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WEHHE S L IR L, ZoREBFREZE L. EHERICL M
WL, EHBOENCIZEmNICIEEL, — R T EBR<
KREBRERBOFEBICHON S, ENERLI=y bo@Ic k), &
NEBIC X 2 BB NBELBUNETE» S L ED, 2oL 5K
En1=y PO, SHIZZOHI=Y by, RFHEAYT & &
MELZEDVPHOPIC R o7, L OENERLI=y MITRY)MH5E
R ENTE ST, BRFmIZEERE LTHF Y 7ORBIZH 5.
Thbb, KHBOFEIENLEIHET L5, TR )~OBLT
BAEER T E, BUEIEIMEIC L 2MERERICHE LS. EIER
W EEHAOEE IO 2RI U 5124 kak D ETIIERG S
T2 REVED D 5.

F—T— 8 EHER, bRl HBHIDEM, MR

1. LIS

Tl (ZHE) UBRToMoMIk (LE) M v
W, o TRKTHBELEEZ SR TwR (K,
1961 ; #iA, 1975) 25, LI L A LR OEIE
J (gravitational deformation) I2 & - TEK S vz KT
HHERBRENDL LI STER UNE, 2018). 2D
A D BRI ISR O S o Tid R, iR
VSR E T, WAL o TIREBETIET LI LN
52 o> T&72 (GkHIEA, 2006 : Kaneda and Kono,
2017). BWAZERAZ NI Z D 5EFER % 55 U HBRICHE
BB BRO—>TH L. EHERICL > THE UL
OEWORE, EHEWOWEME, F-mbicBwTidk
WHITE 2 SoBFIC X 22 & okl (FH, 2014 ; i
4, 2019) 7% &, HURFERMWBEANHIH L 2T E R o %
WIS . F7, ENATRIE KBS REEREO X5
REHET Y FA54 P ORikL b EZ LR TWDL I L
5 (Chigiraetal, 2013 : FARR, 2015), Bid s
WMBOENEHL ) Z TOHEHITRELDOTH L. S5,
FENERBNOFRIERI T XY 5% =m0 L AEOY &
o TWwWhAIZ EHFEHINTWD RRIEA, 2013). F 7z,
EHERICE > THEL, 2B Lo obd 2 2ER
MR MM AERERREE Vo 2BE 2L BEHSINTW S
(72 & 2135132, 2013).

B ILARFEEE, U R, oo 1L s
ke, BEHEBHIEIET LI EPMSORTVS (X1).

BT HEN O T ME - 3 B0 & AR E 3 T Ry12
mubtof%ﬁm&%ﬁﬁMﬂﬁiﬁﬁnggﬁﬁ
BNCHET 5. FWE s B0 SFHICIRET 2 BIFILORE
BIZH IO L) Mg L ERT 5. BEr EE0ES
BRI OV TIZW L D0 03ELH 5 (JUK, 1981 :
RIS, 1988 ; 4% - K¥K, 2009 ; EHIFA, 2010 ; /AKIZ
A, 2016) A%, CTNE D EETIEERI AR TN TE S
3, EHETRWEOM LM, FOFERPLIEELITOW
TIHIFEAEHL IR > TV,

LR XD iE, RICE A TR O 5E A 2 Met
T59 2T, LEHEBIIEER OV EDEEZ S,
bivbild 2 OEERABIO ML E L% L T &
72, ARiTlE, COFERKED) B, FEARIRALL O KFE
IAHE E TOMIBHGERREE LD, I 0oFHTDOIE
WA ELET 5.

2. AT I DO EBLE

FREH LR B B AL T 9 5 Fs MU AR L BV 72 4%
EHREKLTH L (K1), KEW»SHEMNEZTOS
OCHIE12.4 kalZ A U 7= BEfm KILEE (A&, 705
FKI) OIEENC X ZE) DR & 1L & F DB OIS
ToTEEEN (FILIFAH, 2010 KL, 2015). =
O & LD UATICIE, FRIEKRIERMAEIZE W CHRAE
X D300 mPL FAK A o 72 (RARIE A, 2004 5 JEILHE A,
2010). b3 EE 52000 mA* 53000 mik o L4 1P E
TWVEA, F& L THARO KA U5, 1990) 2»



2 R BN U

2021 -2

Hs: Holocene sediments
Hv: Holocene Yakedake volcanics
Pg: Pleistocene Takidani Granodiorite

Kg: Cretaceous granite

Jm, Jx, Je: Jurassic accretionarry complex
of the Mino Belt

Jm: mudstone and sandstone

Jx: melange

Je: chert

A
C:
H:
Pw: Pleistocene Hotaka volcanics K:
N:
0:

Akandana Volcano
t. Chogatake

t. Oku-Hotaka

t. Kasumizawa

t. Nagakabe

Mt. Ohtaki

Y: Yakedake Volcano
Z: Mt. Kotakezawa
My: Myojin

Ta: Taisho-ike Pond

=
Multiple ridges

To: Tokusawa
Tp: Tokugo Pass
Yk: Yokoo

M1 FAAR IR L O H N X RESERA R S I R AR S v 4 — 0 [ BINavi] (B RS EELE [ EE
Z ANV OREZRIRK) (. ZENEOSA MR 7z, ROz, /& EoDARMPMIZEMTRT.
Fig.1 Geologic outline around the study area (modified from the GeomapNavi developed by the Geological Survey of Japan). The
shadows showing topography are based on the map prepared by the Geospatial Information Authority of Japan. Also shown is the
distribution of multiple ridges. The map area is indicated by a black square in the inset map of Japan.
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My: Myojin
To: Tokusawa
Tp: Tokugo Pass

2 HEICMHH L2, 1mA v ¥ 2 DEM% HWTHER L 72 sk

Fig.2 Slope inclination map for the geomorphic interpretation made from the 1-m-mesh DEM.

NI, 2006). ZELFER EOENERBIED, LEMOY 2
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HEHL . HFIE R - R S ok, ARPEicHh
— AT AR 3> (KL, 1990).

3. S DT & E W F DOREEE

1) HFEOER

] 1 38 3 4 AR AR B B T AS20104F (S IUAS L 72, WiZe
L—¥FHEICX 2RERIE DL mA v ¥ 2 DEM (Digital
Elevation Model) 7 — % Otk [T 6521, Thhs
GIS (Geographic Information System) ¥ 7 b (ESRIf:#, Arc
GIS) 12X b SEwfi, Mk (X2) 2K LT, F&
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7o, ELHEBES S A I N TWw 5 G H (CCB7710
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Fig. 3 Schematic profile across a gravitationally deformed slope.
Modified based on Kojima (2018).
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Fig.4 Geomorphic interpretation map of the study area. Background is a slope inclination map made from the 1-m-mesh

DEM. The contour interval is 100 m. The map area is indicated in Fig. 1.
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7o, RN, TR O3 R THER O ALA D FEEE D & H)
Wi U728 S X - C3R LT L7z, &b, migh
MOKARLHEDIADTRED S, BHFEZR D O L ARHE %
bOERXBILIz. T, KULTTRE R IR W It A I H T &
LA HFHH T e Lz, BAMRE ERRICD
WTh, TOMAR, oL T ophaEs o TRHFS
LRSI X - T3X 5 L7,

HWEHE E LCHERLAOEMBTH S, MHIIH T
PR E N 7-8ipH 2 FoR L 72,

3) BEHEMICEL 2MFEDRRE

FNEWIC L AR E LT, i BN, (1A & /N,
FHAA/NEE, A& E, MEEEZRLZ Shoid, DT
DX HRFEHIZE > THREL.

I F ML (ridge-top depression) &, REARMFIEICALE T
LM R ER O R HIKEITH S (K 30c, 5a). F
1924 mUBOROMETE BRI NS, HEmE LT
DM % 5 A, BT OBEREIERS S T H % 2O &
L7z, mE/MNEOTHICAONLEAELH 5. Hith (X
ADFU) fHED X 912 [HUR] DT MEAIARBHEE R IEO )L
WHIBIZEWMH S H 55, 2 TH KRS BRI
AT TR B 2 s, FikMbE woTH Lwv, 2
BUIRITFATICMT, T 2RO S FAY 2 M T
HHI LD, RRMAHITT OB 7 4 O EHERAS T TR
LNZEE (G - KIF, 2009) 7 & EBE FRAHUIEA
O ML S RIS EOF RIS & » THE U -EHITETE
WETH2EHMTE S, T4, KIHER, AKADE
HIZXBMH, &5V EAHSE AT ONEES A U7z M
TRV EIEBEAAER U5, 1990) CBEATKE A 5
LNTHAH.

1A & /NEE (uphill-facing scarplet) (&, i O EF 510
WIZIEMR L, SERMEER T 2 kR mEE E To
T (X 30b, 5b), Hutchinson (1988) M 7K L 7z counterscarp
(UDB L UU) ISHLST2H0THS. [/IE] Lidw)
SO0, bIFPITIANER S 5 FEORERT D &
5. AP OAAT S & /NEE, BRORSTH
WAZE L, BROFICHAMICEET L b, 2L
Z (ZRadbruch-Hall (1978)2%/R L7z & 9 B E O LTI
LEZ LMD, REONRTIE, B0 EBENST TEKIE
A (1980) 25 L 7z/NE MR B G RL Ce ik - X
%A (2014) 2RL7ZRRMEKELFAEODOTH L. #
HEHIIEVCEROTHREICZ LW, BEEPF v — b
JEASIREARE & 0 22 LMk e (72 & 2 1 3m - bR
1984) LHIWI S5 &9 2 EIEMRTE V. T2, REE
IRALERIC B 2 FAWEO—# (LA, 1978; /UK - 1,
2014) O X HIZ, RMRRAEERHMITEN S & 5 Wiy 7
ANEER M I RERE S Y, TEITEHIE L D REETE L.

41 % B2 (downhill-facing scarp) &, #4180 & 5} )7 I
WKHER RV LR L, SESICERT 28T (K 30,
5¢), Hutchinson (1988)? 7K L 72DD scarpsiZ #1243 % & @
Thh. REIUIRTIE, 72& 2 13068 - iy (2014) o

REPIL E Rt R I B 2 HOFNIETE & £ 0l 5

HEB LU SREICHYT S, RhE2ESREI3R
B, ThHZERME IS N, i s
WV LR W LATIRO B BIFIH & L CHlIITE 5. Bo
WEAB0mMERZL2b0LH), LFLLME KEL
vz e, EE S (2014) R, BEEIOE LR
I % Bf 22 L 72Kaneda and Kono (2017)1%, ltE O K E %
WY OWmHEERMEELEZXA LTV ED, M
ELTMHRZXNTL2HHAR VD, FiEEELT—
L7z, 2ok R, ix)oEBEcrEsns
X9, THOEBRPENMWMEK T LTAELZ D EE R
SNBEENERMIETH S, S BITILMENEE LD
W2 vF s b=y s W@ (Vv Ty by RS
2015) OHEHZEIRTH L2505, EO T HITBERIHY

: g & :

M5 EREHMIEOM. AEIZK 430K @M 40Fu). R
FREMEIALIE & 1. HIB R OS5 mHidl mikE, A7 —
NN —13100 m. a) IR, b) 471 & B2, c) iRl & /M, d)
.

Fig. 5 Examples of gravitationally deformed microlandforms.
Localities are shown in Fig. 4. The red arrow indicates the point
and direction of the photograph. The contour interval of the
topographic map is 1 m. The scale bar is 100 m. The figures show
a) a ridge-top depression (Fu in Fig. 4), b) a downhill-facing scarp,
¢) an uphill-facing scarplet, and d) a scarp of rapid landslide.
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6 7k 75 v

S BWEAMFAET 270> &) o iR & OB OfEE L
720 ARSI SN B I & I, i & N E & AR,

T IR, AEOENIZ X 2 HEHIE Tld e v & HE
T&5%.
FHi N/NBE (mid-slope steplet) AT TS S L5 it

BHTHL, HHFMNT, ElEBRR FTHzERR
WEEE N AN (IRI3)E < TH30m) A0 X kEHHE %
COXHITHT S (X 30d). KA o ER & T
O EZFIHFE O I & B v LE A TR
B, AFAHIEAL T O BB BT B I 7 FHA /NS
OB %K 6123, BEF O X/ NEPSHIB LTV
ERLIELIED B Z 5, SHEP/NEE, 1051
PTT 2LV BN LEROMPERZ/RLTn5 L
EZONHWMMETH L. HUOWIH L L CHIFRE A
DY, B R MRS, BEASHBIL T, ok

d MM HAMIETIEZ V. F72, 20k hHEE
By eBbn s HiEE L CTNemehok (1972) A%/ L 7zrock
stepsH¥dd A 7%, TAUIHIREICER SN TE ST, KTHIL
&, HLVIEEHFMEONEEEL L) TH L. RIETIE

I6 AN NE 10)15] (R,
EOMPITH 5 T & HHHL
LLTWA, b) WEN. FLBNIMAL R L. G Es
Fi & REEACRT. SEMHbEE 1 m

6 Example of the mid-slope steplet on the Nagakabe ridge.
a) Photograph of the mid-slope steplet. Note the gently inclined
valleyward slope. The trend of this steplet is oblique to the
surrounding slope strike. b) Geomorphic interpretation. The
legend is as same as that of Fig. 4. The red arrow indicates the
point and direction of the photograph. The contour interval is 1 m.
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Yokoyama (2020) %%, #RA IR EBIC BT 5 B E
TERWFFE LB, I & /N2l BT, SR &
7 BN terraceD X4 & 5- 2 TW B A, Thd Ekld
IRENTELT, FRAEHEZW LR E L oK R
EHUCHFEETHWAZ LIIFE L v, 2B, fHRl=K

TIREFHF I FETE R WVzD, FEEICIZEEL mELF
DM ENEEZRMEOFRHNNMEE LTLE> TV DY
ENEEND. HHVIE, HFEFE THELLL—IEH
HOBEMECLEIZES, filShiz Ay a7 —sh5
i - Rl & /NEDFHR AN D X 9 12K
ENTVEEEPH L. HEKTLZENLEENS.
i3 (scarp of rapid landslide) (&, HIRZe v LAEIR®
BIMTRHREBEST LN ABHFMTH S (X 304, 5d).
BMEREOBINPTEHE LN ED LIZLIEDH L2, THOD
ERRFRDARHEE T, HHROT ¥ FRA T4 FIC k> TR
ODWENZOTHICH T RS, Ml TBRIN-T
EAHEE SN LML TH B, BB 2§ TRl S
NDHH S 27 EEIIBMIIER T H HF S 528, fik
ONE L7z R HEmTHETH L. 518, HAEWHD
7oA EIIC L OIUROED LIFLIRHGES S, &
NHIEDP R D VR SRS N D, —fidd v ES
BECH LMD H 5. MHEDOXFNIKNETH 57245
L, AR ZAEREE LTIRL.

4) DO

EHERMIEZ DO SO TRV, FHAEHIRO ML E
PAEELT D L CHMET 2R, WS EHI AT
T Tl W & ISR L7z,

FEE LTI ) A —flEE (gully wall) %78 L7z,
F72, BMAZFETERWERI, BB E LTk
REY, ETOBBARBROAZIRLTH L.

O ILERT T A I AR %A, AR X B
B N BENH S, b0 bhait, o
s, BEHEEHHSINDMIPM A F L O THEHERMITE L
7z QLRI 2 Br ). Z OV O b IR R A ZE R

(depositional slope break) & L CF/nR L7z, WEIZIE, (F
LA E DG, BEEO TN SRR DK énf

WA DS, ORI S &8T5 72012,
HEESZID2HDDAEFFR L.
ARHIETIIWEO AN LLZEEDTNTH LD, TILTH
W LHER I X AUENED NG, 2B E E LR
RLBEML, W5 LRI T, BPiZR LA 2810
B U/NEFEDOBIEH Y, S Eat ¥ T L —
ATELLDIIFRRLTH 5.

4. YRR

1)5ﬁ§%%mmwﬁﬁtﬁﬁ

M BRI WIS I E T 5. 1 FEAEDE
ﬁﬁk%ﬁ?é#,*%iﬁﬁ;ﬁi?é%ﬁi,ﬁ;w
JEWICIRET 2 RBBEICHED SN D, M OIREIIR A
Wil AR T200 mIZIET 4. LIZ L2, 35 o M A2 R

B X £100 mPL Lo
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WIZITATICHED B, 7 d, 7 CIRIFEHEIRIE A Y —IRD
BERE R >TWDEH, ZOMZALTEHF IO B BRD
FIZFEELTBY, RRINEMBTH-72bDEEZLN
5.

W E M2 FERA RIS s oicxt L, 1 &
ANE, FHENNBIE & 0 IEEIC A ARD b, ERERO
JUVE I CREE 1800 m (FEAEMEA S 0 L #400-500 m), FEIR
I CRER2200 m (FEFEMA S D E100-200 m), JR4ET S
BT R1800 m (BARA 5 o Hii200-300 m) A+
HEEFTHREL TS, HfEEr RO ERROmEM, 45
WCHHIME FTH D, ZhL ) uirEcd Loz
W2, WP EEO/NE, MEELTULIXLIERET 5.
%Eﬁﬁﬂf@&%ﬁ%ﬁmmfﬁé.i&ﬁ#%ﬁﬁt
TRAET B RHUCYH, AREIRARER— 7 IR E O
[ &R L &g, RTINS SET 5 L 2 A DD
5.

BHMERBICIKREL200BERENDH L. 0 EDIEFE
Bt o AL VAN Wi i 12 5632 L, HER400 mPh k& X <l
BT AIEMETORTH S, HilfETIEESLkmD
I EMH 213 X ATHIZ800 m, THIZ600 mMDEX% D,
WEd k30 miZEL, EFICEIRNZ/NEZ LD %,
EARIED S HIZ S, 1.4 kmiZb 7z o TUIEIEMEHBEH I EDS
BET D, T2, KEBRAOIMNIC DRS00 mo FEAS
BOLNL. 51T, HWHRICIRAET 2 EMHIER)BHRIC
LREZ400mOENPIELTEY, BRNZ/NNEERZ LD R
WARBSEHEMAET LTS, Zhsidwdh b EiEo
FELBBAPFIL L TWDE T ED S, MR RIS
BlENdDEEZONSE. TAODEIT, KHBLH
NERL=y + () OFFRICHET . b9 —2I,
IH100 m, H/E10 mALEE F To/hET, BIURZ v LIEHRIR
Y. ZIUIRITC/NEEL R 3R ) QTR %R
W LI ICHES S 5. S AR #0465 5 L
E/NERHFHIT A NBOZ IR TEA D 5 L, FEENIE .

MEOE 2D OIIEI00 miEE T T, /M
RO HEICHNS T 5. BRI ) BiR
ofiERe, fRokR, KELOBEEFICBS W CEEE
WZAis 5. CToEh, HBEORESRAHEESRLONS.
W RIREER O B (K 40F) 1EAPZ M o 7 VB 72
BEMAED, BHLPHETHE. SHICEDOTHICHLT
PRI LR L TW v &5, IFH300m, £ X500
m, HEE100 m, #FEEHEE FFHAZM) 7.5%10° m*l2E
T2 KB RE BB O REELH 5. O FiRoil
PN K & 2 E#ESTER S N Tw b (B, 1998
2001). WREEORE L E 2 5N 5 FEEIZMIC D RO
HNADS, B O S 5B LT, 1RO RETIE 2 <
BBOMBIERNT L EEZ20NMbb0bH 5. T2, —
RO AR RO 5N 5 1EF200 moE (X 40g)
BFEES 2R DR OFIT L SR ThB Y, EICHE
NAROHRILFIC O T NIREF O MRS H S, 0
L9 RUEA S, ToRIREETIE AL, AR
THEVEA D .

FBE et i a0 81 2 mEHFHIATE & 2 05EE M 7

2) BEHERI=v FOBRE

TR Lo I EMHIEIFITHER A ICFE L TV D Eidw
Z, I A & —TRIZHE L R WIGIAe 4. T 721N
OB ZALHH 5. & SICTBRRALTIHNICIE T 5 B0
EED, BFLBMEMBEMNSELTRELTWLDITT
E 7w, —7, EIERMMIED B 5 #iPH TR ICES
LTWwWAEALHY, ZNRZOHETOT L - /2480
B ERET 5. BARIIZIE, SHEo EEBICBT 510 M
WM EE WHENNE CNRSOBOTHICHEET %
Joi iR R (85K, 2000), FHAHERA S TR T,
AN 7 BARR B TR SN L WERTMOANLE, Fm
TR B HEBIZ T TOIEDIZ 5 AL, #HE Tl T
DERHDIRM AR DT L T 5B TH 5.

COX) BHEHRIFEICER L, WHWARHBE 2
7= GHEERR) omNEBLI=y F (LT, [2=v b
EWEHR) AFEL (”7). i, Ry E, 4
2 F DM FE T I EHETE (KUK, 2004a) ORBREEF UK
B OGHAR, 2000) KDL LDOTH LS, W) HEE
T A2MEO Ly MPEETHEVDH D, HH0IEH
FKORBPLFLIMETLEZVWLDITEO Ty M %
HAELTWS, KTy FOWKSEZRED T 57—
a vy CTRYLL.

3) 1=y PORH

FBoILF I CIE, I EMBRbE oK E RN
XEOSMICLY, ZNUSHIR L7520 L=y MA-EDS
s, XSICEONIRIC, MELic=y PO S
N5, Tz, MEICIRET 2 RBRoOREN & #H6T b FEE
2, F, GO=y FPSRETE L. LU TIE, HHMPH
BHZ 7204 E DO =y ME, FRBRWTZEORME
D,

=y PARRFEARRD SERIZAT T, IH2.6 km, &
s (FEFRIFMTOKFES, DTFHLE) 1.3 kmicB X R0
MENDL=y bTHb. THEREFORREZELNES
MPIZDOWVTIIHEE TIE WS, I EMHATERA /5 L,
YIS 725 oM ARG R I E R T 5 K9 IR 25
ZEDS, 2=y PAIEFDED L ZOHIE TR TW
7ol U7 A (B) MR LMoL R H 72 5 5l
KIFILDOBFEHER L7-BHEETIEI 2. T2, KimidEh
ERETDHWIEN R LSAHTH S5, RN XEORIRIS
HEBIIZIEF T A1, A2DH T 2=y MDD LN S
A5, IS H KR OISO LRSS X O,
FEIZITIZES N5,

Z= v FBIE T ERD O R R TR TONES.2
km, EX18kmD1=v FTHb. AEHBEATIE &
WAREICR SN S X ) IR IEVII B2 E L, 21
b=y FALDHEATWER EEZONA, LMD
HSHAT, £ () WMIZ7FERICHLEEZHN,
2=y bAOA () HIZ&EL. ZoZ&hs, 2= b
BiZL=v FAX D BF LWV F TEAHEITL T 7z
EHfEsE SN D, I MR R AL Tl g 5 28,
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Fig. 8 Outcrops indicating loosening and gravitational deformation of
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Fig.9 Profiles of the study area indicating sliding planes inferred from the topography. Locations are shown in Fig. 4.
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Gravitational slope deformation and its development process in the mountain range to the east of
Kamikochi, Nagano Prefecture, central Japan

Hidehisa NAGATA* and Satoru KOJIMA**

Gravitational slope deformation and its development process in
the Kamikochi area, from the northeast of Tokugo Pass to Mt.
Ohtaki, were examined by topographic interpretation using maps
made from a 1-m-mesh airborne LIDAR DEM. Microlandforms
of gravitational deformation origin occur ubiquitously on the
NE-SW trending main divide and on the NW-facing slopes,
whereas on the SE-facing slopes they are limited to branching
ridges. Analyses of the gravitationally deformed units indicate
that the movement started as small-scale deformation, was

succeeded by integration that formed larger-scale units, followed

by disintegration and localization of the deformation units. Few
gravitational deformation units grew into landslide bodies with
clear sliding surfaces, and the deformed slopes are mostly in
the sagging state. Gravitational deformations in the study area
are now in the disintegration stage, comprising categorized rock
failures without transitional stage of deep-seated slow landslides.
The gravitational deformations in this area are inferred to have
started forming before 12.4 ka when the Kamikochi Valley was
dammed and filled up.
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