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Abstract

On 3 July 2021, a heavy rainstorm induced landslide of an
embankment in Atami, Shizuoka prefecture; it transformed
into debris flow along the Aizome River hit a town of Izusan
causing heavy damage including 26 fatalities and 1 missing.
The cause of the landslide of the embankment was first
attributed to probable inappropriate workmanship and poor
drainage control of the embankment. We performed careful
field survey after the landslide, and found that the area used
to be covered by fluvial deposits (chaotic debris flow deposits).
These fluvial deposits overlie hydrothermally altered andesite
rich in smectite, which likely caused their landslide with the
sliding surface in between since geological past. The fluvial
deposits covered not only the Narusawa River but also the
upstream of the Aizome River, where the shape of fluvial cone
has been erased because of recent artificial modification. The
embankment was made above the fluvial deposits. The
landslide scar after the event suggested that water had gushed
out from the basal parts of the old landslides. The water is
assumed to be not only from the catchment of the Aizome River
but also from that of the Narusawa River through the fluvial
deposits, particularly along the basal part of the old

landslides on the impervious clayey materials.

Keywords: heavy rain, embankment, landslide, debris flow,

fluvial cone
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1. FC®HIC

B ] U AR T E )1 B VR T X, 2021 4 7 H 3 BIZHE L3 AR
ELTEAROGER)E 2D, Tk L H X %2 8y, FEH 26 4,
KEMEEE 14, THAHAEFE 14, & LEFRE 64 HOHEL
AT, REOBMEL LA ORETRKIC DWW Tk #E IR (2022)
NHBEE L TELED TS, EBEBREBNAT BRI XX
6 H 288 200 mEERED TH 3H 10MKFETORNEIL 461 m
Thotz. BELDEIT 55,500m3 L RELOLNTWD. i FT
HPMOHBIES OB T, TWELBITHEFICKE
DAKBRFEFLEZZERHEHRINAL TS, BEHREL EREICOD
T, TOoMELHMENET R 2 AN Q2N FE LD TWVD.
AFETIE, BLomERLFAEL, £, s RKOKR—-V 7
ST B, AUtE o, MEREOFERME, W oI aE Lz
ERIZOWTHR NS, BLHFHA X, 20224 3 A 30 H & 5 H 2 H
ATV, A=V v 7 a7 @l50% 2022 4 4 A 15 HIZ T 2. I
AL, BRIV, EAAAEM N, BRI EEN O RO RBIR
(AR EBEF)OERWTITo (X 1). BEME T — % O
T 7V —HEE#R S AT A0 QGIS (version 3.22)% H W=, &
THERMANO 2 ME D ERILL Y O R R AR R E
% Beta-Analytic tLICKBE L, Ml B E B oM IEIC L VITR o 2.
FER OB FEEEIX INTCAL20 (Reimer et al., 2020)% 5 — 4 &
v & LT, O0xCald. 4 L CRFEL .
g Ao B AER 1a, b i34, Kl - 7K
(2012 L iE, LA o RO mE X, 2 M0 EE K
WM HH O ILEEEH» L2, ZRERERENEET 2 HME T,
LRELRINAEDPORINEDOES - kKIEPLRY, kEICEEZL
TWLEAENH 5.
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2. REHR
2AHBEHRFDOME & E

2.1.1 =

FREEME DI ITHE - S A 2B TCEL5BHPIBO TH R0,
RJMBEWIZIEELELREKRK 2m OAENELMEICHEE L T 5.
RN EZEMN O ORRIL, K ELAEMO RS 600m £ THM

O N(ARIR, Rla), 22 CcRE ML, #MHEFMIC
HODIEWVWBREMREZRS.ARBITASLZ2MNICE TR X 1b),
BEREIWELPpHMEEREZEST. 7, ABRRTIE, BWKEHL
ezl L Mo Dok b (BOK B ORE © & RS A O 5Lk AR

BN EBBAWICR A EEH L, B2 EEOR D2V
1b). — 4, ZTOERMD B BB Tix, BAKELEEWN - O FE I
A ERL, BERZLEOBENINBARICEOONTEL. ZhbDZ
EMDL, ARBRIZTECAKEZEM 256420, BERIIRLHD

ZilaE»rbhdtHEIND. ARMR OB AR E IS/ 5
BN 2 <O b LD (X 1b).

AREE L 7B i, WIS T3 2 &M O & ERESICA®E L
(K 1b), Z A /ML, AR Z R T TR ALY KK
M TFLTWD., BRINO ERITWLS OO XBRIC i, E&
734m O FILHEm AR L TW5D (K 1a). &7 L m ik 2k e
LTCHIZHWEBSEHEORRKBRAZ L, TOHREICHE T LILTE
MWALE L TWaD. AP iiEo b fhx, bl ic 2t s 3+ 5 &,
MEMEECERE SR> TWD. ZoERE B, Ak o s
B ORI > THRARMH A H 5 (K 1a). Z i, § R
AL TWVWD Im A v va0REEmT — % FME, 2020012 X
X, 8 20m 5 40m, B S 4m BE T, E X 550m bz o
TREBROBMVWVICHE L TWDE., 20Xk ) kM, EAHIC
LoREERICLE - THKEShTLEEZ LR, BEREOR K
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Gl b2 b H 5 (Chigira et al., 2013). m=F LB A, Bk
WORBBMEID b RMOME P HELHEVRL TSRS
n, TO¥HMNERERKLTHDEIZbDOEZZLND.

B 1b 121k, NIMAaMEUEZO LB BT T TRRLT
b 5 (Fr i, 2022). W)k L2 s nzEL-oN, K 1b 12
WA s L&A REL, 0 BN ENINBWIZH T LE.
L FREEIEERERICRESNLTEY, B4ER% O 1mDEM 7 — %
(F i B, 2020, 2021b)&2 g L7z 2 A, MELEZH SO &K T
#350m & ik B 407Tm & O EIE 5Tm, FAEETR O K KIEK 15m
Thole. 20194 12 HAOZEFFEHEICINIET, ZOMEL LKL
O FE LA P E O NI NRESREE L TV (&R,
Bl B, 2021a).

2.1.2 NI M RERM O & hHE o

FEANN B2 SR B o) Lo 72 8o AL e
B Z L, 2002 FFICHEE D, 2011 RIS IE & T L 72 (FR I R, 2022),
ANLH 2k ZmoEiL, 1962 FICE MR N HRE Lz
ZHHEEIZL > TR BETELZ(® 2). 20BEETIE, BN
REINDLUMOERIL, o EME S TWND. BT LER
mOBBRORIT, THRMTHEWRL, O F M Tl a X8RS
I, ARBRIRZELNT, TOWM ORI EEYI O LR %2 B
OB I REME N R STV D (X 2a, b). 1962 4F 0 %2 i E
BETRDE, 20 ZRIZhaHiic b O F RE 25 R RE
LB VFEROREZEKRL T2 ERNb2 (K 2b, c.
HELRME LT, B L a2 & > A MEO R ITEL T
TEORFEHE K> TWVWDH I ETHDHUX 2b, ). T O HIE O TG i
(X, O F RO PRI LD H RV M TE YO B R A
Lo TS (Y 2¢).
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1962 L OMBELEILEEFTTEEDORAT LA T &L TH 3
CoRT . A LR EE I, 1962, 1967, 1989, 1994, 2005,
2012 £ D HL O TH H(F 1). 1967 F 11, WBIRIJIFH O m Ml 4
mWOHEBEROMMA/NRABEICHALTWDZ ERNbND. 2,
1989 & 1994 F I ZIEMMBE#ED E o AT EIE S RHKICEA
L, ENRZIZ LK 2> TW5A. 2005 FIT TR H D T
ToHih, 72, ZOWRBOWMMO VFEROEFENG L EO N, M
HEoORERBOOLNRLS 2o TWD. EMNOKEHIZTZ 0%, 2007
EN D BMA S s (B, 2021a).

2.1.3 AR L TN ZBA T IEHEHERD

MIZHICHED N ARREZ £ WTIRN 2 MR O KDY
%, BMEtHREZ TR -V VY I7HfEAECL THRINTL.
FAEOZDHIZ S ARAOR—U 7 BNHEHl ST b #L, 2, 3, 4,
5, M 4). ZhooFR—Vr7HonTnicBnTh, a0
B2 EEEH mm 26k KB 1m BE OV A X LA ik ozl
HAMORY, fixa i CHERZ EOWEEREZ2 & o HEY (fL
MEHERE ) & MRS 2) D RBEHICHERBINTWVWD . SLHEHEE D T
No. 1, 2. TEHIFEFAR»6ERINTZN, No. 3, 4, 5 /L TIX
BricBbh Tz, 2L, BEEEEDEGLEHEREY & OM
WZHRG TR O b e o 72, No. 3 L TiE, B E F O FEL M HE
M CcAR—U v Z7iElIKB®AKL TEBY, 2 08 HHE Y 2 45 P
Lo TEmBARATHDLHZ EERRLTWD. BLHEAEREY O F S 1T,
No. 175 5DJET,9m,6m(12m ® AfREMEH ¥ ), 2.55m, 3.25m,
6.75m TH L. 277 L, TRNOLOEIEFIUVEY HDWVIF 2K
RRBEOREBELEZIT TV ARMELDD, T LLHREROE E
TRWAREEITS 5.

B 4aZid, R—=V 7l ENrbbroilHEHREY O Lm0 %
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mME AT, ik, No. 1A —U 7 i< T 432.8m & Kb &
<, KL mEBEMIZA» > TERLS o TWDH., 202 LiX, 1962
FOEPHEENLHGIND MEMEOMA Him &3 1F—HLT
BYO, 20O OEMAERY LB RN ERmr6 MG SN2 & 2R
BLTWS., O EFRBIIATHESR TSR, BRI OE
FEOREREOWN, BHER S LTV 2R WAL 1d o O HUJE S 5
STWhEHfESIND. ZLT, M4THR—IV T T —FnbH
HavTo ELHEHERE W b oo % o s I, WS RN AR o HL T il o % s AR
WO MNICERMT DI ENTE D,

PL BNl N7 ELMEHEFE 4 O W & ) R O U W) 72 0 A v &, L
MEHERE W 10X, 0, BRI B2 680 LR H L 7E Ao 4
¥ THY, TANAELLEMBEMEORERY THDLZ LB DN D
ZoRICHENLIMEBINTELZ SO EEEIL LA RO O
MOFENZREHICHBE LZb DO EEZE X DLNLD.

2.1.4 HEHEE
FEMATO 4 >OWmEKZ2K 5Cmd . Brmfpidx 41280 <T
5. Line 11X No. 2fL &tk SIS 2 @EL2mEl T A v,
Line 2 I#%®#®» F Misx @5kl EH-MEEDO T4 Th 5.
Line 3 XM R I EW#H 75 No. 1 A — VU 7280, EHPII
DOtz E5E - EOK®m TH 2. Lined iE, No.1 & No. 2
DR—=V 7 HE2EY, BRACELIHILE-—HEHOKE TH
%. Line 1 TiX, No. 2O HIEE 6m(dH 5\ ix 12m) F
THEMEHERY, TOTIERILET, SN 33m 225 41m D £ D
E & 370m 22D 380m DMIFIKAIC R BAKEH L, HEHL x5
B, MBEZENEZAET L. ZOHMIZ, SAELRENLD S E N,
Bk CTh D EHEIND . LMHEREY OREIX, EYIINIC W
o THA L TW5. Lined Tik, No. 1AL TOILMHEEY O3
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X 1m 226 Im OE I EFTH Y, FERICEMINITH > THEAE L
TV, WimECIEEMAERED O T HER LR LAERICHE A
HIEN, BT DRI, MER THELD b, IBRJITIE
IRV HEBEICEDLDRL TWVWD I NG, ALY ITE W &
Bxohbd. EIcHD N % ORI O - FEiE S iE Line
2RV TH 390m TH Y, EM)ID 350m LV b 40m b &Y. 0
RIMIB WO ORESIIIAPATHLIL, WTFhiZLTH, IR
MIZRWAKDZ H HRETITEMNINCHMIT TRERAKRKMEL D D
ki, LT, BRJNMOEKRENS G, SLHEEEY O E %
Wi L TH T ARBEMINICHEALTWD & H#HEE S D, Lined L
T, F#i R ITELMEHEEEOLER LITH 5.

22HBEHBERDME

2.2.1 HE
MEEOMEBEMOEEZX 6 12T . BEHO Lo d Rigic
BEENHOICEFL TR, MEMIXIZ 0EK» LM EIZ
HEEV(PREBARIC K o THe Ml & M &z 2 2. A0 A R
HoFRETEITELITIZTEAERDN, TOT OEEOHM LD E
HLTWwWsd., ZoHlix, SR A XomEZILEOE R
MEORILEDOE N ZEEBALEZEL L, fixllbT NICTH
BES TN S PN 10m2 D 20 mBBEEOE S TL v XK
CEEN TV, ZOHBEHIL, TO/FBMEMBE»DE X T, A
WoOMBEHLHER T DEMAERY TH D5 . AL A7 8L H# oo Ak A
CIEEREAR TN EIE S TS, mMAAER, FFlczo P Lo R
HOMMICIZTRAR LN RVEAFEAL TWD. M 6 T Ml aEEH
O LD LEAEMICH AL R X D5, BAER LR % O IEE S
T ERBTLE, TUHEF/NBERENES AN L DT, /N
BEHERIEITO TR TIHEVRNI ERbMD
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AC R0 AR B2 g5 X O e B AR RIS, ML & S D B A
B ERBEHLTCWEK 6). Zhix, KB LHEAGOEEL
BREZELTBY, bbb EKAEZLTWELON, BILIZL > T
WomicetefbExBmEAfGbLlLEboLEEIND.

HREARICE, FIhBCEDZLEOER BELE L T iz (X
7a, b, c). ZOZEOEINBHIZIE, HEADOENREEE > TWDAT
E, TR KON THRRE 10 mOBREICER>s TWDETENRD
> 72 (% 7b).

2.2.2 it K LEY

e Em (K 6)ICHEH T IR A EEHFEAGMK LICEENT
WOEME DO S E MR T v 7 A EHTIEERD)IC X VAT o 2.
WETRNLE UK EEmIcHRT 22 KBTI xZ - D
(B 8a, b). JKffs LXK A & (K 8a), BAAKLEHIZT LV
EnimEEZOND. bINICEEN D20 E L, &880 Bk
ENRIZE S TRAETIHBLELEDPIIEENLD I LT T LD
ik elbhns., G LI, SBEBITAaEBEELE A
TELT, b ARKEEATVE 8b). b DZ &b,
FHAAK LKA 2 REJRE U, B2 B Lol R T 58k
BROTLOLDEMREIND. KEIZED 2 um L F O+ O EFA
REDO A — bk, BE%IZ 1.56, 0.51 nm (X 8¢), =F L
Y7 U a— LV ALE £ IC 1.70, 0.86, 0.57 nm([X 8d), 500°C T 1
W OMBLIE%IZ 0.96 nm O — 27 BNHELTEY (X 8e), Zh
CORFENPOLEENTWVDIH LEMOREBIZTARX T X A4~ &
MT&E 2. 0.150 nm @ 060 K4 (¥ 8a, b)2 b id 2 L A D =
AT HEZAL NTODLIEDNTND.

2.2.3 HWVWHIT Y

w3 RY 1

MR O L MEHERE Y O TSI, MR ORELLY —
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nEERsn(X 6 » S, i, M 7a® i K9, ZZTOBENDL,
TOWMHOFEMEHEREY I, BEICAKLER O ETH TR %
L TWheZERbholc+ <y 1). MHAHIX, RILE
EBILOBRBOOWLEEREZ 2aBBEDORAFNL2D, JEE 10-20 cn
DERBEEZH N0 EHMIZEEL TV 9). ZoERMS,
COMMPFREY — X, TOMBEH LTI ERDND.
WD X, Z oMY HCAHERME O R, K 700 4FFT (8
J& 19560 2 ML T 5)0b D ThHHI R borol. T OFEH
ODRMEFEMmIZT, FLLEAEFKLTEY, TOoENdHEENS, B
FKEoO Lz HEHEED NI L LMK 9b OLEL H)ICHBE L -
ZEBEBEND. BHER O TIZIFE S KK 30 an D EEE D &
D, ETRIFHEBIRLTFTEELE R, RIEIVERL TV, Z0OW
el o FTICITBKEBE- ERHY, DEEEEOER2D 20 m T
EFTCMILICED2ELOHEEPRIEIELTEY, Edo I~
FoTERLELbD LHEESND. Z OBKEE R 12 138028
By LNE., ik, N14° E/28° SE oEmEs AL, £
S24° E/18° OF&MEHA L T, ZOF5ME Bk o I3 ki
M, WD 1E, BOKEEM tEmAEdT X0V meE L, OB
B MIIEEETCHDLDZENRRBIND.

B 6 SH HLTiX, Eddo XS Hnwitd <Y »RnZo | KR T
DHEALMBEEICL > THREINTLD, T OEERE %5 M I8 B
D&, FRICHEAMME R LIT, TAOEOKEER o kI &L HE
YR AIEFT RO LN, D F 0, FLHEHEE D I3 B K ZEE R
o RicEY, To—HrMT ) Ll En s ns. Pk
JEARIC & 2 Rk o 2211 2E o 55 B o § B, A7 E A IS R C AL HE HE A
WMicEEhns. bMpAERO FHICITE 6 &K Ta @ 1), K+
DTFTICELEL 2m BEOZINAE 7w v 7 bE& i Tz
10a). 2OZWLAET vy 7%, EHIT/hTr Yy 7Tt TWT,
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ZOHRITEBHPADIAALTWDLIE RN HTDOT, B I
LELMHEREY O - ThHY, SHA L OMFEEILLEBE L K
JEE I BT 2 cHEE S5 (K 10a). ELHEHEREY O BT K+
HRfto TWZ &IlCR2M, MEFEOEFITFHMITBEHRL T2
AW
TRYOEFOBEINL S ALY bRE T HFEBEREE o
TRV, ZRIETFTRITMICHS FEMmE Lo Tz 6, 7a,
). ZOHEIE, ELMHEMBYEIK, FICT XV mEMAENS ML
T FKRKICEsTERRTEVWHR SN TERSNTEZ &EE2REBL
TW5. £, (LD ANT O, ARICEDLXILAORIT, &
I > TH T ARAASLTWEOEBEKY - 2ERT D &
BExbhb.
Wy RY 2
LR TR T ORIEICIEE X 3m 2 E O IR O E LN
S, I FRMEATY —thhoTn2(® 6D F). Zh
X, K Q2R LB FELEFITHLD. ZOEALOME T
WMEMENBETE, TR, 2IAFTVWHT R ORERER TH
52 & HRMBEL TV, oA mCEEM)TIX, K11 2R
TEOWE, THICHBAEIKANELELEELZ 2T 2 KEE M -
BHL, 0O LK KES 10 cn THME « 233 2 0 B8 2 #
D, EHIEZTDOLZEBETHBEAEZDDEOKME 23K 1m @
JESTH#ioTW/., ZOABEEL M ERMELIZ, mmlics x
THMEHBEYEOER LIZHY, FELELULTWVWDLIZ ENH
(K 5, Line3), 20— Th o HiEsnNd. £, ZOHEMBAO
MEMELIX, KRXRRoOBEEEEZEL, —HICENEZES B2 H 5 (X
1) 2O X572 BENS, TOMBIR UV EHEBEME LIXE AR
SNTEBY, T RDVOEEFTHLDLZ ERNLMDHFT D 2).
SFED, SHA LRI, T2 THLELMAERMY N K E L 1 &
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BRZITRVE L L CBEICHIT RV 2RI LTV ERN
Do T

oI I, T XD OREKEIHITTFTRMAMICE S 2L TV
L. ZOREICETREILES I Mmaybd, T TIERE
DB LR Kb, BEER s TWVWDEH BRI (X 12a).
—HOBRME AL IXBEOLRBEMELEIBANRRO iz, %ikT
X901, "=V 7 a7 OB KEER 1213 — KA 38 Sk L2
BOLNTZZ END, Z OB GO EYIX S ORI - /I
FoTHALCLLEGHEO _REVWOARERENH D . FA7e b O Bl
BERICIE, TNUOOBRM»LL 720N 6 bIEKBERO LIV, K
THBERFICIEKOEEN N > EN® 5. FEE, Z o 8EH)»
b TFiE, TAYalRopntro T, BHLEZKIZE - Th
WHREWIR SR ERE VY. ZOHMOERETO Lica vy
— FRA T EEFLELINRRED LN (K 12a).

EmMmEm o m o> THTFE I, Lo KEZK 0 Eic®
HRE X 10-20mDfE & LTHY, Stz LicERFEHBEAG
MOLBEOKMELORGLEZEERE- T DTN EECTE L
(X 12¢). ZoWHEREILZ, ZELTAVHEALERELZL TEY,
T, BN 2m, ESN TadKRKFEEATWHWE., 20 X577
FERD G, 22T, WHERBLZO TORKEE LoOMICT
D ZFE> THTRYBREZD, TOWBEHIIE-> THRERBICAN
MEBEZRAENTZbOEHEEIND. R T D XIIT, 2OKRKAIZ
LC A E O #E R, £ 8,000 F T (78 1950 F 2 KL 3+ 2)
DHEDTHDIENbholo. M D EKZEEMLITF,
MHBEY EOBERNDS 20 nBE OHP E TH~ THEIL & &R L

Wi bz, N7° E/38° E o8l i S8 E (¢ 12° A
LEMBBO LN, ZTHE, T XY OBE) M EE RGN T
ol Z bZRBLTWVWD., ZTHiE, #HT X0 1 oBE Hn&ix
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FERLCLTHD. EdowEE O S X4 B0 E M) T2 M e
DXV B 2m EmVR, Zhix, BZ O 320 242 5
MicBE L, T2 CXHFICEY LT TWVWDEIEOTHLEE LN
5.

EHCTROONTWHEEZO EICHIELMEHERE DI, 0O Tt
FmoEEMICE s ERDDZENTER. EL, F AL
TREAMEBEIRDDLNT, T XD FTALC TRy EHES
N5, 6, o T 780m XV & S 52 Pk, 2KE
B LIER O b T, LIldE o IK A B LR o %2l 23R
IEM L TS,

14C 48 R B E # R

MRZM 13 LR 2R T. TRV 1 OETOMEM A D 14C
FERAE T EAENR THIE 1224~ 1291 45 (15 & 1950 £/ 5 726~ 659
FAET) (95.4%) THDH. — T, T RV 2DETOWEENDL DR
OB D 14C FARE L& AR TRS JC AT 6066~5978 A (W & 1950 4
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Fig. 1 Topographic image around the landslide of the embankment before its failure. a:
Index map (Base map is from Aero Asahi Corporation (2021a)). A star in the inset shows
the location of a. b: Enlarged map around the landslide of the embankment. Cut and fill
areas are from Shizuoka Prefectural government (2021). White feather arrows point

small landslides now is vegetated.

2 YR E USRI o A TeZERTO M. a: 1962 ik 022 b G B ([ 1 HFEp:
i, MKT-62-8X C9-8). flfiTiMFE#EDEES. b BT P EHTEDOILR AT LA ~T

(MKT-62-8X C9-8, C9-9). c: [F] (M5 KEM).

Fig. 2 Topography of the upstream of the Aizome River and the Narusawa River before

the artificial modification. a: Air photograph in 1962 (Geospatial Information Authority

of Japan, MKT-62-8X C9-8). Dashed lines delineate a fluvial cone. b: Enlarged

stereopairs around the planned embankment (MKT-62-8X C9-8, (C9-9). c: Interpretation

of figure a.

3 A ORREFZEREE. at 1962 4F, 1967 4F, 1989 4F. b:1994 4%, 2005 4, 2012
.

Sequential aerial photographs in the study area. a: 1962, 1967 and 1989. b:1994, 2005
and 2012.
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I D EfR, 36 KX OHAESR AL O REIN &R0 bm MRESH L ERGDOEZ b O,
HEHEREW I o0 L O @A T AL THIER O F @RI ERE T 5. #1 N D#HE TR — U U E
T, FNIHET 2 ETFIAR— U 7 CHER ST ERE © Bl OFE S (m) . Line & 513

X 10 QWX TSd D WrmRt. EEICHIET 2 RO AITEIARIZ L D 2 1 XT, EL#%E
TICTFRL R 2FERL, V7 FOREAIZL D, b 1962 Tl OFE LR D22 h G H(Z
SLHEHER I O L OF S A B b 0. ZEPEEIT MKT623XC9 2 VA L7 7 LA
LTHEREDELZTORD, OFTATWD. Y1 Lo omidiE (2021a, EEF 10-
26)

Fig. 4 The relationship between the top surface of the chaotic deposits and the



topography. a: Topographic image before the landslide of the embankment (Asahi Aero
Survey, 2021a) with 10-m contours (Shizuoka Prefecture, 2020) overlain by the contours
of the top surface of the chaotic deposits and the 5-m interval contours after the
embankment landslide. The contours of the top surface of the sandy gravel layer merge
the topographic contours in the north area where natural slope surface remains.
Numbers #1 to #5 denote drillings, which are attached with the elevations of the top of
the chaotic deposits in the drill holes. Four lines with numbers correspond to the profiles
in Fig. 10. Black dots in the north are due to trees and the double lines from upper left
to lower right are due to application bug. b: Aerial photographs taken in 1962 by the
Geospatial Information Authority of Japan overlain by the contours of the top surface of

the chaotic deposits.

5 HUEWrmX. BANIAERTOMEE T, FEITHRER ORI, K EAITEHEHERD,
HEOIE L, B o390 m.

Fig. 5 Geological cross sections. Black lines are the ground surface before the landslide
of the embankment and the red lines are after the event. Brown: chaotic deposits. Yellow:

embankment. Pink: sliding surface. See text for detail.

6 BT AEHOHEIE. S 13T Y 1 OMEHOBIZEE(X 5). FIixthT b
2 DIEEHOBEEE I 7). ZOMOFLHIIAICS I, KT RO 2 cnfiftg A
LY HEIZ 50 cm® DEM 7 — # 5 b AERL L 7 ERNX A2 E G b7z b O (Fr i I (2021b) D
Vat /N Y (55 9)

Fig. 6 Geologic outline in the landslide of the embankment. S and F show the locations
where the basal part of landslide 1 and 2 were observed respectively (Fig. 5). Refer to the
text for the other symbols. The base map was made from orthophotographs with 2-cm
resolution overlaid with a slope image from 50-cm DEMs, both data were obtained by

Shizuoka Prefectural government (2021b).

T RELAAEEHIPNEROARDL. ar RIS RO RAR R & AL AR e A B2 g, 1 d M
01 OFT Y EBEEE 5). 1 FHT <Y 1RO AL O E (X 6a). A
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IND. bt FREBRICIET HRHEOFE L ZIE. o BT RE#AZ T 6 7 ET
T2HE. Ny T OONTRRITELHEREREME R O b L — A,

Fig. 7 Photographs showing the inside of the landslide. a: A view of the central ridge
(left) and northern landslide, looking from the south. i is the location where landslide 1

was observed (Fig. 5). ii is the location of andesite block near the base of the landslide



(Fig. 6a). Dashed line shows a fan-like depression widening downslope, which is assumed
to be made by the washing out of debris by the gushing out of groundwater. b: Cracked
andesite block in the middle of the central ridge. ¢t A view of the landslide looking from

its lower portion. Lines with hatches delineate the base of landslide 1.

8 ALMIAAEEHICFEH 92 XRIEHTE. KRR () R O A 1(b) : 5-70° (20), %F
(1210-65° (2 0)D#iPH Z 5878 L TR L TV 5. JRERE B o< 2 pm 43 iR e o0 JEEZ (o),
TF L7 ) 3= E(d), 500°CT 1 R OIMBLE () D DAE ST (LA S = A A
7824 N P= WL G= AF, A= Sidia, Q= A%

Fig. 8 X-ray diffraction patterns of clay samples exposed in the northern collapsed area:
(a) gray clay and (b) pale-yellow clay. The range is 5-70° (20) and exaggerated scale at
10-65° (20). Oriented < 2 pm fraction of sample Gr after (c) air-drying , (d) ethylene glycol
treatment, (e) heating at 500 ‘C for 1h. S = smectite; P = pyrite; G = gypsum; A =

anatase; Q = quartz.

B9 Hig <D 1 OKEHMALEILX 3 D S). at SMHERYGIEEHE). RKElZIImE LA
WS> TWD, BHIIZO TER. b MT XV E NOMMAIRERE L, ZOTOWEE =
HIZ T OBUKEE L. MR IRERIIAMTIFFRIZEZ L TR Y, i3 X BN enhbh
AN TRBEILIZZ EAREB LTS, A7 —/LORORITES 30 cn. ¢ : WA IESE
J&. RIE LT BB O DWWV KR BTRD Hivs.

Fig. 9 The basal portion of landslide 1 (located as S in Fig. 3). a: Landslide body (yellowish
brown), which is partially covered by debris. Dashed line is the base of the landslide. b:
Plant fragments-rich layer below the landslide underlain by sandy gravel layer, which
in turn underlain by hydrothermal alteration clay. The plant fragments-rich layer is
asymmetrically deformed in the left, which suggests that the landslide displaced from
the left to the right in this figure. The handle of the sickle is 30-cm long. c¢: plant

fragments-rich layer, which has carbonized grass and rooted thin wood.

10 AAEEHIPNEI O Z IS 7 1y 7 LiEARRE. ar ZLEL 2m OZE7 ey 7 (X 3
D). AT Ey ZIZENTNT, BICERREEE>TWD Z &b, HT <Y 1 o—fBE
HEIND., A7 —/uid 2m. bt T2 OEK(IX 3 O iii). ﬁmﬁ‘ﬂ‘ﬁmh oD &
5, BZO BERICHDEENRHD SO LHESIL5(2022 45 7 2 HER

Fig. 10 Andesite blocks and spring water in the landslide of embankment. Two-meter
across andesite block, which is separated to smaller blocks with soil in between (ii in Fig.
3). This suggests that this block is a part of landslide 1. The scale is 2-m long. b: Water

spring coming out below the embankment (iii in Fig. 3). Subrounded pebbles are seen



with the water, which suggests that sandy gravel layer is beneath the embankment.
Photograph taken 2 May, 2022.

11 H3_0 2 OIJEHOHKE( 3 O F MSOESOL ). FEC L oBUkAE
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D> TN D, ZORLITIEENNEEO (e EFAEERE), £, Ao LoEukzE
ERE RIC BBENLNER O BT (O TR AK).

Fig. 11 Structure of the basal part of landslide on the right bank of the gully at F in Fig.
3. The bottom is a basement of hydrothermal alteration clay overlain by sandy gravel
with laterally variable thickness, which in turn overlain by sheared sandy clay with rock
fragments. The sandy clay is sheared with slickenside (upper left inset). Clay is also

exposed on the left bank with slickenside (lower right inset).

X 12 #3022 OFEHOHE(IX 3 O F i OELOL ). at Hid=) 2 LZ0 k
WCH DK LB XS EIORE L. BLofAmOMIZanvy— A TRE_Z2 5. i<y 2
D FEIITAENRZ <, £ DOBOMKI A3 A L TRREIZZR > TnWd. b FHUSOERZ
ORI S FBLTRBL. K 8m DIRE DEAII IR > TEY, ZOTEICHT Y 213H0, £
DOENELBIOESRIORELEE > TS, ¢ :#ITRD 2 LZDOTOWESE, S5I2%
D FOEUKEE . WHEIIAER L TERY, £/, RAEZEHATND. TOKRA % 14C
et L7z,
Fig. 12 Structure of the basal part of landslide 2 on the left bank of the gully at F in Fig.
3. a' Landslide body 2 overlain by embankment, which in turn is overlain by the new
debris. A corrugated pipe is seen in the embankment in the upper right. The lower
portion of the landslide body 2 is rich in angular rock fragments, of which matrix finer
materials were removed to leave openings. b: Overview of the gully at F seen from the
downstream. It is approximately 3-m deep and its upper side exposes the landslide body
2 in the bottom and embankment and new debris on it. ¢: The bottom of landslide body
2 on sandy gravels, which is on hydrothermal alteration clay. The sandy gravel layer is

deformed and has a wood fragment, which was dated by 14C.

B 13 fleRE LA TR LIFRET L
Fig. 13 14C dating results presented as probability density distributions.
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HPHI R LR I CELMEERE ) T IO b L — 2@ LIALEICFFE 5. £z, 1962 4
VAR OMWREHED FRERIE O FE & HIXITER D, bt B AL OMRIE 2 3 A RTOR2 X
\CHEAK, B AREEHE O FEIC F S, DF R0 2 OIJERHNE N LI E R
DALET D, ZOEAIETARERNC a XD G #SIZh -7 TV —HEHA%RIELTZL O L
EZond. FHAEEID & FIFEZHS LY B mEWT Y —Zh>TEY, £7-, SH
RO FREICIT 2R EAH Y, ZbOHEIE, FhEid~y 2 XU
Y 1 OIS O T ARDEHIC L > TERESNTZb D B2 HND.

Fig. 14 The relationship among the topography before the landslide embankment, the
landslide of the fluvial cone before 1962, landslide of the embankment in 2021, and the
traces of the old landslide bases. a: Before the landslide of the embankment. Base map
is the topographic image by the Aero Asahi Corporation (2021). There are small failures
on the embankment in the area encircled with a white ellipse. This area coincides the
area where the base of landslide bodiesl and 2 appeared as well as the area of the bottom
of the landslide of the fluvial cone before 1962. b: Overlapped maps of a slope image after
the landslide of the embankment and a topographic image before the event. The gully
head F where the base of landslide 2 was exposed likely used to be at G in fig. a and
retreated to F. The gully downstream of F is several meters lower than the surroundings
(yellow dashed line) and the downslope of S where the base of landslide 1 was exposed is
a fan-like smooth slope (yellow dashed line); both topographic features are assumed to
be the results of washing away of debris by the water from the basal parts of the
landslides 1 and 2.

1 BEIEHLEERTE-E.
Table 1 A list of aerial photographs used in the study.

R ZHhEEES

1962 |MKT623X C8,9

1967 |CB-67-1X C6-14, 15
1989 |CB894X C2-5, 6

1994 |CCB941 C2-27, 28

2005 |[CCB-2005-3X C3-21, 22
2012 |CCB-2012-1 C13, 28,29

# 2 KPR FFARBERE R
Table 2 Results of radiocarbon dating.
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