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Geomorphologic characteristics of slopes where landslides occurred by LIiDAR
- Case study of landslides occurred at eastern part of Kochi due to Typhoon No.6, 2011-

Katsuo SASAHARA*, Wataru SAKURAI**, Hitoshi KATO***, Toru SHIMADA**** Naoya ONO****

* Kochi university, Japan
** Shikoku Sabo Work Office, MLIT, Japan
*** Kochi Prefecture, Japan
**** Kokusai Kogyo, Ltd., Japan

Synopsis
3 landslides on steep slope near the main ridge along Nahari river occurred at Kitakawa village, Kochi
pref. due to heavy rain of Typhoon No.6, 2011. Mechanism of occurrence of landslides was examined in this
paper by LIiDAR and field inspection. The examination suggests that top of the landslides locates near the
edge of ridge-top gentle slope, and upper part of landslide is consist of sand stone while lower part is consist
of weathered, fractured mud stone, or colluvial deposites. It is supposed that ridge-top gentle slope has been
formed due to creep deformation of mountain and the creep deformation affects the occurrence of landslides.

Keywords: Landslide, creep, ridge-top gentle slopes, LiDAR
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-] Chichibu Composite Belt
Shimanto Belt

M.T.L: Median Tectonic Line
B.T.L: Butsuzo Tectonic Line
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Fig.1 Location of Azue shear zone landside
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Fig.2 Division of the moving bodies of Azue shear
zone landslide and their moving directions (arrows).
Shear zone landslide A (A-1,A-2,A-3,A-4 and A-5)
and shear zone landslide B
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Photo 7 Angular fragments of fractured basalt

Photo 6 Valleyward bending fold of fractured
serpentinite of the Kurosegawa Tectonic Zone
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Photo 8 Fault gouge
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Rainstorm-induced shear zone landside of fractured basalt in accretionary complex
- Example of Azue, Tokushima Prefecture in 2004 -

Shunji YOKOYAMA¥*,
*Research and Education Faculty, Natural Science Cluster, Kochi University

Synopsis

This manuscript describes occurrence factors and collapsing process of Azue shear zone landslide of
fractured basalt in accretionary complex caused by heavy rain in 2004. Linear depressions and valley facing
scarps formed in mountain ridge before the collapsing in 2004. Due to increasing of rainwater coming
through these mountain ridge fissures and into the micro fractures in basalt, the whole of moving body broke
in situ into angular fragments of 10°-10' centimeter order. As clayey fault gouge underlying below the
moving body intercepted dropping of rainwater, it is possible that the pore water pressure increased in the
moving body. The angular fragments fell down with a large amount of water and driftwoods. High frequency
of large-scaled collapses at mountain districts in the outer zone of Southwest Japan is caused by geological
characteristics of accretionary complex and initial deformation of mountain ridges due to giant trench type
earthquakes.

Keywords: accretionary complex, fractured basalt, shear zone landslide, linear depression, trench type
earthquake
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Fig. 1 Distribution of deep-seated landslides. Shaded
numbers indicate landslides we investigated in the
field.
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Fig. 2 Hietograph and the timing of three landslides
near the rain gage (Sarutani dam, MLIT).
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WTHEY, Eio, 10T (ERE) IOV TITAES
ERTOIMA v ¥ 2 OFHDEMT — # 73T st 57 %
HRIC L > CTHRfF sz (Tablel) ., 275 DDEM
T —Z AW THMT 21T o7, S B, FMDEM
F = A WIRNMEFTIC DWW T, [E BB 23 19764F
WZHREE LT T — 22 B EH % TR AR O H
WaBE L, ok, MEROSMILRICHZ-T
L E R HERRE & AW T T i R D 45 R
— A R—= VB SN B 12 5 BE S . google
earthokml =~ 7 1 /L
(http://mw1.google.com/crisisresponse/2011/Japan_Ty
phoon/Typhoon_Talas_imagery.kml

) BBEIT LI,

AN AT Z LD ENL DOPEEIH22AITHE
ML, £/, BIHEREAL10A 11 ICAFHLARKSE

i - 3 b TR YA A Ty S 4
W‘:Em AT T H ( . ) - 5 O)ﬁ“ D jjiﬂbf\_o ﬁi&u}ﬁﬁ?ﬂ%%@m\ H E*%Ja\j—?@ﬂé;ﬂﬂﬁl’)
RIBERIELATCH D (Figl) . ZHH140FREE
\ 13 ==Y _
- N ” VTR, BEEE T 5 T E o
HNIDFTIZ DWW TR UT R 7 B i J/ 8 2 W TR B )
iy, ey S P
12 & o THAERAERT# D1Im A v > = DEM (Digital
. " - — — ST 4H
Elevation Model, ¥fE#EET V) 7 — & B HGE
Table 1 Characteristics of deep-seated landslides with 1-m mesh DEM induced by typhoon 12.
Number in Fig. 1 5 6 9 7 15 [ 16 [ 14 4 10 30 2 12 13
Ui . P
Landslide Akatani Akatani-E (Ooto- Nagatono Tsubonouchi Kitamata Uguhara leh.ltam lya Nojiri Kuridaira
L bridge
Shimizu) A B [o]
Landslide area (m?) 423,700 221,400 132,300 220,700 35,800 41,000 112,900 89,900 246,800 104,300 336,900 266,100 548,500
Source area (m?) 297,900 191,200 50,500 297,900 23,900 35,000 76,000 46,500 122,600 62,500 178,700 134,300 373,600
Scale |Average depth(m)
2
(Half of maximum depth) 35 25 25 30 12 10 15 15 15 7 35 13 40
Volume (m”) 10,430,000 - 1,260,000 | 8,940,000 290,000 350,000 | 1,140,000 700,000 | 1,840,000 - 6,080,000 | 1,750,000 14,940,000
[ ) [ ] [ ] [ ] [ ) [ ) @Obscure [ ] No [ ] [ ] [ ] [ ]
33° (8m)
Arcuate scarplet 36°, (14 m) 45° (12m) Present but|Present but Present but
angle 35° (35m) 39° 7m o 45° (17m) o 39° (62 m) . 33° (13 m) o without without X
(Horizontal length, &) | 36° (7m)| pacaret | = 7™ | a0° 20m) | 4172 ™ | 5o my | 36740 M No | 34°QTm) | yoiviied | detailed |  “Without
o detailed DEM
enough 38° (54m) DEM DEM
Landfor |Linear depression No No No No No No No .w(iii)m No No No No No
m -
before H°”Z°"ta'(i')°pe fength 902m|  990m 360m | 600m | 195m | 306m | 255m 312m - 481m - - -
the T d/L () 5 - 16 17 13 21 18 14 — 6 — — —
events n
Slope angle (line
connecting the crown 34 33 36 34 32 31 30 32 34 31 27 28 31
with the foot)
Previous failure at lower ° ° ° ° ° ° ° No ° No A (Steep ° A (Steep
part slope) slope)
Within a large
gravitationally deformed No No No No [ ] [ ] [ ] No No No [ ] No No
slope
Apparent friction angle (°) 23 23 19 25 23 28 20 20 20 24 19 19 24
Equivalent coefficient of friction 0.42 0.42 0.34 0.47 0.42 0.53 0.36 0.36 0.36 0.45 0.34 0.34 0.45
Hidakagaw | . Hidal Hidak Hidal Hidal Hidal Hidal Hidal Takahara Hidakagaw | .
. a Fmin the Hldalfagawa a Fmin the|a Fmin the |a Fmin the |a Fminthe[a Fminthe| Fminthe [a Fminthe| Fminthe a Fmin the Hldalfagawa
Formation Fm in the h . . . . . . o Muro Fm. . Fmin the
Shimanto Shimanto Belt Shimanto | Shimanto | Shimanto | Shimanto | Shimanto | Shimanto | Shimanto [ Chichibu Shimanto Shimanto Belt|
Belt Belt Belt Belt Belt Belt Belt Belt Belt Belt
. . Chaotic . . .
Geology Lithology Chaotic Chaotic rock Chaotic 2 Chaotic rock and Chaotic Chaotic rock Chaotic Chaotic Ss, Ss—Ms [Chaotic Chaotic rock
rock rock rock rock rock rock altn. rock
red shale
Dip slope of beds [ ) [ ] [ ] [ Jd [ ) [ ) 4 No No No? [ ) ([ ] ([ ]
Dip slope of faults [ ] [ ) 2 [ Jed [ ) [ ) [ ) [ ) [ ] [ ] x [ ] [ ]
Buckling [ ) ? No ? No No No [ 3 No No [ ) ? [ 3
1m—DEM before the KKR* KKR* KKR* KKR* KKR* KKR* KKR* KKR* KKR* KKR* No No No
. it
High~ events FY2009 | FY2009 | FY2009 | FY2009 | FY2009 | FY2009 | Fv2009 | Fv2009 | FY2009 | FY2005 - - -
resoluti Nara Pref. Nara Pref. | Nara Pref. | Nara Pref. | Nara Pref. | Nara Pref. Nara Pref. Nara Pref.
on DEM 1m—DEM after the (Gojo KKR* (Gojo (Gojo (Gojo (Gojo (Gojo KKR* (Gojo No KKR* (Gojo KKRx*
events office) office) office) office) office) office) office) office)
7 Sept. 2011] 23 Sept, 2011 |7 Sept. 2011|7 Sept. 2011[7 Sept. 2011[7 Sept. 2011|7 Sept. 201123 Sept, 2011|7 Sept. 201 1] - 7 Sept. 2011[7 Sept. 2011]23 Sept, 2011

* KKR: Kinki Regional Development Bureau, Ministry of Land,
Infrastructure and Transport

26



4 RERLBE

HEDORr—)v

MREMOERE A InA v > 2 ODEM ¥ 7= 13 [E - H
HFRRITOI0M A v ¥ = DDEM% W CEHAI L 7=,
ZDORER, BRKHBLO B O, 5485000t D IO H
B ORWDTHRADREEA23700nd, ZNh 60 ) bixd
INRBED b DITFEFNAD AT, HiAE35800ni Tdh -
7o (Tablel) ., T3k, REUHEEIIBFN K VI
ERARENDRLS DI EBmbnTEY (W
5. 1968 ; B - KA, 1989) | Mtk & FEAHEE DX
WCERI25IZ L2 ERELZ 7 12 v | L2 DA5Fig.
3THDH, 2O DS A E O RIS - KR (1989)
DIFEHE L 72 IR22F 0 I K EFE DO BRI A LT By
BELRFOEKICT oy NENDZ ENDbND, 2
DT LT, BRERAROMESEBL TN Z &
Fo, WEEBICERICE > TRAELZZ & &2 KB
LTWaEEZLND,

F AR ODEMD b AR IR O &I % ft A B D & |
BRO b Ot FEFoRE T, 373,600 TH -
Tro BAEBERZRRIES D255 D1E U CHERE L5
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Fig. 3 Cumulative landslide frequency and the landslide
size. Data of Totsugawa and Rokko is from

Hirano and Ohmori (1989), Sichuan from
Tsou et al. (2011). T12 indicates the landslides
by typhoon 12.
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Fig. 4 Equivalent friction coefficients of large landslides.
Modified from Hsi (1975), Okuda (1984) and Tsou et al.
(2011).
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Fig. 5 Slope images before (a, b, e, and f) and after (c and g) the event and the cross sections (d and h) of Akatani
landslide (a, b, ¢ and d) and Akatani-E landslide (e, f, g and h)
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Fig. 6 Slope images before (a, b, €, and f) and after (c and g) the event and the cross sections (d and h) of Ui landslide (a,
b, c and d) and Nagatono landslide (e, f, g and h)
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Fig. 7 Slope images before (a, b, e, and f) and after (c) the event and the cross sections (d and g) of Kitamata landslide
(a, b, c and d) and Nishitani-bridge landslide (e, f, g and h)
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Fig. 8 Slope images before (a, b, e, f, i, and j) and after (c, g, and k) the event and the cross sections (d, h, and i) of
Tsubouchi-A (a-d), Tsubouchi-B (e-h), and Tsubouchi-C (i-1) landslides.
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Fig. 9 Frequency distribution of “strains”, which are the ratios between a scarplet length to a whole slope length on a

plan.

Site characteristics of deep-seated landslides induced by Typhoon 12
—Analytical results by using high-resolution DEMs before and after the events —

Masahiro CHIGIRA*, Ching-Ying TSOU, Yuki MATSUSHI*, Narumi HIRAISHI**, Makoto
MATSUZAWA*: ***

* Disaster Prevention Research Institute, Kyoto University
** Fukada Geological Institute
*** Pacific Consultants Co. Ltd.

Synopsis
Typhoon 1112 crossed the Japanese Islands from 2 to 5 September in 2011, inducing more than 40
deep-seated catastrophic landslides of Jurassic to Palaeogene sedimentary rocks. Nine landslides have been
surveyed by Lidar before the events as well as after the events, which clearly showed that eight of the 9
landslides had small scarplets near their future crowns beforehand as precursory topographic features. These
scarplets are made by gravitational slope deformation that preceded the catastrophic landslides. Fourteen
landslides we surveyed in the field had sliding surfaces along faults made during accretion or along bedding..

Keywords: Typhoon 1112, Deep-seated landslide, Lidar, scarplet
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Potential for landsliding: Dependence on
hyetograph  characteristics.  Journal  of
Geophysical Research 110, FO1007.
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Location and timing of deep-seated landslides in Kii Mountains at the 2011 disaster:
an approach from rainfall history

Yuki MATSUSHI}, Masahiro CHIGIRA?Y, Masumi YAMADA®, Narumi HIRAISHI?, Makoto
MATSUZAWAL 3

! Disaster Prevention Research Institute, Kyoto University
% Fukada Geological Institute
® Pacific Consultants Co., LTD

Synopsis

Prediction of deep-seated landslides by heavy rainfall needs combination of two complementary
approaches that focus on geological and geomorphological predisposition of hillslopes, and
hydrological triggering of final slope destabilization. In the latter approach, analysis of rainfall that
triggers actual landslides will provide clue to model bedrock-groundwater behavior and hence
understand the mechanism of landslide initiation. This study reports the case of deep-seated landslides
caused by typhoon 12 in 2011, in Kii Mountains, Japan. Timing and motion of several landslides are
reconstructed by seismic-wave records. We examined relationships between sequence of preceding
rainfall and volume or speed of sliding mass to evaluate threshold conditions leading to landslide.

Keywords: deep-seated landslide, rainfall history, seismic wave, geographic information system
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Fig. 1 A map of landslides found in the post-event

aerial photo survey (light blue areas)
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Photo 1 A photo of the landslide dam formed in the
Nagatonodani, Totsukawa. The photo was taken in
Sept. 5, 2011

[ 1 A28 UT e 5 i 139 A 6 B v & [RiEIC 3
SBAFAEITETF LT,

RRLLERKNET L EAROY I 2 —v a3
E LT, RARY LIREOFRREEBE LIz —RoTR
BEFHE & Z O TRO2KTILER R 2 MG b
TREMSAHVLRZ, ZuE, NELQRIDIZE -
T, —EREORKELMEMAE L BT, KHEZTT
WICHREHT L ZHEMNE LTRESNETIETH
5, OV Ialb—a HEICE- T, SEION
ETIE. BFENS2BH%MIAAIC, 7= & 2 TFig. 2
WCHBTRT LD REAZ TAREFEICL Y AERZK
WELTHONIIART LI ENTET,

—J7. [AFRAE T, FRBRIEZEREF T2 7ER
Mo TWD, 2FEV, MEOHWT—Z 2T
LM L AMEIC L VAR KA R L, 20
%, HEOHEIIS L TRIEZ LD THET 2 &V
IHDTH D,

AEIOXIETIX BIRAXROIBZDOIA12BICE

MR L3 HKERERAL T 5 EAFCSSUEN BRSNS LHORS

R4 : BREI(HRIDRS +RNHET (172)
3 = > ~ |

Fig. 2 Maps of susceptible area to landslide dam outburst debris flow and inundation by ponding in

the upper area of the Kuridaira landslide dam. Solid and meshed blue zones show the inundation area

and the debris flow prone area, respectively, which were officially published in Sept. 8, 2011 whereas

red ones were published in Sept. 12, 2011. The maps are cited from the press release materials of Kinki

Regional Bureau, Ministry of Land, Infrastructure, Transport and Tourism in Sept. 12, 2011.
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Table 1 First assessment of capacity, catchment area, and critical rainfall amount as of Sept. 8, 2011

Capacity of the Catchment Critical rainfall
Name of places of the
dam area amount
landslide dams 4 3 )

(10'm’) (km®) (mm)
Akadani, Totsukawa 90 13.8 60
Nagatono, Totsukawa 120 4.5 270
Kuridaira, Totsukawa 570 8.7 650
Iya, Tanabe * 1 1.2 10

* As of Sept. 11, 2011
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Photo.2 Photos of an aerially-placable floating water stage gauge (APF gauge, left) and the APF gauge installed by

a helicopter.
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Fig.3 An example of water stage data of the Akadani landslide dam measured by the APF gauge

Photo.3 A debris-flow monitoring camera installed in the downstream of the Nagatono landslide dam (left) and

a slope failure detection sensor (right)
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Photo 4 A spill way under construction at the
Nagatono landslide dam site. The photo was taken
in Nov. 24, 2011.
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Emergency Structural and Non-Structural Measures against Secondary Disasters by Landslide Dams
in Kii Peninsula, Japan Caused by Typhoon Talas in 2011

Tadanori ISHIZUKA*, Atsushi OKAMOTO**, Atsushi NAKAGOME***

* Public Works Research Institute, Japan
** National Institute of Land, Infrastructure and Management, Japan
*** Kinki Regional Bureau, Ministry of Land, Infrastructure, Transport and Tourism, Japan

Synopsis
In September, 2011, Typhoon Talas hit the Kii Peninsula, Japan and caused many
deep catastrophic landslides. Some of them were found to form landslide dams after the
typhoon had gone. Since there remained a threat of serious secondary disasters, it was
necessary to make a quick response to them. In this article, emergency structural and
non-structural measures taken by the Kinki Regional Bureau, MLIT were intermediately
shown.

Keywords: landslide dam, deep catastrophic landslide, Emergency survey
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Occurrence site of deep-seated catastrophic landslides in the Kii Mountains from the viewpoint of
landform development

Narumi HIRAISHI*, Masahiro CHIGIRA, and Yuki MATSUSHI

* Fukada Geological Institute

Synopsis
Upper convex slope break is distributed about 200m above the present riverbed in Totsukawa
watershed, and it divides study area into lower dissected area and upper palacosurface. Upper slope break
was formed by active incision, and the incision dissected palaeosurface and propagated main stream to
tributaries and downstream to upstream. Deep-seated catastrophic landslides tend to occur in slopes with
upper slope break, because undercut slopes are unstable and partly suffered gravitational deformation.
Cosmogenic nuclide exposure dating of terrace gravels suggests the possibility of rapid formation of upper

slope break about thirty thousands of years.

Keywords: convex slope break, erosion front, gravitational slope deformation
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Fig 1. Topography of the Nishi'otafuku-Yama Experimental Watershed showing locations of wells. Vertical
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Fig 2. Cross sections along the main hollow of the watershed (Line I) and along a line perpendicular to the

main hollow (Line II) showing locations of soil mantle and bedrock wells
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Fig 3. Bedrock samples collected from wells e and g.
Empty parts represent depths where rock samples were

crushed and washed away during boring operations.
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Hydrological Behavior of Bedrock Groundwater in a Steep Headwater Catchment
Ken'ichirou KOSUGI, Masamitsu FUIIMOTO, and Takahisa MIZUYAMA*
* Graduate School of Agriculture, Kyoto Univ.

Synopsis

Recent research has provided credible information on the importance of bedrock groundwater on
hydrological processes in headwater catchments. However, intensive monitoring of bedrock groundwater is
rare in mountains with steep topography. In this study, we conducted long-term hydrological observations
using densely located bedrock wells in a headwater catchment underlain by granitic bedrock. Results showed
a fairly regionalized distribution of bedrock aquifers within a scale of tens of meters, consisting of upper,
middle, and lower aquifers, instead of a gradual and continuous decline in water level from ridge to valley
bottom. This was presumably attributable to the unique bedrock structure; fault lines developed in the
watershed worked to form divides between the bedrock aquifers. Spatial expanse of each aquifer and the
interaction among aquifers were key factors to explain gentle and considerable variations in the base-flow
discharge and triple-peak discharge responses of the observed hydrograph. Thus, this study demonstrated
that understanding regionalized bedrock aquifer distribution is pivotal for explaining hydrological processes
in headwater catchments which have been affected by diastrophic activities.

Keywords: bedrock groundwater, headwater catchment, hydrological process, granitic mountain
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Fig. 1 Characteristics of deep-catastrophic landslide triggered rainfall. Relationships between duration and maximum
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BEZBZ D LQMITERBREOREDBENNSE

FHLZEMRLT

Characteristics of deep catastrophic landslide triggered rainfalls
Taro UCHIDA*, Atsushi OKAMOTO*, Takumi SATO*, Masaki MIZUNO*, Kazumasa KURAMOTO**
* National Institute for Land and Infrastructure Management, Japan
** Chuden Engineering Consultants Co., Ltd,, Japan
Synopsis
Deep catastrophic landslide triggered serious damages. So, early-warning systems, as well as

construction of countermeasures, for deep catastrophic landslide are important tools for disaster risk
reduction. For development early-warning systems, it is important to clarify a critical rainfall amounts for
deep catastrophic landslide occurrence. We analyses characteristics of recent deep catastrophic landslide

triggered rainfalls.

Keywords: deep catastrophic landslide, rainfall amount, AMeDAS
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EOENr M T TE 7z (FAR, 2006 ; BE11L1E A,
201172 &), ZEHERZ & O 2 kR R
— VBT B TEIE AR A B I B, B R 504E )
5 10042 £ 0 F B 2B R D FEATIC & 2 TR T8 i
DOFET v AZET LM LITOA TS (A
1Eh, 2007) . S 5T, HITFKECAKEOBMBNIZ L -
T, EEREREA D= XL LRI T 1t 2O
IOV T SN CT& 7= (MEERIE A, 2006)

FABH OB EIZOWTITHBERLR AR &
Bea 2AMANEONTHDEIHLOD, T 5 OB
ERWOERAE L NOREIFEE LY, Ol) K
BFEET (2008) 1%, 18684FLAREICIRIEAIEENS L L
o122 O A KO Ml EoOMBEREIG
18684 LARF DIEfE AR O T 5 AR & b L, IR
JE A B A RS A SR TR L 72, F72. NHE - 7
B (2011) 1316004E LAKE 0100 5 m3LL koD B K HhEE D
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AR AT L, BAFRICELX OEBR A b
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FEAEBDEINT DN H D L ER L,

LU, THETOHIEN B ILE—Hkicks VT
ED XD R HESCHETREL THDINIZONTO
BHREGEDZ ENEELV, 201197 1234 L7+t
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LTV, WERERAERLSE LTI HmRHTH D,
BRI R EOIBRE T TRE-S 2 L
N, HEISCEEN OF % R CHIRBMERAIC
X, HOIBRECEMMERELH Y, BETHCZED
KRAEEZ D LT, WREREOBE & FEORRE
HOLNMIT2ZEIIEETHD,

2T, ARWFFE T, $100~%10004FE A4 — & — D
REfE] 2 & — L CORBRAER LB O R E A R /e
FEERFT D & & biT, WA — L ToOwRE R
B AR AR & B D BIR A RAT T D FIEIZ OV TR
AEITI>bDET D, AL TE, (1) HEFRS5H
BT 5REMEORAEFOER, (2) HEE
{LICHERPEE L RBRE~D#EH ., (3) B&HRL
350 F D TR JE RABE D 38 A OO HETE J7 TERRGGHRG 1T
DNWTERET D,
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Figure 1. Distribution of catastrophic landslides around the world. Landslides with volume greater than 10° m® were
included. Most of the large scale landslide occurred in the areas with greater up-lifting ratio. (Information from
Korup et al., 2007 and Cecinato, 2011)

2. REBBREONMERERBRE

EWNOEREREDOTKAEBIEICOVWT, TNETIZ
% 18684F LLFE DR 8 AR 5 AR B IE DR AT & > TH
LNZENTEREY, HBOKERE.R SICL D REEN
PHETH oIz, E/2, WH - RO (2011) TEFEO
g REORARR AT 2 LTk, BB ZAR%
AESCHEE AR T 2 ENEETH D LR LT,

ZOEIICHEBREORA T, BN MEEE
72 OB REN RS TOMBT B BLETH D, A
R REIZ OV TS, RFIREREELTIITZ
MBI LD IR ORLZER ENEELTWD
AL EZOND, £ 2T, RS M OYERE R E
DORAERNEZEH L, BESAL L OREREICO
WTHRTH% (Figure 1) .

A D BERAR Y b B AREN TO4A0 &R
BICILHHE TH BN D, £ < O T, B &R
£M4 mm LLEThHB b, AAENOEERE
DSy ARfE T\ & —F 3 5 (Burnbank and Anderson,
2012) , 7=7°L. T LM TY, 2011490 0+
B E D L9 IR — Hulg T OB O 5 A B I 1

RBTCERNZ EnD, BERYOREITEH L,
HROEERBEIZONWTHET —F_X—2{LT 5 &
IZX-T, WHE -0 (2011) 2379 & 9 728 it
FHRTEDLINDICOVWTHRMNTILERH D,

Fo, INHOWMERERHTIE, BN TOWREFHE
DEHFRLERLRLbORD D, S5tk EHOHREHIZD
WTHETDRLENRSH D, Fio, WS TRY Hbi
TWAHEBITOLFH, Giant landslide<°Deep-seated
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3. HRBEZXERBARE~DER

INETIZHHEFARME PO o5 Tk, kil
FEARREESH OB TE 2 (Tablel : fefid, 1998 ;
Burnbank and Anderson, 2012) , EERRETIX, £ O
FAEIZLY T L & B IS RITERAD R T3 5,
FOREO., WEREIC L > TR SN DR (B
FEHEREH 2 5 30) ITITMARBIRIEL TV 5, £ 2 T,
D DOARNF ORFRNAEN CHENRBIEEZ AT
FEREPEST 52 EMARE L& 2 515 (Reneau and
Dietrich, 1991 ; #J51Z 7>, 2007; Akther et al., 2011) .
Fio, BADOEWRBEREHGD Z LN TEDHEHEAIT.
FRERIEZHAVD Z L L AEETH D (Yoshidaet al.,
1997) .

R 3 FN AR AFRIE D A T, FFE SN AH
KRR OBESMHEC, »ORBHRERE L TN
WEbRO TWOBEHERL TWVDI0E D NORE
NEELW, £ T, KILIRHEEY & A TR E
B (F7unrsan/ay—) bHENTHD, 7771
X 2 BEEIR A E T O R ERHT NV BIEOHIEIZ
MnbiTngd (&K - Mg, 2010 5 wE il 2011)
PRI R J o TR S 472 Be mHER 70 & D HRBA
RPEO T TR ENS, T T TICLBEN
WEEIT O, REREREEORE TIE, BEFELL
BTHEDOA T —NVTOFREENEETHDL Z &M
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Table 1. Examples for the absolute dating methods

e AHEHE SHARRME BIA>HR
T 14 R K
Hc 35ka A, B Libby (1955), Stuiver (1970)
U-Th 10-350ka B (B, RELERY) Ku (1976)
EBES (TL) 30-300ka KBELIIAURRILIE Berger (1988)
FZHIREMERSL (OSL) 30-300ka KEILRE Aitken (1998)
R EFEREMZIE
e, 4| 0-4Ma K& Lal (1988)
He, Ne 2 il IR MAUDAR. KE Cerling and Craig (1994)
¢l 0-4Ma Phillips et al. (1986)
L2 HERBIEE
XL R R EE R 0-several Ma AR Westgate and Gorton (1981),
TI/BIURME 0-300ka. iR EIC&LD Sarna-Wojcicki et al. (1991)
RER R SR B >700Ka AR AR Cox et al. (1964)
XEEEL 0 to several Ma AR HETEY Creer (1962, 1967),
EYEHERBIEER
0-10 ka, D E 445 Fritts (1976), Yamaguchi and
ERERS ‘ ° K4  (1976), Yamag
BERFOFEEIZLD Hoblitt (1995)
RCR IR 0-1000 year i 244 Buddemeier and Taylor (2000)

Note: Modified from Burnbank and Anderson (2012)
O, FREEC T RIEREG D -OITIT, HED
FBET 7 728 T 2R A2 RET L ENEE
Thd (Fik - /hE, 199) .
LROFETIE, BEHREIC X > THIH SR
BT 2 EROFFEITITADTIE RN, £ TH
ERERAIZL > TEH LIEEBOFERERET D
eI, JRALE T AR AE R AR (Terrestrial in situ
Cosmetic Nuclide: TCN) 4FEHIEE (TCNERHIE
15) # W5 (#8137, 2004 ; Matsushi and Matsuzaki,
2010) . VEEHAEEBI /2 & O A B 0Be PP AlZ
L. RIERERAIC L D848 HERBEICBH]
HERTH DL EBbNDRN, ThbDFEOHEALE
DEREICE T, REREORERERER LN
FREDMRET T DB NR B D,

4. REMBR

ARBFFRIL, B R E IR T B RO ALE T S RS LA
B E 35, BUFHEEN O Lz g s Uiz
(Figure 2) ., EZFIL—#HOHE X, WG +RBRED
WHEA BB T D, 2005415 B145 D&M &
1000 mm 126 K SEMIC L 0 . BIFFHEE) 0 - FiE
(92511, FLEE LI ICH B LD 8528 T mP o A
MFE LT (SR T EXIRRANE RS
2006 ; m4r -+ 4K, 2007 ; AELNEDS, 2011)

fiER i L I Tk, S E CISHIT3004ERTICIEH L,
LN T OHEREE 1230 cm 2 (BTH - #5F, 2003)
LHEESNTWS, Ak-h (THERYE) DOIFEEITE
RBENTWD., EIUN—HTIE, BaDOHT 7 AE Kk
HJKE L LTHIRTEZSICRS T 5 Z LN WHETH
5. B TOWRBZICLY ., WAHERT IR Y YR
TREOAEIZL > T, RIEZEEORENIREIN

S T =

NN 2
Figure 2 Study site in the upper Byutano river basin.
Numbers in the figure correspond to the numbers in
Table 2.
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TWa (J&/K - Mlidr, 2010 ; #6110, 2011) .

T, BELTE, ZhE CHREBRMEEZ AW
TARRBIEE B FIH S C& 7=, Akther et al. (2011)
ORI LY | WIEREIZ LY B LRE oK R
P2 LD B 3004E ~30004EFE E DR A & — LT
DORBE LB HRLOFELER STV D, 4
B OFPETIX, FICEBREHERED D b L I3
B mHERE T O AR A BRI A AT o T2,

5. A&
5.1 REFREROREBERE

20114F12 H ICHHIFAAE 217V K ILRHERE D 5y
i FERESOVR NG A HERE M o L OB mHERE I 351 B
Yo N 1T o7 (Figure 3) . AFEEHT. —
WHNTIRA LT G &2 T R 72, ZZEEKH
T Bt BEHBS L OEIHIC L 0 vEE, 1
B2 (HCD 12 & v (REBIE & R, EIREEHEN T80C
WLl A AT o7, BILEYEG, 77774 NF—5F v b
EEELL, =5y bR T bu U ERE RS
WratoA 4 Ficey b LTHIEZTT>7- (Bronk
Ramsey, 2001)

KIS T O TITBMHEEIC LY, TF
FYEOGFEEWR L, £o. THFRYELUND
KINKE & BN b b DiconTid, o Lz
WL, KUT T ADGH%EIToTz, v 7 NVEREE
1T 7 HEEWE Iz DWW CTIARIRK 2 Bk L7,

5.2 Rz ARAT

20054F D K E B % DG LT DO LIDARFHANZ X
%2 m DEMI X U81/8,0000 22 h BB & AW T, H#iJE
fENT 24T 72, Tbb, ZEhEER L OLIDARH
B L2 BB 2 R E T 5 & & b, REE
PR ORI FEEAT o 7= () L AHBFFERT, 2008 ; FRILIE
(Figure 2) ,

7, 2011)

H2T JbNo SO R
Ba@d

Figure 3. Photos for the field wood piece sampling
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Figure 4. Schematic illustration of topographic
analysis for the hillslope position of landslides

FRA X RPN BT D KUK A3 8 & OV E AR
BERHL A5 AR B RAT T 5 7= 0 IT, HUBIZIR » 7=k +
WRBEZ ML OF IR L OCRIRELAEORRIC
WD, FEmMRDHIESEIEIT O HikE AW

(Moore and Grayson, 1991) , 7y %I & U 7= 45 Hifg o 31
F % Z ZTIITOPOTUBET L A > b & L, &Rk
ThHZ2 b TEoMBIC, & B T~k
HEHEEZ S 7Y RATER L, SEBRICH
LT, EAICKZD LM (flowline) % AL LyEI4
5 LT, KBHONRYZ MAERB IO, BRI

wi

i i B0 Pl

0 025 05 1 F0A—F)L

Figure 5. Potential distribution of Ak-h and the past
catastrophic landslides



BIEICR T DKDBLABENCHHRT D LN TE D,
fRMT % 7 — & % ArcInfolZ B ¥ iA 7, TOPOTUBE® 7K
U TR K D sk X & fERk L 72 (Figure 4)
TOPOTUBEMITZARHT DS & T RJE R EE B
(B X OEEAEE) ORI ANAHR I OS5 IC o
WCHENT L72, Flow linez £, RENSEERET
DR AT I 2 VRTE A L 0 Rt - OB % R E
L7z,

6. HRLEER
6.1 XIURDZH

S ILTHE COLFTCHERIFERONRL TS X
YT, TAFY (Ak-h) OHERERE AR Liz, 7272
L., IO ITEME D RR & 5 S b8 & IR
DOEFAHE OB RIS, REMIICHESHM
(Kr-M : 46Kcal BP) H L&T 7T 2R T 72,
FEARERATUE TiE, 3cmiRE T, 7 IR Y OHERIE L Y
Hhhot-, Beim B ClE, ESICEL2EZRH D
LD, 20cm BEDES G H - 7=, A RKr-M
DRFETIT L, ANGKEBFRT, 23 UREDO N
I ANERTE I,

PEILIEAD (2010) 12 LB &, S ILMPEE (51
WIE) IRV TR, R (Kr-M) DOFEED R
EINTWD, fHAK - Md (2010) TIXFESHEMO K
IWRIZHER SN TV ARV, ATREICE W CHER S
Nz &ichs, 2L, HEESHMIZIEL X
BDREVWZ ED, BETF 7L LTHATE 52
IZOWVWTIE, SR ESBICHABZITOLERND D,

AFEOFRARE I LOYEK - i (2010) O
FERNLEONTZT HEY (Ak-h) O (&K -
M (2010) (2L B X A TADSAR) b BT, BT
M) Eisic s 27 ARt (Ak-h) 4340 I
Z{ER L7z (Figure5) . T b DiEwHE | HFE L
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Figure 6. TOPTUBE topographic analysis in the

Utsura and Shirinashi River watersheds.

TR JE AR B O 43 A & B A 7o RS . VR B EE O e
ETARYORAMAR, MABEEL LRI L0
Too Atk TEK - M (2010) 2k 4 7B (T
RYRICHEDNRIE) Oz EbEH T, EmERE
B & KK A 2 RET T 2 M EDR D D,

6.2 mERMCAEENRAE

HIEORER, 5L 25 )RR REHERY L 0
BB SRR GBI 13X, BARORE VD R
TdHho7= (Table 2: Figure 3) , —7F5. EEHILIH>H5
M ERAESI) (LT, 727 %=l L) B i
VBB En=AF GUE2) TiX, 320=304EBP (2
o DJEFEM TAD 1470~16504E) | B ILH > BT
72— )IB B L 0 RIS oA (BRE) Tik,

Table 2 Results of carbon dating in the Utsura River watershed

MIE “CHER

No. B (% BP) BER (EE) e

1 SO6IRERIE#EY "R N

2 S5O0JITYE—IIEESER 320+30 AD 1470~1650 ¥ NS

3 30TV E—IBE LR 5030 Post 1950 AERZE

4 SOLITHE—IIEET 340+30 AD 1450~1640 ¥ NS

5 526175l LREBEETER 2940+30 BC 1260~1050 KR

6 S5OLJITH 313050 Akther et al. 2011
7 S3D5)HR 220+40 Akther et al. 2011
8 505tk 38060 Akther et al. 2011
9  S5O5JIEHK 3380+60 Akther et al, 2011
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Developing the methods for estimation of magnitude and frequency of catastrophic landslides:
A case study in Wanitsuka Mountains

Takashi GOMI*, Marino HIRAOKA*, Osamu YOKOYAMA**, Takao YAMAKOSHI**, Tadanori
ISHIZUKA**,
Taro UCHIDA***, Kazuki NANKO****

* International Environmental and Agriculture Science, Tokyo University of Agriculture and Technology
** Public Works Research Institute
*** The National Institute for Land and Infrastructure and Management
**** Foresty and Forest Product Research Institute

Synopsis
We conducted field and laboratory investigation for developing the methods of magnitude and
frequency of catastrophic landslides occurred in Wanitsuka Mountains, Miyazaki Prefecture. We sampled
wood pieces deposited in landslide mass and/or terrace formed by past debris flow. We also investigated
presence or absence of volcanic ash deposited on hillslope in 7400 years BP (Ak) and 4600 years BP (Kr-M).
Based on carbon dating, mass sediment movement may occur in 300 to 400 BP and around 3000 BP. We
analyzed topographic characteristics for the location of landslides with respect the results of absolute dating.

Keywords: Dating Methods, Catastrophic Landslides, Legacy of Occurrence, Topographic Analysis,
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EEREORAEREZHET 5720, BIFEEZ LM OEFIRIZIBW T, LR & B EEREY &2 x5 &
L, 772780/ ad—lLAmEEZIToT-. % LENT=T 7 T Ke-M (R, 4.6 calka), K-Ah (WA
THAEY, 73calka) D2KTHD. BEd 7T J/IHD H b, WENHRTEDLON 14 FHH, Kr-M DB 12
BEH, 77 T ORMMP 6 FIAL 2o, —J5, BRINWRIBIS /A3 2 /N2 W Al By Faig, BUR 25 D @i
HEASNWTIERICRSTE 5. YW OE S T m~10m BETH Y, —¥ICITE 5m 22 2 EENS TN 5.
:h%®&ﬁﬁh%i K-Ah & Kr-M O GBI DD, K-M OBRICHBIND LD, 77T %K<
HD, ITRGTES.

%mﬁﬁw&wFMLﬁp AT 2B EOMARICHE, R c4 LeRmpEICERT S o daic L b
RIEEOHEE L, ZOHO TLUNFELIZLEEZBND. K-Ah & K-M Ol FIC#m S 5 B ik, HEEmn
Foaom EEL, oo, Bom A AEMNEEND Z E0 D, 7.3ka LARNZ, 5| B0 REEE XK 10m
HIFET S WA ME LI KB RERE R EN A LI s T SN5. £, K-M ORICHWESh SR %
FERR Uiz LR LG A <> MiX 7.3 ka~4.6 kaflil, 77 72 K< BERAETERR L7z LRPUERG 1 <> M i 4.6 ka DA
L, ENERHEETE D,

X—D— R EhE, 777, BREN, L, i

1. [XLC®IC JEHERE Y, 72 D ONCHEREIR Cd 2 BRIEIC /AT % Bt

EHEREME R LE L, T7usuoud—\C k5
2005 4F B JBL 14 BT fE D W IC XL D R &2 HEERITH) ZENTEIE, 20054ERED X 9 72 KkH
1,000mm % B 7o 5 Iy R AR LR TR, R HRAE 7R e pm R O F AR OHEE S, &m0 M7

FE R ECH TN NEERELE GFEEIED, REWEZBRFANT LN TEDLEEZOND. B
2006 ; EiFIEH, 2007 ; /NHLIEA, 2008 ; EA - 8 W CIE, HT RO HEFEME R E LT 7 712X
AR, 2007 ; ik, 2009 ; 76 (LiEAs, 2011 ; BEILE D, AMMENT TIZRENTWS (RFE - 4, 1995 ;

2011 ; Akther et al., 2011) . 2 1L HALPE IR OB PEINED>, 2011) . ZDED, BWAT I ERYT 77
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BT 7 IB0HT 5. Fimlcis T 37 FEETDEE
EWMEL, 77 I EFEEE L (KM-3). £DRER,

FRZ 2 DT 7 7 BRBRMT2BENZBEEND.

FALoT 7 Z0, EE 10~20cm f£E T, EEOEN
ZommUTORALFRET2ABTHY, Dik
DH T AEKRINKERES . FANOT 7 FI13ES 20~
A0cm FRE T, 2BICRKYTEDH I ENEL, FEkI
FEIA LB mm OB AOEA NG 25 E &K 5cm
DWRATE, EEIEENEE S B SHK 15~35em O AT
ZEKINKEN S B. Z0iE), 1 #EOR, T
NOT7Z7 X0 EHICTHIZ, AL EZ 40cm
REOHBLRT 7 7 BB TX 5.

FLB)

® K-Ah&RKr-MOE A
AEE

0 K-AWDAHEE

A -MOAHEE

® T Rm
(mH+HOER

Doz

500m

H3 JIRHEDILMEICEEFT ST IS
4. TISOEBEHMEY - BIRRATEK
RICEDCTI75DO%

T7IOEAR#HE LT, 2hEKk, 7 A
OELR, B R L2, T 7 7 Z Bk
TRREEICER T LT 300 K2 MEi L, #ERERL
B% TE Lz, REORTLER L OB 70Xy 5k
i, W (1995) ITHEo T, KILUA T R LR

79

2012 2

ORI RIS A B CIKE L, RO
IREZCRRITRBIELEE (MAIOT @ iR g A
BT AV, KL T A% 30 ki, MAPAIE
M PIFEWPE Le. ZoEEIL, BIROIRE % JE
LoD EZRET 50O T, kLH T 2DHIE
WX 0.0001 F2EETH D (15, 1995).

T 77O, BRI & ONCE TR
ERRICESTIE, YRR DOND 2 DT 7
Fx, EBALA Ke-M, T3 K-Ah Th B, Kr-M i
KIWH T A %% G, BEEHE L TRGEANE
Fh, HEpEA S TEANAGLES. KILT T 2%
RIABEZL EH, NTNTx—ABEHES . S
I AMD KT T ADJEPT 3 n=1.5085-1.5131 Th 5.
RGO A O JE TRy =1.7220-1.7342 T H Y,
1.727-1.732 IZE— KB RLND. 228, K-MIZEH E
NBHANT Ny — Bk T T A0 BITET K-Ah
DL eE—FTDHIENEL, THIL MO K-Ah
MNH RHIICIRALZ D LHEES N TWD (I
1E7>, 2010)

—J5, K-Ah 3K AT T 2% %< &4, B E L
TRIFEAR G Eh, HAEAZMHEY, TEAa
BEENDIZERHD. KIUTTRAFIANT LT +—
N AETERE L, DEOSRIZBEES, ST
F—NBID KT T 2 DJEYT#EIL, n=1.509-1.516 &
EThD. od, K-Ah OIEEICIE, JE9R LI
mm OB O A DG 78 HJE X 5em 2 E O A JE N
RO B, K-KyP £ E 2 b b . K-KyP DE TIZiE,
TREE NS, FROAEZRTDHES Scm EEOH
KiDT 7 T BRRBO B, FEFOAR (UsA-L; FF
F, 1994) LBz 5.

B4 Ao 1§58 (0214-02) TiX, K-Ah D3 40cm
TALIZ, S 40cm BRE QMK T 7 T B3RO b D
(M—=3). o777 3R EELE&H, KUHZ
ABLOEGEYE L TR EAZ ST, KILT T A
O JE P1 % n=1.4981-15000, £ F A O BT E »
=1.7180-1.7251 TH 5. ZOEITRIL, R ILT T
EFRO AT & i3—FE9, A-Fm, A-Ot, Allw D L >
CEIRE-ET LD, BIEOMET TIIWT
DOHEITIREECTH D, AREZ L GLREICINZ,
TITDOTA YRy I~y (RIEH, 2001) %
BRI DL, ZOT 7 T0%, B ILHAF T T 50em 2
BEDE S THAid 5 REEE > A-lw IZxfh T
HEEZOND (A-Fm & A-Ot 3551 JBIE AN )
WEDEZ A, BN O LRI 51X AT B LW
A-lto IZRWZEERTWARWY. B TR, M—2 0
b HAY 2km AL Kk LT O AW
A-lto 23346 H1% A, Bl LV B IR 18 o 45
ZI T =0 T, BHAIC A-Os Z £ 5 AT 35%(F
LTWwWs (FELiE2y, 2011).



FHE CHEFB L= 37T H|EEDO H b, 3MOT 7T NE
FET 572 <, (1) K-Ah & Kr-M @ 2 £33

E 500 14 §ZHHE, (2) Ki-M O BPRBD S5 DA 12
RO, (3) 7 7 T OHMENHRAF LD 6 §EEH, (4)
e EALO Kr-M 23K L, K-Ah O BB HERTE 50
28 35EHH, (5) A-lw D _EATiC KAh@A# w%né
HD L, (6) K-Ah O—RHEFEW O AT TR
R NRBDO LN DN, ThEh 1§ Eﬁﬂ“of
D, ZnoOTF 7T, KILUTT7AREA %%
EUHREDOTE (Wb dIe—LE) 6720,
%MT%5EE+W@@ DAMEET. TT7TD
TOLI, EICBAEOAENESE mBERET L Z
k#%<,%@?ﬂi@ﬁ+mwﬁﬁkﬁé.

5. XNRUMEDARICHHT HREHEEY

BT, 1/25,000 HI I CIRHIFE LIC < W
R 0D B /N 7 4T il B AN RIS A AR 4 5 (1M
-M.&&m,ﬁﬁ%#%wm%m%@%,%&,¢
A, EAZIZKRE < K4 T ﬁﬁ@&ﬁié%’@
BT bohs. &ﬁﬁ%%@ﬁéi fifgid T
é%lfﬁm~Nm&Ef%5#,%ﬁ%@T@#
FHAOERLZ V. B, BEROL&EOFHINL, B

CTHEHRM L -V (=2 —%—
550AS) % vy, BLRIIR E 72 13 BhHELE o B %
el L7offi SR E1T - TR

BrEHEREM D LA E T 7 T 08 O BENHFEET S
79, EdRoplmioT 7 F L RO Tk CHE AR
ATV, T TR L. FORE, Zhbok
EHERES T, K-Ah & Ki-M O FiciiBans b o
Ki-M OZIZWBIND D, 77 7 B> Ty
HO, ICKRESRDTEDLZ LRI,

KAthMA@ﬁﬁ_%bné&&i,I%m
%%—2@%%i@ﬁﬁ?btﬁ@#¢%@’bf

WHAT 5. ZOREEINOARSADT I
é@%@%@k%(2ﬂ%@%i@kﬁ@ﬁﬂf@
mE) PHEEEETOREIINIIM THDH. BRE
HE L, BRECYoBEotE (EX 30cm) T,
Z O FALIZIE X 10em FRE O Kr-M 353495 . Kr-M
D FFIL, BRPE 30cm OAMEAE S Te/E X 50cm D £
g T, TO TFAAEE 30cm O K-Ah T, TOHE T
TIEH 10em FRE O F IR GD UsA-L % £ 5. K-Ah ©
THIX, BETELBNKE TTH 12m OE X DM
LA LR, RKREK 5m ORbE OB
B & e,

80

2012 2

) 1

T
BG4 FLY
HRES L
K-AWEIG-MO @A
Bq/ Wl ompnzmEam
a3
th 9 = k-MOAMFhhid
b S BE(E-TOUR)

g/

TISZBbh A
BE (- -{EO3E)

\

0 500m :j} H
e —| W\

=4
meE

fﬁJIIumiﬁL"?ﬁ"i‘éﬁﬁﬁd)Tj JI2&%

Ki-M OZIZBONDERIZ2BH Y, BiLobL O
I DB Eh b R —2 OB AR T
Lf:%i%:ﬁé/uf\‘ﬁ‘ Aefliz, IO L DITENLDY
) 1kmdb (F#E) o ?ﬁ?‘é EMVOL DX, EiFEE
@@%@%ET@ﬁﬂfﬂ%&&ﬁif®mmiﬁ
1im Th 5. BERmmE ML, B S 60cm 0o+
BB, 2O FAICES 20em F2E O Kr-M (5
KHKEE 0.3mm ) BHHT 5. K-M OETF”NH
FIRMAEE T, ESK 10m OJF & O ML 7 4 i)E
Mo, MEOREREITN 2MBETHDS.

—7, BALDO b DX, BRI OHERK 3m
AR, BERE FIX/E S 40cm BEOAESE, = o
TAAFE S 40cm BBEOHIE LV L0, 2D TF
AL E 25cm FRE D Kr-M 23434 %. Kr-M OF
frlk, IEE 2mBEEOAEEE (B KL 50em R EE) -
5720, BTN HEOSBNEDL T
5. R EWIZERDOND Z0 Kr-M 13X, B mAE
O +H oA B E CHEk L, AEAE R X
VERHIZYY MRy T o7 LTS, ZOFE
BHCIE, Kr-M O 40cm EAr OBESE FEH 0> S48 A
WEENT. £, Kr-M OB FLoEHET, £ s

% i~ T 2 01, AENRE LZJE S 40cm
BEOr—7ROBHANVBOLND. X, Kr-M
B TRICE /BRI BEIOHMED L BZ 26
na.

T TIHBEN L VERICIEI R L 3 ED
L. RLRE—-1 oLBRNRF LA ERIIOE
WRERATIT, 72 b NSRRI AREE —2 L0 Tz m
T 5B (ST W T IS HER A T~8m LR,
£E 05~1m BEOABZ G, LI LIEE 10cm



BREOHEAENO R IBLFRL A T O (BEX
0.5m FEE) ZEfET 5. BrEmiE Fix, E& 20cm
BEOLE»NLRD.

Kl psE—1 kv LRicofid B (PAL)
%, HERE OE S 5m fRE L #H <, £ 10~30cm 2
EOHMABEERT, OCPHBINEEYS. BR
ATV IR 72 LR T S v T e

&OHEFM DA E OB (EAD) 1%, Ree LA —2
XY FRICHATMZOMAL, ESIXImBEETHD.
& 5~20cm O #EEAE LR E L, UL UIXBESCRE #
A 7 DwE (JE& 20~30cm) ZHA(ETDH. Z0kb
VB EHERE Y P II A A R S, B
WIEHBITER STV 0,

6. TIJICEIDLIMBBEDHIZ EERE
O iz BB 1

KT T FWBE) O _EFRERICALE T 54
ZWIZ, EORR DIEH OB BT DA &
LTI, RIEEEHRLT 7 b= 2L Vo mi@H O
FEORRE TR, LA A% ERE TRAE L@
AR T % L BRI & 5 B IE S O Ak Ao MY
L, TOR%DTANRFEE LB OND. BLi

i 2~smoE#EN LIZLIEEEN S Z LT,

DO LEXIFTD. HHMOREI LWHET 7 7 )
L& 2D E, 2005 FERETOWK EH % EED L0
AR AY, K-Ah B FRARNCEEEIAE 722 & BRE S
5. BT, K-Ah & Kr-M O FIclBsns &
%, HEFEWBK 10m EJEL, 2o, BEem AR S
EMNEGEND Z b, 7.3ka LLRTIC, B2)1] L
DOREZFE S 10m L E L HET 2 R G L
KRB RIBRENRE LT LS N 5.

Kr-M ORI BIN DB R (L) 2FA L.
WA A N2 M X, BIEZ 10m LR, RRAREEAENR

2m fREEIZET D720, RIERBEO MRS 2 b,

ZFORARHIT 73ka~46ka L HEESNS. Kr-M
DB INDERE (KAL) X, BES 3m BE
ThY, WEMEICES TR OFREMIZEV.
TITIHBEINVWER (&) X, BEMN 7
~8m LEL, BREEEEN ImIZET 5720, FRER
BIZE 2 LW OREEERE 2 6, FORARHIX
46kablfs L HETE S, —F, T TICHBEENL
WEEE (FPAZ) 1E, JBEN 5m 722038 1m DL E D E g
EEERNTE, BRE (KM X, BE 1m BET
EEZ sV E0b, W bIEERERZRD
TWoFETIERY. BE (KAL) 253 Em A 2
RHEshaZ &b, 1939 FEMIC X 5 LR O FHE
WRHD., ZN6DOETOERREYZ S 5ITK YA
otz s, S%, HERWIEIES 28 OENRRE ZAT

81

2012 2

ITETHD.
1. ZEXH

Hafeza AKTHER, Etsuro SHIMOKAWA, Yukiyoshi
TERAMOTO and Takashi JITOUZONO (2011):
Geomorphological features and prediction of potential
sites for deep-seated landslides on Wanitsuka Mountain,
Miyazaki Prefecture, Japan. Jour. Japan Society of
Erosion Control Engineering, Vol. 63-5, pp. 14-21.

W% B (1995) k(LK T A EHTRRIE - FEREY
M & Z O, ME MRS, Vol. 101-2,
pp. 123-133.

FRT RS (1994) 2K ILOHUE.
JepT e, 69, pp. 189-209.

WIAMIE - ARy B (1995) @ 7 7 T & o LM
AR 230 ORAEFER K. BARIG
P VB 22 TRl 8 AR FERTFEFE 3R = sl i i SC2E, pp.
233-236.

AN TR - BOKBEE - IR - R (2008)
AT OB SMAHEE & R RERRE~ v
YT ~OIGH. EWRME, Vol 19, pp. 110-111.

APASEEA - INBRAR - FIh B - A PIETE (2006) -
2005 FRJE 14 51T & 2 =R ES AL ER L O
AEHBHT RPN LG D FAEE - LA, IS HAHE, Vol
47-4, pp. 232-241.

R1ETR (1986) : %M HHHIC IS 1T 2 iR - 2F D 1
TERsE. B IUALAFZE, Vol. 25-3, pp. 139-163.

FRETE - AR - RES&RE (1991) @ =K i O
SERT I S EE . B IMALHFSE, Vol 30-2, pp.
59-78.

RMER - BE 58 - FikFER (2001) : 10 5~3 757
ERIOERANT ZKILDOT 7 F 87T LK.
HOE S MERE, 107, 432-450.

RMEWE - HER - R e (2010a) @ =ik EE
Wit 57 7 70 ofESNLDBE 60 HHH
D75 I L O SBFE RN K L 1S RS, Vol. 119-1,
pp. 121-152.

RWMEWE - FEILE— - L 5% (2010b) : i 200
BT 5 ER A OB & k7 7 & &

RO S MU=

—7 7 b= A LWmALIZBEE L T —. #i5HE
#6, Vol. 119, pp. 632-667.
FELE— - N E— - BWEE - SHAAE= - B

. (2011) 2005 4EB R 14 55N TRA L2 B
BHLZ TN~ OIS ERE. H19~ F gk
\ol. 48, pp. 39-44.

ETH 2 - HIEER (2003) #HRAILET T A,
WO RAEH AR, 336p.
EixE R - EHEF - DNIERE - EKER (2007) ¢



JUIN FE R D AR IS 351 B 2005 4E 5 R, 14 555 [
W& DK E WA, #E, Vol. 28, pp. 127-142.

B (1997) 120 4y 1 IR IRHVE K (4 5 AR,
- H B S

B R ORTEREP AR (2006) #E L (LSR ERD S E R
Kt ZBWmEE, 68.

By Fe (2002) AN AT D TR 3 T AR
DT 7 T OEMRZIZE. FEIURHIE, Vol 41,
pp. 225-236.

BE FE (2002) : B AIMIC A3 A4 D etk 3 T5 AR
DT 7 T OFENFENE. FIORLAFSE, Vol. 41-4,
pp. 225-236.

EAK UL (2009) : KHUE L0 K F o5 A JRIE & LA
BN O FEAIL — B I VR o> 2 R MUk o 51 — . B
23k, Vol. 61-6, pp. 36-42.

I Ak,

2012 2

B UL - R (2010) @ RJE A EES AR SRR RIS
BOs77uesv /e v— X sRmEERED
iR B, WBFSEEE, Vol 63-2, pp. 12-19.

AR - gaARE = (2007) : 2005 R A 14 12 &
L ERRNICHEAE LERBEE. AAMT D ¥
28, Vol. 44-2, pp. 20-26.

Y ik (1982) ik VR e BRET (Ll AE S o0 DY 5+
REDEFr & . HE SHEGE, Vol 88, pp. 1-18.
LB = (2000) : &7 A% — JUIN S 0D B R KR

HRE —. A4 FBE, 177p.

B & - WHORES « BAYEF] - gaRFER] - HF L5
AL (2011) : EIFRESHE LA T DR E L
PRI - HE BRI O B AR 1P B 522236, Vol. 63-5,
pp. 3-13.

Fomative age of deep-seated landslides based on tephrochronology
on Wanitsukua Mountains, Miyazaki, Japan

Ken-ichi NISHIYAMAX*, Shinji NAGAOKA**, Keizo SUZUKI*** and Seiji TAKAYA***

* University of Tokushima
** Deceased
** Minami Kyushu University

Synopsis

Many landslides and slope failures triggered by heavy rainfall associated with Typhoon 0514
occurred in Wanitsukua mountain, Miyazaki, Japan. Terrace deposits consist of boulder-size debris along the
Sakai River, Wanitsuka Mountain, are overlain by K-Ah (7.3 cal ka) and Kr-M (4.6 cal ka), but not by AT
(29 cal ka). These occurrences of tephra layers suggest that deep-seated landslides in the study area were
formed before 7.3 ka, because of debris of terrace deposits are covered with K-Ah.

Keywords: deep-seated landslides, tephrochlonology, formative age, Wanitsukua, Miyazaki
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RAEIELRGHEDO LWREL 72 -7~ (Shieh et al.,
2010) , EHE LT, EAFRLWPFSOAFRFA
& UTHMICE &, B AED IR & 1 IR
EE2ITV, REREORAERBEORFT 21T, &
JE AR EE DR A IOV, BliEaEo izl Fig. 1 An aerial photo showing the deep seated
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Fig. 2 Rainfall record near Shaolin village (1 April -
31 August, 2009)
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Fig. 3 Rainfall record during Typhoon Morakot
affected (4-12 August, 2009)
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Fig. 4 Comparison of topography before and after
the landslide (Top: before, Middle: after, Bottom:
difference)

Fig. 5 Longitudinal and lateral lines

FENZEAL L TV R WA Z LD O ORI/ FTE
T 5, ZNHOREEHROMENZ R, Rk
BSCHRMENRAE L, W L2 BWas, flm FabicH
LEETHA A e ashsd, L, iR
L CHMRHERE L TV AP m 8T & A 4L
LTWARWESTH, —BEAELEZICEENLD
TSR LIRS EZ 6N D, 2L, EE
IO T2 &+ 5 &, Fig.5, 6, 70OC-C’ I
WA A BT LTz (Fig. 8) , £D7=®,
FHE O AT TSR R SN o e DI,
REREATLEADNBEHLTRBY, RELHERHLE

85

2012 2

1400
1200 { | —— Before the landslide
——— After the landslide
1000 +
E 800 -
~ 600
400 -
200 4. .
River Deposit Landsl
0 T T T T T
0 500 1000 1500 2000 2500 3000
x[m]

Fig. 6 Level change between before and after the
landslide along a longitudinal line (A-A’)
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Table 1 Parameters of hydraulic properties employed in
rainwater infiltration analysis

Layer Ks 6, O U o
cm/s  mim®  m¥m®  mH,0 -

Lower 0.005 0.34 0.15 -2.0 2.0

Upper 0.01 0.49 0.31 -0.5 1.6
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Analysis on the Deep Seated Landslide Occurred in Shaolin Villege, Kaohsiung County, Taiwan
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**** Graduate School of Engineering, Kyoto University, Japan

Synopsis

In August 2009, the Typhoon Morakot hit Taiwan and caused an extraordinary amount of rainfall. Due
to the heavy rainfall, a large number of floods and sediment-related disasters occurred all over the island. In
Shaolin Village, Kaohsiung County, a huge landslide occurred around 6 am August 9, destroyed the village
completely and killed more than 500 people. After the landslide, authors visited the landslide site and
investigated the landslide scour to collect information on factors affecting landslide occurrence such as
exposed bedrock and soil layer conditions. GIS analysis using DEM data were also conducted to determine
the sliding domain. According to the site investigation and GIS analysis, rainwater infiltration analysis and
slope stability analysis were conducted. Results of the analysis suggested that the landslide domain, about
1,200 m long, 500 m wide and 80 m deep was collapsed by multi phased manner.

Keywords: deep-seated landslide, Typhoon Morakot, Shaolin Village, rainwater infiltration, slope stability
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Fig. 1 Topography of the study area (a)Approximate position of Kanagi landslide induced by Hoei earthquake
and the deposited debris from Kanagi landslide along the valley (b) Geologic cross-section along line A-A’
cited based on Chigira (1998), (c) Interpreted geomorphological features on visualized laser altimetry DEM.
Yellow lines show the delineated ridges.
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1 . Focal pixel

1 .... pixels | Lower pixel than focal pixel within the large
/%%/% . Steep pixel within the large window

Curved pixel with same direction as the focal
pixel within the small window

The focal

e -} -x==]__ largewindow __|__| _| _1_
I

(a) Large window

| connected
(n23)

- counted pixel

|| number (n)
[ The focal

— unconnected
| oy — _,| (n£2)

[ | small window

n=3
counted pixel =1
number (n)

(b) Small window

Proposed algorithm to indeitify flexural toppling slopes

Large window for extracting local relief -
* The focal pixel is located at the center of the window
Rule1:
* The slope of the focal pixel is gentle (slope <15°)
* More than 5% of the pixels within the large window have a steep slope
Rule2:
* More than 5% of the pixels are 200m lower than the focal pixel within the large window

Small window for extracting microtopography -
* The focal pixel is located at the center of the window
Rule3:
* Direction and the continuity of the curve is estimated within a small window

Fig.2 Diagram of the algorithm. (a) Large window. (b) Small window
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0 500 m

Fig.3 Results of applying the algorithm. (a) Gentle
upland slopes extracted by applying Rule 1 and Rule 2.

(b) Ridge/Depression Index (RDI) from applying Rule 3.

(c) Extracted multiple ridges over gentle upland slopes

Fig.4 The photo taken at point A
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Fig. 6 Resistivity distribution of 5-30m depth resistivity observed by 140kHz. Yellow lines show linear

depressions and black line shows Kanagi-kuzure landslide scar. White line shows the outcrop research
root.
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Fig.7 Outcrop observation along the route
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BAfR 2 E BT R L7, & &R R 2 50m, 100m, 150m
E B S ETHIZ, Fig Oid E I H140kHz D ek BT T
— X EHWTEE L RAMT (5-30m) @ EHRHTM
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ThHY, LEEHEEALI0OME LT, iRy s v
% JE FH200m X 200mPN O FLARHUE & ik U7z, kit
MIMENE a Ll ETENKE WIEE, G Ha3E

Openness = (8y-6,)/2
Parameters

Radial distance: L
Zenith angle: By
Nadir angle: 6,

The radial distance is L1:
Openness1= (By1-6.4)/2 >0

The radial distance is L2:
Openness2= (By>-0.2)/2 <0

Fig. 8 The concept of openness

(c)

A1 A-2 A-3 B-1 B-2 B-3 B-4

—0—dip angle (°) —— Ruggedness 50m

—%-Ruggedness 100m —— Ruggedness 150m

Fig.9 (a) The ruggedness of resistivity , (b) The filed observation point for validating the relationship

between ruggedness of resistivity and toppling condition, (c) The comparing ruggedness of resistivity with dip

angle

1 20
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Fig.10 Estimated large-scale landslide susceptibility by combining ruggedness of resistivity and
landslide susceptible topographies, which tend to amplify tremor.
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Estimation of large-scale landslide susceptibility by using DEM and airborne resistivity data

Atsuko Nonomura*, Shuichi Hasegawa*, Ryo Sasaki**, Katsushi Kawato**
Satoshi Onoda***, Tatsuro Chiba***

* Faculty of Engineering, Kagawa University
** West Japan Railway Company
*** Nippon Engineering Consultant
**** Asia Air Survey

Synopsis
Slopes on which large-scale near-surface flexural toppling is occurring are prone to persistent
earthquake-initiated landslides. ldentification of these slopes is therefore an important factor for mapping
landslide susceptibility and preparing for landslide risk management. DEM and airborne resistivity survey
data are useful for regional investigations of this type. In this study, we propose the methods to identify
landslide susceptible slopes by using 10m resolution DEM and airborne resistivity data.

Keywords: large-scale landslide, toppling, earthquake
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On the internal structure and stability of some landslide dams triggered by the 2008 Sichuan earthquake

Gonghui WANG

Research Center on Landslides, Disaster Prevention Research Institute, Kyoto University

Synopsis

During the 2008 Sichuan earthquake (M8.0), more than 60,000 landslides were triggered and 800 landslide dams
formed. Those dams with high risk of collapse threatened the rescue activities, and almost all the large ones were treated
by digging sluiceway immediately after the quake. Although the risk of collapse of the landslide dams was moved, not
all of the countermeasures were based on ideal methods. To analyze the formation of landslide dams and then perform
reliable countermeasures, we investigated some of them, and here the landslide dams occurring on Tangjiashan, Tianchi,
and Donghekou area are described. The grain size analysis performed on Tianchi landslide dam site revealed that the
displaced landslide materials experienced fragmentation and segregation during the movement with long travel distance.
The S-wave velocity profile of the dams revealed that both Tangjiashan and Tianchi landslide dams have higher S-wave
velocity, compared to Donghekou landside dam that had suffered collapse failure during the construction of drainage
work, showing that the structure of both Tangjiashan and Tianchi landslide dams are consisting of densely deposited
materials. The aftershocks monitoring also revealed that Tangjiashan dam site has high natural frequency, indicating that
the dam site might be formed by hard soil (rock) layers whose original structures had not been destroyed seriously. For
the landslide dam like Tianchi, the lower permeability enables retarding the seepage force to trigger collapse failure of
the dam body due to piping, and big blocks on the dam surface will also enable the dam body to have stronger resistance
to overflow and then to avoid the possible collapse failure immediately after the occurrence of overtopping. Based on
our preliminary study, we concluded that that the Dimensionless Blockage Index (DBI) may be workable for predicting
the long term stability of landslide dams, but we should understand more in details on the internal structure of the
landslide dam such that the stability of the dam could be analyzed with higher precision.

Keywords: Landslide dam; 2008 Sichuan earthquake; Stability of landslide dam; Internal structure; Grain size
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