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Kurotai landslide dam

Kawakurusu landslide dam
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Matsushima as one of the largest landslide in Japan

R&/)IHE— (FNIXE)

/N % Ej(ﬂiﬁ”\") 7*E

1st stage

2nd stage

BRI [ % o] Sl

NHKBS7 LiTATRBAEhELT-
m;}g zun‘lwé“ﬂ

FBEORLIT, BRERS DR ISl SR AT S TSR
BEMOILE, B = O D SRASNTUET, Bl osUa
B HFGRRIT. FHEAROB L LEI RN FL I, 20
Fird A r B I UTDL, SORLITITTEVERA, JOHEDY
DEBLDIGLERIZ, EF, Bl ERERh, FIEhTY
Flofo. (FEROEAEFOED AL CEADIFEERSA 714, BRE
PENAR R CEHEELL P BOAY, L T S P
A T CRSL TE A 7 EOETIIRTICETINET. Q4R |
FHEOEFTRAET S A OBLOERMS AN TLEY, PELEE AL RTFoR L 3]
DR RO R E LS T P R, SRR T TR, COITHL D RO AR D LT,
TLTRHERSD Lo o SR E DRE, 1 sTHEMDIEEFIEL, LS L ToDRLL B S0 Lif
TSRS N TOET .,

SEIIARIERIT, S0FIACRITREEL FI0, 8 SRR FME00 A L2, S BDED

=

e v‘;{é.r" WY s 1 ?’2503)5?_3_99 SAETORIY, B H TR BT ET,
ichi i i (EeJlllih\ 2008; @j:t&f;rc,;(lgszﬁ ié,ﬁﬁﬁiﬁiiﬁ;%ﬁ:@]rﬁ_g NS http://www.nhk.or.jp/fudoki/111028broadcast1.html 129
Shuichi Hasegawa (Kagawa University, Japan)
BEEREEPEPENEXHRERRS, 20111112 Z(HOTLVES EXEMSADER R o EXREMSADESR
MEZRTERBEEN NS, BB A DR B BRI BELOTLVES
’EDO)%/JTEEHHE# HL1-¥H : s
HRFETO . I gy . = o &
W MR 50K g Tavee "% 00 e .
3 = w0 3
BRUR OB MES PPN g o &
Ami:96.0% 7 f;f‘ S5 wo &
[ 00 <
VT AR e
. V7 ARERTO ‘ N _
WSS 455 5 B SRIh 75 D AR (L b R AN R = 6mR i1 262.4%
N _ LYy vy : /,-l/“/
_ RAIE (§JIIZC?—§—T—%B)“ " LT T L : P ﬁx_iﬁﬁwﬁ#ﬁwﬁﬁaztﬂm:
Ranjan KLimar Dahal (BIgKZF - )N KF) ,:f, PSS ff y@f s amEy ﬂl;g&i?&%#ﬁ?giﬁ?ﬁi%f:
FLAHHAF - RRERFAE (FNIKZIEEH)

EXREMSADER

ERVRIOEVER
EEimEE

BRIEY RO DELMER

EEemii

EEsmEHA D
OERBREUROOBENEE

HER

ERYRY Eeadl

OIEESMEKMTHRRIEMNFELTLRL
O C LD BEKRECRITHID, BN HZD

V7 ARBRICAVDIENTEGL || o FFHsmEL ETHRRIEARELTND
BN H S

ERRREHEEDEZEDN—2

2) BRICLSMERROERELTOREE

L Gl #2 R 1000
#E N TIZRE200mm O & ?T:B%Ea‘?ﬁﬂﬁéél:gg
TREBENSRENBL) ooy

BFEARFENE
@

BEMERAENSIEE LG HRAER
DEBEZERBLTEAINDS

o TRFI-E>CHILNIAIREE : B
WEEAERERESH) kg

15




MEBEMEOKEHEBEDENIBEEICRNS

BEE - BMEESEYDKRRS
BAEEKm ] = KRBERKm] / )7 E#E[km?]

=>HFOALBM@E >EAZRE
=>LRNRERE SKERREME
>KRERES R =>RBHRIERE
STRRVBEMR S/ATEIL

SHEENBL

> ATEHIEL

D E LR IRFRE DB (R

" 4‘ V(m?)=1 x 10% x D(km) 25(4 8 & = 6km"
V(m3)=1x 107 (B B <6km™)
AH O BINRKGE- Bk
o F/IRPH
EHR L AT
ARBRIRET

X ZERENH

© EHRBFLMD
o EEREIS

BEELHEREEORR (RERE) FAESEOEH

BAIREEE=2.36 X D+0.61[km™]
REFRMR? =0.3109
43RS #R =056

20 [

HAIE B (km?)

N

> BEE <6km;R"=1174 x D085[mm]
>6km1< B ;R =250[mm]

(KTHEAS ADBLRIAREFERER)

HEOMEEIEICERE I SREDEULHREIEDE(CEIDEDEHSNSD. CNE, BH
(1989) PEAIFEN (2008, 2012) REDEMEESNTHSD.

ARTEHEH] & [LEREHE] OYENREEDE \WERPERORKEREDE
N, SROMARECHELTNDEEZISNDS.

‘ 0 1 2 3 4 5 6 7 8
106400 - - - o SWE (km )
| HWE ()

b4 CBBEMMED I > TRIEREO BABAAS(ES

3 VIERICE S BAMEOHIERE, 1x 107 M2 THEITS VABRENEEDITHST, BEREASES

4 o en | P VERRBEEIERLYORERERERT -0, AEELSBIERITEH

4 ERIEEBEO%E Y (R&IE, 2009) BARE LTI LERLTIND

i >6km1 = BFE V=1 % 10% x D%[m?]

SR <V 10101 RIS SR ORSOTH Stk 0L S R
e
ANBZELTREIEER OMEE 6. ANEFHETRAIOMBIE & - _ = 3+
—;ﬁfﬁ% ERER Ok MRS (R) CAFE (D,) OB s (8) ABEHRISHEZ 1=
KRIBAE o — HEC J:/'é?—lﬁ ARIR P RIF &
JHEBE 700 %2004 BANT AR it
KIBKE T 20045 £A23F wmEonT | IS e
M}I#—ETE ;E izz © 199946298 L E — gt*#ﬁ-m SRR
J | IE*‘EE 5 200 200955 LB -
-+ W 300 © 2010 ERLEHR
gngggf e 200 — 2012 BARS
- P -
WAERE o
ERERELDER o Y emmes 1 2 oy
VABENBLGDIH ST, MSVEEEER ETEARNRE JP R E
VABEH kM E L E IS0 H R B IRER BN 250mmIZ E THEITS o smen

HEIC J:éﬂﬁﬁﬁ%%,ﬂ'lilfl_vl.\ﬂi Ew‘zﬁ;ﬁl?ii
FHEBDARDRXAEREMMEBICEH SN TOET 4

e =ET)l/(DEM)’a_‘—FﬁL\T_mﬁﬁﬂﬁﬁﬂﬁf"ﬂﬁ%l‘ﬁ
&'I%J:(D %

. RESMEBHERICISARILISEITS
BIENMELLIC, BEINBREBRAN
E HRIREIRE (F) & fEFA(R B, 2004).

e F=0.075x [REDE( )]—8.9 % [FHh
#]40.0056 X [RAIEE(Gal)]—3.2

- EIR R A M EAE1018.9gal
(HaeTIEE LT it B ARRIRR )

o R—ES LR ORERER S

%50

Hao 3836
& azs0
&30 2418 2410

20 1693

o
i 0525 0498 075° H H
o0
. m.m. M

@ o1 12 23 34 45 56 67 T8 8D %

HEHEBREE

BNRAE=>BERESHE - PHERSA
>EBRMKE>HREGE>BNEE

BEDHELEAR AL
TRAEIZE 1 ARENS T B AR £ 5%t B Rl TR (2014) |

=RERIREREFTM=X (RWES, 2004)
REEREHHERD, NRILMICHTIRENMELLCHBELL-RBRHRER
REFEXER-. _

mexmmw )1-89% [T J £=

#)87]+0.0056 X [ AR (o £
/s2)1-3.2 =

L%
FENRE<ADIEE B OBRICHIETIE o
CH AN S D |
i% ﬁi§i§§$1ﬁ FRERARRERE, 00
BRI EOHFELZAVTEMEICHITHEEMEER O RiRT E0FHET o1
HAE T R EAAHE (m)

=5REBIREHE (M) x FHERE (m)
X FRiRRER

AR T BAIFFBRT 5 %

BRREIRERTDEE A
@®DEMIZ LB FIEZ & E T (200gal) 278

@ E#E1975 4% L OREFHIEEIRER
@ FlE2LL E D s AY1000m2 L EFEEL THY, BIRLIISEEEI7SRICETHOR
ADF RSN DR

RO &
I{L iL 1. Eﬁgﬁ[ﬁ%ﬁﬁ’&ﬁﬁ "
< 2. BAtES>4(200gal, 400gal) DEHEEAD
&) 4 ‘{ 1 |5 EeEoxE
4. HETEHHFECES
s \i&, P f!.

semEn Breesm

| BT B E-RE R EER < BRI X EREE < |

HRIRETS | BRRE | FIECHERRERE HHE PEEEZRLD

FlE250 9-4 % A 100v 1 s B E

OFEEH| | |, 8| B | tmsLmmoEsGRroh)

(1000mi L. aE | O | e | REI (R, EASLRMT, BRI,
B E 0% Toh—I, FRWHLM




ABENMIERMBICLIMEEMBIZEITEHEE

| mESTEAREORE |

| REREORL |

WE L E DT B
RoRT—oHiH

- raiix!ﬁ -

52 = .0) 12, = TR - o
b B e T, EMIch-3MIEOEN

L REAKREXZZTOEDOABINERE LSS
M9.00D E K EEZ R TE (MR, 2013)

HRICKDFRERRFELEBIREFROFRARE

HRICKDRBRREREDER

HRIZ &S RE BIRBIRE
=F{iE x EH MO E

HEAEIEL T VRE

BARE10MO H IS ET )L(DEM)T—
Shn, FHHEOHEDRELEERES
TEREREBREFEEALTS

MEDENEHILDEBOEH
ZHERRETHIEREAY, BYLYD

HAERA B DAZ LIS M M EE
FoTHAYHT FRNFERR BHBISEST
BrORER

EI?&O)F“/?"}‘/V(%, 1999(= /%) TN 1T HEROBRA(TARD,1995,1<10%)

LEAE ST E R AV e M [

2257
[0 B

BRI (5 B 100m, OB F R %)

HRICKDRBRIRERME M FE

HRIC &SRB AR RE
=HRICKDHRERIRAEIRE (FB) x tLIEHL M

Fil AR

150gal

ECHEHAI M R (5 B EEAE  100m)

EARREDER
KEEAE DR
: = BRAOLEDER
= WL EDER
MEICKIRBRIEGIRER FEHEHEDESR

MEICKDIFERIZEAERETER
- ﬂ o
A “"q\__f"‘h‘” 2= \- “‘l:\ 'f/‘? /
sl (o
ﬁ fﬁ%ﬁvﬁg’?f e I Ua
150gal%w J:Ja-«{"'/ «ﬁ&“‘w
W=
PR {_ﬁ.&r@\&’/‘\
=
=4

N

S -
— e
..... TN e

300gal

600gal

70

LR T E B (140kHz)

o :2:373

X Bt = A
-&\g—.ﬂ&a)}&,ﬁ I::. & ™
; , o[

iikf i
£ llniﬁl;
= 1A

i 21

e [ iti, ')
LR L E R B B R B R (600gal)

D B ERIKR

- LR (Om)
AL e

‘-(—\ﬁﬁmﬁa

R—U2 g

C:-BeEtt-BEEER
o REEE-BEEE
R

Himalaya grows upward at the rate of about 2 mm per
year and moves northward against Tibet at the rate
of 20 mm per year.
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What is cause of uplift of the Higher Himalaya?

Legends
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Geological Map of Nepal Himalaya

After Dahal and Hasegawa (2008)

Miocene leuco-granites of low density is cause of
uprlft of Higher Himalaya due to buoyancy.

{
After the intrusion of Miocene granite (17-25Ma)',
the Himalaya had reached sufficient elevation by
around 10 Ma to produce the Indian summer
monsoon. g

Engineering geology of the hydrothermal
alteration due to the Miocene volcanism
. \
\¢:
\

\‘ 4 Leucogranite

——
-

(Bhattarai, 1980 and Dahal, 2006)

The occurrence of many hot water springs along the vicinity of
MCT indicates the hydrothermal solution along the MCT. The
comparatively low cooling rate of leucogranite could be a thermal
source of such hot spring.

Tatopani (hot spring) at the foot of the Annapurna
Range in Nepal Himalaya

Notice a sign of past hydrothermal alteration in
the Himalaya !

Iidlng surface consists of Cl-ay and breccia zone was
altered amphibolite. Clay formed by hydrothermal
minerals are mainly chlorite & fracturing and alteration.
sericite. (Hasegawa et al. 2008) ~

Geological cause of deep-seated landslides
in the Himalaya

Hydrotherma The Miocene leucogranites in
. the Higher Himalaya are i ki

| alteration inferred to be tipis of i

due to icebergs -

granitization c

of Miocene

leucogranite is

geological

cause of

deep-seated

landslides

(Hasegawa et

al., 2008).

Conceptual model of surging of hydrothermal solution in Himalaya and
present topography (Hasegawa et al, 2008), Geology and topography adopted
from Hagen (1964), Brunel (1986) and Schelling (1992)
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Predictive modelling of rainfall-induced landslide hazard in the Lesser Himalaya of
Mepal based on weights-of-evidence

Ranjan Kumar Dahal ™, Shuichi Il.ntmd\\d Mtsuko Nonomura?, Minoru Yamanaka %,

Santosh Dhakal %, Pradeep Paudyal ®

0, - cho, Tokammitr Gty /570296, fupen
Kaentndu, Bepel

(i adcan .r;ﬁ.-n;.:“m T &ggfjctor: 25
162




201011 A2 BISENKEEN TNV KEED
o Blixe FHTRBEAHESNELL A\

Central Administrative Office

—#ER  KEIFHR 163

EIEJIIj(%I “Bd)’r

teR2011.9)

2015¢2HL JIRZIZHE

-

20154F2 A IZfE M S TR ER S
tUA—DEELEBEDOES

FYTRUKRE

Ranjan Kumar Dahal#e#%i8 '

201554258 2R/ N—)L-TJ LA ENFEE
SOk

o £ = 1
BETO0A .
s *H30 %

WIATTA -
N |

S s

W505F 5
W2TER om

/

BTAA (H*mE)

AsnrzEm

http:, //www asahi. com/artlcles/DA3511782947 html

" . 1UE
4{§23007%". (W514mH)

[ ——

8910%°.

(#9108MA. BTMO21%)

ol

|

Gangalal Tuladhar #& (*/\—)bﬁiéﬁléﬁulﬂﬁu. ERE
B.IHEKXRE. FIIXZEZEHR) ICHNIROEHEENS
MoDERFVLIKEFIELI-(20158F5H28H . Himalaya
Conservation Group=ET5AT) »

MITNUREFHRE-ERICRESZHEE

RYT R RERES v RIZ  BIIKENMOEIEEZHA

HBHHREEFOESRR Bahadur Maharjan¥ RICFET
(2015.05.28) 1BEAVEN TIREI (2015458288 ., )TN K

Hot-BREMMEICHE-TNS, AEBFY/IR)

169

BlEHOAERZEEAM

Gangalal Tuladhar EE##Z (RNX— /LRI EMRLNEHETES
ZE.AIBAEKXE) DR AIZK>TEIEHE 2 BBIZBamdev Gautam
EIEHH-FENBREEFHRM (2015.5.31),

170

Lecture for Hanoi Geo2015 in Hanoi, Nov. 27, 2015

Promotion of Geoparks for Sustainable
Development in the Nepal Himalaya
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Hill on which Swayambhunath is located
might be rootless sliding mass.
. o

Fractured Bedrocks in Midland might act as
cushion during Gorkha earthquake.

Mahabharat ~ |Midland | Mfigher
Strong tremor of Himalaya
Range - -
e

short period
decreased and landslide
only tremor of landslide landslide
long period

remained.

Rock masses in /\_,
Midland have

act as bedrock - fractured
cushion. —_— rockmass

tremor  mes \
= Earthquake fault =

The fractured rock mass of the Midland might be originated
from large scale landslides whose landslide topography has
been completely dissected. (Hasegawa et al, 2016)
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Although Midland is shallow part of hanging wall of
earthquake-faults where earthquake tremor become
maximum, earthquake-induced landslides are mainly
distributed in Higher Himalaya and very few in Midland.

Mahabharat Mmidlal
Range Manasiu

nd Higher Landslides Triggered by Nepal
. Himalaya artrgﬁqgakes
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After Dr. Ranjan Kumar Dahal

Why earthquake-induced landslides are

very few in Midland?
Distribution of earthquake-induced landslides suggest that
bedrock condition of the Midland is more fractured compared with
that of the Higher Himalaya.
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Keynote Lecture for ARC-11, 201711.30

Engineering Geology in Active Mountain Belts
Midlan Ehlkalushiouniains
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Shuichi Hasegawa ( Kagawa University, Japan)

Ranjan Kumar Dahal (Tribhuvan Unive?'toNepal)
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