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Depositional Processes and Temporal Component-change of Lahar Deposits
at the Northern Foot of Chokai Volcano, NE Japan

Yusuke MINAMI*, Tsukasa Onpa™ *, Shintaro Hayasur™™* and Kyoko S. Kataoka™***

Chokai volcano is an andesitic stratovolcano in northeast Japan. The collapse of parts of the volcano occurred about
2500 years ago, and formed the Kisakata debris avalanche deposits. The post-2.5ka fan (partly volcaniclastic apron)
deposits are largely distributed in north to northwestern foot of the volcano. The fan deposits consist of several
lithological/sedimentological units, however, most of their geological, sedimentological, and geomorphic characteristics
have not been examined in previous studies. This paper, therefore, aims at understanding of geomorphology and
depositional processes of these lahar deposits and mineralogical component changes in relations with different sources.

Field survey in the upstream and observation of a trench in the downstream area revealed that the fan deposits
consist of more than 16 units, which are composed of debris flow, hyperconcentrated flow and streamflow facies; most
of them were deposited by lahar events. The lahar deposits have total thickness of 30 m, and overlie the Kisakata debris
avalanche deposit. In proximal areas (with steep to moderate slopes), lahars flowed down as debris flows. Whereas in
the distal area (with very gentle slopes), the lahars were transformed into hyperconcentrated flow and/or stream flows
commonly, although some of them reached to the distal area with a debris flow nature.

Clasts of the lahar deposits comprise altered and fresh andesites, mudstones and sandstones. Proportions of altered
andesite clasts to total clasts decrease upwards in stratigraphic sequences. Matrices of the lower eight units are
composed of grayish-blue clay and are different from those of the upper eight units, which are composed of brownish
yellow volcanic sand. The stratigraphic variation in the matrix component is consistent with the change in matrix
mineral assemblage, possibly reflecting changes in the source materials from Chokai volcano.
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1991 AEMELK ISRV IS AE L 72 T 7 — )L Tl 50,000 A A%k
# 172 (Vallance, 2000). I T Y ETDHRI/NE - F)b - )L
A Z KT 1985 4EIZFELE L 72 7 v — )L TLEy 25,000 A
DI, KEF 5000 SR S 7z (B - 1, 1986;
Vallance, 2000). 7 N\— VEELZERT 5720121F, &
DOHBER 3G, TEbea, FEAENN % BT 2 L D
b FOROMIIEAE LT N VR, FEHICHIZET
BT lud, KNP RO TEETH 5.

— A2 T N — OV HERE I X KL B TR IR HY (volcanic fan)
R LR TR TR M A B D 78 v L 8 BRI TR
(volcaniclastic apron; Smith, 1991) O —if % # K3 % (Lavigne
and Suwa, 2004; 5FJZ, 1974; Smith and Lowe, 1991; Suwa
and Okuda, 1983).  72Z D RERIZBLIR Tk O B FE
[ERIHEETH D 2 ED%\. DX EHDEN
KILTEE Y O T8 - HERE MR O @V LY 5. fEo T,
ZOHEFRE OB B & SRR T 52 L2k D
TNV OEY - HERDEBAE L F OB EHMTE L. F
7o, HEREWI ORI 2 5135 N — V&5 &R LKl
S w, 5Ain S LdF 5 E L7270 — Vo FEH
LA BOFNERHM Y ZNEIEH - FHlTE 5.

B kLoduE, ORI LR IR AL A
B IO B KU AL R I8 2 7R
Wy (BC466; JE4¥, 2001) & Z % BT 2 Bl E itk itk
FEWA S 70 B 2 EATRIR - A (1982) 12 & > THIS A1
SNTWD (Fig. 1). L L%ads, Zodf - HefiiEme
WZDWTRIR - il (1982) 13T M LT, —7, 15
KILTIE 1974 FORKIZPEN T N— VS5 ELTBY
(F4F - 2646, 1975), 7200 - oy ity ¥ —
(2006) 12 & B AE T, 122 I HFRMIX 7 & N34
Hls F IR (9 =) BELRET L EEELND 5
LENTWD. 2 TERWMLTIE, BilpXIIBIT%7
N=VIZHEH L, HIEBIE L A, KOS XRD & H
WA E IO &, S LAREE O KL R R M
MR AR O A, IR, EF, RS
2L, o - HERGRROME 2175 72

2. Fik

REBEREEA VT T (K, 1984) 55 B KLk
EOTEERIZ T TOHPIZ OV TR TAHE (7
TR S, B S ATIRAE) (T3 - A,
2007) % H\VCTHUES % 4T o 72 (Fig. 2, 3).

Meat & AT o 72 Huls & M OSBRI FE D & VR E s,
KNINERAR I, JEiviiisio> 3 Ml 4E L 72
72 KINEERIRHC B LT, i oMb & @akim o
PIGERHE I EE DN T & 512, AR, T E R
SRR, ERHIR O 4 IR L. b

S S VN N e

W BI S 2GRl 2 S5 2B L Cid 4 IR IS Tk
k5.

KILTERS IR 2 3453 % B 2 8555 7 #u i (Fig. 3 W
@ Loc. 1-7) S UHI 1 Hb5T (Loc. 8) Tk, HEFEW O
T, HRREER L2, BEOVZOCTHETO
PiH] (Loc. 8) I HIES Im FTANThRL Y F 2D, &
LIZZEIHLFHNY FaT7 T2 T15mDa7
AERIL, BISEITo7 BISCTIE, Fllm RHbIERE Y
DEMPB L OHEREM B 2 S, BERE, MRS, BT

WG, A2 CoRRIcES X, #Hil
R 2 BB o=y MZXS L, Oz
By A=y MEBEBCHIL LA F 7208 - R
MR BB ME T 572012, TIHREEICES XK
=v & 6 DOHEREAHIZTHEL 72

PR R HERE ) M OVGR 5 70 72 UHERE ) D B 12
EENDEWRBE IS 2T 5 7208 5E X A E
5E (XRD) 21T - 7z, I KR E R & R AT A
O X ArEtE () F 7 #H# Multiflex) % Fv7z. %
ARG TR L 72 s i skl 2 v 72 (FI9K, 2012).
CuBZk% Hv, IAEL, BIiLE 24121 30kV, 16mA
& L7z FEAHPHIL 20=2°75 40°% L, 0.25° /min D&
ETELLL. 12°—40°20 DO Y — 7 DI85 —
o, BHER, AGE, SMu 7494, A, A A
D U EESE L7, 14-15A 1Y — 2 &2 b oFEHI D
Wik, TF L) a—- VIl E{To7 FL YT
VI — VI RICE — o MR E) L 2B A
A7 54 D, BEIL Do 2 HIGRRAOEF %
Bl WESNE =270 BEREWMORKE—27 D
s EalicElt 2 e L.

3. BiALOEHRE

SRR (LA 39° 057577, HURE 140° 02 567) (T HTIL
ARSI A& 5 2 BE KILTH Y (Fig. 1), B
WL E VRO DO XIIEN L% 5. IS
WELILTAOII (B 2236m) Thb. HEELIC I,
ITEAS 2 5 ALH TN B < RISIEEEIE V7 533
5.

B L oEa, e sEs, A7—Y1 -1 -
Mo 3T S s (B, 1984). FEMEKILO LKL
27—V SN2 EZE5NTWS (Fk 1984,
- 472 1992). A7 — VIMICIEREESEEL S VS
P E N, ZHECREBEB RPN EE L. £
OAEMRIZEE LRSS BCdeo L RfEb 5 T2 Of
5, 2001). RIBEB R NHERDIZ, BilEALALED S
LFE AN IL DS % I ICIA A3 % (Bk, 1984; #k - 52
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Chokai volcano

Geological map of northern foot of Chokai volcano after Ohsawa et al. (1982).

Fig. 1.
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Fig. 2. Red relief image maps (produced by Asia Air Survey Co., Ltd. and courtesy by Shinjo Office of River, Tohoku
Regional Bureau, MLIT) showing characteristics of landforms of lava flows, volcanic fan, and hummocky hills. (A) The
boundary between the surface of the volcanic fan and the northern lava surface is not clear, whereas the western lava
lobe exhibits a well-developed side cliff. (B) In steeply sloping area, gullies are well developed. (C) In moderately
sloping area, lobe-like structures and gullies are present. (D) Lobe-like structures and side cliffs are not conspicuous in
the gently sloping area. (E) Very gently sloping area.
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Fig. 2. Continued.

R, AL bR 3 MRS X5 T & % (Fig. 3).
UTFZNZNORBICOWTRER T 5.
4-1 BEHIE

B I,

e Ub, EER, SIRRER Lo

R 22 AR L o ThHO bR TH 5. &
o E L2 5 A5 R AR 9km, RPEIZHY 3.5km, [
F&22.7km*> OFIFHTH 5. IF 200m FJE, FHESH
700m FEEE, O 20-50m DEEFHO T — 7RO S
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Mﬂ] Volcanic fan . #
(steeply sloping area: >5° ) Shishigabana Marshland

Volcanic fan
(moderately sloping area: 3~5° )
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1 (gently sloping area: 2~3° ) Pakajimadai
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(very gently sloping area: <2° )
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Fig. 3. Geomorphological map of northern foot of Chokai volcano. Numbers (Loc. 1-7) indicate locations of the observed
outcrops/trenches in this study. The geomorphological classification is based on the Red Relief Image Map of Chokai
volcano. The topographic relief map is created with Kasimir3D (Sugimoto, 2012) from the 10 m-mesh DEM data
provided by the Geospatial Information Authority of Japan.

% (Fig. 2). KRR & 50 TH 5. T FROT
TEAMEIOBER 1000m 75 800m i TIXAES K 1km OMIETIZES Ub, WAEENOHK 2 ESTR
U—7 bt u—7OMIFHE2SEEL, Zomiddio 0 — 7 B L E R AR E AN 12 &2 LT 5 (Fig.
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Fig. 4. Outcrop photo (above) and sketch (below) of section of a lobe in areas with moderate slope. The lobe consists of
rounded andesitic clast with sandy matrix (facies Bs). This lobe is 1.6 m in height and 14.4 m in width. Outcrop location

is shown in Fig. 2 (C).

2A).

42 RILER KR

KIEDOHEE 540 5 L MHEIEOERE L O %725
WIS L - THEMOT S, HWIER LTl
ROEEANER & 2 2 e L7z, KRR D s
FHBEEE (BEE 800m) 25 RO E TOH
EJHACIS AT 5 (Fig. 3). HIEME#E S, 1) S
FHblE (REESCH ) —25E L, FHEFED -7,
2) ESHbIR (20— 7255 E L, FIEFED
3-4°), 3) FRAEEHbI ORI 72 0 — 77 & ) —H35865%E L
SEERNE DS 2-3° O M), 4) MEEHE (0 — T ReA
) =7 OISR ST, FIEFHE DY 2°DUT),
D AWIFIIX G TE S, 22 TOFEpHE L, @
FiH) 1km 729 OFEHRTH 5.

VBRI N FE AT & O S TR s B E
THAT 5. EAENNFEEI U TR 0 OIE 5K
50m EIRDIEFD, AT LGRS PRSI TRA
1200m F THEASIAA A, HIEZHIERKIZE A, §E 10m
D) — 2MAF S NG - TR -F RO I 5 5%
3% (Fig.2B). K LM<, 1§ 50-100m £, &
E500m LLF, HEH 10m OB Z 0 — 7R AL
T-F A A TEET 5.

ARSI ) i B R B & O A AR
BIATE B, B 50-160m FEEE, £ 500m DT, L&
10m DUF /MR 0 — 7IRHIE & 7)) — 231 ©
&% (Fig. 2C, 4).

MBS P ESH IR O SR, S d iR AR R
25 /NSRS AT B, R D S R L
WAOBEREOETHBNTH L. v— TIRIIE K

H) = DFET DAY, RIS RS LR T A
% (Fig. 2D). U — 7IRIIZILNE 10m LLF, i 5m DL
T, dEgHR o Z 1 (17 50-160m) 12 AN T
5. EREN T O — 7 ORBENEEITET S,
AR IS E S A S g TS
L. KHARTHAIEL G4 LTHB Y, BMHEob Lotk
BUILAE E N TV D (Fig. 2E). MEFHIS O 546 1L
oAl k& SIS G . N L R EEIAR
WIS ASERZ AT 5. ATV, BRI T8
B M3 % Al oo [ 1 Hegersdige L 7255 IR e
OB A L, SR & S LG UL & D 4
br s, ALl OB 2O CRERICOMAT 5.

4-3 Rhiliis

SEHTE 2P F AR 22N e (JEES 100m PLT) B
PSFRD H IS M, (Ui et al., 2000) %, ARIFZEOTLALILIHL
Bl U7z, A R B -4l Mg B OVEIR N 31 2
AATY B A A TRV O B NI A A5 E
L, A K e 0k i M dst o0 S AH T A LSRR AE T A
F1E5 VG J5 O = [l -4 1 Hulsl © 3 P TH O 582 X BRE R
T, HEOmNILNERE L, ZORICIZFIHHATED &
Nz,

5. RILBERRMZBR T 2HED

5-1 FEBRRMHEED LU FTEORELELY
KINE TR IR F I R IR AR (RIR - i, 1982)
57 L&) ME SRR O HE U C B 2 b OK
. 1928) B OEHHOMBEE THBIHE (=14
1938), B KIND A5 — 1 OHEFEW T 5 K
Wi HEREY (R, 1984), B X UREAEIE %= 2N
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(BC466; JE48, 2001) #3:fx Ll 3% (Fig. 5).

HE AR (bR, 1984) (& F2IA BIEYK
RSP S0, AHIHTIZ 4m LLEDBIET, Loc. 3,
SICHELT 2. HERWNE B S T S A, MR o
RS TR AL, REIEERRLC X ket
AT PEHEICHIRT 2 R E O PR S B s e LT
Gh. HENKVmMERY S0 B2 EEkET 2
(Loc. 3).

SE BB ZNHREY ORIR - A, 1982) 13 500AH &
EMD S % 5. AT I E LA D 5
V), LAY A EEIC L A SN (Loc. 1, 2),
BEAI I RIS HBIKABE S, D 2 5. RIEEB %
PENHEREY I B LAL T O E TR AT A
PEHBICHRT 2k ib s 7o v 7 s 12 h
e B FIKBHRRD S 70y 7 % &k, IR L OB
G CIEHIR 22 B B 2R 3. AHERE 3 1 1T
FHERE D RBAL AT 5 (FR, 1984).

52 FEIRRKHHETEY

5-2-1 FHBRMHEEYOHBREX 5

KINER IR & HERL S 2 R 2 50 L, ZORRIC
oW TH O =y MZXSG L7z (Table 1). & DOFFY%
75 6 DOHEFEH A, B, C, D, E, VA IZIX45 L7z (Table
2). DN ZNZN ORI EERIZOWTHRS

5-2-1-1 HEFEMH A

SRR HERTM A 1ZBIE 0.5m A5 2m TR, ik
SRR TH ), RS ISE L RSk
WEVEEST 6N, MBS LI LIEE Im 2l
ZOEINHEEMES RS 5. oM ERTLO
O HEES LOBRBIZEE CHR-EINTBY), a— X7 —
WABAL 1 ERALAT—EECTRD SN D, FrE 2 ILEED
137, HIKOPSIKHBOLE L72ZIIERE, BLOR
EREA G, BRI TR L, 2o R |2
TCEINS 2. F 7R R O G ORI & ) AR
X, E512Am (JBE) & As (WE) 125 ons.
Am (3R 6 B F T4 RREOR T 2 SRR S
n, EEEIE PRI E T Bl IS D 7%
TH L2 a2 &, — RN As 13 Am 12
AR ZIE#EE S &, MR 5 Bl S %
D, RIS AT AT S

SRR ATRIRT, BIK, WABR 2 HEREREE 558 L e v
&) R IHERE W L8 C ORI X B 3 BIER A
BT, WEDPEEN (enmasse) \ZEEL/2Z & 2RT.
EHICHERWICIIE Im 2 BALEMPLEEN, HE
R % IR L 22 s IS W T AV F — %A LT
TR EDVRIBEND. ZO LD HERWISERIZBIT S
THEBICE VIR SN2 EZ 5N 5 (Shultz, 1984;

Smith and Lowe, 1991; Sohn et al., 1999).

5-2-1-2 HEFEME B

FOE: HEREAM B IXEIE 0.2m 205 8m THLIK, Ak
LHEEL R TH L, BE Im 2B RIS EE B
L ETN, BEBIZEE CHESIND, HifEeZl
FREEIC, HIKO SIKABOEE L2 RILERE, B
L ORAEEE T e, BT IR ER L, SIS REDS
PRl 2 AH 5. —iCa— A7 — VildbiE 2 7R
3. B ORI L) HEFEARIL Bm (RE) & Bs (WH)
LT NG, HEFEAH Bm OB EICHFIRKEOR T
o), HEFEM Bs O F BB oKL 26 7% 5
(Fig. 4).

FEFR: HEREAN B IZHERSH] A & FIARIRIIK TR, B
W HERHE D E L 2w LI L Vo S, +
AWICE DI SN/ LE 2 5D (Shultz, 1984; Smith
and Lowe, 1991; Sohn ez al., 1999). 4FIZ3EREH Bm 12720
SN B RERE RO EIE, MALOWETOIE Y
WEZDBEOLFENTH ) (Lowe, 1982), 2R
WIS B EE, WRE L2 EARET 5.

5-2-1-3 HEREHE C

FUEK: HEAEA C IZFEE 0.23m 205 4.5m CTAIHEE 72 g
HEETINRRGEELFEBTH D), BIZMEES
B 5. B IR L, FIKEDOEE L%
IEHE, BIOTREHEEEED . P~ S 2 20k
& HMURIRD ~ U b 20 6 72 2 HURLERA5Y < KO 3
. —EBCAREAE 72 AT v LA OFRTEH - e %
AT BIAMYICR & R BB (0.52m) AAEFTNDL LN
5. BEOEEIZEIIZFATICRIN ST 5. HREMEC
W EICHERH A, B O EALICENA LB ED L. FRE
NOHAEL & MR OE S0k 2-20em FEEECTH 1), Hefk
MR R A RIS B SRR C & v, AR E ORERL
YOI X 0 HEREH Ccm (RE) & cs (BE) &%
T oND. MM Cm OIEBIEEICHFIKEOR 205 2
0, —h, R Cs O ZFTFEBLONKILL 2572 5.

JRR: B R OMEREA 2R L, HEREAH 2R 0 55
AT, NI 2 AT - BHEAREET S L) 4
BUTE AN EE R S S L DR LR ey,
Smith (1986), Smith and Lowe (1991) DFE#k L 72774 73—
ar+t LA 7 v Fift (hyperconcentrated flow: HCF)
HERY OREB L —5 T 5. AT T 5%ty PATH
WAL RO b Y, FINLOBEFRICEA
MBERDEAE L e T &, B 2 5 A B O RE g B R
TTIRBEDSZRD SN S L 1d, BEERC X 58T
B EZT DL, BRIGEREE L2 L EoRE
5. HERWIZIZE S0em 2B 2 AEBSE TN, Wl
RN ITANF—Z2FL T2 &2 WiESL. T aiiE
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Table 2.

O KM R AR ERER - AT

Sedimentary facies descriptions and interpretations for volcaniclastic sediments in the study area.

Facies code

Description

Interpretation

Diamictite
Am

Bm

Sand

Mud
E
Volcanic Ash
VA

Massive, very poorly sorted, partly graded, and clast-supported with polymictic clasts
dominated by subrounded to rounded volcanic clasts. Matrix is muddy. Preferred clast
orientations are present.

Massive, very poorly sorted, partly graded, and clast-supported with polymictic clasts
dominated by subrounded to rounded volcanic clasts. Matrix is sandy. Preferred clast
orientations are present.

Massive, very poorly sorted, and matrix-supported with polymictic clasts dominated by
subrounded to rounded volcanic clasts. Matrix is muddy. Some layers exhibit coarse-tail
normal/inverse grading. Most clasts are oriented.

Massive, very poorly sorted, and matrix-supported with polymictic clasts dominated by
subrounded to rounded volcanic clasts. Matrix is sandy. Some layers exhibit coarse-tail
normal/inverse grading. Most clasts are oriented.

Massive to diffusely laminated, poorly sorted and matrix-supported with

polymictic clasts dominated by subrounded to rounded volcanic rocks. Matrix is muddy.
The clasts are randomly distributed in the sandy matrix except for some clast-concentrated
lenticular layers. Clasts smaller than lcm account for about 10% of the deposits.
Maximum clast size is about 2m.

Massive to diffusely laminated, poorly sorted and matrix-supported with

polymictic clasts dominated by subrounded to rounded volcanic rocks. Matrix is sandy. The
clasts are randomly distributed in the sandy matrix except for some clast-concentrated
lenticular layers. Clasts smaller than lcm account for about 10% of the deposits.
Maximum clast size is about 2m.

Parallelcross laminated, sorted and partly graded. Containing volcanic clasts, which are
smaller than 20cm and account for about 5% of the deposit. Preferred clast orientations
are present.

Massive and poorly sorted dark brown clay-silt with abundant plant material

Well sorted, showing normal grading and mantle bedding.

Debris flow

Debris flow

Debris flow

Debris flow

Hyperconcentrated flow

Hyperconcentrated flow

Streamflow

Suspension

Pyroclastic fall

FEtiTH 5 A, B O EALIZ HCF ARET 5 BRIE, Wi
73 Sohn et al. (1999) % Kataoka and Nakajo (2004) THii5
SN TWBERIZ, RO ZBEA HCF T - 721 fE
HEEIRT.

5-2-1-4 HEFEFE D

FoEk: HEFEAI D IZBIE 5em 205 50em T, B 4
17 - FIRERF BRI 2 RS ETH Y
I 10em FRE OB A &, HEREH A, B, C IZIE~E
TRV, B X CHBESRZZINERETH L. RIS
BEIIRE % AR ICAE LT 575, Wil b o) sy
B WEIIMR 2B EOBR R AT 7, KLF S

A, BLURENZ EOBEREE S SRS L. EE
Dty P NTIEMUREEASEET 5. LIRS H 2 ek

(HEREHH E) ISBRFE L CRET 5 2 & 954 < (Fig. 5; Loc. 7),
TALE &R R AR AR

B 3 As B, AR 22 PAT - RIS ENTEET S
S EMS, RFIIR TR O T AL S K LS
Lo Tkl Hefik L7 2 EAYRIEZE NS (Smith and Lowe,
1991). HEREAH D 13 48 O BARHERE BREE %2 /R 3 3HEREAH E
HIEELTHET A ENLVn b Y, HEEMHE 213

FLBES 2 HERH D IEFEERSE T~ A4 XY P %
WomAZRT. SEERROEE DS, RUEREFIE R
WCHLE L 72T = WAL HmME R0 b, ilEH
5t L 723 J115E (Dilute streamflow; Smith and Lowe, 1991;
Vallance, 2000) (ZHR T2 & E 2 515,

5-2-1-5 HFEMEE

RUAR: HEREAH EWXE)E Tem A5 60 cm CHLIR M fE B
BB TH L. bAERTMOELR WA L ERT
513, "R 2em BEORFPFIEILIIETITNS. £
ToRbH Sy FIRICE TN A,

FERL: MR CHUREERGEECH 0, HH 2% < FEHT
LI EMD, INHITEHTED S OR T O RIE
L, WEmia s T CHRE L 72 IR E B

5-2-1-6 HEREAH VA

SO HEREAR VA 122V b -HIKLES 4 X Dtk
WK TH 0, BIEIXK 2cm TH A, BHEZR IERILDS
RO LI, SRIE R, R L 72 L T
W, M4 Ao 23 ) 7, KIWATIATHAH, BT
OWRWEEEE I~ PV T4 v %R, 72
T E B A RN AR, B, ARHERMIZAE



S RINALTENZ 370§ B 7 N — VHERE ) 058 - HERR AR & R i B oD IRe A2 AL 13

TR O BER IR T O AR E NS (Loc. 7, 8).
TR HERAH VA OB SR 1Y 70 [ T K O HF
(Cas & Wright, 1987; Walker, 1971) T&» 5.

5-2-2 EHSROHEEH OIS

F R AR MERR ) O MERANL, HIIC L o THER 2
DUF CIE &I 351 2 HEFAH ORI D W Tk R 5.
SUEFHIS S R EF IS (PRS- Tl Loc.
2-4, 6 \ZHINRARHER Y A BRI 5. SR s o —
5 (Loc. 5) TIEAMEREW IIMFR TS, HBENR (HE
W9 5. LT o P AR R (L HEREAE Am, As,
Bm, Bs, Cm, Cs 5 7% % 16 D1 =v b (FHL LD
NDI-16) THi &N 5. &RDOEFILH 30m TH 5
TR L= > b NDI-8 [ZHEFEH Am, Bm, Cm 7S5
L, Wi EICE e AT 5

R (ZF o2 5ifFE) T, Loc. 7,
8 THIBLR KR A HERR S 72, Loc. 7 TlE 3 DD
FlE GEAEHIE) 2 9AET % 4 BOWE (HEREH D) 2%9%
a7z (FALEL Y, KDI-7). Jellah~R7z B & 13
%0, ZoOMISICIIHERM A, BIZEBL 2V, 2%
=y FOREEE TR LD Y (Fig. 5). BUEOHSE]
DFEHED 5 HIZ 20m BEIL7Z Loc. 8 TIX 5 DD1= v |k
RO LI (FALL Y, MMI-5), % FALIEHERTH Bs 7°
o, Z O EAIIHERA VA & 2N E AT 5 HEREAH Cs
DHERE S 7.

5-2-3 RIBBEEEZhHEBEBYROHERRMHEEY

DOEEDERILY

R IRMERR D ORI B L 2D T H D5
EEE 7 ENHEREY) O XRD AT % 7R3 (Table 3).
TR IR R X NDS 2 &, &R CTRERDOE
AHRRDOENGL. FHEALHTEMOSAITT 454+
HA Y N, RRRA, AXA 254N OmELRL L
NDI1-8 TILHi W A% {, ND9-16 TIEFEHDZE <
G FENDH. NDI-8 Tld BB T ERHEAICHT 28T
YOG E. AEIENDL 2,8 /Sf a7 1451 b
IZND4,5,6,8, 714" YEiIEND2,3,4,6,8, AXT%
A MEIND2, 3,5 8ICZNZETNiED LIS, NDS T
B, oMM Oa 74548, AF)VHEW, AX254 %
FTRCEAL, THoEFEb LN

SEEE R 2R, RO A A Y E, A
A2 54 bEED., FIRADEPRLE L, RWTHF
VUM, AAZ YA FREEEICED

6. E %=

6-1 FEARRMHEBY OER - HiEETE

AR IRAHERE Y o 8 D OREREHIIE T AT B L U
A8 —=a vty b AT v N (HCF) O X9 %E2M7%

Table 3. Identified mineral assemblages (using XRD)
from the Kisakata debris avalanche deposit (KDAD)
and Shirayukigawa lahar deposit. Abbreviations are:
pl: plagioclase; gyp: gypsum; prl: pyrophyllite; kao:
kaolin-group mineral; chl: chlorite; srp: serpentine.
Symbols indicate X-ray peak intensities: ***: intense ;
**: moderate; *: weak; —: faint.

Layer pl gyp prl kao srp chl smect
KDAD kK *% *%k
ND1 * *k *k -
ND2 * *k * *k *
ND3 *k *% *k *k

ND4 - * *% *k
ND5 - *% *%k *
NDG * *% *% *%k
ND7 - *
ND8 *k *kk *% *kk
ND9  ***
N D1 0 *k *k *
ND11  **
N D 1 2 *k * *%
N D1 3 *kk *%
ND14  **
N D1 5 kK *%
ND16  ** *

B - EE 2 R T HEREA (Am, As, Bm, Bs, Cm, Cs) & §i
TAARE SN2 AR A 0 8 - 2 1B &R HEREAH
(D, E) KT AHZ ENTES.

HeFEH Am, As, Bm, Bs, Cm, Cs Z & e 1= v ME, K
B 20 HRERE S AL, BT 5 2 &
5Y, R IIIEORIRHBERY Clak {, I —
WX BHERE E £ 2 SN D, FHERA D IdEH O
AHEREVE Cld 7 <, HERRAH A, B, C ZTER L 725 /v —
W B, FHYL L 7z & TRk L 72 i REME ARG
2 ML % (Pierson and Scott, 1985; Sohn, 1999; Vallance,
2000). Z D70 ARZETIEHEREM A, B, C, D & & &l
ez I — VHER L BE L, DB INnS ot
fEE E, BAENT = VHER &R %,

62 BZJIZN—IVHEBYOR T &1 & DX

KINERFIRIBOERE D &2 X5 S D 4 Hild (Fig.
3) ISHHE L CRBIN 2RISR o s, 2Fh, &
MR I 2 & A AR IS Gl A T HERE W AT R L
(ND4, ND5, ND8, ND12), a5} #1301 HEAR W A%
EOY A (KDL, 3, 7). —Mic A e R 2 L &
I 5 0 — 7RI TET 5 (44, 1977; Suwa and
Okuda, 1983 72 &), F 72 ARWIZEIZ BT b SMER HE &
FRE RIS Z A S5 T — TIRHIE % Y3 5 @B C L
T RFHEREY SR S (Fig 4). HE- T, 26D



14 [ PN

B & P EAHLI 1 A S N B T — TR T T o MR
AL CWL ERTE L. TREOMEIOZDIZ
13 FDORERREZ ER D8 AMICHPLETHY), Th
RN ORI D 5. — R, RO 3-5° &
DINE L 7 D LY 2 HERE L2 < A D kg @IS
& % (Mizuyama, 1981). — 75 CABIZEHIE TIL 2°LL T D
TEFHE 2 B O MIER M C b FIMY L A HERH 25
RENz WICKRHELR TAIE12°TLHRTLY %
CEPHRE SN TBY (Lopez et al., 2003; Pierson, 1995),
MBS UK TR0 SN 5 ERHEREAIE Z 0 & 9 kIR
BECHERBOR W ARZRIET 2. MER IR C 1
HE N T 2N — v HERE ) O Kb AR 00 ) i HEREAH %2 7R 3
TSR % 726 L728Ritid = 2 — b Y iRk
#9720 (Lowe, 1979; Lowe, 1982; /UK, 2011), -4
TLOD X9 BERIRE & FFOTAUIIART, XD FRICH
TL, ZONREW L) PN 2 TR L7z &% 2
5N5.

Z O &I EHEKILIEEE O IR & WA 2 HER &
Kilid 6 O FEERL WIS U CEIbT 5 2 & S HET
X, ENHEITIN—NVAXRY MBI LRNOEE L%
BlcMbas, ol ki, 4B KLILE T BC466
PARE ISR L 22 e KB D T N — U hs5stE L7234, +
AT R CREFRELLICERE L 9 %75, HCF I iE
TN DA P 72 035 e K CTFREA O & ) @k
WCEET WM H L 2 L H BT 5.

6-3 RIRMEOHEZEL

HEN T N= VRO S 5, THHEO 8§ L=v b
(ND1-8) O FEE IR IcE AR, EFEo8g1=>v b
(ND9-16) DHEEHBIZIZE L. NDI-8 DOHE H I
RERICHR ST 2R L8 CHE, SMa7474 b
HA) LW, ARXAZE A M) BEEL, NDI-16 DIEH
RIS HERT A FHEAOEGDSH W (Table3). 20
Z LIZNDS 725 ND9 OIS, ZEW»HREEDKIL
g~ L, (W EIE LI L 2R LTV A,

F72, AT — VHERE) & R G 7% 72 R Y
28 F N D BORE B SN S e IR FE & R S AR
F.ORERMEERTHEMICERTH L, AXT 54 ME
Wiz RL, A0 74 94 b, A EERERT
BOKTEOMMEEICEH T 2L, M u74 548, 7
TV HWNEEERAE R L, HLTAAZ S A M, k&
A 2SR S P2 7R, RIS SRR & R 3 SR A
AADEITHE KINPNERIZ38E T 5 (Silitoe, 1973). H
TR CTZD &9 % feth2imz 3 ok B Xilo Lk
WESD AT Y, BOKZEEHYNE SRR O B
ZEICHET 2 L MBCE 5. —BISIENEIC IR
BEG AT, GRS L2 2 g 2 LAY S uCn

S S VNN e

L7z (BIZ0E, &, 1983), AT T N — VR &
UGG 70 72 NHER b O BOR S E S 2 IR N O £ k%
BWHNCHRT A 2 E 2 5N 5. WKNH OBk ZE By
P HHEAFN T N — WHERRYANBOKE G S 725 S
LEREL LC, D) IR £ Y B L2 Lk
T4, b LI 2) RELKM KIS X ) BIZEE O
HL 75 NS (K-, 2012) ZEEZHNS.
Lo L, AR 3B1T 2 i ol 1 E 3R 5 T IR
HThHD.

HENZ = VHERE Y O 5 (ND9-16) TIE T 50
(ND1-8) & IAREHDKINEBWOE G &, D
e, IR L D B LB EE ISR T L L E
Z BN D BOKEE I OBAGEDSRE R OfEE & & IR
DU, Pl A Bk O W AR BN L 7 & R
T& 5. —JF, Bi#EKILTIE BC466 (B4, 2001) ol
ENGiE DR & S UGN/ d VNN D Siwi
BITL WD (R - ib, 2012). BOKZEEEWHKIER,
AL b7-63NeT00061F AFIT -
IVIHER T D2 B O & A m AL R TR & 7 B Sl
KILD BRI G OVRE DR R, ¥ 7 VK OF IS
IR 5D LRIRTE 5.

7. #%5 Bl

B K ILILHE TR 2.5ka (12384 L 72 1IAR BRI DITR 12
KB FN— VDG L2 S S e o 72 2
DI N=VHEREWIZ 16 B L=y b5, h
BEEmE (B 800m f31) 5 FHR-IFHOWE=#E E T
AT B KINEERR IR H oo 2GR, P giit s, of
B AT 5. TN — VIHEFRY O HEREAE & HIE 0O
L IR IBRIAR DS TR S, SdES S K O E & b
WL R GEHERGA, DR s T R S B g
L. KINERRBO K HIE OGS E, FHN—)LD
RFEREEZ THET 5 &, BAE LOMBRRD, X
D AL 70T O REE CHIRE B oM £ TEIES %
THREMEA D % .

T N— VHEREWSHERE ) O T 258 & LB CIE o
WA ZEACT . FER 8 Rl BOKZE R ISk 2k
TICE A, PREHSEIIKNEICHRT2WICED. 2
DR OZALIZLLT O 2 DDA Y 322, 1) ik
B L T L 22w IS L, B o bk
R B ORBEEAN IS T 5. 2) KEZTEAKIC LY H
WL o b6 s, o2 bidmE Y
DZALZ BT 5.

8. i
AWFFEIL R — 3 H OFRKH R L& IR BT 55



S RINALTENZ 370§ B 7 N — VHERE ) 058 - HERR AT & R R B oD IRe A2 AL 15

FAAERE S L LR REE ) — T vy Tu s g A
2B B ERFARE e —B L L CfThbihvz, ELR
S 5 IR 1 D0 ST AT V2 VAR e ST A b X o) fif T 2 0
nrzinie, AUIROHHIREZ T 51272, /A
AN, RKHNT I EE S T I XA O RF ] & TH 72
F o EERI N ) BRI CIE MR SR 12 I3
THERETAV . FKHARFSIFIEHIZIIE XRD A IC
W7D HEF 2 [>TV, XRDMEIZHE L TH
JER I, (DN TIRICHIE O#iBI % L CTEW /2. 755t
B OPERERER,  EEEL R ORE T B OIBERHE A
WLof2 THEICL DARERE (dtsniz M
FOF2NECEH L ET. FRARWZRICY Y
B K 57 AR B2 GF e A RSB, RE S0 gR B B &
(21510186) D—# & fHiH L 7z.

51 A X #

Cas R.A.F. and Wright J.V. (1987) Volcanic successions:
modern and ancient. Allen & Unwin, London. 528 p.

FHGERL - SRS - TARFEE (2007) MR ERBLF L0
FIRE LR R, M, 45, 27-36.

MAZACHR (1984) Bl KILO ML, S8, 79, 249-265

MAZRAR - FHEIE (1993) Bl KILDO N — F< v 7.
SCERE AT IR A B AR SCER ISR, FHEREgE [l
GoE OB & (REE R ER 5 E
251-262.

SRR (1977) EHTE, HEIEHR S O TARME I
WoFE 75 B B O IEIR I B9 2 BE SR (1) PR
EPLFHAPAONLBIGR. ILHHME. 18, 89-106.

Kataoka, K. and Nakajo, T. (2004) Flow transformation and
depositional organization of debris flow-hyperconcentrated
flow- streamflow spectrum in volcanic fan-delta setting:
The Pleistocene Lower and Middle Formations, Yachiho
Group, central Japan. HEFG7F%E, 59, 17-26.

TEETTRES (1977) B ilALPE i, REBIER O 545 & T
BAERIZOWT, BRI, 26, 10-14

HNE T AHR (1978) FKHIE 0> 55 DU g o0 1C 4EA% & S is e
I 2WC, AR, 3, 56-63.

[ el - TP - LSS s PR TLEEETG (1986)
BRI T Y ETERNE, T, VA AKX 1985 4
MK e KEICE T 5 R AWITE. SCE A R TR
(N0.60020050) FI #% S 545 HI T 78 22 58 5 EWF 72 Bl A
No. B-60-7.

SIEUETE] (1983) UGS MUl 12 350 2 MBS BT &
BOIKGR. HEL, 78, 479-490.

Lavigne, F. and Suwa, H. (2004) Contrasts between debris
flows, hyperconcentrated flows and stream flows at a
channel of Mount Semeru, East Java, Indonesia. Geomor-
phology, 61, 41-58.

Lopez, J.L., Perez, D., and Garcia, R. (2003) Hydrologic and
geomorphological evaluation of the 1999 debris flow event
in Venezuela. In: Proceedings of the Third International
Conference on Debris Flow Hazard Mitigation: Mechanics,
Prediction, and Assessment, Davos, Swizerland (Rickenmann,

D., Chen, C.-L. Eds.), 989-1000.

Lowe, D.R. (1979) Sediment gravity flows: their classification
and some problems of application to natural flows and
deposits. In: Geology of Continental Slopes (Doyle, L.J. and
Pilkey, O.H., Jr., eds.), SEPM Special Publication, no.27,
75-82.

Lowe, D.R. (1982) Sediment gravity flows: II. Depositional
models with special reference to the deposits of high-
density turbidity currents. J. Sediment. Petrol., 52, 279-297.

= AATE (1938) BHREATR BRI (O H AR I H 28
SEHER) HIERMER, FHUE. WEFRAR, 73p.

A (2001) FlEAE L ALY, HARDIES, 421,
98 p.

Mizuyama, T. (1981) An intermediate phenomenon between
debris flow and bed load transport. Erosion and Sediment
Transport in Pacific Rim Steeplands. International Associa-
tion of Hydrological Sciences, Christchurch, New Zealand,
212-224.

SPEE DV ME (1974) KILTE RS IR H & B8 e < 8 £ R e
bk B KB IE LS, 8, 107-126

HE fR - BB (1992) KL R OSWKGH Hbdd oo b
I E R SE T (5 0o 1 [IE), fEFEA, 138p.

Ky | - MRAGRER - #F HERE - ik B - BSTR -
BARELE - HARATET (2012) FRIT 4500 4R O B ik
L DR G By HERE ) |2 PR A7 S 72 KUK o i
#r—. Kili, 57, 65-76.

AT (1928) A E A BERE (18). K, 9, 303-310.

KR B -l B - R)IE— - LREE - kL -
HHBLRDL (1982) GBSO HE (MM HRO—, )k
Brad). MsEmieisE 5550 1 KiE), #H
BAERT, 73p.

Pierson, T.C. (1995) Flow characteristics of large eruption-
triggered debris flow at snow-clad volcanoes: constraints
for debris-flow models. J. Volcanol. Geotherm. Res., 66,
283-294.

Pierson, T.C. and Scott, K.M. (1985) Downstream dilution of
a lahar: transition from debris flow to hyperconcentrated
streamflow. Water Resour. Res., 21, 1511-1524.

WP - #5 < 0) Feffi+ > & — (2006) WEAKILIKLBE S~
7 S AT

Schmincke H.-U. (2004) Volcanism, Springer, 324 p.

Shultz, W. A. (1984) Subaerial debris-flow deposition in the
upper Paleozoic Cutler formation, western Colorado. J.
Sediment. Petrol., 54, 3, 759-772.

Sillitoe, R.H. (1973) The tops and bottoms of porphyry copper
deposits. Econ. Geol., 68, 799-815.

FIRGME (2012) it ais: GHrdehil) —hh B2 o 25
—. WIEHEIE, 185p.

Smith, G.A. (1986) Coarse-grained nonmarine volcaniclastic
sediment: terminology and depositional process. Geol. Soc.
Am. Bull., 97, 1-10.

Smith, G. A. (1991) Facies sequences and geometries in
continental volcaniclastic sediments. SEPM Spec. Publ., 45,
109-121.

Smith, G.A. and Fritz, W.J. (1989) Volcanic influences on
terrestrial sedimentation. Geology, 17, 375-376.

Smith, G. A. and Lowe, D.R. (1991) Lahars: volcano-



16 MO K T
hydrologic events and deposition in the debris flow-
hyperconcentrated -flow continuum. SEPM Spec. Publ., 45,
59-70.

Sohn, Y.K., Rhee, C. W. and Kim, B.C. (1999) Debris flow
and hyperconcentrated flood-flow deposits in an alluvial
fan, northwestern part of the Cretaceous Yongdong basin,
central Korea. J. Geol., 107, 111-132.

Suwa, H. and Okuda, S. (1983) Deposition of debris flows on
a fan surface, Mt. Yakedake, Japan. Zeitschrift fiir Geomor-
phologie NF Supplementband, 46, 79-101.

FILIE - SEAEH— (1975) gL 1974 4E 0 KILTH B,
Kl 20, 51-64.

FIRBIE - AR - RS - HEANE (1986) ik

S HR ERER - PR

I EEHE. SCERE R ZE R B IR ICERBIMEZE, Bt
WFSE [ D S i (KRR SE) %
PEESE] (RFEE RBERE) #05%, 201211

Ui, T., Takarada, S. and Yoshimoto, M. (2000) Debris ava-
lanches. In: Encyclopedia of Volcanoes (Sigurdsson et al.
Eds), Academic Press, 617-625.

Vallance, W.J. (2000) Lahars. In: Encyclopedia of Volcanoes
(Sigurdsson et al. Eds), Academic Press, 601-616.

Walker, G.P.L. (1971) Grain size characteristics of pyroclastic
deposits. J. Geol., 79, 696-714.

JURTFRF] (2011) il - SETHCA AT 35 X O HEAHE
i d4EkE, 283p.

CCESEE NN tis YN



