENIC L 2 RE R
AP (TAR (2007a)01% ; T AR, 2018).
CZICETREBREOIFE AL IFENRmEERIC
LR IE 2> TV ERHAL MR-
kY, ZoMBKRL DL, MEEETHD.
WBEENTIRETH S Z i, 20114EOCE RIS
(2 & o THREGH L TR U 72 VR T8 RS RE O 55 5 T,
FEA L OMZE L — 3T — ¥ & AR
I OO OFEE, #1O TR 72 > 7= (Fig. 8,
Chigira et al., 2013). #i FEEEICImAH-> T, £h
BWIZTRORAEL D L, REICHFIZETERL
TEXT, DNNITEBEERESENEH VBN D

LEZOND. TRONPMRBICETETDE, £Z
WNEERENSEREND. LT, ROEME LT
BEEOGVEE LN ARICEZ 20N EERETH
BEEZEZDHILINTED.

Table 4I2IF30FEBHIT TH IR, ZhbDH> BT
NROADORFETEL L DOII26FFTHD. ZDOXRT
Wi RS ERE L7280, fit (F oY) &5
WA ST RO EEFF > T b DO THD. H
Wi &8 L7 b DI & > T o TRE PRI
HHVWHMETIZZRWVWEDTHD., WTFRICLTY,
WEHEZGDLE D 162608 EEZ T DI L LT
2 ERbhb. £, 2O0EBHBEIIRED T
fLORERTZT XV mE LTV, X, 8%
5 < BEK A BEE DS | &I TEEA IS L o TRk g
TSNz boPMmtibLzbDTHD. £z, 8
DFFAVEOEEE (BEm) IZho T2 b D
T, TOW, 4D X FRNICHBEREE L TW=b DT
botz. 2F0, P & H38% (1026)1F, HAM
EROR DR TEARYEICT XY ENS TE T
L, F, 70%(18/26)D AREE N [ERE TR o A HE
ERSHDZ LD, 15% (426) 1%, FAfICHE
NERE LT\, o400, BZEOLHEREE
Bbh 2 sz o T\ iz

MTEORBIL, —BACIERWEKREEZFF > TV 5.
PERE B AR DKM IR < /3453 2 W5 k¢
1%, REREOT N0 WO S Tz E B
WA T CHAKEEZY, O LEOMTAKE FTOH

TAREGE L TWEZ ERBHONERD, F, 1
JEDRERIC & » THEFKAZ3 10mEL | & 23 -5
THHBABNH DT ENHSEMNTA > TE TV 5 (Arai
and Chigira, 2018). 7272 L, Zi# b OEEREDJRA
Ll o W IR D% <13, BETF O MBI 1A
I RhrobDTHDL. L, ko
BRAE T, & LEERR ORI M MR & PRI
THGAEUS, EEREREZE LT E I ENE
HITh D Z L NEL, WEHRE QBRI
EHFEVEENRLB DN TRzl THD. =
DX oz, WERNE, HWIZG U E N TT
bhabDThHhdr I LI, BEMLETHD. o
Bl VI, HEREE DR S Bomfe B o v B S
FEW 0 KR IT Il S e 2 &30

4. MEBIZLDZERERIE

41 MBIZKDFEBHRIEOREDS

IAE OB ORER D, HEBIC X 2 1RE R,
b EAL & 2 WITE IRTEE I K > TRE A A
HWEATOREIZR2 > COEPTCRELEZZ &R
LMo TE. 72, TnEgICTE, BE
Bz PR TE52 bbb TE -,

(1) e REAEA KT L I-HBREE

L7 72 AL Z M N TRENCHEST L Ta B2 %1k
S, TORBREIHBITIIENZ N EBRE N, T
FEOMEIL, Z0O L5 THIL LA ER
AN ZERHD L ERLTWVD. FFRIZ,
WA IR D K O BALIZHEIC X D B A0 &
R E o TV D,

KWK A 72 EDORE T KWL, E6RET L
THERET 2720, RIEICEIT2 @S, 2EVih
BEEIES. T LT, EZAEZAICAILREA
ToaA YA MRERLELI REEES. 2
1REN AW R IENC X - THHE TE Tk S 4,
BEFTHENLOIXZERD T &bV, WBEDORER
X, 2oL EOM RS HERICHE LI L
EHZTND.

KWL, KIS EZIIIEE O KL Z
ARBROESERTHY, kL LTHEMIZL T
VNI LTh, A B RIS e b o TiE .
LALLM, ZTUBREFEKERIGT S E, KFn-
MitibLTcHibL T, LT, MEiZk->TE
Enfo e A YA FBAHERICHEEICS D,
WENR R DR L 722 5 Z L A%, 1978 DHFFE K
BB LI, %< MBI OV THS 2
|2 72 > T X 7= (Chigira, 1982; Ohyagi et al., 1979; H
H,1985; T ARR, 2018). oA ¥ A bE, BAICHE




STERINTVWDZ ERZVDT, Zhb DN
ERETDHZLICL T, MENORELRRETT
BIZORT D ENTED. BT kWl o R
BOBRSIE, 3mEE» H200m e BiLICE TR, ~n
AV A M, KR HHREEEL THLM T
FERENDZ LD TH D720, WENFEmOHELZ
DHERFORREITREEREO L bEZ2 5 &N
TX5.

(B BRI & 5 S 0 454k 7S U EE S oD A BE oD I
FIZ/ 52 L3, REBEETHHOLNICRSTEY,
RATHLZILEBERHDIL LW EBboT

X 7. 2008FH HE)INHIE TIL, REBEEE (Fe~
A b, FAIRE) DEEL O THEL-. b

X, BRAMEL B L TR, TAED X 5 IZHkE
BENELSNTRIKE S T8 e 5. BUIMETRA

U 7o iRERHES OB EE CRBUE 2 b 01X, JEBRmE 2R
ITRDIZLDHLDOTH-7=. HHBFICIIER ST
JEE TRV O TR b oo, WiET
RWEEICY, BREEIZH > TEADHERENPEAT
ZERRNTE, LT OEBROBEMERGEA LIZHEIC
Ho CTHAELEHMT Y % h 5 7 (Chigira et al.,
2010).

20044 T IR R RF L2 1L, VRSB DA COHY
TR ENRVOERE L. ZOW, BRI
N T, TARVEE, BEL L, BYRIC X DR
Tuy MIERESNTEY, BIZHWLAZR &N
TR SV CHAE U2 M 72 ZEBR 28 M3~ 0 J8 28 D JRU K]
D LI Z 5 (TARE,2007b).

(2) EAREERLEITLI-HERRE
BOREEBICIIEAYRIATOLORH Y, &
Wi, (RO RIGIERD & D ICABARREICIEED

BRWHDHHDHH, WERICE > THEICEL XA 7

BHHIERHXLNIR>TE (Tables) .

(a) PEEE

1999 BB ELEHEIC L - TRAELZ LY Lo
W RV %, FRNZENICI>THBENERELTE
D, BEFTHEPLOIFNHIMET LTz (Wang et
al., 2003). HUBDMEmIL, —EIC, HEARE T
HTHAOLNTWDHEE, 2F0, FTEH LV
W RO E TAELT, MBI IIRE I W<
WKEDREND. ZO7H, ZH5ORKEL H
L NEAEGHFRIOA X5, FEOREICT,
20044F HFBHIEE O RE D JBRIE 5 0N, 2008413011 HE
BOOINE (X7 T F) , BEOWYE (F
U EY) ORI % (Chigira et al., 2012).

(b) Ny kLR
WHBOEE T, fliEicHEar’d o, &
i FECHRWAERBENE XX TV IEECY Y b
L 2, buttress) DA, HUEENZ L - TEDOX %
DEE SN, 2RREORBIZELZ LR HD. F
£ 72 DI, 19594 ~7 4 L — 7 (Hebgenlake) #1532 12
X %~ Y »(Madison) ® i 2 T & 5 7 (Hadley,
1964), LI L7=bDiX, TISEOHMEIC L 2RI
HODREND D (TAR2002). ~3 Y ORRED
BE, BEAREERNS > TZhENIHS MR-

Table 5. A list of earthquake-induced catastrophic landslides showing their geologic features and

precursory landforms (Chigira, 2014).

Seismic intensity at Volume

Precursory

- f i (o *
Earthquake Country Magnitude the landslide site Landslide 10° m) Rock type dip (°) Structure landform Reference
M 6.5- " Sandstone, mixed -
715 earthquake Japan 7 5k Unknown Ikeguchi 93 rocks, green stone 50-60 uc Bt Headscarp  Chigira (2013)
1707 Hoei Japan M 8.4 5-6(JMA)** Kanagi 8.5  Sandstone, mudstone 60-90 A FT  Furrows Chigira (2000)
Papua MM 8?2 .
198.5 Papua New New M7.1 (14 km from the Bairaman 200  Limestone 8 ocC Linear . King et al. (1989)
Guinea N . depression
Guinea epicenter)
465.3 gal EW .
370.5 gal NS, and Sandstone, mudstone Linear
27 4'7 gl UD' Chiu-fen-erh-shan 50 ! ' 20-36 depression,  Wang et al. (2003)
1999 Chi-Chi Taiwan  Mw 7.6 6 km north of the site steps
V-shaped
Tsaoling 125 14 oc U linear Chigira et al. (2003)
depression
Higashitakezawa 2 Sandstone, mudstone 20 oc CU Head scarp
§00f4 '\:"d NIGRt2  5apan '\,\’/'I‘fveef 6+~7 (IMA) Shiono 5 14 OC__ CU Headscarp__Chigiraand Yagi (2005)
refecture (Mj 6.8) Terano 0.5 14 oC CU  Head scar
Kazefukitoge 0.09 30-42 _WL
U
(plunge of -
2005 Northern . Dandbeh 65  Sandstone, mudstone ocC CU Small scarps Chigira (2007),
: Pakistan Mw 7.6 MM 8 a .
Pakistan " Schneider (2008)
Pir Bandiwala 1 Sandstone, mudstone  Unknown Unknown CU Head scarp
) 824.1 gal EW, Daguanbao 837  Carbonate rocks 35._ 38 -EIL .
2008 Wenchuan ~ China  Mw7.9  802.7 gal NS, and (oblique) depression __Chigira (2010)
622.9 gal UD Yinxinggou 100?  Carbonate rocks 25? oC U  Unknown
2008 Iwate Mw 6.9 328 gal EW, 67 Sandstone, siltstone, Linear
Miyagi Inland Japan (Mj 7.2) 413 gal NS Aratozawa million tuff, welded tuff 02 ee depression Ohno et al. (2010)

*: OC: overdip cataclinal; UC: underdip cataclinal; A: anaclinal: Bt: buttress; B: buckling; FT: flexural toppling; U: undercut; CU: collided the opposite slope then undercut

**: Usami (2003)
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Y52 LIRS THEROONL LR,

(c) FRY

fERBEOREOEE, 20, REERHED
BRI LY bRRGE, MEIIRE T TR T
Wiz, BHEEIZH I TNVRELD I LDH
5. ZLTC, Zhidstm EEC/NEEED D VITHR
WM Z BT 5D, ZOX A TDH0E LT, 1999
AR AR MR O FE D BL4E O BR B (Chigira et al., 2003)<°,
1985 D NRT T =2 —F=T7 TOMEIZLD
Bairaman® AR EE M & % (King et al., 1989). W LD
B b, BRI AR D R 7 — T TN
ot

(d #FryTY2T

i by 7Y 7L, EARMICIEE L ED S
MIZHN»2 DO TH LN, BN HEOTHEFREL
SIREEZTDIRETDE, REELL, HEOE
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BEOTAE O HF X O (TF AR R,1999)08: [ D B 5
DRABE(ZM 98N Z ORI TH 5. HIEIZ X > TH
BT 256, AR LIS L 2 pEE & ERk IR
FEIC SRR DINER B H—DF W HIBHIIT b B ED
TN FE PO VSN TV D —RMERH D0 E
PZOWTIEENTIEHZW. 72U, tiif by 7Y
v T OO R N B RER S X o TR S
TWVWAERICIHEREOERENm W EBEZ LS.

(2) XNEFEEE- THUHBIXYOHEH
HOHT R AR EICEZE L T BLERL, £
DB R EDBREIZE > TRTE & bk
EaREORmEIL, REDEZDD XA KoK
fBIZZR > TV D, HUBKICZ O X ) Al CHig~
D B BPICTEE LRI < mend L 5ich
S TCE . & 2I0E, 20044 0 HIE E il E R o
HATIRSC SR % O 9= D) (Chigira and Yagi, 2006),
2005 4F @ /N ¥ 2 & b R o K D Hattian
(Danebeh) DTV b 5 (FARKE,2007b). Z D
X o REREZ, MENICHLIERES THE. 20

Table 6. Earthquakes with similar magnitudes occurred
in similar geologic settings.
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Fig. 9 Preceding rainfall before the three earthquakes,
which had similar geologic background. Only 2004
Mid Niigata Prefecture earthquake had large
amounts of rainfall, which likely induced many
numbers of landslides.
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