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Topographic and Geological Features of Landslides Induced by the 2016 Kumamoto Earthquake
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Synopsis

The 2016 Kumamoto Earthquake, which occurred on 16th April 2016 with a moment
magnitude of 7.0, induced many landslides in the western part of the Aso caldera. The
bedrocks of the survey area consist of lava flows and pyroclastic rocks with a wide
range of chemistry from basalt to rhyolite. They are thickly covered by tephra, of
which volcanic soil can be classified from color tone; we classified the volcanic soil
into brown volcanic soil, black volcanic soil, and blackish brown volcanic soil. One of
the most devastating types of landslides induced by this earthquake was of tephra
slopes, because they occurred on rather gentle slopes and ran out long distances. The
landslides had sliding surfaces in three types of tephra; these were Kusasenrigahama
pumice layer 30,000 years ago (Kpfa), black or blackish brown volcanic soil layer and
brown volcanic soil layers that contained felsic lava blocks. These layers that
accommodated sliding surfaces had high water content and rich in a clay mineral
halloysite, which was formed by the weathering of the buried tephra. Many of the
landslides of the tephra layers occurred on slopes where the sliding surface horizon
had been undercut beforehand.
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Keywords: The 2016 Kumamoto earthquake, Landslide, Kusasenrigahama pumice,
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EL, RETFIZZ0—EoOMEIEE %2 [FR284E
(20164F) HeARMIE | (FFHEA : The 2016 Kumamoto
Earthquake) &4 L7z (K47, 2016) .

REA I (] B B R Bl R AT CIZ4H 16 H O HIFRIZ L
e RBEEER ORI R, 2SS 2%
DORVERENREA LT (Figl) . 2 b ORmAE
BLOHEIIC L W EE 164 O NBIHEZIZ L,
LROEDPLEREDA T T HELETRBEL
ot FIEAEIXB R X E A BRI VISR A
L, ZOWEORGITICOLET R fED LT 7 16
HICEPIICRAE Lz, PR LVT 7 EHIZEB N T
%Ebtﬂﬁﬁﬁi TR OTRRE - FEVRFEEEIR A 7
EOBEMING R D RBEORE & R kD RO
B AOREAHE O A EE (577 T B ) IS KBIT& 5.

AW TITREAMBEIC L Y BAE L Mg LT 7
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Fig. 1 Distribution of landslides induced by the
2016 Kumamoto Earthquake and the locations of
aftershocks and surface fault ruptures (Map
provided by Geographical Survey Authority of
Japan)

2. HEMOBME

A OFERITREARMEIC X 5 BHHA BN 2% L
T-BREE D N T TR TH H. FEE LT T Rk
BRICALE 3 2 Bl fg o gk 0 i, mAER925km,  HEPE
FILBKMDE R I NT T U4 — M END. H
kuﬁ@%@m%qﬁﬁﬁ@ﬁw??%&ﬁﬁm%

v, BELFNTWD (N - 550, 1983) .
T ZTNIC iFﬂE#EiﬁEE@% wﬁm%r
TIREB LT 7 7 03RS FAE ML T, W
%kuﬁtrﬂ?@{*zﬂn%ﬁ& LTCAL AT 5
(Fig.2) . HHRMBREAI OB EITTR G, A2V T,

KILE, L TENLL O IR TH 5 KUK+
MHEERINDT 7 7ICEL BbILTND (UM -
€30, 1985) . L - &M (1990) 1Tk D & kLK
TIFEFIC L THETETHY, AR TIIREE
295 HEARZ (Black soil : Bl) , ¥tz 234505k
A7 (Brown soil : Br) & LT, MAWLKLEOFMD

i & R T REf kLK - (Blackish Brown volcanic
soil : BIBr) ™3> ’/\iﬁ Lf’

Pl K lﬂ ]
GROLOGICAL MAF OF
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Fig. 2 The geological map of Aso volcano
(Geological survey of Japan, 1985) and the
survey area.

FEHIR B W CHRBILT 7 7B OBEEITH
9 R TC, HERFETHD (Fig.3) . Rk LK T
HHIHEEFHRKIIK (AT @ #929ka) B L OBFRT A
Y kUK (K-Ah : $7.3ka) (ZEELEED1ST
H5 CUNEF - JE, 1985) . ATH L OK-AhlE 37 L
T —NVEDOKIUT T ANL2DH T AE KUK T
HY, EITER (AT:1.498-1.501, K-Ah:1.508-1.516)
WXV RIENAEETH D (ITH - HF, 2003) . F
72, KIBTAFERT (F930ka) (ZETB 4 ok 1 h & e
LT H » i (Kpfa=ACP2) i b HE 24
JBO—o>THY, FOMEEREL 7250 FiRAHEREY
& U CRfE ek 0 LA (ACPL : K4.1ka)
Faf g g ok D 5538 (ACP3 : #951ka) , £ L C
Faffig Hh gk 1 5 498 40 (ACP4 - K951ka) 2SETET
% (Miyabuchi, 2009) . KpfaldF[#su /L7 7 #iiz
BV TAs0-4LIKE, T Kk O KHER CH 0, Fl#E
HNT T EFECTHRTELT 77 THDH (BERIE
7>, 2004) . KpfalZ AT® FAz50cms & 1md I 17
ETDHZENEL, WFEEYy b L TREAMET
D, ZOEATTF— L=y NMEICHAN R
D, R & FEANC RO e oy i A b oo (B
1E5, 2003) , FRAHURIZ ISV TIEME R & FE A
TREENS0cmIE & & 72503, EAlCIEEE2mEL L
LRDEGENRDD. KA SR K OTE A
TR SHEFE LB ANER L CTE R E L Ba
OFGIRAEE 2 RS KIEEICEDRL TS (TIED,
1982) . & 5 ICACP4IE, ACP3D FHLICHHEL 4 5%
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i/ CKpfal AT RERICHZEZ > F & LTERE
AHETHD (E#%IE0°2004) . ACP3 L ACPLITHF ¥
R BE R/ 24 el n C, ACPLIZ ek 0 iz
TESERMITHEE Lk b LWEROBE TERATH
v, ACPLIZMiE A 72 =9, KWWK EDT 7 T )E
WCHTET 2R 2 RT. 512, BN &R
TRV TEbHAMAT DHBICE Ve S LTHA
ARETH D ; TNOEBITHRES22 27 (N2S:
#1.5ka) , AEAEA=U T (0jS: #93.6ka) , ¥
EA 2 Y7 (KsS: #4ka) Td 2 (Miyabichi, 2009) .

(m)

) o 15
Z NS 15ka in826
0jS 36ka
KsS 4 ka
%- ACP14.1ka
AT 29ka
/ )
vvvvv
Wovevovy [Kpfa 30 ka]
base of black

P sollayers 135ka | ) D \apt 31k
I'ﬂﬁl

18-16 ka

10 -25m

v{ACP3 51ka

Eéﬂmmm

EXPLANATION

Black soil

Brown soil o
weathered ash
Sandy to silty ash
Vitric ash
..... Scoria
v_v_v_v_v] Pumice

15

Fig. 3 Generalized columnar section of tephra
layers since 51ka in the east of Aso caldera
(Miyabuchi, 2009).Red frames indicate tephra
layers that we identified in the survey area.
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Mz AW TiTo7-. £7-, L—V—FEEEE (TruPluse
360) BLOY U ) —A—F—%HNT, fEOKFE
FREE, ®E, REEE, ARToOEEEMA, £LT
TR EEB OB BT o2, Fi2, REICEYH
S ICBH L BE A OIS T 7 T O &2 ER L
7. BT, BTV T 05 L2 ALl EChfg
RBEINDEOEEZ FHEE L oAk X & ERk L
7 BT 7T ORI AL R T E WA
1310 D R EE O HOR IR & BECRRRE & L7z
XBHT T, &7 7 78 CTHR L 72308 o X#k[H]
e —27 2 SHMAEE L O M O RE 21T -
o, REZMESED LML TH LI a A YA
FOREIPTE—7 BDELT D720, BREAKRED
FR—2 MeLZeRAB 2RV —lZEYy L, T<
WM # 1T o 72, WIESMEFIECu-Ka, 202°-40°, AT
v 7180.01°, A¥ ¥ v A E— R10°/minTh 5.
BIKEOREE, TR0 EAE & xR T 72
H AR E ACRE OB 2 IR FEEE SR & AV T110°C T
AN S, BAREAKEEZRAE L.

KA T ARITROPEE, T E L CELE ST 1
EHE (RIMS) Z AV, 13ED 7= 0 3048 o kL A7
T AD T EEZRE LTz,

4 HBREIUEBE

41 EBHIOOLLLIZEDHE

HEN DR D RBEORBEIL, THVT T T+ —))]
BLO NI ORBESRE ] TRAELE.

(D) ANVT T T+ —LDFhEE

ANT T T — Vi, FICER - ISR,
BERZICE, KILABEN LR ENDS. el
FOBERRLEBIRTENNELEL, W OPOFRET
B DS (20164E6 H20H) (2 & 0 AREEA LRk L
T BROFREEE, BI&FRHE E A 2 BV TR
L, BT8R Z %A S8, EES7THHRS L O kR
DR E M L7 (Fig.d) .

Fig. 4 The landslide on the western slope of the
Aso bridge. A dotted line shows the crown of the
landslide on the lower slope.
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Fig. 5 Figures of the landslide on the western slope of the Aso bridge. (a) Slope map before the landslide. (b)
Slope map after the landslide. (c) A cross section of before and after the landslide. (d) Diagram of elevation

change before and after the landslide.

T OREER, FITHEAZLED DR SRE TRAE
L, /K IHEERI700m, 1EHI200m, BRI FE i KH920m
OHETHE L. ZORBEOERII4 I m & H#HEE
EhTWwd (A)NEs, 2016) .

20114 (SR L TR AR L 7= TR B AR B I, Im A
VaDEMT—Z &G EIZ, 200D 5 H14 AT TF
AR OHIE OMHT B3 TN TE Y, HERER R
DOFEAEIZE, RERCERN2ENERIZL S
/N E 7R BEFE (/NEE)SOMRIR I Hi AS AR BE D #R ER I i o C
TFELTWDIERP LN E oIz (TARIED,
2012b). A [EIFEA U7 KR AR EE b B SRR A AT
O 2 Bl8E U7k 3, AR A NI B EE DR ER I
S T/NENFEELZZ LN bh -7 (Fig5A, B, C) .
ZO/NEOTRL L BRI R BB L 0 RS S
HLEMETHD EEZXLND. SHIT, RIS
SHRHOEREEHD E (FighD) , Z Dl
VRt Lo B EE & R o B I O B AR 0 1
Lz onsZ Enbad (Figsd;, R TRLTE
HET) . ZOBRROFELEL XL P ERO RN
LY A MEEOBRETHEREALTEY, 22T
WA EERL R NI ICKpfad IS < RO BT Z LD,

Kpfad T RO HIZ7 > TWH Z ERHEE SN D, H
TEF L ORI A8 D> & F TRl i KA Va0 b i T 38
DRAEE ST EIE, Kpfall Bk S i alRetE 2 &
5.

(2) ARERLE O A EE

FE X OB A RERNE X ECE 2 b XA £ T
K 2 2R 2 AR 9 gk O IR O E > DA &
N5, HEICR > TRATEBEN YL, WhEkmz
Fo TWioZHEL T L, Al L OEINZK
EOEBEMLE L (Figs) .

Fig. 6 Landslide of jointed lava on the steep valley
slopes along the west side of the Kurokawa River.

The right picture is an enlarge picture of the
rectangle in the upper picture.
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42 TIOSHMEDRE

HEORER, 777 OREDL L, KO3IODEIZ
TRYEEF S TWIZZ ERHLNIT R -T2,

bbb, BRTRAKBEM TH D

(Kpfa) |, [EKRZ(BI) - KKK (BIBr) |,

VAN

M8 T H » kg

MASBLIR U Y O 7 (Brwith lava block) ] TH 5.

AT,
Blieg B

(Table.1) .

NSOl x DY T T,
7IEFRBBLE %Y 5 (Fig7) .

Table. 1 Data sheet for all the landslides that we investigated. *: measured from the 1-m DEM map. The others

were measured in the field.

. Apparent Sliding . - Kpfa
No. Landslide Length Height Depth friction SIOD? surface Materials of sliding Undercut | Undercut cause | thickness
(m) (m) (m) o +|angle ° ) o surface
angle (° ) angle (° ) (m)
1 KGC-1 346 76 6 12.3 23 Br with lava block yes Road cut
2 Ixcooz] ter || se | ias 26 Mised aver of tephra
3 KGC-3 78.2 27.9 2.8 19.6 30 30 Bl
T I
5 SWT-1 394 76 85 109 30 Hydrothermally ves Road cut
altered pink gray ash
Hydrothermal clay .
6 SWT-2 7.4 24 22 . yes valley head erosion
(originated from lava)
7 SWT-3 1.7 24 24 BIBr yes valley head erosion
8 SWT-4 130 25 6.5 10.9 24 BIBr yes Road cut 0.3+
9 SWT-5 BIBr yes Road cut
10 AVL-1 496 92 106 10.5% g |BaseofKefaandits| o ad cut (partially)| 0.5
underlying BIBr
11 AVL-2 110 3.2 Br with lava block
12 AVL-3 220 60 5.7 15.5 33 Br with lava block yes River erosion 0.7
13 AVL-4 105.8 22.5 5+ 12 20-24 Br with lava block yes Man—-made cut 0.3+
14 TKD-1 24.6 15.8-36 Br with lava block yes valley head erosion
15 HNT-1 304 101 4+ 16.2 Kpfa 2+
16 HNT-2 100 13 8 7.5 22 22 Kpfa yes valley head erosion 0.7+
17 HNT-3 Clayey volcanic sand yes valley head erosion
18 HNT-4 114 34 132 17 44 242 ACP4 ves Man-made cut 1
19 HNT-5 54 19 11?2 19.4% 40 ACP4 yes Man—-made cut 1
20 HNT-6 174 79 1-2.5 24.4% 22-30 Kpfa 2+
21 EBS-W1 22 28 BIBr
22 EBS-W2 2-3 32 Kpfa 0.3+
23 EBS-W3 3.5 28 BIBr
24 EBS-W4 5 28 Bl yes River erosion
25 EBS-W5 14?2 14 Kpfa yes River erosion 5+
26 EBS-W6 Kpfa yes River erosion 0.5+
27 NGN-1 Kpfa yes Road cut 2.5+
28 NGN-2 73 23 5.2 18 24 24 Kpfa yes Man—made cut 2+
29 NGN-3 Kpfa yes Road cut 2.5+
30 NGN-4 Kpfa yes River erosion 1.5+
31 NGN-5 50 18 19.9 24 Kpfa yes Man—made cut 1.5+
32 NGN-6 88.3 35 3.5+ 21.6 24 Kpfa yes Road cut 2+
33 NGN-7 Kpfa yes Road cut 2.5+
34 NGN-8 Kpfa yes River erosion 2+
35 IKN-1 124 30 52 14.6 26 Bl No?  |Valley head erosion
36 IKN-2 118 30 48 144 22 BI yes |Road eut. Previous
landslide
IKN-3L 49 26
R T 3.3 34 Bl ves
38 IKN-4L Bl yes River erosion
IKN-4R Bl
39 IKN-5 55 32 26? Bl yes
40 IKN-6 5.8+ 12 122 Bl yes Old landslide
41 IKN-7 Bl yes Man—-made cut
42 IKN-8 Bl yes River erosion
43 IKN-9 Bl yes
44 IKN-10 Bl No?  |Valley head erosion
45 NGD-1 96 24 13.9 30 30 Kpfa yes Man—made cut 2+
46 NGD-2 82 20 3.3 13.6 28 28 Kpfa yes Man—-made cut 2.5+
47 NGD-3 Kpfa yes Road cut 2+
48 NGD-4 Kpfa yes Road cut 1
Landslides outside the subareas (Localities are shown in Fig. 7)
49 JNO-1 132 44 3.4 18 38 387 Clayey Br and ves | Slope toe erosion
weathered scoria
50 JNO-2 147 50 3.47 18.4 Clayey Br and. yes Slope toe erosion
weathered scoria
51 YKS-1 54.4 23.7 4.75 23.5 26 26 Br with lava block yes Man—-made cut
52 YKS-2 294 17 30 Br with lava block ves Road cut
53 KKS-W1 3.75 24 BIBr yes Road cut
54 KKS-W2 2.6 32 BIBr
55 TTN-1 296 Kpfa yes River erosion 0.3+
56 HKM-1 203 92 52 24.4 30  |Bron hydrothermally
altered rock
57 KGC-W1 91.6 21.7 2.2+ 13.3 30 Mixed layer of tephra
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| Kusasenrigahama
creter

~"4IAs0 volcanological|
: laboratory

|| Sliding surface mateial Number
Kpfa @[ 19/57 |
Bl - BIBr @ | 20/57
|| Br with lava block @ | 7/57 |
; Others 11/57 \

ST TV ST

2.
0]

Sliding surface

Fig. 8 Landslide distribution and a generalized columnar section in KGC area. Legend of the columnar section is

for the whole investigation areas and includes tephra not appearing in this area. Red arrows indicate sliding
surface.
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(1) AL 7H[KGC]= Y 7

AR =L 7 H[KGC]= Y 7 Tlx, HEARILT7HED
R OET B 5 ik O JAMN 5 B 7272 5 /e
FHEICB W THEN AL (Fig8) . o7
DBBLEOT 7 ZEFE, LA bEE 6K ILK
+/E (@E55em) , 22 Y 7g (J8/&E<5em) , BAR
7 J8 (JBIE55cm) , it kLK /8 (J8/E50cm) ,
22 7 (EEL0cm) , HEBEAERIAEE LR
A7 b L IEREBE ALK /g (J8/E100cm) , BTE
BxLT, IBEHIELYDORKRZ Tho7- (Fig.8k:
KD . Miyabuchi(2009) 7k D FER I L VA B
B B2 Y TIEAN2S, FALO Z =2 U 7@ AKsS,
Z LU CKIR TS HATE T 5 B A A RLIZACPLTH
HEHEE LT, F, RERLITERERY, KBfK
WK+, FRARZ ORTELZRETH Y iEHEmIE E DS
v FRICEBET DL EN, &fE L TREEDE
NTWABLEETHEL L THEMLE (Fig9) . &
TROWEMIRC Y OFRR 7B, BEOHED D
Wi EREHES e S NAETH Y, KA 8
WCBET T ABEOWERELZEE LTV, ZO%

BIXERIEH (2004) W OT A VA NEHEETH
DR RE (30ka) OB LUK E —FH L
T, wWER L THEAOKpfat HESND
BABRE LT E DR EICHA LRI,
KpfatEfE ki E L= EE X BN D.

Fig. 9 Mixed layer of tephra in KGC-2-1. Br,
BIBr, and Bl are mixed.

[KGC-1]
KGC-LIZKGCT VU T i KOFHRETH Y, RBR
B AT & AL 027057 I E N E LR EE b
BEh L7 (Fig.10) . dbflcBEh L7 EixiR & B &
IEDTHEMH LAEEKRL, 6200 OEEMIC LV RiE
L, BiE298 5% W L=, BEIEEEOR VIO
BEITK O IHEE346m, B ST76m, RN DEEEf412.3°
Tholz. ZORBEOTRY EHRAEITEAIELT
DORKT O EFTHY, MERE TR KKH6M,

~0 EEEHTH23°TH - 72 (Fig.1l) . FElC /i
U 7= B8 O 07 B2 13 IR E 298 B4 0 TRl Tl ¢
WizZ b, BERLDL EOfRENRT R L
DRI S AL, EREERICE S Flm o8 12 XV #ir
THoBHERrSh T EHlFENS. £/

BRI MO BB EnE xS T 5 H o
FMNTER SN2, SRoBERITEEKE LTy 7
P LTHEY, FEHTHEMRMICR > T\, ZhiT,
B0 46 O T HUE BN R WVBE T TSR VR LA L,

TOBERIRTROBRZ 72 EE2RTOND
Liv7aus.

Fig. 10 Oblique view of the landslides in KGC
area taken by a drone. (This photograph provided
by professor Matsuura.)

* [Sliding surface material] e

P AR

Fig. 11 A sliding surface formed in the upper
portion of the Br layer with lava block in KGC-1.

[KGC-2]
KGC-2TIHBIRE DENRE D RE LA TZ—D
RIY OUSTEE TRVEEREE O RAe 520D FHEEN %
AL, TRNENENFTZ2-1,EWE%E2-2L LTz
(Fig.10) .
(KGC-2-1)
KGC-2-113 /K FHREELI58m, @ S41m, s T o
BA14.7°, HREERER3mM, £ LT ~0 miEshan
B2°DETH o 7. HERE L CIXRERAN O
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B ERBRE D IR LR B L 72 B IS TERR S 4172
TRV EAFEHLTEY, THTIRREED T OB
EHIEC Y ORKFZERFEHL T\, ZoO/]
BO+ 0 mITREROREMIICERSNELH
Zbh % (Figl2) .

P -

2 S

< |Br with lava block

Fig. 12 A sliding surface formed in the base of the
mixed layer of BIBr and Bl in KGC-2-1

—77, WEEBRHIEIEAAANERZ LR
FEENTWDHEFRAH LN, BRZEIY LA
BT AN L Wi o 72 (Fig1d) . Zhix
W EOHERICAE CT-ARNER 2R T, RIS
ol KINK LI FEINIAERTHD EREIH
5.

5 Open crack

Fig. 13 An open crack filled with Bl at the scarp
of landslide KGC-2-1. This crack must have
been made before the 2016 event.

(KGC-2-2)
KGC-2-213 /K F-FERfE182m, & &42m, R)sT D

BAIT13.3 R K5.8m, & LT~y mEAH
26°DHETH o T-. T ZTIE, BE475emil EDE
SCTREBMFEL, TXVEHITRERTOHN T A
BKIK BN T D EHTICER S LTV

(Fig.14) . Z O A7 ZE XKD KT Z 2D EHr
1L, 1.499-1500TH > 1= DATERIE L. 7z,
IRAEE ORI 2MATITIC & F T 2 E KUK S TF
EL, AEHKOT 77 E@FEN6EX D LK-ANTH
L AREMER BV BB S TIEAATH 5.

T R %
™

Fig. 14 A sliding surface formed in the mixed layer
of tephra, which contained AT (KGC-2-2). The
white layer to the left of the scale is AT.

[KGC-3]
KGC-3i3 /K FHERET8.2m, & £27.9m, BT D&
BA19.6° DA TH > 7= (Fig.10) . Z OREDT
XY EIEEEKOER 7B (BAREKFEITH160% T
Bol) BRI, BREREILN28m, TV
BAHIM30°TH -7 (Fig.15) . KGC U 7 iz W
THRE LR AE TR E S B 7 IS
NZFREEIIKGC-3721) Th o 7.

W Debris

Fig. 15 A sliding surface formed in Bl layer with
high water content (KGC-3).

[KGC-4]

KGC-41ZKGC-2 & RIERIC—D 223 ) DIRKETH
BERE ORI D2O0O0OMBENFKEL, TNENENS
AL FE4-28 LTz (Figl10) . ZOWEEEDE

— 438 —



Fici, BELLAEOHBERICERSNTEZT »F
BT 4y 7R BREPED N

(KGC-4-1)

KGC-4-113 /K FEHERE228m, & £56m, 2T D
BEA13.7°, HAEEIREE IR AK2.5m, £ LTIV HE
BERHI29° D ETH - 7. BT L7240 miEkE
WKRER TH Y, FEEE IIKGC-4-20 F I # <
o TWe. By MEHIERT T, RAZ DT <D
2 iR L 722y, RERNEIZIE < B Lo+ < Vi
BREBTH o772, By MEHIZ{To 2 EAT T
VRIRAE B T D LB R AR Bk D i K L PR S EE g I
TEET DT Cd - I ATREHED @V (Fig.16) .

Fig. 16 A sliding surface in the mixed layer
dominated by Br (KGC-4-1)

Fig. 17 A cross section in which the scoria layer and

Bl layer were cut by antithetic fault.

(KGC-4-2)

KGC-4-213 /K FEFEEfEL72m, 15 &48m, R T 0
PEF415.8° , BREEVRERZ.2m, £ LTI~ mk
#130° DEREETH 7=, T OEREEDO AT T D
B TECIIRAERIE LY ORAB 7 BAZEL LTV
7o, ARFEOE Yy MERIERTCTIX, 0 mIXR
EEIZERINTEY, IEEETOT Y HOHE
HE—HLTWE., 202 b, ZORET
KGC-2-1 & [AlERICIRTESE O FLEAHTIC XY m s &

EhizeEZbNRD.

—J7, BW%EOBFNIE TIXAH T AEKILKER
JOBRAIgEAa) TEBLIOER 7 BRENE
N7 UFeT 4y I b BB 2 MR LT
(Fig.17) 7=, WEEBE LT F T4 v o 7
BABENR SN T W20, Z OBEW I3 E
DOMFRIZ X D RHA AR AR L RS AHR AN )
WCENN TV IR S Lit7Ze .

(2) REFSWT]=Y 7

PEBF[SWT]= U 7 Tix, BUKEE7%Z &Rk LLISh
OIER%EZ T 27 7 7 F 1388 BRI i+
LR =Y 7 Th 5 (Fig.18) . SWT=VU 72k
WCHE LR R O3V i, BOKEER T
JE8 D, FEgE KK LBICER S Tuniz

IOV TOBBIEOT 7 IERFIE, EMAND
BAR 78 (EEH100cm) , 77748 7 fg (JBEA)165cm) ,
BAR7E (JBERK25cm) , BEEOKLREEE7-T
AT 8 (BEK45em) , BA 2@ (JBEK30cm) ,
AR 7 kG (EERKL5em) , & L CHEB kLK
(BIEK25cm) £ T LTz (Fig 17FERE) .
SWT-1, 2, 3iFHIRXFEH O & TAr O B8k (LK
TELY G TROEEIZT X EPERINT.
[SWT-1]

SWT-LISWT= U 7RI ET L0V T
RROBRETH Y, KFEHEHE394m, & 74m, A
T OEEEE10.9°, AREETRE R RK8.5m, LTI
D EMEANI30°TH o2, TRV EIE, AR O
BRIR €2k 1 LR T PN O FiR b THRE v ok 1272 - ¢
WhE (BREEBS0cmfTiT, JEEKISem) (BRI T
Wiz (Fig.19) . Z OFHERY 7 KUK B IXSWT-10D
THER I, BROT Y EHAEIZ T HIC&BADEF
EENEZ, MERLEZZ2EEAAHY, T XDED
TERERT LD b EFICITIFEA ERARE TN,
COWAIIFBATH DL, KILKBNICEET D
PER AR L, SWT= VU 7 JEL OKpfad gtk & F7z -
TWh. F7, oM, RERERE T
EEBEIZHEI REo LI X v g sh Tz,

R 170-180emiZ (LB 10emd 7 A & k11K
DIFEL, KLY T ADEPr#E131.508-1.511TH -
Jolo®OK-Ah L [FE L7z, BRI LR8O | Eicix
TIFTORLND KU NIFEL, K-AnE TOBRE
ICATIITERR C&E oo T,

T RGBT Bk R Bk (LK 8 D XHR 5y
MraAT oIS, #MIEORWAAZ A hOE—7
EHR L., T X0VHEOERKINTWEICARA T »
A4 MR SN TWZRAEIISWT-104L TH - 7-.
O LD, SWT-LIZEAAER 72T TR <, Buk
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Fig. 18 Landslide distribution and a generalized columnar section in SWT area. Legend of the columnar section is

for the whole investigation areas and includes tephra not appearing in this area. Red arrows indicate sliding
surface.

B EDORBEZ T IEMR G TRELZHET
HoHrEEZLND.
AP, P A R s

Y Ll il Rl ¢
Fig. 19 Hydrothermally altered pink gray volcanic
ash, which contains pumice grains (SWT-1).

[SWT-2]

SWT-21 AR EE VR f KA98m, 0 mEAI22°TH
o7, FAERE R IED O RENRICH o T LT
W T D RO AKCEIRRE, B, T OEEEA X
HETE ot TRVEIE, %6, HEA, AR
R EOARERC e IMEE 2 e Lok (R L)
BLOZO FMOAGOREAOET Lz (RES
1) Thoiz (Fig.20) . Mk LORER 172 8o
Kt EIE, o REICIZR S ARV EE A T
BV, WEPBKEBEEZZ T bOLHEIND.

F7-, HAEAE EEICIISWT-1& R OBE N &
HLTWe. Z OB CIXE%EE KTk
TRV, BEEE T OBRERNS0cmD vy MM

10cmFEEE DK B E 4y T £ o 7. pERtE B o
MRS O FRAMIES HAKRA LA L, NREZRR
EEELTCOWEZ. ZOZ 5T XY EEKRETH
ST R EEKRE L > TRBY, ZoEky k
MOBEENRELZEEZDLND. £72, RER
RE FHOBEIFERREICL VSTV L
WHEIND.

J
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Fig. 20 Hydrothermal clay originated from lava in

SWT-2. Colorful banding is observed.

TR EHOBR S N BOKEBHES LW DnoD
T 7 7 @XM E AT o T J, BOKEB AT
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R A A Y A4 RERSN T W2, X0
O S NTWEIZ AV FA4 NBBERI TV
BRI, ZORELHKM-1O20 7721 Th - 7=
(Tablel) . 7=, EfioTF7IBIZid aA ¥ A
YA R=Y (G AY

[SWT-3]
SWT-3IFAREETREFI7.7m, 3~ 0 R 24°0 fR
THhoto. ZOHEREHSWT-2 & R IC AR I

D6 FREED R & VB LT 72 9 H B o K T FREE,

mE, BT OBEEAITRHE CE R o7z,
ETFOEy MIHITIE, X0 ERAEEKORR S
B (ARG /KRITNI%TH 7)) IERER T
7oA, REERHE BRSO P REICE R Le TR Y i
AL OBtk LR T8 IR & T 7z (Fig.21) .
ZOZLENS FNEORKR T B D FALORFEE KL
IREBIZRIZT DI TRV ERER SN EH
Zbhb. ZOMBEMOT 7 ZEFIESWT Y 7IiZ
By AMoRERO T 7 TIBF L B D EBEL,

?m@ﬁﬁﬁ@i@%?ﬂ IESWT-1, 2& RO
HHAL G, HOMICER L-KpfakfiE SN D
ﬁé@ﬁEEkL%ﬁLTmt.%EmﬁE@%ﬁ
7 EWNIZIE, K-Ahk Z 2 51 5 1EE10ecmd X > Tk
DHAT AE KWK E MR L=, ATIXMHE T e
Sfo. Fio, RERAE THORBETIREREICE

R3S

VOIS Tz,

Fig. 21 A sliding surface formed in the Br layer
covered by debris, which was observed at the
bottom of the head scarp (SWT-3).

[SWT-4][SWT-5]

SWT-413 /K FEEBEL30m, /& &25m, R o BEER
B10.9°DHAEETH > 7=, Z OMED TN EHILREE
BKILIR LB E N TR Y, BEEEIL/6.5m,
T EEEHT24°TH o 7. T O FEE M TIIEETE )
HEmiE, v—V—HEERH A AWCEF B L
t.%@t@,ﬂWIUT?@%ﬁﬁEWKaiﬂ

FTREME D I WK-AhZ Bk & L TW D ATREMEDY &
5 BT & I TALICIZSWT-3 & AR A B A
BB, EOPNCER LzKpfal HEE S D18 E 0

BAEEEHEE LTV, £, 200 EALICAT
EHEEINDH T A KINRINTFE LTz,

(3) XILWF[AVL] « H#EKR[TKD]= Y 7
KIUAF[AVL] - H¥ER[TKD]= U 7 CiE, mUkkIL
Wt v & — OAE T 2 @ 5 R PR E S K — ARt
BLOHWERFEOBA ORI CRAEEN A Lz
(Fig.22) . @mEFRIUMBEE B — 2 TWACEE O = 5
PR S OIFENC X 0 #951kalc ek S vk, 7
FZIELBbNTWS (Fixih, 2004) .
oV TOBBLEOT 7 IREFIE, B bER
RI7ESH LBk UKLE (BEK45cm) |
EE%&m@KN%%ELt%ﬁ?E(EE%
150cm) , K@tk LR g (JB/EK45cm)
7 J& (JgJ/=K150em) , F%@kmrigﬁﬁﬁﬁxm,
BAR7E (JBFEK30em) , BB KLUKEE (8
#50cm) JRA 2 EEML30em) |, BB K ILKE
(JBE#K140cm) , A7 8 (JBEKI80cm) , JEEK120cm
DAT % HAE L - te ta k1L K /g (E/EK170em) ,
HRAR 7@ (EERNT0em) , BEUKILIKIE % U8 e L
7-Kpfa (JBER75cm) , W@ kK LB (82N
100cm) , FABLIE L Y OFRKR 7B (BJEFI130cmLh
) Thot (Fig22tfkIX) . £72, AVL= U T D
REMORA 7 BIZEEND AT, 7491 b

BORGT T AEESE T2, WECEE O
m®%§bk RN T ARG S 7 D E R
PURE SRR OB AR ThH -T2,

[AVL-1]

AVL-LZZ D= ) 7 CTHRAE LR KOF R T
HY, TN EEBFIL2° & FEFITHEVER TR
DHAE LT, RER TR a LK o EmicA
~E DR U784 8B BIZIE D Dok

DT Y mEMNILLS FEH LTz (Fig23) .

WBFEE TOY Yy MEENC X 2 FIEKE T, %
FEFIL0MIC R S 60cmD BB D Kpfa2iidd Hi, £ D
HEHITE SKIemicbiz>TaEALLTED, =

BARBEMICEE LT Eicss &3 \&567&7”:
LOTHD. ZOHML L EKpfald, FEFICKES T
FCORDICRENT D ZENTE T (HREKRIT

BN THH-7z) . £, HikOE Y FTIE, HEA
b L7=Kpfa2sig iRk LT, £ O L& o Kpfall Ak
RITERBAL TOHDEY RO 57- (Fig.24) . 7=,
ZOMBEIX3I ORI TR FLTWe., £
A, RO TEITERIC L - TREEE ST
Wiz bkHEEIh .
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:::% Ash with Kpfa grain SJ#8 Br with lava block

Sliding surface

Fig. 22 Landslide distribution and a generalized columnar section in AVL-TKD area. Legend of the columnar
section is for the whole investigation areas and includes tephra not appearing in this area. Red arrows indicate

sliding surface.

Fig. 23 An exposed sliding surface at the base of
Kpfa (white), which occurs in patches on the
underlying BIBr in AVL-1.

[AVL-2]
AVL-203 & B PR O S BLDIRTE L 720k A 7 D
FEIC T RO EAFFORE T, PAEREITN3.2mT
Hot-. ZOREMOFEIRICI, 18075 5310cm
DERA 7 I X OB LK T A 200 ELN
TEYVHEBLHRTERNo72. T OFEEITAEEIR
EHEREIR IR T 5 A%, HREEARL i I I A A S
FOFEFICRSOTWVARBEPEI N TV,
[AVL-3]

AVL-313 /K F-BEHE220m, @& X60m, FL.osT o

£415.5°, AREEVEEERI5.7Tm, 9~ 0 MEAFI33°0 AR
Thotz. ZORREDAVL-2 & FEEICE SR PARE
HOBEBBOIRC - 727K 7 O EEICT <0 [z
B LIZRREECTH o 7228, AVL-212E, AAEEEE N

2

Fig. 24 A pipe of liquefied white Kpfa, which intruded
into the upper orange color portion of Kpfa.

<, Kpfakl ¥ IRWVEEIZT AV mEABERINT
Wi, FHRO B E FTETIER A ZL L TR Y (-
HCH30°, HHRLERC22°, FHERTCHRIL2°), RRLERM M A
M8 OMERI N EAC LT E b BAR 7 BB 2 7=
2, TR OMEARNIILEALA 72 o T2 7o D AR
TEA AL L 72 AT B B OEL 72 o Tz
(Fig.25) . F7-, FEMmEFEICIE, LRERADOI
BRI ICEBSEE LT R AL #
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LTz, FAERT O RN TS 1358 B 23 Bk S 4,
BT I HOEENL B A TV, FHED
DL BEL ST, OBBO X 5 IcBE LT
W, EFELHEARLARNLBEEE L ICBE L
FRIETL D22 5 E LGoogle earth {8 Tid, FREEHIR
SHIBARICEN TES AX 20D, ImA >y v ad
DEM”» b AERR L2 BRHR 225, B2 5 < FH O
O/NEEOEREEID L EOMWONARE Lz & HEE
XD, SFEY, TROEHBEIXZ O TTIEY)
Brah Tz tHiEsns.

[

Fig. 25 Oblique view of landslide AVL-3. Surface
slope angles changed from 30° in higher elevations
to 12° in lower. A sliding surface of Br with lava
blocks was widely exposed.

[AVL-4]
AVL-413 /K FREHE105.8m, 5 &22.5m, BT O
BEAL2°OFRECTH o 7. BRI M Tt RE I
EZTWIEERBEEROTEX Lo TED, BE)
&l & KRC & . BE R T8 A D Kpfasi#k
FhTWeiow, T30 HEidKpfak ¥ & FALIZIEAL
SN ENSMND (Fig.26) . BEME D BIE T D
A7 JEIZIE, AW Th ZIEX S 7= E/E40.5ecm
DREDBENFEL, FRBRHELNTL. 2D L
LIRA 7 BRRBEOT RO EERETE 72 B2 5
N5, BEAERIIMR T o), T EER
BXY b LM77 Z@ENAVL-3LIZE—HT 5
72, BEOLAVLILFAHFEORBETHLEEZD
N5, Fiz, EHICTVROBE LIRS, By
MEAITH TR HREICREZECTE R oToled,
EfE 7 EREE IX R CH D0, ARGTEFRFICE
WCBIE LT 7 7oA77 < & HomELET

bodrEEZLND.

BTN TIREZ A TRHREETBBIL, XHFED=
Y7V — NEERED BIZH2MDIE S B b o THERE L
TW=Z &Enh, ZORETIT RIS ZEE
EDTWEEEZOND. FREEFREO T ILHHE S
FBAZEE > THIlr STz Lk s h 5.

i ' N 5 N x
Fig. 26 Landslide AVL-4 (upper) and the contact
between the original ground surface and the debris
(lower). We see grass beneath the
debris.surface of Br with lava blocks was widely

stems

exposed.

[TKD-1]
TKD-1i%, BIRH THEI AWM THERVWERELZRL, 2
DOPRIZIH > TREFREML L, HERFORE T
BAELERKOBRETH - (Fig27) . ZORED
FTRYMEIE, SEKOBESIECYOFRRIZE (8
REKEIE, K106 THo7-) TS, AR
FEITKB6MTH 72, TORRZ BITITREDHK T
TR A ARRICHERTE, 2O TCOMEXERTHDHH
THECTHoTmZERNbnD. iz, ZORBICEEN
HIRAEBIZKGC= Y 7RSWT U 7 ThER L7257 A
A NERBOT T AREETH ST,

Fig. 27 Oblique view of landslide TKD-1. Arrows
indicate the lava blocks.
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WHEBETOT Y mERNE6TH o728, B (BJE100cmPl E) 725> TRV, BEmORENH -
XD THICEN LT 0 moBAHLE < 15.8° 7o, ACP3IR UV OB KILJK (J8JF35cm) , ACP3
Thotz., TRYVEREIZIITH- 72T Y HOHE (BE15cm) , A2 VTRV OFRAZ7E (BE
AWHREETR 0 IR LY — 230 [ FE A B FI5cm 25cm), A =V 7@ (JEIE35cm) 7R 7 J& (JE/=20cm),

DEIICED L. % L TACP4 (JEE20cmLLl k) EL#EnTuviz (Fig.28
MERILIR O EETH Y, BERIL R S20m, FEIR) .

KFHEEEA3MTH Y, HREBEROKR T L& B & %
FEATERR ORI IT24.6°TH o 2. BREEIRO T
ORI SN TE Y, RERESRE B R
LS. ILICKRHERRICEY, THEUIK Iz
BN L LR END.

(4) KD JHNT]=VU 7

KO BHNT]= U 7 CrIHEIEA (2004) IZ L0 &
2 INTEREI AL AR RS L 0% 0 EDORE
THABE SR A LTz (Fig.28) . % ki E D
BEOWN LML S, HNT-238 X O"HNT-3 T,
155 1 TS i ORI £E20em D B A SoKpfads 5 72 % i
EOEIFIRAY & R L7 (Fig.29) .

IOV TORBIEOT 7 IEFE, LIS
H2ARZ g (BEsS5em) , RAZE (BE45em) , 2
Rz (JBE50cm) , KA ZE (EE200cm) , &
JE15cmD AT & H/E L7258 ok 1R Lg (B
100cm) , WE KUK (F8E35cm) , WE KILKE

Il s B s B BB L
$35% Ash with Pumice grain B8 Br with scoria grain [l Scoria

Fig. 28 Landslide distribution and a generalized columnar section in HNT area. Legend of the columnar section
is for the whole investigation areas and includes tephra not appearing in this area. Red arrows indicate sliding
surface.
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[HNT-1, 6]

HNT-1i3K V- BEBE355m, @& S 10m, FLos T o B
1416.2°, FAEEIRERIAMTH - 7=, BEEREICIXKpfa
CHEE SN ABOOBRAENIASEHLTEY, AR
AL L7 BT b 28R Liz. e L d2mil b
DREBEZ L OBEOERAB THDL LMD Z0RA
IEKpfaTH B EHIWT L7, & 512, Z 0RO Kpfa
DRBITITERE KA RIBANE ENTEY, Kpfa
HEOEN S ORAITRKR25ecmEL EE K& <, fih
Dx T DOKpfak R HEREZR LT-. £72, HNT-6
HHNT-1 & [FEHRIZ BB K Lo ILiRRHE IZ B W CTHRAE
L7cKpfall T XV iz b OHE TH o 7.

[HNT-2]
HNT-2iZ R KL OO R THA LI T,
J:F%’sz emiCIZ R B kL o (LRl & 2R & L7z
WA L Kpfa#%fi 225 O R TR HERE W 03 HE
&wat.ﬁ$% T X DA IR OHNT-3
o Enil L, EEE%E*Z@J L7228, HNT-3FH[D
ﬁ%ﬁhtﬁ¢_ BEAWRREY BT -ETNH -
Telew, 22 CLr—V—iEHHEACTHIEZTT-
. TORRE, ZORMEOKEEREIZI00m, &S
13m, AT OREEMIZTE Th o 7. AR I
8mT, FEHINEHICIZAG LR aD TR
MR 2 EHBEHLTBY, 70 EOBERIT22°TH
572 HNT-1, 608 A IC A, Z O Ao A 1%
AL E LS EATEY, BaBaEnaeksti
LCWe., ZOBRARBOE FImIZIZY 5 28 KL
JREFBDDHZENTE, MFELEYy PLTERD L,

H T AEKILIRIZAT, XM E o -8 AaEIE
KpfaTdh % LYW T&, ZoOKpfadBWNIZT Y @
DR SN, £2, ZOREORE FLIL, HE
RRIZ X Kpfag N gl S Tz
[HNT-3]

HNT-33 A EE R B 2> B FREE SIS - T i
L CWe 7o D AR OMEEWTIERE, &=, AT o
BATNE CERho72. ZORMEM THHNT-2&
AR IZ R IER230em D A B i HEFE M) & ffes® L7223, &
NHDOTAIZR LD EHEITR LR > Tz, S
WD O T FRALIKAGDT I FoXWE
KUK G, AR 7 JgE L ORI LemPL T oA = 5t
IRAR 7 JE, R lembl T Ok L& A K ILPRE (R
lcm, JEERISemO K FEHERE L8 A 8 2 HE L)

ZIEICHER L7z, pERm B TiE, KSHEHLT
W E DD KIS D LHEIC Z O A g 0 KR 5E
DAFWIREBOT XY EEHEZMERE L. TV m|
VRS B 2 K U B N ICETE L 7oA B IR S 1
o ATHEME A .

[HNT-4][HNT-5]
HNT-4/3 78 A Hiudsk ©ME—Kpfa, ACP3, ACP4D3ff

FHOWRAEZ — Wi CRET 22 LN TE HHER
T 5 (Fig.30) . & @ BB /K V- FE#ES4m, & & 19m,
T OBE#EMA19.4°, REBERENIIMTH 7. =
DOPRBEOT XY mWFKKE X, Kpfak v & HWERD
WAECTHDHACPATH 7=, ACPAE L VZ D kAL
DACP3ILH:E HE CleWMEE &7~ L, Kpfab i< 72>
TV b DODORE T, BATR T-1NEAFL
TWiz. E£77, T -7 MEI%, BREFEA LD FET
T HUER ISR D WRIE OB W B IC L W B ST
Wz

Fig. 30 ACP4 and ACP3 exposed in the lower part
of the head scarp of HNT-4.

HNT-5/%, /KFEFEEEL114m, & &34m, FLs T o EE#E
f17°, REETRIERI3MTH 7=, By MEHI ST

ACPA%ZMEFRT D Z LIXTE o7, BAEIR
LT OZEDOHIE LMD S HNT-4 & R ICACP3L Y &
RNREIZH D5 ACPAIZ TR H AR S L7z T hE
PEA . Elo, ZORBELHNT-4L FERICT <o
7o M A R IR R T C & RIS R O Rl o )
DERVICEWEITEnTnzetBExbn5.

(5) SiE1HIE[EBS-W]= U 7

S8 E P [EBS-W]= U 7 i, BiEFEOEM

DIEFITSMO /N SIE T E S 2 1 iEAE B £
OZ DR TSRS AE LT (Fig3l) . Zo=
UTIZBWTHAE LR AEDO T mEakE I
FicKpfak L OB AKX B Th o7, Fiz,
A LTCRBEIIBY & MELAD S > TilmBfb L
722 A TRLODRREN WL D0 ORI » CHtE)
MLt&4fﬁ&E%b6hJo®%%%ﬁ%&L
7o L— — BRI L D RO KEEE, &, R
M OBEEAOFHBNILTE R o7,

EBS-W= U 7 Tl bARIC 7 7 78 7 & a8 C
X 72EBS-WAD ¥ ¥ EEFEBIZ 3B W THERL L 7 HER X
#EBS-W= J 7 OfEAMRK & Le. Z0EFITE
Lo b ALK T JE (E/E45cm) , A=) T)F
(Jg@/g<5cm) , A7 (J8/E20cm) , KBkl
IRt (g/E10ecm) , KA ZE (BEKL0M) , B
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Fig. 31 Landslide distribution and a generalized columnar section in EBS-W area. Legend of the columnar

section is for the whole investigation areas and includes tephra not appearing in this area. Red arrows indicate

sliding surface.

Bk LK g (J8IE20cm) , 2R 7 & (J8/E10cm) ,
2a YT (BE20cm) , B kLK ERE (B
#130cm) , RAZE (BE30cm) , BEAsE (8
JE#30cm) , EEE LR LE (JBE20cm) , BE
F10cmOK-AhZ #7E L7= BAR 7 @ (J8/E30cm) , Hf
B LK E (EIE100ecm) , BARZE (E/E20cm
BLE) Thotz. (Fig3l; #HiRIX) .

[EBS-W1]

EBS-WLIXIRIB WA EE /D 03B 4 v L Tl dh
L7cpETH oo, BB KILIKEBIZT <Y Ea
TERL U7z FASE CHABERFERI2.2m, 3 0 A 28°
Thotz (Fig32) . £, TV HMBEK S NLT-HE
1k LK T8 O FALIC 72 5 AyiERE i i3s
LEEDNERE L TV,

[EBS-W2]

EBS-W1D FREERHE NIy D TOR Z A 2
WL CWDEMBKTED D X DT o =&
NRLN, ZOHEEZEBS-W2E L7z (Fig.32) . #%
LREORE EHIIEGAE L TRY, —HBEKILKE
RBELTWe., BABRKRE L CXAGrLEAA
PETHITERAETHY, AR FIEL Y RRIC
BIEIEIX I N TV, BIEEIT > - EETEE A A
HMLIEAOEMGHTHY, BEIFI0mIEETH-
703, BOHREATICBT 2 BEIZELS, 1milk
Thotl-. ZOTY TIIHMTH8AT, JBEHNIm
EBAZDHHOIEKpfal 2272\ 2 Z OO 4

IEKpfaTh 2 LI T& 5.

Fig. 32 Landslides EBS-W1 and 2 (Black arrow and
white arrow indicate lava and Kpfa, respectively)

[EBS-W3]

EBS-W3IXEBS-W1 & R4 I K58k (LR g iz 5
RO EERK L7 CREIREN3.5m, TR0 E
ERIFI28°TH - 7=, EBS-W1X D & FAEEVEE X 1miE
EROH, BBIEFRUBETHEREELL. £
7o, ZOREO BT LT HEBS-W1E RS F
ARER L. 512, ZoORETILERSN O L
HCTRELEZREDLIST, i TEA Litho s
Llebicimafb L, WEANEZ2 kmll EicbizoT
BH) LoD —# L e o7z,
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[EBS-W4]
EBS-WAIX1> D L7 gk EZ L OMEDON,
LEdR AR BE ORI O &G AT 3 AR 7 Jg & 9~
Ve LTHRIELD LT L THRENRRELLZD
DTho7- (Fig.33) .

Fig. 33 An exposed sliding surface and the head
scarp of EBS-W4.

TR0 EEAHTK28°, FREEREIIAEMTH o7z,
FEREICE BH LZBA 7 o+~ mizshim T
EOREMTE THBLTEY, Z0ORRY B
JNDOFRRIZ XY FHafZ I & Tz, EBS-WASHE
T, NEBIE TR O I RRE 2 BRSO 22 A
T INRHERELTEBY, WEHSABILHRTE an
S, ZDOZ LB, EBS-WI, 3THRLI-AER

% B I 5 I B I AT
B84 Breccia MM Kpfa

Sandy ash 3%

WA IT/N S & AR E DO L D TH 5 AThE
PEDNE .

Fig. 34 A sliding surface formed in white Kpfa
(EBS-WS5). The sliding surface dips 14° to the left.

[EBS-W5]

EBS-W5D ¥ 2135920mdb v, M2 5 #914m
DT 7 T BOEBICEESM DL EOBRAJENFTEL
7-. EBS-W2 & FIERICEE D HKpfaTHh 5 &Ik L7z,
Kpfald/g &2 kit L, 2o ENICERK14°
OFT_Y WA SN TWiZ, R Fic@EH Lz
KpfalZif Il D2 &2 & 0 @23 U S v ki T i
LTEY, ZDREBIZEBS-WAL Y HIRWIEEDIRE
THhot= (Fig3d) . ZDZ b, EBS-WADEHE
WHEBIZ b KpfalZ A £ 5 28, )1l =& HSEBS-W5

Ash with Kpfa grain

Fig. 35 Landslide distribution and a generalized columnar section in NGN area. Legend of the columnar section

is for the whole investigation areas and includes tephra not appearing in this area. Red arrows indicate sliding

surface.the landslide by erosion.
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XD B EBNEETEE TV TS ZOKpfad @& H 4
A DOEEICEFEL TWARWVWI EREZ NS,

7 ' I I iy 4

8% 1 Breccia
08 %

S

observed at
landslide NGN-3. The white layer in the bottom is
Kpfa, which is overlain by breccia layer consisting of

Fig. 36 Stratigraphic succession

obsidian and pumice grains.the landslide by erosion.

(6) EEF[NGN]—Y 7

EIF[NGN]= VU 7 T, PR % K EL TR
BEEMNIEA L. (Fig.35). 20TV 72 W THA
LRt REO ) mgaE L, +XCaeEd T
L L7=KpfaTH v, BREARRITL1L3-192 % & mEK
Tholz. TOZVTORBBLEOT 77 EFIF L
AL~ b e ok LK 1-J8 (F8J=105em) , BA 7 fg (8
JE45cm) , JRAR 7 @ (BIE175cm) , AT (BJE20cm) ,
WE AWK (gE55em) , 7 I T &5 kL (=

JE65cm) , Kpfaik U v O®E kiLKfE (J8/E35cm) ,
fAEE (JE)E180cm) , 3/ OTYE K ILKJE % & e Kpfa
(JE)E250cmLl £) Th - 7= (Fig.35FFIRIK, 36).
10 LB 1T BRI A B & O'Kpfans S RERL S 4L, FEHE
T, WER)NIE Lz fAE O BT &
KIEDRELSBERNEN ERBBTH-T-. -,
ZOxTY T THRA LT CoR AR T
TI_RYEEEENOE SN TEY, TOERIE
NGN-1, 3, 6, 7A%EBEIER 1 © Rl DY)+, NGN-4,
8NB DR, NGN-2, 52 LHERkICfE >80 B v

ThHoT.

(7) #h/ KNl Y 7
o FIIKN]= U 720X, i ERHEDRE B &

O MU IR RIS TR %4 L7 (Fig.37, 38) . 2
O Y T OREREOT Y EIEABIE, TXTH
EAROENR 7 G (B KREKEILL109-197%) ThH - 7-.
FEAEDOREEL, RBERENSMETE TH Y, 3mAl
BOBELH T, HiTbenn, Zhbicidd
D A AR VIE &, RRERE SR WMEM N B o T
F7, BRBLEOT 7 7EFIIREE LKL (&8
JE75cm) , A=V 7fE (JEE<5em) , BRI fE (EF
JE35cm) , SRAZJE (BE10cm) , BFfE kLK 1

(BE25cm) , 22V TRCYOFRRIE (BE
30cm) , EEB KUK T (J8E10em) , #RA 7 JE
(JEIE50em) , 5B kLK /E (E/E65cm) , H
7 77 0

d “> 7 / ; 1
?/?WPq 5" :

3R, 4R

.

= 2 1.2 3L,
lkph1 [ K-Ah

4L, 5-10

Fig. 37 Landslide distribution and a generalized columnar section in IKN area. Legend of the columnar section is
for the whole investigation areas and includes tephra not appearing in this area. Red arrows indicate sliding

surface.the landslide by erosion.
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tE R T VLR (BE10ecm) , KAV E (BE
35cm) , EARZJE (B/E15cm) , BBk LK 1=
(JE/E30cm) , K-AhZ $7F L 7= B AR 7 J& (J8/&50cm) ,

mER kLK )8 (JEJE65em) , BN 7 g (BJE25¢m) ,

KRBtk LK 8 (J8IE20emLl k) T - 7= (Fig.37
FRE). 2oH b, ARERIRECYHLEITE -
P (2000) | FRHE STz ) FE S LK AR U R HE R
¥ (Ikphl:4.5ka) & FERSLo A A —B L7 (Fig.39) .

Fig. 39 Stratigraphic succession observed at the right
frank of landslide IKN-2.

LML, T6 L0 W ERO ) EEHE2KZERIE
HHEREY (kph2 @ 10ka) (CHIY 3B )E 1%, Ao
BIHIIIBH L TWARDN -T2, TR ERBE S
, Ikph2 L v &35

PN Bior BiBr I Br M AT

| AR TN R

LWEEZ 6D Z &N 57.3kan S 10kall HEfE L 7=
TITIREThHDLEEZLND. EBIL, ZOoZYT
THREL-AEREDIZE A SR FETT~Y
R E I S TR Y, & OERILXIKN-32256
8, IMBDRE, IKN-21LE BRI LS fHr o8+
BLOGEEDREE, IKN-62SHIBFA A DK R EIR T Ik
SiEEORE (Eix - ¥#0, 2000) , IKN-723 - i
BRICHESEID Y Th o,

(8) FAHRA[NGD]= Y 7
FMAINGD]= Y 7k, N/ T7=TFA4 VRO
FHA I KOV O JE0 O FHm THEE R4 L7z (Fig.40,
41) . Zox= Y 7 CHE LA REE O30 mHig,
T _THAGAK T Lz Kpfalc Bk &S vz (Fig.42) .
IOV TOBRBEZDOT 7 I BFIT AL IEE
kR BB S LB R 2 B (J8E125em) , A
7/ (J@/F295cm) , AT (J8/E20cm) , WPE KUK
J& (gJ=120cm) , Kpfa (B/E200cmll L) TH o7z
(Fig.41FE4RIX) . NGD-41ZKpfadd FEIC A 23 2 4%
RIELTHY, Kpfad/BE H1m e ki) - 7.
BHE TEH ORI TR COREMTHRRIN, T
R IINGD-1, 22V E BRSPS RlEm o g -
NGD-3, 47 LHUERICHE S RE OB - Th - 7=

Sandy ash it

Fig. 40 Landslide distribution and a generalized columnar section in NGD area. Legend of the columnar section
is for the whole investigation areas and includes tephra not appearing in this area. A red arrow indicate sliding

surface.
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- - o T >
Fig. 41 Oblique view of landslide NGD-3. A sliding
surface of Kpfa was widely exposed.

Fig. 42 Sliding surface material of white colored
Kpfa (NGD-3).

43 ELTISHNEARRBROZET—4

T IREO R, ECHETRAHEBD THD
(8T8 ik (Kpfa) J, TBRAZ (B) Bk
OB LR - (BIBr) J , F72id EASIE T
v DFRAR 7 (Brwith lavablock) | 2 Fd Y
HZEAHLTWE.

(D) RENRRHEROET 7 7 BB T 5 WK
YT EEEE L 7o 725D % 0o 7= Kpfa,
BARZ - WBGAKLUKRE, ZTLT, RAELCYO
R 7 OF 0 R EKE O XN EATV, SR
ZHiat L7z (Figd3) . KpfaldA L o PEofE L 4~
VORI A b LcBo2B &Rt L
7=, ZORE, BaoKpfall ik timch b n
A YA PRFEET, Atk LzKpfalcid e
AV A ERELEENTWDZEN o7, Tz,
EARZ - BB kLK BB X OWEEIIR T D oK
7 OFTRYEERBICS REIC e A A4 hBEL

EENTUVE.
TR ERRE LS OET 7 T BIZHONT b X

Halloysite Kpfa(Orange color)

[Kpfa(White color)
0 10 20 30 40
0 10 20 30 40

Br with lava block

0 10 20 30 40
CuKa 26(° )

Fig. 43 X-ray profiles of each sliding surface
material. Sliding surface materials were Kpfa, Bl or
BIBr, and Br with lava block. Orange colored Kpfa
is shown as a reference.

SHTEATV, BRZICTR0mAEk IhmEs
X OKpfalZ =0 A AR S 4072 B EE % Bl SE 50
RO T 21T 572, T OREER, ~aA P10 M
MEAEOT 7 T BITIIFETEE T, RE T I
BLOWHEE - HBLZBVIRTZERbhoT. L
WMo TT 7 TEO/ oA WA MIHEMT TR L
SN, FicleT 7T OHERIZ X 0 EYE LIRS
MENTWDZENRBEINDS. T, ~NaAfHPAg
MEL7eT 7 Z I3~ 0 mE e E LN b AFAE T
203, BOKAEE & 52 T T ST LA O X3 54T - 72
ETOTROmEKEIEI 2 A Y4 MeL Tz Z
LD (77 IO uAHA Me) IZBUKEE L
THEERNT, BERASFG DL 2B 2D
nad. ~aAY A MELEET 77O S HLEDREIZ
TRYBERBREND DL, BB OED Y e
HEOEFACES R LICLEREINILEZLND.

(2) #mEmo THE

TARIZD (20123) Z~vy MRy F o7 L
T 7 T b7 B RME O FER I S o s A H R IRE
IR RAETAIERDISOTH D EHERL TN,
ReARHEBIC L A LEERT 7 7R mAEICB Y
THAE IS N A EE L O Z R Lic
(Fig.44) . TV EHEREINCA D & FRABEORTE
PLETHE, BREERICE OERPRA0RE, -
s RRIZ X 2010 Y 72 22 L D RE TR B A
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Hol-Z EWNbhotz. ZOZ ENnG, HHEO TE
TU LN BEICTRYVEDRERINCT N EE X
bivsd. TREOTHEE) b7 7 7@ m A5
A ME & FRBRICRER AL DL 0T B XL
nNod. Fiz, TEGIER 2oz b LS IEARHER
SR TRAE L2 T ORI EEEE AmPLTE,
TR EFHAI28 L ETH oo Enbhotz. 2O
ZEnb, MEEENRELS, TR0 EERORE N
STCRABEIL TEEIM R FTE L2 THRAE L L
EIND.

009

Br with lava block BI,BIBr Kpfa

Yes
No or Unknown ==

Fig. 44 Diagram showing whether the slid layers
were undercut or not before the landslide. Each circle
represents each sliding surface material.

(3) b [EfHA & AREEREE
BIHIGRA CHIE Lo d R0 mEHAL & A 1o
DWTHRFH L7 (Fig.45) .

s 4:'“ Undercut s clear
- 35 4 .. i o Undercut is nothing or not clear
® 30 - & i .
s OGRS "
- |

* 4
o
5 20 i " %
» 1
515 | ® o
=10 [Kora o EBS-W
& 5 |Blor BIBr L 2
§ Br with lava blocks

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
The depth of sliding surface (m)

Fig. 45 The relationship between the sliding surface
angles and the depths of sliding surface.

FHAI L 72 AR Y, RREEREE2mELE, R0 mEfE
R20-35 IR L TRAE LIS L3 ot Th
ZROT Y EEAE CTRE2ENTITLALR
LP, Kpfad AEEFELIOMEL L, 3+~ 0 mEsi15°L
TOEBTHLMBERBELLZ EBghoTe. &6
2, Y E RS K OHAERE &Rl T o DI
EOBBRERR L. ZTOMER, W o0 BisMEH
% b O O FAEIREAMUTE, § 0 [HfHA28°LL T D 5%
TR LD R E ToW A b -7 2 &

Moy o Tz,
5. ¥&®

BT fik sk TR Lo BRI a6 o0&

OS] & IREER 2 177 F R o il
IZRBIICE T,

AN R DBEOREX, R TILVTIT U
—) & IREERIE ) ETRAELTWE., AT T
U4V DRREEITER 2 IR TR AL, PIARRIE T
MIBH CTRELTZLDOBRKEK CH 2. ZOH
BT, FAERTICRE OIS - T2/ NEBTFIE L
7. 2F 0, BAERMCENZL > TERE LTV
HASHAEE L7-. ABERIE T, BN WVICEAT S
ST 2 7 > T TR S SR LT,

ERT 7 IHREOREOT Y EIX, B TEASE
B chsr BETHyrERA (Kpfa) ), TEKRZ
(Bl) B LUWBE KUK L (BIBr) |, £k &
EBRIE U0 kAR 7 (Brwith lava block) | (2F R F
NTRVEHEFER L T\, 77 7 RHEORRERA
Wiz, 77 7BFOIFIE—EHTIVTIZRGEN
5. ENENOTY T TIE, TRYVEITIZERCE
YR SN TV, T 2R+ 29— 13
oA YA FARD BN, KpfaTldA®k b Li-/E
TROLNT., £, REMILOT 7 7B uA
A MELTELT, ZHIET 7 7Bk L%
I EBEXOND. £, BAELUCREIXERE
F2mLgE, 30 EER20- 35 IR I B L TR
AL, T mAKpfall JE AL S 72 B EE 1T 1R T
10mBLIE, 90 EERI5 LA T D&M Th AN %
LT, T30 EIERE N2 S EH#IC L
TR S 4L, FRICHEHRERAMLIE, 30 mER
28°LL FDBEITIE, W< O DHISk & BT R E)
Braio b,

L%E, FRET ) T ORI RE A E D
T 7 7 JE OVRE J7 10 O BRI W CHRL A R
K OSEAME, Ak, WAMREE, LEEEER SO
BAPOT R EEREREZRINTHTETHD.
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