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in Valley Scarred on Shirasu (Pyroclastic Flow Deposits) Plateau
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Takashi JiTousoNo *, Etsuro SHIMOKAWA * and Yukiyoshi TERAMOTO*

Abstract

In southern Kyushu, Japan, covered with volcaniclastic materials, landslide and
debris flow disasters have occurred frequently during rainy and typhoon seasons.
Recently, some types of landslide caused by groundwater have sometimes occurred.
One type is landslide of talus slope at the head of the valley scarred on the Shirasu
(pyroclastic flow deposits) plateau. In this paper, the mechanism of this landslide, the
geological and hydrogeomorphological characteristics of the landslide slope sites, and
the possibility of predicting the potential landslide sites are examined based on field
study. The results are summarized as follow: (1) The landslides of talus slope at the
valley head occur in the Shirasu valleys with a certain drainage area of groundwater.
The low water discharge in the Shirasu valley is proportional to the drainage area of
groundwater. Therefore, the low water discharge serves as an effective index to
predict high potential sites for landslide of talus slope at the head of the Shirasu
valley. (2) The groundwater in the talus slope at the valley head is supplied from
storm waters infiltrated through the Shirasu plateau. The groundwater level in the
talus slope responds to storms in a few hours. This rapid flow of groundwater is
mainly attributed to the pipe flow in the plateau. (3) On the other hand, there is
also a late flow of groundwater which responds to storms after several months or
more. This late flow of groundwater is mainly attributed to the matrix flow in the
plateau. If the late flow and the rapid flow of groundwater overlap, the groundwater
level in the talus slope will become very high and the potential for the landslide
will increase.
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ZOIEBRETIL IR LIFENR, EHEERL TS, ¥ 5 ARMEBOEAEIZMR
MRS LI LITHRE L, Uik LK EIEESE4E L TV 5. Haruyama (1974) 13,
VI AMBTEAET HFHBEOTESL, B#E, KBTI, KBET, 17, H
gD, BXKEBR, RBREE, 3%, RELRLSIHELTYS, LrL, AEOE
AL, THFIHOZEIL, BRSO RE L R RBLTEILLTE TS (T - #FLL,
1978 &4 - T, 1982). BEY 7 AFHETE K AL N5 AERER, HEoORBIICE
ZEL7ZZ50cm BEOBILLBITHAKDNRETHNLIRXBHRETH S (FTIIEH, 1989).

1993 4F, BINIZEEHN L2 KWICRELN, S TREHAE  LAMICL 5 LW K ED
FELLZ. TORMTE, YI7A5BABHNECERKBRENSHET 2 —F (LEEII»,
1995), ¥ I ARMICHIEFN-BES (UT, Y9 2A8LV)) 2EBRAZE > THT
THEAFAALNZ, TINED (1994) X, BHARICL > TIOTARKRDREREIY
FAGEHEICEEZ L -EBHEONRNAE Y TREBETHLZEXHLMIIL TS, ZDLH
LHRPIEIEAMIBITLINETORKERFRICIZLEAEHTI Vv, 1949 IZHBUIEED
KEOBICH T KEI O RIEORENHER SN TWEY (BREBEAHEE, 1950 ; BFLE
AEBEFRAES, 1951), ThH1993E LR LR TH > 7203 RHTH 5. BRI,
SZEROMMRICE > TREL, HBIGEZA2DDTREWERDNIRAED, TAHKILL TKRKE
LRETF| SR TR D 5.

EZAT, YIAMBOAIICE LTI, HHEEOMBIEE b2 E 2 SFEDTh
nTwsb (BIER, 1926 ; 3§ith, 1932). &F (1973) &, MEHWERIIEITVTI TR
BHOTREFEDOBEAZAA TS, FE (1976) &, ¥ 7 AEHOKIHEHEELHS
PIZTHIELEZEMNELTYIABRTREBREZITo TV A, ZDIFh, HHEEICHED
WTY T AMIBDOKIBRE 2> 7-d DICRKIETIE, HHE (1978, 1979), H M - L%
(1981), wWEH - £ (1985), #wi3A> (1987), HWFEE - T/ (1990) % &xdH 5. Lo L,
IO DHIFERRIE, ¥ 5 AHBOREEZRT 5720 DKLERE LTRA+TSTH 5.

ARETIX, BN KILHIB CERERE L TWAHLT/KICES Lok TS0 7%
DO O—EOMFE (HbIER - TJII, 1998 ; Shimokawa and Jitousono, 1999 ; HiFHE (3
A, 2000) DL, VI AFEMEOEMEREYIY L, REEEO X=X L, HHiE
BEFHOTFHFICEL T, ¥ 7 AEMTOMBRES L ORCERNIZE SV TRETY 5.

2. VIAFNEEMBORRE S XD RROERE

19934E 8 A1 ~2 HOKMTIH, YT ARHEDORRHRIBIZMZ T 5 ABTEAKIHR
HEL, EFRCPHMICKEZHELRIZL (Fig. 1). VI A8 %3MTFLA-TARIZASHO
WA L7228, ZOMBIRIIKRE 2 EWPWEELEALTREWN 2T ARKEEIIRELRY, &
ENTELLBMILFEBICSEL L7 (FIINEA, 1995). Fig. 21X, BEIEEMILE o % HEr
BT AV I ABMEMTRE L EAROSARNTH S, BHFATICLLE, LAHK
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Debris flow in a valley scarred on Shirasu plateau by heavy rain in August

Fig. 2. Spatial distribution map of landslides of talus slope and debris flows by heavy
rain in August 1993.
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DFEEFIE, T ARNAME O EZHEHE, oI ASEOERRIED X CAKRERYOBEA
D3IDODIA THIRLNT:. ZORTLHLEOTHEHESERELHEL B L LAEKR
EHEAIBICRETADDTH o7, Fig. 21270y b L7z kENIEH DO RIEESEAEM S TH

0, ZLOLTARDIEFELE —FHLTWVDLI EDbh b,

Fig. 313, TRAMDOFELEIRE Lo - BHMIBOEKHTH 5. ¥ 7 A5 ME O R HH
EIIEFHOEE - BEICL A2 LWHIERE L TEHEIEL TS, DI AGBE»HIR
BLATRIZ, RBKBEX#HTARE LTREL, GUEEOSEMEA SFEE LT
5. COMTRPEHOBRELZRB VL EZ O5ND. Fig. 2 1R L EH#EARE S (KED)
T, BEGOSEICEZEKT cn 25, KELLDOTIIERE3 m U EOFEHILIEE &
N7z (Fig. 4). COBEILEEEN T TR SINLDT, 4 EHOKMAFEI»SHFELEL TWY
B bhs.,

\\\\\
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Fig. 3. Schematic representation of landslide of talus slope at the head of Shirasu
valley.

Fig. 4. Springs at the foot of Shirasu slope.
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3. T AMIEDKIHRLAFNE

3.1. ATEHOBE

35 A HIR DK SCHIER 2 45 2 EB S 5 2012, BIEET LI o HET & TE ORI
Bl 2 9 AGHIC AT % &% 7- (Fig. 5 (@) B LU Fig 6 (a)).

=HETOFEN (UTF, FHAZTH L)) &, fil L 512, 1993 FDOKW TEM
BRI D) T ARICL o TREGHENEELALLIATH L. AEHAND Y 7 AGHE
I3AEE 100 ~ 150 m 2, VI AREHEIIESSOmBETH L. AHEIEEICHEB LK
e LTHESNATWS, Zo—%0Eix, BSRE (VI E, BE, BB, X
FHEREW 2 & 7 D HARY) &, Z O LRI T 5 AR HERY (FRE L
KE), SOLZOLMEECE) YT A0 0% 5 (BEBR, 1990).

MITAT oA (LT, METAE# L)) &, 1993 FICEFHFEMIZ EDOKRMICIER
b, KERFRELTVARY, AEABAO Y 5 AEHEIZERS 200m #ifk, ¥ 7 A%
BEEIES 100 ~ 150mBETH L. GHEEFICRMECHAE LTHHIN TSP,
FEEHLDIHEATYS, ZO—EOHEIING+EBE (E BE»S R HHHEE) &,
ZO LGS SAT T B S KR (BREIKE), SOIZOEMNEE(HE
3v5 A4 5s (BREE, 1990). A#EDICAHAT A/ NEIHEREPLBRINS.

25 ABO TS 5 ESEE, M KEHERY, M TRBEIAEKEOBHE
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Fig. 5. Location and topographic maps of Yoshida study area. (a) Present topography.
(b) Topography before the deposition of Shirasu.
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Fig. 6. Location and topographic maps of Matsumoto study area. (a) Present
topography. (b) Topography before the deposition of Shirasu.

RRLTEY, MAEBOACHBY 2 EHEIRLTH 2.
3.2. I XEBHIOMIOEBIR

VI ABRHRDOH T RKDGARLEEICIEIREKBOEZEZ LTWEY I ABO T OMH
BHAZEL TV EEZ, ALY 7 AMBI OB GEHE) *BHL-. BIE
EDOFIHILTOEY) THE., QYT AGHEDRL Y I ABPNIB W TEBOZEF L FE
L, 0= % GPSETHET A, @500045? 1 #HIEKIZ50m X v 22 pifTFI ¥
=y 7 (B E - 120, 1986) RIEHL, ¥5 AGH% @A T TORKOMIZHIER %
TET 5. QFWHHEOEBOBE Y HEHMERICHKE LTI/ b5, $-4#T
fioh/zR—) Y FEREZIEL, BBOME*BEMERICERT 2. @QEBOME N
AHGESIEEOMNEY BRI LIZL - THET L. OFHHT L ICEBOES 55
Ao TAy v alEEERD, FBEHIEOLEETHELIHL.

EWMOBHEZRAEL, TOESELNE LS, SHFAE 110 &, BITFiHE 43
RThotz, FlK—) r7ERHITHRALEHE O 1B LIEON 2D o7, HIEKHEX
WCEBOZTE (@) BIUHESNAEBEOME* AN—Fl% Fig. 71277,
Fig. 7 QWX OALIE (3 HFHE O gL % 8 2 P ORI (Fig. 5 (a) O EH)
Thh.

iR s e (WA ]

g&l

OB/ HIEH % Fig. 5 (b) BL U Fig. 6 (b) /R 7. MboBANIZ
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Fig. 7. East-west geological profile in the middle of Yoshida study area.

BB H2RELRABSTHY, (a) IAOERIIHEBEHEICB T 2T TCOHKR
(IR, (b) HHNOBARIIEBBIETOSKR HTFASKR) TH5D.

HHFAZ OB HIZIIIPRIPLRHEICHEE S ST ICE D ) FEOBVHFEEL TS
D, £OTHREIIHE L7Z1993FED KM TEAMKENFE L/ -EAXBABXTHE. 20
VI ARITHIEH DG AKF ERT KRG KRB RELTNTED, YIBLTY2HBOMTK
HEIKIBITHTC R A O 6. 0B L UK 2.5BDEI 2 ED TS, 1993 £DKFIC
Lo TEMARZICHANERILLEBFTEORICHE L7 R 2 2Rt RINIC@EIT
Ty bl BROIBEALREBABICBWT—EULOEKBERZETIHPM
WIZHML TS, T/, EBHRNEHSEBEROSMII L TEY, EdmEI#H
BHEICBNTHRMME R o 2T ARPEF LR TWVIHEHI TREL TSI E2%be
5.

MITRZE O I (I P REFICHE A STEI@ D ) SFEOBHFFLEL Tw5E,. M4 &
M7 G LA IR K R E TR KRR IR E L TR TE Y, IS M1 O # Tk
KIS EKIBOH 4. THEDILE 2 DTS,

3.3. I ABTOREER

I AEHNOM T ROGHCBE X LEBT 572012, V7 ABTERAKEOREAIE
L7z, MElEX, TEH7FEBEIBH L TRKIRD L2 WG T, Eifimoflz s 7
ORI XFEFHI L BB E P LERTEHEICL o7,

Table 113, FHFAEZHO YL ~ Y5 #bs (Fig. 5) B L URTHFAAEM DO M1 ~ M7 #b 5
(Fig. 6) TEMEL-EKBORENEERTH S, RiTiL, KEZHEMHEKERS X U
TAEKBOBWB TR LAKKEDR LA, LiEER, HEMHEKETIZO0.01 ~0.26
m®/s/km® & 3HLL TV 575, #TF/k48EAKIRTIZ0.02 ~0.04 m¥/s/km? &1 TIZT—FElERL
Twb., ¥ 7 AHBOBKEED I EIZ—#% 12 0.02 ~ 0.04 m*/s/km? (&E, 1976) T
A EFHMoNTEY, MAEHTEONHTAREKRTORKEEIZZOFHEHIZH S.
VIRABHICRELTHTKRE Zo2MAKIEZY S AHHET A2HOMIIIHEF SN TEE)
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LTWARZ xRS,

Fig. 8 1%, Table 1 (Z/8 L7-i&E & MIZRYEKINTFE B £ OVHb F/KSEKISEHFE O B4R %
7Oy LD THAH, BKBEOREITH T REKBEEFZICLHHBLTVE, Dk
O BB ZEB O, VT ABITBIT B EUKEEO TR A S HA I O EKIRTETE &
#EL, BHBEEEOTARPRETI2WREEOS L I AR METAI LN TE S,

Table 1. Stream discharge in Yoshida study area and Matsumoto study area.

Topographic divide Groundwater divide
Watershed Altir;ude Disrrcll;/asr B¢ Area Specific discharge Area Specific discharge
km® m®/s/km” km? m®/s/km’

Y1 46 0.0090 0.035 0.257 0.209 0.043
Y2 46 0.0234 0.357 0.066 0.906 0.026
Y3 35 0.0026 0.086 0.030 0.141 0.018
Y4 35 0.0115 0.247 0.047 0.330 0.035
Y5 48 0.0028 0.089 0.031 0.081 0.035
M1 112 0.0332 0.220 0.151 1.028 0.032
M2 - 110 0.0061 0.078 0.078 0.205 0.030
M3 120 0.0095 0.725 0.013 0.285 0.033
M4 118 0.0207 0.657 0.032 0.610 0.034
M5 145 0. 0054 0.450 0.012 0.250 0.022
M6 156 0. 0052 0.408 0.013 0.175 0.030
M7 120 0. 0026 0.133 0.020 0.118 0.022

Y1~ Y5: Yoshida study area. M1 ~ M 7 : Matsumoto study area.
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Fig. 8. Relationship between low water discharge in Shirasu valley and topographic
and groundwater drainage area.
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4. 7 ZAREEMIBDOKIEHE

4.1. R LUBAEE

25 AMEEBEMORED A H = X L #BHT 572012, MITRAO M1 FIROEH
I SRERHD % ST CACEBR 2 BE L7: (Fig. 6 ). MIEBRO Y 7 A/, ¥ 7 AGH
CELH IR FEOBEATH Y, BH (1996) H#ko@EEBICEWER S A
B3 AHEL Y2 —0HRmTHRRTVEWVHY BFFEROFICEYST 5. MLitiEd, Al
L7z &9 10, MiTFREKBROL S IEHEKBOH4.THEH ), RITHERLO Y 7RG
HADHTAKDIZTEAEXED TS,

KERH D S T ASEIIES B EOAMETH Y, SHE FHICIIRBHEIZI YIRS
N7 REL TS (Fig. 9). BHB LU Y I ABOTMIZBIAEKEDXEZ LT
W AU LB KRR A LT\ b, ¥ 7 AREHEIC B#IHEL Twa
WDIZEAILOPHEIIRETH 575, Fig. 9IZRT L I, EHETHD O IIHREKIA
Lbihs.

ASCELETE B, BP0 T, EHRBHOKSIKE, B2 o0MbE, FK
BTH»2 (Fig 9). WAL, BHEMFED 4 EHTICN Y M4 —F THE L AEEY
10cm OHEFLICEALE = VB2 BAL, KERKMETEHCTHRAL TS, BEIHFA
7o DDESIFENFN, 2.7m, 4.5m, 5.4mBIU5.5m THY, T XTEBEEIE
FLTWARW, 5 A, BBLUCREICHTKREDD A, DIIKMEDRMTKED
BPND. BRBIICBTEREBHOKSRENEILEZLET 572012, HF CHRIC
vb— O -7 HROASEZHEL, L3t REH» S 8\ F 1T 10, 50,
100, 150 cm DFEXICHEBE L7z, ASEHE, TREOMEER L KGESEFTL LV INE

Rai - .
AN ? Rain gauge 200 b Rain
a 2N \\ @ Observation well gauge
. N\ Soil moisture
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Fig. 9. Topographic map (a) and geological profile (b) of the experimental slope and
observation system at the head of the M1 valley in Matsumoto study area.
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FaxFHL, BZERLPET A EICLVADELXRDELDTHEHAH, THELEOR
GEREKGEEOF Y TL—Y 3 VI fFbRTWiaWwEd, I TIEHEOREER
ERAXFRI KD EAL R BB T AT LIZT A, FEAREEOHEICE L TIX, EHET w2 B
BEPRETHIENTE LD oI, EHETH2 S 50m TitlZTEA 60 B X
SHEF A RE L CRESOEKS (HFE 9560 m?) 25 0MBERHIET I LIz L.
L2LZOWMAIZBNTHIWA 1 ~2 mHERELTHY, BERKEFIIEBREIIFEL TV
LW DIREAD DY, 4HRUABEETSH. BARKEIEH LICHEST 2&E L TRl L
TWa, o, BlllF—2 37— a0b— 12 10 BB TEFEL TV 5.
4.2, BREEHEDHTKA - REBOBE

Fig. 10 1%, 200046 A 2 ~ 6 H O GEFNE 265 mm, HAKRHETE 37 mm) kil
BIIAEHHAFERTH L. EHFSIHOKBHOTOBREROLILE AL L, 10cmED L

mm/h
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Fig. 10. Hydrological response in the experimental slope of talus for the storm on
June 3-4, 2000.

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

> T AMBOKICHI & ¥ T ABH EHERO #E 621

VI RETREIRS 1 BERRICIERUE L, 50emiEDE Y FIE 10cm ED L Y ORI, 5 1
BEEEATCRKIGLTWS., Wit rd & BEMICERIIEE LTS, 512100 mEDE
YHIES0 cmiED Y Y ORIEH S 2 BEEEN T, 150cmiED £ i3 100 cm kD £ ¥
DORIEDS 2EBEEEN TG LTBY, BWIZHT 5EE1E 10cm ER 50 cm iRD £ ¥
ZEHURTIE RV, &L L THER2? S DREKICE DIERTAO X ¥ A e L Tw
5.

—%, BREMAOTRMEOEE A5 L, BRGSO 2 RE&ICEHET wmOBRRAH;
FACHTKIOEEM ZULTY, FARBII2ERTHOIMTHA. HEBILHITHiH
TR IZFEFBEGED S SRMBICER*MAEL, ZOLARIIIFMTHOS M THAS.
HE CIIBIT A TARMIZERBEOH 1 BRI OBELILEREFHBL, TO®RM 1A
PFTH0.2m EALTE—21EL TS, HEFB CHTAMNAIEELER LRI
TEHSTEO 150 cmEOKSTEHE Y FRELZRE L TnAv, Lo T, EHAOMT
KD LRI, BHMEORKRE,SOMARBEICLSBDOTIIRL, YIABBANDL
OWTARHBICEIBIDLHMENS.

Fig. 1113, 1993 12 5 AR O EHABEICHE ) THEREFBEL L EDONA T
57 TH5H (WEFES, 1996). ZOBEDOFHIZ, 7TA3 BOEYHEOIPLKERETITO
WRIRAT580mm, 8 A 1 H 21 & UF 22 B IZBERFE 100 mm ¥ & U7 110 mm * R8T
LWV AT ThHol. KERIToHERILOMEMWALICEISE, 8A1H21HK
EICERBLO Y 7 ASHETHEANIL T Y, 23 ~ 24 I3 TAERIC X 5 E»5EH L
TWwa., Thbb, BEE—-ZECY S AMECRBHBEVREL, TORRMBRIIEY
S ASEMEOBMESRE L CEARIRELALZ LIRS, BRY -7 > O EHARE
TOEBE T, MITFAEOEH CEIR X N-BH & T AMOREORBZE & FHHT
b3, Thbb, 1993FENOKFTIEY T ARMADL S DM TRAEHERO LM &L T XKE
DWEMERE, EHFORELEFIZRI LA LHASINSG.

KERM OB FHBECRE L TV AR, ERWMEIIEHAND2 L OB TRRHEDOAL

! Slope fail J
120 Yoshida 1t0n0ls)fﬁr:s:l;elope
100} .
80f 1

Landslide of talus slope_
and debris flow

Hourly rainfall (mm)
N
[—]

40}
20 _ {l} ‘l
oLl g (N o lllll o o
31 July l 1 August 2 August
1993

Fig. 11. Hyetograph for the storm causing disaster of August 1, 1993.
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ZRONDY, BMEFEIRETEKBORER D EA TS, Fig. 10R LABEKRT
BNAFOTSTENAZ N T TR LTS, ERICTT 2HEDEHR
WIS, REMBICEBELTVE00, 5V EFERCHTFRFEHICEBRLTWS D
iE, RERHE LB TAREREOSEAITON TR VOISR T 52 L AT
TV BIE, KRPERCEESFOEGHAZHGELTBY, ThonF—92ERELT
SIRMRET L 72w,

4.3 BN TKEDORIZES)

Fig. 1213, AW EB L CEH#OB T AN OLEE) (BEHED I T IZE A LH
MTERDPo7DIlEM) 2RLZODTHS. MTFAMICIK, EFE, £F 106
KB EV) L)% L AREFRHOBRAIMEIIA S kv, 1996 4F & 1997 4E I3 4EEA R DT
fEAE (2240 mmAREE) 2R R TEAETH o 7245, 19984F & 1999413k & < LE 2 S R4
Thotz. 1998 FEREFIITAE 072720 TIZO M TAMIZ LAY HETI TS, [
CHIENE 1999 I A b b, AN E -0 ICHIETE 2T, ¥ J A E
SO T ARMAIIET 28I A5 6 W FEREENLTW - < ) ET 5 EBHIZE) A5 A
Lh. BREIRICHTARESEGEB L, AIETRRAKHAECENLBTREOZ LR
WELDLEEHBEORRYPETAZI LI A, VT AFHMEBD EHAERE DT
&, RMROHTRKMEOSEAZIT TR, TAKLOERHLLEEIZETILEND
5..

4.4; 5 ZABMADTKIBE) & EStRIE

Fig. 131, ¥ I AEHAOTKOBEZHEAMIIIRLA D TH L. ¥ T AFHEEHES

DRYTFRMEALICER 2 SBA A~ 6 H AREENTRICT 5 RN BB A Sz

| Anualrainfall ;S 6mm 2086mm 2752mm 3002mm 2537mm

Monthly rainfall
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Fig. 12. Temporal variations of groundwater level in the experimental slope of talus
. during the period from 1995 to 2000.
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EhD, YIAEHPIIZTINY v 7 AKD L) BBEVHADHNAPHFETIEEZLN
5. —%, VIARBIKINKPLBEAFREN o KM TH Y, ¥ 7 ARETE
WIIHRBERICTE L EEDNARNE» S DT AIRIFIZ L B854 TREGENIFE ) BEIER
Bahs, GHE»LREL T/ TRBEITA S ZZTHAKII N, T e LTHEREEZ
TEL, GHEZOHM»LHELTWEEEZONS, I ARHEMFIZEEL TV S
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Fig. 13. Conceptual model of groundwater runoff and landform change in Shirasu
plateau region.
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A, F7z, dbE - 3 (1992), dLEIE (1994) 1, 1 RGHBUCBWTAIIREDO K
EHRHNRA TRICEDSZEXHOLIZL, BRISH L TEHLOTHEVIEE.EZX S LT
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BB EB L KNBEOSZ LAOMA2ZRETHLENFHS.
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