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1984429 A 14 HAFRT8 B 48 1, RBPROMEFIUTERE (EEN) 2RI LT HRE
FEHE (M6.8) Az ot (KEFHETMERR - WFEHIREHR, 1985). Z oM
ko CHIEILTE LR, £ RJNRTE, i 25650 m~1900 m o L AR L T
WNFRE L. ZoBFREEERI -8 - EHIBRWEHE T LKy #UE R348
(& 950 m) L.

A LAy, £ & 1.8km, kit - TUOEEZEY T00m, B0y 3.6X
10'm® (EFEF], 1984) THhote. TOFEE, MEO T SRT ¥ b HoiekeizE
hoTERRRAREHEE SR TS (KM, 1984, MAZMBET ARG B V7 71—
7, 1985). FREEL B ERIEE (e, 1975, /MK, 1985) & D\ IXEMER
B MARTIA"SY T 24— 7 1985) o, 2207, KUKkEThs., HEE
DRI ED HIHBIIMEIRE L IZ LA ERFCE S D, BB L0 8 5H o 81K 56 4
tE# 10.5 km T OBy BT ®E L (FOREK 80 km, ZEHEH, 1984). His
fHA S EB RS O3 E Rk r BMMT E colEEE L i34 12km, EEx H 340
1600 m, U#cAi-C H/L 3#0.183 TH - 7.

HE B O TIR-L W) - HEREHRCOW T H L, EikoXXiRo iz, sSFRED (1984),
EMAFEHRKEETIeS (1985), ffifizs (1985), #Hikizs (1985) 7l ieh b.
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Fig. 1. Index map of the southern Ontake area, Nagano Prefecture.
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BRIk~ A SRR IC I o e, &1, 227 HOTUSREH AFRL (S8 HK) LW
HANE () (EABAE) OEERICL o, HATIE, SRAFTFRUSHE, HILK
SKREZE, ORI N — VI - TR A SRR L e i e

FIFEAL T O— BSOS B A KR (REFBATREHEIHE) X ok

Ll 2B BILEL LT 5.

Teds, ©OFECILECHE BN () 35 & Orh BAANZE () OBRTE (WTFhb 9 A
17 BIREY, WEEER 1: 5000, %k 1:10,000) % f\-f. %4, AR§o Figs. 5,7
= I A I B L St [ SRR A B AR A BA SRS (1985) o, 5000 43
O 1HYETH Y, AHOTHROERE S ZITE 1.

2. HABRAHERDOERHAELEN

ELINEFEDATS o, EwiEkllosohmiiihich, ERINFERTS
LI AT, 3rMTro—EnEEY s 2T, KUMHEECER, ZTIcdTVHEREY
or L. H1oBFE BHEMNmO Emodt (ERNIER, ME&deT, 55
2100~1800 m) %%, FO—MTLr RICA -7, = OHIE (BRI P EBETT 534)
RELN LT E X OB IBETERR L. 2 0BRMIMELI EIHARE,L BT E
REZBHTHEL, BEBO—HEAR (FE) 0RBEHEENED & X THRNA .
3 DBRINIIE2ORKOPLL TR CELINNEEE» bHEERENAEZN25L2HT
BT, EEMoKLUMTEEERETL, ELlloREa2&EzbIERCER L. 20
Z ENomiEE (EEI0F 2 ORFKEE» CEREHAE T) O TERHEIFETREL
0. o ENBVCOLEEORA (BBR) REREALTEIEVT » TEMITCA
D F ORIy AR OK o3 SRl E TELe. @lny (@IBX) o
WTIEL L CEREREOBEERYRE L 553 . B EEWIOEHTAENLT
o (ERIR) w6 mEE TR TR L.

LFW%lU¢FWTﬁFLtE@ﬁO%ﬁ%NIE&LTW¢3EbT&DI5m
&b_mﬁi%f%é.aﬁuzm%@m@kM%%W&quL%ﬁ@kmE% A=
)7 . KUK 7R EDVERRICHER L CHRES OB R THTH D, b I a o BES)E
o, T EET AR - BIAR 7 E2S R S E ke b o TERFALEKN—F (BH)
Thb.

a fEC Lk - REMCEEL, b HihiEs S THCAL 2505, b MR, aM
2SR L TEONDO S~ ETc 2 bh 5L, ML ERRERLT a #
HeR d RE AT » TV BEE &5 5. ERIRVGCOHEFIROSBIENS S b 18
4. ¥kl (debris mound) 1HiHR - BIIOREOHEEIR (b M) REEIRYV OHE
R Abhb.

b LB O QBT oIBE E BEY Fig. 2 wid. (A) Bhikogodzii
REEERO & T W0 BRKTHH. A TIRERCEEMCHbhIc R ¥ & F
(debris surface) % % \ 34 ik (debris avalanche deposits), %o ki (4HZ) 0 £
T A5 DR R~R O 1T & 5 3RS (debris levee)~EJF~ v 7~ (debris bench)
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Fig. 2. Terminology of the surfaces of the debris avalanche deposits,
(A) features on the middle course,
(B) features on the lower course (depositional area).
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FREFRLDFHNEBEIPZROCBI Lcs Bb h 2 BEAZD LR (k2 if
“REL” DIET e ) BREOR AR FA~NOTBIOHIE). ZoHh * BB B
(secondary debris surface) & L .5 &235 5.

B L 0 BRI U U IEEBRRIE D 5 FIC £ 5 - TERF O s g
BT WEE R LIBEL Tuaitdy (“BIRE") 2d 0, SbrF0EF (M) wit
B EAEWED I 2 OMICEBAREL T BN 55, ZhboiHos B,
HRRORGELGHAEZ > T, LESREIECELETLALLDOTHDEEL NS, &
ARHF & BRI BT ORIET 22 &8 THEIF L & &%; debris-spray zone & I 4.

ERRORMSEVCEMNOREILEBOXAHFHTH LA, £ CRPHTE R
SHCHERRTO X B RO R (ho o) < < e isss » TS (Fig. 2 o B).
BIFRTO MBI A0 Lickis 1~8m D24 (filik lateral debris searp)
BHY, TORELAORMEOHPEROEI L) F oA L T2 455,

LEoEBHIT a L b HIEKABE L Lo Tthotc s E2 bR D,
ZRBDEN, SR » GEERERIHER (¢ ) XTIV &
ST 5.




Fig. 3. The debris avalanche area. (a) looking from southwest. (b) looking from
southeast. (¢) collapsed area. (photos b and ¢ by Nakanihonkoku Co.)
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Bu# (Fig. 92 @ X 3, Fig. 4 21R) 0 18 ThH 5. FIIRHEOREE L KA
oREl (ESH cm, &+ em &) 208 1~2m OFRICLHALL O THES
FERTXCTAETH Y, FHAFCRMEOITE R EERPL . Flodah il biic
PRy L TR L THR - T TEER BREICENT 5 E 2 cibkeis
BLicz &dvbnb.

BREECER L cELoBBEE oRtoBERHEcw < 2b4bh5. BHMOH
B (EEWmom i) I EHERT e 2 Lo ik 2o (R 1m~2m)
MELTW5. HAOEER XLoE ity S EeFbhicd 5, Ao BHiAIT
Fhue D L X5 RERChMhT245%E0D, ks LTBRECHL -» THERL T
VB, EOEMO T TRMNOFCIEZ O BBEOHEER 3O TE TR L EHBEO K
IR F DD L T BBAEOEMOED X 51, TR~z 47 L Tw
%. Fig. %¢ BFOBFERLESDOTHS. ZOEAO LHRMoORmIZLIELEED
BED B UE R IR L TTELAWERAELD. EOAERASH—HA» R T OB
NTFHABZOVTHHL T 505 H 7.

OB BB EIES T\ (S m HR). HBHET L R $ 80
KILRBABH LT BE2hb BT,

DX S, OBRMTOEBIERDIKLGEOHEY—H0 2 Ltk leakol
D ELTEEL, FOEANIRICR > TREYZTH LD enib, BB KT TER
ET MR OBMBCIE L TEOEN ZEE SRR L, @il T oicdELbh
%. Inds, SFRES (1984) (2 oA/ TREIFEE R T & ORFOMBUROR 2 M2 L
T 5.

= DRRHRE R T R B MO BT, RO UM /s 88 ok SO HR
DL (b AB) 2B H, T HREOIGOIER ek & OMCEIRD L < ZEhE L THHE
ar 2T LM (“AARET) 2H5. 1iE (b HER) X 0RO ERROME O TR,
FOWMMOMTI L K FEL TS, 0 b MEER a HOMBEREREARCH - T
Wb, a AR & ORMICERPIRIBE & M - T B,

4. fz £ Al ER (Figs. 5, 10)

41. ERRROEBLASLHEA (275 1625 m~1525 m {fi)

R AT SR R L 5L oA (HE 1470m) TEEMO KILR
i ECHBE ) BT b0 T 2RBEH~D Y 22T % (Fig. 5 © A
f5). FoRMcEEL TRBROBILFEIIS, FEERcibh e Bo T Tl
115 L IR EIC D % B AN (“BRELSEH) 255 (FHikoE X 300 m, HAEE
K# 100 m, Fig. 10a » A fH:1).

F T, 1) —HAE 2 TOREFFOEL L ORI AEL T Ieh AR EAE Z07
I 5 RES > CHI~NER TV (Fig. 11b), i) 0 kic2fF (8 50em LITF) 24k
FEL TV, i) Mk S o % Tic X BRI (B4 80em) 253, iv) fBiE
RO RO BEOER L SILEH, HFEND 2~bm D & Z A TIHATHBEE Lbh




288 FRHHESES « ATl

Twie (Fig. 11e). Zoi@s Bl [GEg) ovkir 3 5\ idlit e B & 5186
BZITIeb D, BESNERFEHCRLB L 9 CHKERYHOTW 3 L0, BEAEH~E
B bR ERD 7.

DL DIEREHEDRET KA LEED b HEBRGESS LEBO LD 5
HEVRCS X EMERTEHER b hd, £, LRofEOERLFmLs 0EE
L& EHOIMRITTATL T 52, BHO b HEFROBIL L Lp32 L T 5.

ERED X5 IcEEHEL, BESLS RO B 523 b AE R R OB A5 L
Tl &, FLTEDERLSETTHEAI > T Z ERRLTWA., & kb
OHHE 1), iv) X, HECHET HERIRENDRTH 2 L0 SEBOITRIC X %)
BEFTRREBRETH D, GREOROBIAYE % 5 AIERL T 5.
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COBEBLEEEO LRIBEYED 2 x5 ATROEL (B 1620m), %
Dz NS E» SO S 160 m~200 m (1ZE L T 5.

4.2, EEFROFITHR S ABRMY (F5 1500 m {:)

EdosEi (b 1) OREES 1490 m (T b Sie s (REO KL
BV & AIED R 83~bm, F+3 m) »isFHAEY) -5 (Fig. 5 © B f).
BEC S BHTC L EBMERL TL A28 TR (Im UTF) fBEroT R
RTWD., 20X 5 EFEIMMC S ZOTMUORTC S IIFFELWES THERL T
D EEETHF T 5. ‘

CORDPLRA T HIEHETY T00m oo KRR LT, COEBROMRZ
KEX 1~2m o, ERBoMF X ERIRIEY (EFEN) »HTE T (Fig. 13c).
COBEBRYIE. FROERO X 5 BNk (5~10m) WIEL TEOHEEXER
HTFHAE 2T 5B, LinL, FOFIiFiEE o/ MEROERR & Bk < IRIFHER
RICEBRONER S B E > T  (Fig. 10b). BPHIcEL T 2 ERTEFORDIC
ST X UTAMIA B T B B O SMEEBIRET, ToMMlomETERL
SEEZR LR, & OEFHEEES 1400 m A T BN HE R O il ZEIE 0
L5 EDBEEC S RPIEOHB R IRL TV 5.

43, ERRELO a BEBRMREY (4 1500~1400 m)

Exbo b HEFHROTEND, ERIERTE S MiRECRR (Fig. 5 © C 1) i
RO BB EBHERY (a ) 5% (Fig. 183a, Fig. 18b). T ofiEURIE RN
S DR ETEBHROT T I &Ky ic L TIERTEOERITEIDD TS
2, MOEENCE RTINS B IR TF AN D Uil LBREA ML o e ke 2 L
T5. ZOBERIFO L5 CRFILERAL ADEFEOF] &L PTT 5RO MG
HIBIC L -T2 bhicbDThb. ZOMMHOLEL 1~2m, Rk 1~10m &
ECHD. RO BRSO (BERE) clLELERBLO S Loitgo
M AR L BB RHER M X At h b, BRI ORI S
I 3R FDTUNTE T Lic s E &R LTS, ki R <M AT H R e 57T
B OEBHROERTIAI 5 7 2 —AEBLLFO LMY 2EHCIE D B Lk
T B, ,

COEBHROERTCHE L T B RE o S0 ik, BRIV ERPRASHAE
T, B 1m P EoRER DL s TEbLYOMERT L CEHL TV a5 -
7= (Fig. 13b). =z ki, FOKEICEMNE) X2 LD THLHIY, Teksfioigs
FOLECHET  EHLILZERRL T 5.

4.4. EE)N - BRERIEBLED a & b AHERY (e 1500 m £iT)

ERoEERREORED, HEEAO LICEBERAM I ABHERYrH S (Fig. b
o D {i5). coEBRoRBECORME (FEEl 1500m LTF) wik, ZHhER
(Fig. 12a) X s &, Bk cEL T a #2560 L TBRcs 2 5RECERE (b 1)
2, BEOETDO L 5z FALMAE L BRELE DRSS TR Eo T\ 5. Hih
F - T o B AEo THRE~ER, TOZL TV 5 B30 REflok k-7 5%
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(Fig. 12¢). 2O FHAICH 2B LF 100m O, BEIHEAEELSBOTL 5.

CORMETI LRI, a #2520 fliZFT b HliBLTVW5E25 (ZORIR
DERTERIHA L) db5D2Y, a HEBEGAELGCHES b HEEYL S5 (S
1520m ffif7e &, Fig. 12a). EsRoomk %25 % b Yok < @b &L bE cB T L
fo b HnBBH (1 1500 m M3E), FrIZEROK AT DREBEWEL T 5.

CHBOWERS S, BRI TRICHBNTICEES 585 (8 ) 0%~
RECREAO S (b ) LS ERIM - Tz &, H T Tl A
SIEEAHD b ML a HOHEREE LEE A >S5 a Mo LA EA~RIESRCH -1
ZEAbn s,

45. BOBARMICAY CATEABRLEZONMISBRTORELAE (F575 1350 m A3F)

EENZERRR EO/NF TR 1400 m M55 5 TR THEVS WUTF o haELLds
FELL) Lieh, 1200m T CERIARCETS. Eiko b LB EROERN
HNDLZDORIEAY, BEOTERRILOE[THL (0.8~0.5m) HbhT\ 5. £k
ARG EOEHPRD LY () £ 250m M5FIi3 2 DRHROELICH ) BN X AR
DAY, TORDHLBROBECHADEBAL S5 (Fig. 5 © B 35). Lhoxa
FERT LIRS ZOBABNAD Z&, ZORIEIS T FORTE R #oTu 5
(Fig. 10b). ,

ZORMD ERIBAO L THIRIFALES (58 1350m) <Th b, o
BRI FREAFHEL T B (17 0.5 m). B iib i BARATNICIIEOANE - T
W, TOBRRIMIMLEOR Yy F LIRIFRAUE S & CRENDVLTW 5. SR 5 A
DRI, EHBEF T & DMFESTH LT BFA0 % 23F & iciddpid: (25) 2o o
2 Twie, XY F LYWL ORMIHAEC LR TV B, FOdIC BRI

CDXSIHEEND ZOEFRILIEOBARANEOMNTADOERLEBAT L L, *
TRRICER LS EWE 2L 6T, HBHNCAD 24, FLTE- T ok &
Hhrd. TOXSER (L RBIESERICHR - THRICAD 282 &) 13, —0EE
HofER 1500 m AT cotkE (BEd) &M omiciic o T 5.

ZDOBEAMDOEETITIIHBEME CERHE > T 3. FoRmiE LR Mod 5
Wk E 2357 E 0.5 m BEOHED, FE 1~2m BB TERELTW5. & hiTe
B OBATN HHhELROTHNOETOBIC L BB OVHETHL EE2 5
hs.

COBATOEREN v FIME ENEEZRICIEG L T 588 (BAKO LFM) @b
FHEOHETIRER LT E T3, RV FOTHOMMIBABAITEL b L EBIS L
REzrlzre#l (KPP PEEL TGS, v h EHofmz EhozA
WMOMIME IR ST, “vFIDdHH20m 35\ &2 5 F TREME, HAK BoEKRKRY
DEDF TR EDF T TFIHIANREC LSS NTO LI/NE, JBH - S8 (KEGOREE
higd, #30em (7¥T) BELEBED-T5 (Fig. 4a,b). i EHoMkodic
LV ODENE, HWEE, BRELEAMERED, KOoTHE»68 5m KETLy
ZATWA,
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COEFBLEEETE, Bl E 0 Y oA &0 & F THTECER
Tbé:&,%@LK@ofb%%@ﬁ&%T%él&,ﬁ&ﬁﬁ&hE@ﬂTbkbk
WEAD BB b, Lo TVAHKELBOER (HFE,rb 8m {3f) OB ITh Tk
O%ébﬂ%?htﬁﬁUo##ofhél&,EE@%@%&%ht.:hkmﬁ%b
FEBEOITRICY 5 TELELDTEELT, TLARVALLISLOTHH T &AL
TWBEEbRA. FOMBE, AUHE (FH) ~%5 - THERED BITER’O
B TWBE END, HEOET (LEE) oWl (¥lizLA LK) ThotdBb
ha.

4.6. RAENEE b BEF@

MR, WEAERICERSvFEo Lk b HEERL ALaofiz (Fig b o
G M) OBANTE L ERAUES (5 1300 m i) WaB<vFen LTy
6(ﬁ@.&,Mw.:@%%&v%leﬁwﬂﬁwﬂ)ﬁ%@K5%< (0.5m LLIF)
R TWT, EHTAENYF L h EHORME D bEVEBACAZ 2. ZORMET
BHED D 512, FO I —HEDOENTLE LR ELbRTHBILO Z » Thighe.

COBAMNTO LoRB ECIES (4.8) o a ERIHERYrSH D LD, IO
ﬁﬁ%ﬁm%0%@ﬁ%%®%ﬁ#6ﬁTLt%mo<Bnt%wé%i%hé.?Kb
B, a HEERTA o oAV 4 ik kBRI T LA R S L e iic, b iERRS
DEBDOFRRZEKFRAEBL T ofcZ &Aib2 5.

C®ﬁ§§®l)mﬁﬁmuﬁLM$§t®ﬁmﬂfm,%@meﬂﬁm%%ﬁéﬁ
FTLELTWS.

47. BR . GELNSHKAMEQEBRO “GKE" LEFRM

EROEES v F XS THE CHEL TADRS. TOEITERR - ELIIGHA
MR OER/ARCIr s 1800 m LUF, M5 (Fig. 5 o H f35) T 1330m Lk
THY, FRESOHAE . HHELIEHT Ui bl o8l EmcEiRA RO
BEERH 0 BBWD KA ML TeELDLID LI C—RR Lo eledTHD.
C D ki EAmoERAR (Fig. 15) i, boMr RIELH Y, LKL
o DEBHOEBEN DD, TORIANH % % A RBRL EOEMAEHS
Fite -7 b O TRPOE ST 1~2m, SR OAEE 40° f1H 5. ZOEFO—IHIX
BHDH — F U= Bl /L2, HAKRPZORIIEEE > T%. LaL, &
MBS EoTIRIC X AHEGIEA bR, BERME ) #EACEIcsH 27— F
VA DB MOBERICIEFOER (M) »bRELCRBLEEZ—MEH L TY
fo. Ei, MHEOMKERES 8m PlEETRADLEETHR Tz, ZhEHIZL S
L RO ORI HECE > TWHS02H D, TOFMAMETIEBEL Y 10
mUEAECRADZENCLEENRALELEEbRS.

4.8. BREFHOREBE
LRI R 0 B X LB IR O _ AR - TEL 720, BIROAED 1280 m 4351T, {&E)
PALRBERON - 2 TERBROERMEEL % (Fig. 5 o I ). mEOHERK
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BREULKIE VDD, TOLME TR CREOMBMENRLS (Fig. 15). Fin
6@%Lt%ﬁ@%@mm¢%%ﬁm&L%®¢Kiﬁmﬂ©%ﬁ®¢§ﬁ%im%f%
T2, ZhbORMILZ MM A ETE O FHATI L i Bt U830 o
WEThrEELBRS.

COER - R ENEHBOBEDEBEICII < DDk & 7B (Fiiul) AZEH L
TV%. BRERMEO THCH5MIILOARTHO L Li1id, FORMUO LS &
(BORLEM) CHSRTHBAEHERL TS, it “KE” BT - TREER
Ti% € DRABERT AT o TEBBRZ ORI T SR TEOME (BB @
%<&£§otkbéﬁbh%.it,ﬁhm%0<%éﬁ®%ﬁ®~ﬁﬁﬁnm0Tﬁ
MCRZ OV L S RRSHML T B, S0 & & EBEDMH LB O ke
LTRELEIR (Al) 3F0OBInE EE 3HANRD o7 &R L T 5.

5. BNIHEX (BRAEWS—ERIAHARM) (Fig. 6)

51. EEROSENT

COKME @BIIKE) SRR Eohe i T LAY B ALY, 0 LR (i
DHBHELZHTIHEROTIR) OB, BOVL2210®E L (Fig. 6 © QR,S,T
) TRAETH B0~T0m ZETFT2). Larl, Lho&RsS M 2 K
T, ZTORERIZE-EDDVIECLTHMAE (10~20m). F7-Z hHDME < ®
O ERMEECENL L S b HEBOMIH,ASS. chbDz b3, LRORX
SEPEBORNCH L THEE L LTV o b2 EskL T 5.

HEEVNE, BWINRRERSZROBABD 2 RO AR S < H0 T Mo 2 A4 M
i s bh s (Fig. 6). #EBRBEHET m~200m L oS¢ 2%, 2ok, =
BERRE-ETHD. ERAORE FTHTL &, FEORATO FRIIZIE 5
B, BBERPIERNSIELTOZ EOWM I TEORAT Eio5< (QR,S ofpks
MO TMMARM, R URISEE TRELARV). 0L 5 mBARTE i) s
JEEEBF DIFHE L & DEIRIEB 22 { » e H DO BBIZEY - T, REMOBH £ %
BREL T o EBROWh A D otc 2 EERL T 5.

COEFBRP O, Fig. 6 a5 X5, WRAVBEN (552) % 1300 m,
HIRRATT 1230m, R I ETFHMUMTTH 1180 m, S & & M F i AlE <
140m, T R EHTFHMATET 100m THs. COBRBREIELLTHRTEDE %,
ErasoRE (1 1100m) KELZThEDO D Z 2T 5. ZORBHRI S ESE
LIcEBROERTH - L Bbh 5.

sk, S LMo THARME TR LB OBBIR & 0 & BV AL ECH 0 2 BB
Bt L THEDHRD. THIEE m OFEEY L OERDOFChbhh TS &, oo

Fig. 6. Nigorigawa Canyon area, showing changes in height of the outer margin of
the eroded canyon wall. Arrows in (a) indicate sudden decreases in the height at nar-
rows Q, R, S and T. Numbers in meters. In (b), the height on the right bank of the
canyon is projected on N-S plane.
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Fig. 7. Junction area of Nigorigawa Canyon and Otakigawa River.
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Fig. 8. (a) Head of the collapsed area.

(b) Stripped volcaniec slope with
thin veneer of debris on the
left of the upper Denjogawa
Canyon. The surface features
are shown in Fig. 9,

(e) Middle Denjogawa
Canyon, looking above
the junction of the Den-
jogawa Canyon (in the
center) and the Nigori-
zawa Canyon (on the
left). (photo by Asahi-
koyo Co.)




Fig. 9. A-facies deposits on the
voleanic slope in the Upper Den-
jogawa Canyon area to the south
of the collapsed slope (¢f. Fig. 4).
(a) vertical aerial photograph
(Nakanihonkoku Co.)

¢ (b) imbricate structure of platy lave frag-
ments which form a white band near X in

() uncovered narrow ‘“shadow” (brown)
behind a large block (on the right). down-
% stream to the left. loc. Y in Fig. 4.




A: debris-
spray zone

Fig. 10. Middle Denjogawa Canyon area (photos hy the Nakanihonkoku Co.) ¢f. Fig. 5.
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Fig. 11. (a) Surface of the debris
avalanche deposits (south of loc.
A in Fig. 10a).

(b) Toppled and topped trees in
the debris-spray zone near loc. A
in Figs. 5 and 10(a). On the
yellowish slope debris are scat-
tered partly covering the surface
of low striped bamboo. Dark
surface on the left is covered com-
pletely with debris.

(¢) Debris seattered on low bam-
boo, which was blown down by
the preceding wind (loc. same as
(b)).
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Fig. 12. Debris avalanche deposits
and damaged forest on the slope

near loc. D in Fig. 5.

(a) fold-patterned a-facies deposits
are covered unconformably with
structureless b-facies deposits (on
the right). Looking west beyond
the Denjogawa Canyon. (photo by
Asahikoyo Co.).

(b) and (¢) damaged trees at the
margin of the debris-covered sur-
face on the slope shown in (a).




Fig. 13. Surface features
of the deposits on the slope
on the left of the Denjo-
gawa Canyon.

(a) a-facies deposits (south
of loc. A in Figs. 5 and
10a). The left of the figure
is upstream. (photo by
Asahikoyo Co.)

(b) Debris cone resting on
a large block in the depos-
its.

(e) Debris levee along the
margin of the b-facies
deposits.



(a)

Fig. 14. (a), (b) Toppled trees
and scattered debris in the
debris-spray zone on the left
wall of East-branch Canyon
(loe. E in Fig. 5).

(e) Debris bench on the eroded
slope (loe. G in Fig. 5).

303
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Fig. 15. Debris-covered slope and canyon floor of the Nigorizawa Canyon at the junction
with Denjogawa Canyon (loe. H-I in Fig. 5). (photo by Asahikoyo Co.). The upper edge of
the deposits decreases in height upstream (to the right), indicating a temporary upstream
flow. Debris surface on the valley bottom represents the back-flow (downstream flow) after
the movement of temporary upstream flow. A pond (near the right end) was formed between
the upstream flow from the left and downstream flow along the Nigorizawa Canyon from
the right.

Fig. 16. Vertical view of the junction of the Otakigawa River and the Nigorigawa Canyon.
ef. Fig. T.
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Fig. 17. A small ridge over which
debris spilled to the Otakigawa valley
floor (loe. J in Fig. 7).

(a)
(a) looking from east. The Otakigawa
River is dammed by the debris. The
white band of debris on the ridge consists
of lava fragments.
(b)
(b) close up of the white
band on the ridge.
(c)

(e) trees still standing on
the downslope of the ridge.
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\a)

Fig. 18. Debris-covered slope with the debris-spray zone (loc. K in Fig.

(a) looking east. The avalanche passed through from the left.
(b) stones stuck into a trunk by the debris spray.

&

Fig. 19. Scattered debris in the forest in the debris-spray
zone. Note the debris accumulated on a boulder in the forest
(loe. L in Fig. 7).
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Fig. 20. Debris-spray zone on the right slope of Otakigawa River.
(a) toppled trees and debris (loe. P in Fig. 7).
(b) toppled trees covered with debris (near loe. L in Fig. 7).
(e¢) same as ahove (northwest of loc. M in Fig. 7).
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Fig. 21
Fig. 21. Torn-off branches
the debris-spray zone (near loc.
Fig. 22. Debris resting on
deposits (at Gagiganodo).

PFig. 22
which blew together
M in Fig. 7).

23,
darker, outer parts of the valley floor

Aerial view of the deposits at Gakiganodo. The
represent the debris
avalanche deposits. The lighter central part along the stream
represents surface of the water-saturated debris flow deposits.

Fig.
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Fig. 24.

Debris mound covered with b-facies deposits (1 km

west of Korigase).

near

Fig.
facies)

18

deposits

Surface of the water-saturated debris flow

Gakiganodo.
deposits of the avalanche.
smoother

deposits (e-
The rugged left part is of the b-facies
Notice that the surface of the c-facies
than that of the avalanche deposits and that

the drifted tree trunks are concentrated on the c-facies surface.

WieHIcHBE s hicl

6.6. EEIEROEREIRM

)11 6) i o EHE )| A7 b oo Ll iy i il oo

& 2o T
hofefehiFEzLAS.

Ficiriibo X 5 BB L & 200 H

2L, TOHM CFHM) e M (Fig. 7 o M fHEmn BH) ik, HEFLSENA
BRTEHTIC7 Sy b LTEHBEPXyFAMNLTWA, LEN-THFOR R F T,
EREO KT BELCZ L, Toob, HFMOEELSL D TFii~NfihE b, B



310 FAHESE - IS HE

Bt b 10-12em (EV-BfEDRGKHERATER Z &2\bon b,

DEBCHE LR SR OEIL bR TV, BEN vy FTCEEI L 3R
s Im L% - T A8 d H 7. Foiciigfimo bl 1-2m ¥ CRE
It OBRUGLRDO MG DA B IA. —TBORRIIN N v F OB Ff S T~ Eh
TV BR, —fRic~ v 78 O AHE AN S W E RN S WIETH b Lo sHMCE
B L Thisvs, 20 X 512 DS O BB R OB TS B O X s T
Botc (AL L REFLEESHTIOMMO T hTuwb EBbh3).

TRIA AT A B b RO~ v F o BB IS Em O R TR E
(9 1040 m). Z XIS MEMmALEERATEEINOARFMTICEIZELRT
—WERC > RALT AU S ERERL TV, Z RO KA O EREH bbb
BB~ v T e EEERIN O TR SR TE < 7o b 85 1020 m {3 THIEED A
WHERS TS Mk 5.

7. HR 4 R—k 5 FE (Figs. 1, 23)
7.1, BB - EEOHRER

BT M & AT Tl O G FoHERTZEm S MOm 7 Ik S < i3 545
FlE T, FORMEDMICEFEXvF52 2L h, HAREZOFMTH LT T2, £
D AFEOEFIMERMOGE, SHWIL ThI i 1~2m) JmeRZidTchh, %
T MoK IBIekT 5 X ) BB/ LEEH A DR, IHK, AREID2 L
HEFHEE D O RS ORI 2 bEohRHF D i > T m (Tl dm) 7
{ltoTuWb.

DR TORBEAERIT Fic g & Hio RV EHROTRE (FEX D 1m Eyv) s
Bos 20em PlEDEETO- Tk (Fig. 22), R CHERNO MKk TR
FTCEFOLLSERE TS ofc T ERFRL TV 5.

T REBRERY IHE T LEEI LB X 2~3m O CHOHRARR TH b AL
e EOHERFHEE L L g,

Fi, TOMMIOHBHOHER I, EENOREIUTREULIEH L Tu o
“HETRTRCE” OBINRADEMA, B ELRNSHITOTIC I~2 r NEG AN IR
RS ETRTVD., DI EnD, TORBIPHTORPTYH D & o FE~HEED
BHMBE T, FEIOEBROAN (DRFH) FTLLLIRTVDI Ehbnb.
7.2. BBEREHROLAFHERY

AT R o Ll o BIRHHEREY * — SRRl CEhe s 5 AT (e M)
NbBb. OHFHORIIETWDO T & Mis - T DA K WS ELEL
THD TERTH D, BHOECTD % oS i i~ b T 5 (Fig. 25). Z8d
FEETIE b HEERI D bRVCEBIRAY ST CER TR b AT E 5.
T b E0FEMEREL (1 1m) oW ClIHERH O B~ ORBRES T
»5 (Fig. 26). ZhbOME I OHEFEYIKITEE L CBH LEDN LR~ AT
HFWTHHZ EERL TS, oA O RBMCERR L EFL S
b L bhisv. R OBILIMILEOBRO T oY T 523, EHET




1984 FREFRFERBHLEIC (F 5 B R HE R

Fig. 26. The smooth surface (middle horizontal line) and vertical
size-grading of the c-facies debris flow deposits.
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Debris Avalanche Deposits of Ontake Volcano, Caused by the 1984
Western Nagano Prefecture Earthquake
—on the Debris-Spray Zone—

Tokihiko MATSUDA and Tomoo ARIYAMA

Earthquake Research Institute

A large debris avalanche, triggered by the Western Nagano Prefecture Earthquake of
September 14, 1984, occurred on the southern slope of Mt. Ontake, a 3063 m high voleano
in central Japan. The avalanche started from the slope, 2550 m~1900 m in elevation and
travelled about 12km down to Korigase, which is 950 m in elevation. The ratio of the
difference in elevation H to the travel distance L was about 0.13. The collapsed material
was reported to be about 8.6 X107 m? in volume, and the average velocity of the avalanche
about 80 km/h.

The debris avalanche was similar to the snow avalanche in mode of the movement: the
flow was “dry” and was accompanied with debris spray and strong wind. The debris
avalanche seraped the ground surface during the movement and added the surface material
inside.

The debris avalanche deposits include two facies, a and b. The a-facies is characterized
with banded surface structures composed mainly of varicolored pyroclastics and fragments
of lava which originated from the volcanic pile. The b-facies, on the contrary, has a more
uniform, brownish surface containg much seraped material such as blocks of soil and pieces
of timber as well as voleanic rock fragments similar to those in the a-facies. The a-facies
deposits are exposed mainly on the volcanic slopes, on which the debris avalanche over-
flowed from the nearby canyon. The b-facies deposits are distributed mainly in the canyon
in the middle and lower parts of the avalanche flow and are gradational laterally from
the a-facies or lay unconformably on it.

The banded surface pattern of the a-facies consists of linear arrangements of the same
colored debris which dropped from the larger sliding rock mass. The curved bands are
formed by basal topographic obstacles such as local topographical high and large debris of
an earlier arrival. Platy lava fragments in a linear band have an imbricated structure
in arrangement which indicates that the blocks rolled before settling.

The b-facies deposits have the following features in the transverse section, from the
upper slope to the valley bottom: i) debris-spray zone with wind, which is gradational
downward to debris slope, ii) debris levee or debris bench which covers a-facies deposits
or slope stripped by the preceding flows, iii) debris slope covered wholly with b-facies debris,
iv) secondary debris surface on the bottom of the canyon.

The debris-spray zones are developed widely on the slope near bends of the course of
the canyon along which main avalanche passed. In the debris-spray zone, debris are scat-
tered in the forest or overlie the toppled trees and mowed grass, sometimes with impact
craters on the ground, lodged stones on tree trunks, and detached branches on tall trees.
Topped and toppled trees and mowed grass covered with little debris in the debris-spray
zone suggest that the strong wind was accompanied with the debris spray. The direction
of the wind and debris spray was subparallel to that of the main avalanche flow in the
canyon.

The debris surface of the avalanche is very rugged due to individual debris blocks
resting on the general depositional surface. The debris cover the basal topography with
mantle bedding (parallel deposition to the slope) and sometimes rest on the larger blocks
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in the deposits. There is no graded bedding at least in the upper part of the deposits.
The debris levee has a steep outer slope abutting the valley slope with distinctive outer
margin. These features indicate that the avalanche was “dry”, that is, the interspace of.
blocks during the movement was not the water, but the air.

In the downstream canyon, the avalanche entered into the interior of the embankment
of the canyon wall along the contour line of the slope or flowed upstream into the tributary
from the valley junction. On the debris surface on the slopes and in the valley bottom,
secondary gravitational flow structures are well developed, such as downstream-facing ten-
sional scarps, compressional ropy ridges, and debris masses slid to the valley bottom from
the upper valley slope.

The high mobility like viscous fluid and “dry” nature of the avalanche flow were
retained even in the terminal area of deposition.

The avalanche was followed with a water-saturated debris flow, of which deposits (the
c-facies) have a flat depositional surface and the vertical size-grading. The origin of
the water was the ground water which came out from the canyon wall stripped by the
preceding avalanche.




