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Abstract

Rock and soil properties were investigated for some slope failures induced by heavy rainfall on July 2020 in
Takayama and Gero cities, Gifu prefecture, and relationship between distribution of slope movements and rainfall
amount, geology and rock and soil properties was examined. As results, many slope failures occurred on basalt
slopes because of soil layer in the slip plane consisting of cohesive soil, which contains a large amount of swelling
clay mineral of halloysite and is considered to have a significantly small shear-resistance parameters (c, ¢). Many
slope failures and debris flows occurred on granodiorite porphyry slopes because of soil layer in the slip plane
consisting of coarse-grained grus, which contains mainly non-swelling clay minerals and is considered to have high-
permeability, small shear-resistance parameters (especially, ¢) and high-fluidity. On the other hand, a small amount
of slope movements occurred on rhyodacite welded tuff slopes because of soil layer in the slip plane consisting
of low-permeable, fine-grained grus, which contains mainly non-swelling clay minerals and is considered to have
large shear-resistance parameters (especially, ¢).

Key words: Ueno basalts, Granodiorite porphyry, Nohi rhyolite, Rhyodacite welded tuff, Soil layer, Halloysite,

grus

1. IUBIC ?ﬁ‘)”@i'?’q%%:' ©XE, PRk T TNy Y
AFI2F (2020 )7 FHE®TIE, w07 #XF U= —SKIT KBTS I E T HIREDHK

KDL R THEARE I 2 L iz‘;\ EaE - FHE LI (R R - HRhOS %‘«S\Tﬁiﬁ?ﬁffft‘/

R, BRLGE, &L, BER, RIG, #5 & —, 2020). ChBC”J:V) wqd R TIEE - B

JUR IR EE™S § *=Tila W 2 Lz, % 3 BT 7 2 *%\“/\’%6*&1 =’ 37*§a®4ﬁﬁ7f)ﬁm L7z,

P72 5 82 T 5 mE5 2y =T Eak UG = IR B R T =AY/ NS B e 2 A

FENZFERITEHR L WK &7, R@)zd 9 5% GELT, WSDNDFEADE D « Z FMHEDF

‘\H_"

TG N SRR AR A S B
TR PR PREB R YL FNF— KU RS F R B

\LL\

*
\“;

— 193 —



TSR L R ER] B 608

WEI L, LT, AR BB Qi h g i
S EQERICONTEE R o 1.

2. FEF QAP OLIZ - L - BRI

%%?\%'i'ibi v R E TR EN S IR
G LTHD, R QOIS TG
EHENSD T HO- BTHD (Y1, Y2 5), O
e, YR BOAE 3,026 m O #GE EFDR
Paw< EFBTAEE M 1,400 m D7 DT H
5. Fie, HHBIOFINES P NDOREKERS ST
DEFNAA) A TH 5.

?\%ﬁi@ﬂ IR Y 27 ITAT. FP KO
s E 2T ;b\(E;HO)d‘ Z & (Mm, Ms, Mc,
Mb) ﬁ\w‘*hb, 2RO BTIREN SN A MR
ERM Kp)IZHONTVD, J ~% 3Tk "Rk
%28 (UL, 1) &EZ3ICE y U7z e B985 (Gdp)
BERUINSGERS - AL (B), ﬁrm
i) H P (Vn) ﬁs%m%hw‘fmb’cmé (-
(EA, 1985). 7ad, FEPAEO - BHTALUEILE
B 33 TH O, ARG S TR e
ZHETH100m QI ThHSTND (777 - AFk
1988).

U TR E ICKD, FP KD 2020/7/6 ~
TBIZBITDHEHM 15, 359, 65T, 12% 9,
24T 48T, 72, 1R, 2BWHRE 0
ey 3ITAT. Y IICkH s, #PBKOT A
SZVEACESRIZAE IR E W ENWTY TR T
B, wd ORFFSEN J‘f&bﬂi&%hﬁ‘”ﬁﬁ‘f?ﬁ
. ki, AAESENETIEERE AL TRS.
|'7H7’J:f, & TR AR R R LICBIT S, KA 1E
i g 13 65 mm, B ;6% W% iim 180 mm,
Bgﬂ\24 Wk F 13 330 mm, FHH 725 H®RE I
#9520 mm, Bx'}‘ 2EE'EF1'3 41349 820 mm TH 5 (F
). 1 ~65HOESERhIFZFNIFELNEETE
AZTRNDY, 2 BE® I FF %AF 2,000 mm (7 A
A TEZ ) DM A40% 1P AEEDIT, K2 c;t
FERFENZE IR M TR < B R LT O %

DA LEEFZBN5.

\H> \|

3. %“FB.;?O) MET= vl i  CaRNOL §09
11T1E, R 430 (2022) A3iER L /=& % 7k & 4

? ESEFP O — B ﬁb”ﬁﬁmﬁféﬁi

TARHIIRDT PRl frEaikl . R LS

¥ ¥, X 27805 O Sentinel-2 fir2 B i (57 #9210 m)
M5 NDVI (-ELI7R 2 $58k) % a2 i (B L $ifE
BT, FVEO /AL ER2THIEITKD
ERLZBDTHS. EL, » FEEH 10 m L
NI &R ANRAR BT LR EICKD, A
A% 2,000 ~ 3,000 m* 7 DFJy fpk s SELE O
SRR AGIFIHFITETNRNZE NS N, - %,
S EREVE ISP L — R S RETTH B RO
SERF LG HFIINTND.

Rz, RELGEETY - WHREIE &Y (
S, AEY (Y2 ) BLUXEEDO®R D Y (Y
) ErErnNETNEHT L. £, YIS, BEEOD
HhE FEFY A, AR GE OFEWEAICHE N
LNWTY TR BB N LNES NH 5. Z0d T
HR LRGN G Lk rRERT TEGEE L, &
TORFHWO®RE Ah S0, KT, Y2705,
T DERT THYERE P & 2 D s LR (D AT E9 T

TENLNTY 7T, B(CIERAAEEIAL),
Gdp (Tefsd B9f4"), 115 ({Ezﬁbhi("?7 kR Vo e B
i), g (R AR SRR 71 U b i B % >
DAFRIEDHH N TWDb, ZN509 T, #
@@%ﬁ%%j@mmgﬁﬁ%dbfmé@mG@
EBOFMATHD, I &1, D7 mEKIIINS K
O] 2 38 N3, Gdp O 5 f |38 % L S aEy
THINDEHEDOFERRELE NS, BO 7
HITEHE DS Z73AR BT LIRS EPRE T Fr
TadN2 M EROR® LS (Fik - @RED 2
L. FOE, Y OITIE, Kp (S3 o MERER
W 2520 iR G RTINS ) N AT D T
F-E CRR RGNS, Mb(Z g — = Fit A A

cEFVE) D AR THER FL BEIIGTT T EH,
MC(A+RT|E _F;ﬂ:?‘ﬂ? DR (o= 4 Al = e 0 e )
BFIFEAERN. HFIT, Y3 a5, 53?\%@

FEVEHVEE Y 1,400 m U DU ET H D e T b
DRLR DF NI 8T DI, & T gRs Tra
LTOBDHRE BREOE R THOELARI X
W,

4. FREOTE - Z A OFRE i
AT MR YERE L S IS AL O™ §
fﬁ LWL VI @“éﬁﬁi%ﬁ%"ﬁi%ﬁ?\ %3 HL
HPRT OFINE, FHS B Y 1LY 203
A 11), Tl B9 (Gdp 5 6 12 & 13), kT

— 194 —



AFT2 (2020 )7 P F% I KA RETF T T FONS DONOR T FIAOR G T M IR T OLE S E QIR -3 A

Y1 AR LGHEET c‘:%%?‘ A, AR J'”fi:tgﬁ?f LIRS P75 75 < (7 S U S TR = N 5 D %ﬁ?‘*ﬂn‘
Bk @Rk, 0 P R s T A TRRTE AR RBICL D BRIEFT A T AYRIE
Z A DB R LB AR Liﬂ? (F0 (2022) DY 12(b) DF —F 2B P . THILS D 2 GO Y
?‘1'-1'7#&7”’ L ESRI DF — 4.,

Fig. 1 Slope movement range and survey points. Red shading areas are sediment movement regions over the survey area
surrounded by black line while grey areas are unreadable regions. Crosses show survey points. Yellow circles show
sediment runoffs along survey route (blue line). Location of Miyanomae AMeDAS station of JMA is denoted by A. Slope
movement range is obtained from Akita e a/. (2022). Base-map is obtained from standard map of GSI. The contour
interval is 100 m. City boundary is obtained from ESRI.
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Fig. 2 Landform (Upper), geology (Lower) with slope movement range. Crosses show survey points. Red shading areas
are sediment movement regions over the survey area surrounded by black line while grey areas are unreadable
regions. Yellow circles show sediment runoffs along survey route (blue line). Landform is based on 10m DEM
of GSI. The contour interval is 200 m. Geology is obtained from the GSJ geological map of Japan 1:200,000
“Takayama” (Yamada et al., 1989) and “lida (2nd ed.)” (Yamada et al., 1990).
Early-Middle Pleistocene Kamitakara pyroclastic flow deposit- Kp: biotite rhyolite welded tuff (with andesite tuff
breccia at the base).
Middle Pleistocene to Holocene products of Norikura volcano- Vn: Lavas of augite-hypersthene andesite, biotite-
hypersthene-hornblende andesite-dacite, etc.
Pliocene to early Pleistocene Ueno basalts- B:olivine basalts and augite-olivine basalt lavas (with basaltic andesite
lavas).
Late Cretaceous granodiorite porphyry - Gdp: granodiorite porphyry, hornblende-biotite granodiorite porphyry.
Late Cretaceous Nohi rhyolite- I1I5: rhyolite welded tuff (stage III), II,: rthyodacite and rhyolite welded tuff (stage II).
Jurassic formation of the Mino Belt- Mm: melange (including blocks of sandstone, chert, limestone and basalt
in muddy matrix, Ms: massive sandstone, interbedded sandstone and mudstone, and siliceous mudstone (with
conglomerate).
Permian to Triassic exotic blocks in the Jurassic formation of the Mino Belt- Mc: chert, Mb: basalt lava and tuff.
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Table 1 Greatest value of 1h, 3h, 6h, 12h, 24h, 48h, 72h, 1wks and 2wks maximum total rainfall accumulation (mm) over
the period from July 6 to 8, 2020 based on the JMA Radar/raingauge analyzed precipitation around Asahicho
Nishibori, Takayama City. Annual average precipitation is obtained from the nearby AMeDAS sites.
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Table 3 Slope form of failure scars.
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Fig. 4 Slope failure at point 11 (B, basalt). (Top left panel) Location of surveyed slope. Red shading areas are sediment movement
regions. Two slope failures in the east side are added based on field survey. Base-map is obtained from standard map of
GSI. Contour interval is 10 m. (Bottom left panel) panoramic view of the slope failure. (Top center panel) view of the
failure scar. (Top right panel, A) cross section of the side scarp. (Bottom right panel, B) cross section of the slip plane. (Bottom
center panel) grave on the slope that seems to be bedrock. It is estimated that the surface soil (0.3 m) is transported soil and
the soil of the slip plane (1.5 m) is in-situ weathered soil. Samples were collected at red circles.
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Table 4 Physical and mechanical properties of rocks and soil.

THF BEAKEES fleE Mt &Kt fafE  RE gafn TIREE
DEE BE  BEKEH
R B4 fam Ty RERE
G, Vd V nat V sat n e w S, L; Kis P
g/cm® gf/cm® gf/cm® gf/cm® % % % cm/sec  mm/hr kef/cm? kgf/cm?
HE11_B
0.3 m (surface soil) 2.57 0.65 1.05 1.39 748 297 68.0 53.9 18.9 897x 107 323 42 1.7
1.5 m (slip plane, /in situ) 2.74 0.95 1.54 1.60 65.5 1.89 55.4 90.2 143 252x10° 0.9 5.6 1.3
gravel on slope (slightly weatherd) 293 2.58 2.68 2.70 11.8 0.13 4.0 88.1 3.7 - - - -
HhH12_ Gdp
0.5 m (surface soil, in situ) 2.64 - - - - - 35.1 - 8.8 - - - -
1.1 m (slip plane, in situ) 2.63 - - - - - 18.6 - 44 - - - -
H#h513_ Gdp
gravel by debris flow 2 (moderately weathered) 2.68 2.18 219 2.37 18.5 0.23 0.4 4.7 1.1 - - - -
gravel by debris flow 1 (slightly weatherd) 2.68 2.59 2.60 2.62 3.3 0.03 0.5 40.8 1.9 - - - -
#1411,
0.45 m (surface soil) 2.61 0.87 1.15 1.54 66.7 2.00 30.5 422 6.6 891x 107 321 20 0.3
1.0 m (slip plane, in situ) 2.59 1.31 1.73 1.81 493 0.97 329 83.9 8.9 1.45x10° 05 10.8 3.8
gravel on slope 2 (slightly weatherd) 2.68 242 243 252 9.8 0.11 04 9.7 1.1 - - - -
gravel on slope 1 (slightly weatherd) 2.66 2.51 252 257 5.8 0.06 0.4 18.0 0.7 - - - -
01-—mmw Wh ] o FIETHI 120 m i L7z (¥ 8). [l 994" 0
9 | (slip plane) —x '
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Fig. 5 Grain size distribution of soils in the basalt (B, Point Rl Lj: A\WL LN S T hRERM Y QR (YE(CE
11), gre.modlorlte porphyry .(de, Point 12) and A 13 O gravel by debris flow 1,2) #53%X L. “h
rhyodacite welded tuff (II;, Point 14).
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Table 5 Mineral composition of rocks and soils obtained by XRD.

3 /A7) DIV HEES FhL 8
Qtz Kfs Pl Px Ol Z (wt %) Ch 14A V/14 M Hal K Gbs HBt
HR11_B
0.3 m (surface soil) ++ - ++ - - - 24.4 + - o+ - +2 + -
1.5 m (slip plane, in situ) - - - - - - 53.9 - - - - ++ - - -
gravel on slope (slightly weatherd) (+) - ++ + + - - - - - (+) - - -
Hhr12_ Gdp
0.5 m (surface soil, in situ) + o (+) #) - - - 55.8 (+) - 4+ 4+ - ++ o+t -
1.1 m (slip plane, in situ) ++ + + - - - 22.7 (+)  ++ - + + ++ + -
#h13_ Gdp
gravel by debris flow 2 (moderately weathered) + + ++ - - - +) - - - - + — _
gravel by debris flow 1 (slightly weatherd) + + ++ - - - +) - - + - + - -
1411,
0.45 m (surface soil) ++ - + - - - 29.6 - - + o+ - + -+
1.0 m (slip plane, in situ) ++ - + - - + 492 - - - o (+) _ + _
gravel on slope 2 (slightly weatherd) ++ - ++ - - - - - - + - _ _ _
gravel on slope 1 (slightly weatherd) ++ - ++ - - - +) - - (+) - #)? - _

+++ diminant, ++ abundant, + present, (+) poor, ? maybe, — not detected

Qtz: BE, KfsHUER, P RESR, Px: R, O: NhALAR, Z:#A, Ch:#iEG, 14A: 14ARRIK, 14/V: 14ARRREIZN—3F251F,
Sm: AA98A N, M: EFFET Y, Ha: /N\OAH (b, K:AF YUY, Gbs: FTH A, Hot: /N\ARO/N(F 2+
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A: pyroxene, ¥:olivine, Ch: chlorite,
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M: mica clay minerals, Hal: halloysite,

K: kaolin minerals, Gbs: gibbsite
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(26 degree, CuKo)
Voltage 40kV, Current 15mA, Scan speed 10° /min, Step width 0.01° ,
Variable + fixed slit system, DS 1.25° , SS=RS=open, Soller (inc., rec.) 5° , IHS=10mm

Y6 FEF (A 1) E{LE TS (12, 13)IZBTBE T - S FONLIER O XRD F v — b
R BMIZONTIE, KT #R 0T Tigh 2aldk L.

Fig. 6 X-ray diffractograms for bulk samples of rock and soil for the basalt (B, Point 11) and granodiorite
porphyry (Gdp, Points 12, 13). The mineral-identification results of clay samples were described for clay
minerals.
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Ch: chlorite, 14 A : 14 A intergrade,
V/14:vermiculite or 14 A intergrade,
M: mica clay minerals,

Hal: halloysite, K: kaoline minerals
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Hh e 11 Hh 512
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\:
vy M
550 K
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2 5 10 15 20 25 30 2 5 10 15 20 25 30
(20 degree, CuKa) (20 degree, CuKa)
Vokage 40KV, Gurrent 15mA, Scan specd 1o /imin, Step width 001" . AD: air-dried, EG: treatment with ethylene glycol,
o e e o -+ SSTRSZopen 150, 350, 550- heat treatment at 150°C, 350°C, 550°C

Y7 FEE (el 1) L SREES (12, 1) ICBITBE D T ORI DOXRDF v — k.
Fig. 7 X-ray diffractograms for clay minerals of rock and soil for the basalt (B, Point 11) and granodiorite
porphyry (Gdp, Points 12, 13).
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Slope failure at point 12 (Gdp, granodiorite porphyry). (Top left panel) Location of surveyed slope. Sediment movement
region (red shading area) and sediment runoff (light blue circle) are based on field survey. Base-map is obtained from
standard map of GSI. Contour interval is 10 m. (Top center panel) panoramic view of the slope failure. (Bottom left panel)
view of the failure scar. (Top right panel, A) cross section of surface soil in the side scarp. (Bottom right panel, B) cross
section of the slip plane. (Bottom center panel) highly weathered bedrock exposed on the slip plane. It is estimated that
both the surface soil (0.5 m) and the soil of the slip plane (1.1 m) are in-situ weathered soil. Samples were collected at red
circles.

INBEFRYT THO, IO 7 RiFA 2l TWRETZAHND. IRD® T gl -

Wa DR EA S TWDLZENSRTEE R, * KO BT FITHE NP S ERERS e

B S GERRATE S T RRW I EnBERE S EENE EW, Fi, TRORSRE, KT - )L hEa)
ORI, TR0 O SUTIIE (5 AR L 49% & GV OXY T Thd. #HI1F, K-

TH0,

TARO® OE +FENVEE TEEG A O DIV EETN30% THOITRODE - Jy J DB

W'C%é& T ABLNS. &R, a\??&?\_\ TH5H. Zhohs, IXRDEZRFRIEFFRED XDD
ONBFpT P DR (7% (gravel on slope 1, 2) 25 L BB "L TOEHEENDH L. RO - DA

2. INSRE&EFAEH2mm OFESLEDENSRD Fo AN R 10 cm/sec A — 4 — (0.5 mm/hr) & *

KRR THD. TN, Ay © 13107 em/sec +— 4 — (321 mm/hr)
3_3'?'7”?5"‘3"’:’?? EFEV(GED. FRHCF, TROE D RFITIIRT
S ER T QPR Apag e gt ’a?* 41z, KR ARTHD, B CER S, BERE) N0

MpzEY sicenehnd. 249 - J%Pi“i BNREN P EL o EF A5 NS.

K0, JRFIHRENEAKET 3 (?’D@' 4% - MR B

BF) AT A ST, W - B oA g@%n YOI, Y 12 EE 5 ICHEME ROPTE L AT

o MAERE NAEN. ZNSIEFRTICKES K e NFR(1988) I KB &, T DHEE DG EFN A

—206 —



AFI2F (2020 )T R WITE AT Km0 I OB DROR®E FIRI0OR D M CRT LS SO — B IED

Y9 il 13 (Gdp, (L HEAITR) OF' R HRORET. (A 5 nRERMODE . AR LB ERY TR TN
B VE. S OR T TR ISP £ Eﬁc?: EN0lES, 4W<%mmf@l%%¥
FE BRI 10 m) . (B 5) B S AR OB (B ) D iRe fé’”ﬂ WAL S NN IR 2R
LTWwa. (4 -)z ii?%' EADNLPPRR (UKD o tmmY o (h ) ;\? EADbNBZY Bl w
PR Y OB Y THR ESR L.

Fig. 9 Rock samples of granodiorite porphyry (Gdp) at point 13. (Top left panel) Location of debris-flow deposits. Red shading
areas are sediment movement regions. The southernmost sediment movement region is added based on field survey. Base-
map is obtained from standard map of GSI. Contour interval is 10 m. (Top right panel) view in the watershed from above
the deposits. (Bottom left panel) view of the deposits. Gravels and soil form a flat surface. (Bottom center and right panels)
sampled slightly weathered (1) and moderately weathered (2) gravels that seems to be bedrock.

LR — b W 5 )L, RRetogz? & RN—=Fa2T10 b, AU EHNE ENTH
L, HURKe - e - 2529 - 13890 2 E00 £ 7o NA RONAFE A MEF=k- M D259 i
HEODTHDM, 2FFOR ("BER 7 513k BN—=3F 271 bMNERSINDZEETOY TRE
B ELTRERD &0 P AT AXRDIZKD T R THO, ZOEMOGETIER 7 K iv) oM
N, OB FNTWEELTHIL B & FHEALTWEPEERB L. Thiss, “R0
TAOND. RO RFRIFEMHERRD &0 MROEF O3 EE AT, TRO® S RIS S

THaHM, FRoIFE s KOBRED>LTWE B~ KOBR"NEAL TSI LEALTNDS., 20D
BRTIIHS S A & LTS K- ) SRk e vHd BRIEINPTHLM, “ALEKIITTRD® DiE

MmIzE

FNTOE, TROE SO A HEHIE ICRIERAE DT RO A LT

FY kS M EFTHA NTHD, DEMicNDOA WEOR ("INEADPT NI &, KR E D DR~
A IR ENTWz, I -FTHA - HEOFHNE falieI > TWb Z & e gee &
NOA YA M, ﬁﬁ EHVRD DR (72 iy & LT 5.

TALNS. FEZIE, FIKIEMEFTHA R T A B A bR AR T O - © & ON
F@ﬁ;,A4FDA4ﬁ54F,MAd§éi DARPOE SHREANDS, R T AT A MG

—207—



§ SR P TR L N HAD B 604

Fig. 10
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Slope failure at point 14 (II,, rhyodacite welded tuff). (Top left panel) Location of surveyed slope. Red shading areas
are sediment movement regions. The surveyed slope failure is added based on field survey. Base-map is obtained
from standard map of GSI. Contour interval is 10 m. (Top center panel) panoramic view of the failure scar. (Top right
panel, A) cross section of the side scarp. (Bottom right panel, B) cross section of the slip plane. (Bottom left and center
panels) slightly weathered graves on the slope that seems to be bedrock. It is estimated that the surface soil (0.45 m) is
transported soil and the soil of the slip plane (1.0 m) is in-situ weathered soil. Samples were collected at red circles.
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<1 quartz, @: plagioclase,
Ch: chlorite, V/14: vermiculite or 14 A intergrade, M: mica clay minerals,
Hal: halloysite, K: kaclin minerals, Gbs: gibbsite, Ht: hydrobiotite
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(20 degree, CuKa)
Voltage 40kV, Current 15mA, Scan speed 10° /min, Step width 0.01° ,
Variable + fixed slit system, DS 1.25° , SS=RS=open, Soller (inc., rec.) 5° , IHS=10mm

Y11 R T A A MARBEFN S CBAl 1) 1ITBIT 5% - 2 FONLIER O XRD Fv— h. k2
HHIZONTIE, K- AR OF L Tum%%ékbt.

Fig. 11 X-ray diffractograms for bulk samples of rock and soil for the rhyodacite welded tuff (II,, Point 14).
The mineral-identification results of clay samples were described for clay minerals.
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Ch: chlorite, V/14:vermiculite or 14 A intergrade,
M: mica clay minerals, Hal: halloysite,
K: kaoline minerals, Gbs: gibbsite, Hbt: hydrobiotite
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(20 degree, CuKa)
AD: air-dried, EG: treatment with ethylene glycol,
150, 350, 550: heat treatment at 150°C, 350°C, 550°C

Voltage 40kV, Current 15mA, Scan speed 10° /min, Step width 0.01°,
Variable + fixed slit system, DS 1.25°, S5=RS=open,
Soller (inc., rec) 5°, IHS=10mm
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Fig. 12 X-ray diffractograms for clay minerals of rock and soil for the rhyodacite welded tuff (I;, Point 14).
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