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Pyroclastic Density Current from the Caldera-forming Eruption of Izu-Oshima Volcano, Japan:
Restudy of the Sashikiji 2 Member Based on Stratigraphy, Lithofacies, and Eruption Age

Takahiro YaMamoro™®

The Sashikiji 2 (S;) Member in the products of Izu-Oshima volcano was formed by an explosive eruption
accompanied with caldera depression. This member is characterized by breccia called as a “low-temperature
pyroclastic flow deposit”. In this paper, the S, breccia is re-examined based on stratigraphy, grain fabrics,
grain-size distributions and modal compositions. The S, Member is divided into six units from S;-a to S,-f in
ascending order. The S;-a unit consists of scoria, bomb and aa lava flows from flank fissures. The S,-b unit is
made up of well-bedded ash and fine-lapilli from the summit. The S,-c unit is composed of matrix-supported
breccia, locally filling valley bottoms and containing abundant deformed soil fragments and woods. The S,-d unit
consists of reverse to normal grading, clast-supported breccia with ash matrix, covering topographic relief in the
whole island. The S;-e unit is composed of dune- to parallel-bedded lapilli and ash in the proximal facies. The
S,-f unit is clast-supported breccia with and without ash matrix. New “C ages of wood fragments in the S,
Member have been determined as about Cal AD 340. Although the S,-c and -d units are previously interpreted
to the low-temperature pyroclastic flow deposit, these units are quite different in sedimentological features as
follows. The grain fabric measurements have revealed that the S,-d unit has a-type imbrication showing the
longest axis of grains parallel to the flow direction. On the other hand, the S,-c has random fabric of grains.
The grain size distribution of the S,-d unit shows a bimodal nature having subpopulations at phi —1.0 to 1.0 and
coarser than phi —2.5. The bimodal nature and a-type imbrication suggest that the two transport processes
overlap; the load of a turbulent suspension is not all in true suspension as the coarser population may travel in a
cast-dispersion mass flow. The S,-c unit shows a polymodal grain size distribution with multi subpopulations
from coarse to fine. The poor sorting, massive appearance, valley-confined distribution, and random grain fabric
of the S,-c unit are characteristic of deposition from a cohesive flow without formation of traction-related
bedforms or sorting of different grain sizes by turbulence. The modal composition measurements have indicated
that the S,-c and -d units lack essential scoriceous or glassy fragments. This evidence indicates that both units are
derived from steam explosions due to outburst of highly-pressurized geothermal fluid within the edifice. The S,-c
unit was plausibly generated by remobilization of phreatic debris around the summit caused by ejection of
condensed water from a plume or heavy rainfall. The S,-d unit was a pyroclastic density current deposit resulted
from collapse of a highly-discharged phreatic plume. Estimated velocities of the current are 150 to 30 m/s based
on suspended grain sizes.
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1. FCoIC % (Fisher and Schmincke, 1984). ‘KFHAIC 13T DRI
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SR EEARIF 2 572 5255 E D bPPEVWHEERTH VTR ENEEN S, KWPERAKEY (pyroclastic ma-
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terials) DL R TH 5 &9 5 &, MR FICIEAH -
JE « REO3END D, OERD S IREYLEE
NIOVKIHR GFEAE LIS L D, > TKRKUBEFICHE -
TN SRS 2~ /v B ESRTRITVARGLD
BIEEOBWVEERD, TOKPHAOHEREICED S &
MHRE &z s, LaLBEns, &L -Tl’
KPR Z S EORNE K2 &8 b DICIRE L TV 55
Bod o (PIAETH - /N, 1996), T DEFETIIKE
SUBFEIFED b D13 KFER & FPNE 5, =ZES
2000 4F 8 H 29 HIE K THA L 7o BB (T4 - fib,
2000) % KWK EFES D ELTHEmICE 722 &b, K
PERDEZDOHTICL B bDTH 5. KESIEFRTHRA
LcBER I, SEAEMEEZT OO TLEENEEA
Wz T, ZHERE KL 1900 FEHE K T IR R SR
FOBERICT & > TRIEZRE - ISLEEPH TS (B

SyBAES, 190D, —J5, WmEmIER S 5 HEEY)I
SWVTE, WNOEEDOKS mES» SHERE L 7Bk

b D & KHHAHEREYD (pyroclastic flow deposit) &FFTY, tb
BHIRNOEED/NSSE S » GHEE L Chilg L 7o b o
% KW — DHEREY) (pyroclastic surge deposit) & I:A T,
i 2 XHNd 5 Z &A% W (FZ 13 Fisher and Schmincke,
1984). T D7, HEEW)H SIEFR S N B 1EGIF 7S FHEE I
ED &, KR SRR S 1 2 HEREY) & K PRmHERY &
BRHETREVEEN LI LIFHTL 2, ELTVS
KWEfAN P S ARL T2 21T, fihodtkRk
HEREY) & K — YHERI O &5 S3F IRk s T v
20T ST EE, BEAERTRETHE, &5
I, KERRHER & KBy — VHEREY O &V b, St
Helens ‘K111 1980 FFIE KD S HI8H 75 2 F D Kk H 75
EHOFEE R TIEBERICI D, MEEEELTLES
(Druitt, 1992). Kol TlE, KIEM & KPRy — 0 2B
(gravity flow) O—Ff#, KFIEE R (pyroclastic density
current; Valentine and Fisher, 1993 ; Druitt, 1998 ; Branney
and Kokelaar, 2002; FE¥f, 2005) o—#ojih & LT
A, TNOORBTEEREEBZL T 2N EHRLEO
225 %, L»b, pyroclastic DIEFRICHED 155, AE
VOFEMITh b & KELROFEEM S I &2
Hk & 5 (Yamamoto et al., 1999). A¥ETH, FEK
BeKiih v 7 S IEBE Y, CoOMEBERCS. &
1o, ARHEE T RIKBEAN T 2 KILFEEY) (volcaniclastic
materials) O REFIRG I L Tld 5 /> — )V (lahar) %2 H
W5, TOHEBRWDW S KRR (BIA XTI 1996)
LEILHDTH DY, 5— s IRENA LSBT
Ko<+ v 7 ZREDHEHIA & W cohesive 73741
(B DigiR) LIS, noncohesive 75 1 f1ifi i B EL it
Kb EEN TV S (Smith, 1986; Parmer and Neal, 1991).

AE T B 2 HEREKILD A VT 5 IERIHZE
AHUE S, #JE 12 1d, Nakamura (1960, 1964) 12 & - T4
P PR, @Bk (1978) ISk » T “KEARRA
HEREDD & PRE N MR O K DS R IS PR 5.
WK S 2 fihT U 7o —PH i, S 82 LIiEEInE <
IR E TNk = < EEALOE TN, ILTHETDOKE
KBTIV LIk~ 7 v KESURETS, A v 5 Maidkis 513
5 —HOEKFHIEOFEY) & # 7 T\ 5 (Nakamura, 1964).
2000 FFICie & e =B OB K, RINEERSEKILICH
1 BRG5% v T SR O —EaE s Bl s i, <
NFEFTIKHBVWL =77 6D TH > D (Geshi et al,
2002), Z OWEEKHER IR EZ e RKEKLTD
HFSERGEIEE RS UTEB Y, foelitrdgsn T
mEnte, L L, MWK v SIS
HEWLH B, THbLL, ZFE2000FEATIE, Hv
7 5 WA RISy FIET VLS 2 & O 7aHUhL 0 K 13
BEHLTOiW,

AHE TR, RO S, gAY OEF « &
W7 > 7Yy o « KBRS € — FERETL,
ZOWH) - EB T 0 RICOVWTEEKT 5, ZOFEER
R O IR KFRHEREIC 3R E I~ M )y 7 T %
Fio 5N — VHEREY & KW & A7 2 DIRENI» 5155 K
PEPNEERHEREY D 2 O DFEE T 52 2 &, T IERL 5
JBHEICH B T EEBIOMIT L, i, HOHERRER
HIEZFITiTY, BAEREEBRST L., FEREX
WLTES D # v 5 5 ORI, dRto 7v 7 5 faik
PSfcilikgiEEse Gl - 51, 1996) & & 2 hiAHE
ORI INETRE LV, &5, HEEYOEOWH, S
FEKE S, EKEZFE 2000 FEKOENVITOVTDH
EUERE

2. REXBKILOEKSE

PEREBKGILTERBICER 3~4km O FWHIAH LT
IHEEL, DA NT ITERLIETOSE A VT 5 Kl
L, BVF SR s B VT S KXy TE S (Fig. 1
Nakamura, 1960, 1964; —, 1984; JI11i, 1998).

Se v 5 KILOTEBEH 3-4 J7AERTC iR KIS E)
THRE - 72 (—ff, 1984; )11, 1998). WEHWI3HkL 7S
K¥epaEE L, LEOXREEER BN
fEoTBY, ShvF s KlEhix CREEERD »E
RE e Sehovs s ks GRREERD o
TEENR 2 TR SR E 0, IR OHER A 7E -
TIESHERELTWS (—ff, 1984; JI7, 1998). #Hribil
RIEFICkE N2 3 ) 7HEREY), a5 0, koK
E DD/ VISV = 72K ET B K S I 5 7
EOrIEHROEREIR VO [HIBYIWIE] (Loc. 9) TRH
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Fig. 1.
are locality numbers.

Index map of Izu-Oshima volcano. Numerals
M=DMihara Yama, S= Shiro-
ishi Yama, F=Futago Yama.

WA AR T 250100 DFfE A KT 2 LT
5. SEHEKEFIE 150FEEEEZONTVS (—
. fth, 1981).

HVF SR s B VT 5 KILTER, BHESEE b
V@ﬁﬁ@ﬁk%%ﬂﬁﬂk%<ﬁifu@t%fw
5. WEKRARRIE B & £ 100-150 45T, IR 19 D
FRo « /NEEEE K (BEHEBT T b YR L0 —ifr
K\ (Nakamura, 1960, 1964). KB I 35 WG
Tk E RS EEZ SN L RAEHEREY D - T3
G d D, BFE— TR EDRIEIHE A TR L
felEbdortco LW U« FI, 1996). S KESE
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I ITE T ORBIE A EERIC L2 23 ) 7Ok
FTihg o, wEREAEART, B EEL. BKo
WL, < 7 < BiBIT & 2 BYURKFLEAE IR S 7
K75 (=7 =) KREKBFRICLMREMEEZ SN D
(Nakamura, 1964). Nakamura (1960, 1964) DEF L 7c
ZERHIE L, o b DIz < S ~EEIKIHEREY) O B A%
BRITKRE L, TOBKERICA VT Sk E b0
&#& % 5tz (Nakamura, 1964). 5RiC, S, HRIE ORI
Wid IR K RERHEREY &R N 7 HRL O K s
L (B, 1978), & DRSS O KEKILIEH
YO h TEERBEL L >TWE, 1V 5 OER
FEREERE R (—(@ - fth, 1963) ZFEiC 3X10°km® & Hf%
b 51TV % (Nakamura, 1964).

3. S, EEDERFLEHE

S, HfE A EHDE VIS E, 25 Sra b Syf
FTO6 2=y MTHIS L7 (Fig. 2, Table 1). BE®
BRI AT U 72 k13 31 BRBET & 508 (Fig. 1), S &)@
DOHHEERIZ TN OELUADOFEET AL TV 5.
S;ral=y b

A=y biE, SEER FMICROSNZREOEN X
I TRENKEIT, BTck - TR T TiREREN -
TV3, BHYEHEEOZ LA b A ARG
RETH 3B, #BIFIZ, Nakamura (1960, 1964) ©—ff
(1984) 737k L iR dbiLiE D S HigRE 7 2 v &I »
JCOLMEEINEKOEDE 0, HVF F a2 EH o
HIIBIC & C OO K OB 2 h - T % (Fig. 3; )1
i, 1998). KT IR KL 2 S Ok 23
g =518 KSR SN TV S, hRtE S, Bk
b, AEKITEITLCIUTEKO» 5D 2 3 ) TIEK T
% - 72 & & Z FhY (Nakamura, 1964), T OEFLIT 3R
TED - HOENEKOFOEE, Srat=y b
DORENPORBELTAS &, Mk ->Thkbiik
ME%TEKﬁE%rmt®ﬂ55@u£<ﬁﬂéﬁ

. PERFEE o LEERINE KO &, 1986 FFRE K DI
ﬁ% I%f@bf%oﬂot§®f RIEHED S, 1LfE
KOV EIEAEST 2AHE R RZ L. ThE TOWR T
@ﬁﬁ@b,&aﬁkfiMW@fmﬂﬁT@ﬁ®%n
HE A & w2 5T X 5.

Srb1=w b

RE L 7B Mk~ Rk Lk ir 575 %, ik bIE
WA LT S PR O KRR (Loc. 5) T 20 LILED
HifEn 5750, BEEI Imm~12cm Th 5. HME
OHZRER PRERAPEMT 2755, FaLiokly s
2K (Za)7H) b&Eh TV, o sHIEHE
fg T Eiclizy, hhHEOBOE, (REKE~Hk
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pisolite
impact sag
dune beds
parallel beds

volcanic soil
ash

ash containing lithic lapilli

scoria lapilli

clast-supported lithic block & lapilli without matrix

clast-supported lithic block & lapilli with coarse ash matrix
martix-supported lithic block & lapill

Fig. 2. Stratigraphic columns through the S, Member.
Table 1. Lithofacies and interpretation of the S, Member.
Unit Thickness Lithofacies Interpretation
Clast supported, reverse-to-normally graded block and Gain dispersion-dominated
S,-f 0t0 0.6 m [lapilli with coarse ash matrix, or clast supported, well- sedimentation from PDC / fallout
sorted, massive lapilli. Mantle bedded. sedimentation from plume
Parallel-bedded, well-sorted coarse ash with pisolite, Fallout sedimentation from plume /
S,-e 0t00.5m [and dune-bedded coarse ash with lapilli. Mantle traction-dominated sedimentation
bedded. from PDC
Cla.st.su;.)poned, reverse-to-.nonnally graded b.lock and Gain dispersion-dominated
lapilli with coarse ash matrix. Gravel clast oriented . . .
S,-d 0.1to3m . R .. sedimentation from PDC / ballistic
with a-axis parallel to flow direction. Mantle eiection
bedded. Impact sag of lithic fragments at the base. J
Matrix supported, nongraded, massive block and
Syc 0to>5m lapilli. Poorly sprted as?y matrix an('i llﬂ‘{lc fragments. Sedimentation of cohesive lahar
Gravel clast oriented with random direction. Valley
filling.
S,-b 0Otol.4m P'aralllel-bedded, well-sorted fine-to-coarse ash with Fallout sedimentation from plume
pisolite. Mantle bedded.
Well-sorted, vesicular scoria and bomb with aa lava Fallout sedimentation from fountain /
S,-a 0to>1m .
flows lava extrusion
PDC =pyroclastic density current
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\\ eruption fissure
A sppater cone

Fig. 3.

JKE~EE) &7 - THATW B XS 720, SEMs N
FiT-Twn, fEE D b0 B3 KIEHICE
ARHEDR DO, CoHEEILLIEPTELE TR < BH
Sha. HEOHRI I VF I OHin, RBENHEL %
lcoNET 5. BESHIEHM TR, HEFE
W EEhH B X HITHA B (Fig. 3).

Srrcedl=wy b

Ra=y b3, SR CTEE L OBIKA-ES D 513
b, IHEHIEZED R > TDA5F T 5 (Fig. 3).
ZO RS TH 5. JelTh ST ToPE L
THRIZIEL, IxKTs5mPlbTh 3. PELEETOVEK
KRR IE 1Im 282 5. bR (1978) 1< & - TR
MHEREY) & SRR D—ECd 573, Z OHERE
YIZBHBE S EBHEZ & > T Sec & Sp-d 2= » T/

Distributions of the S;-a to -f units.

Numerals are the thickness in centimeters.

bnd, Az=o b OHEMRE « v MICES, %
T 2 XS IR R H LT Spd 2= 5 & IFE
BAMEBIC7Ta Yy bEhb, Fi, K=y b OHEEE
ICEED A E N RIRALO AR P LI - B N KRR
NELGENTWS, TIER - &N 33 TE
IR0 Gl FIEF SO, AERTHEIROMEES< %
(Fig. 4).

S;dd=w b

A=y b, BB S LR - oah Kok
JKfa K LK S C (Fig. 5), RBICHhT 5. %
ez ko, BEIHE—PRY 4 XoKIKICED
—J5T, MR A ZPLRDKIIKICIZZ L WA
5. J8EIE300~10cm T, H VT SR TEL, BRI
[ > CTHi< 75 BEADH B (Fig. 3). 7272L, AT
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Fig. 4. Matrix-supported breccia containing abun-
dant deformed soil fragments and woods in the
S,-c unit, Motomachi (Loc. 1).

Fig. 5.

Reverse to normal grading, clast-supported
breccia with ash matrix in the S,-d unit,
Gojinkachaya (Loc. 5).

I DR TSR LD S SMTEEIVNS (55T
B HIKFI RO 25dH 2 (Fig. 6). BE-FEERIR (Fig.
6) O _IRZ IO IR A (i > THERYIASELO PR (e
KLUMBEICEEL) KAmd 2 LRETSE, Spd2
v b OFFEIE 0.1km? & 75 3. SEIRARIR (5K 3 (H
D) FAVF SR TR 60em kb K&, Ao
75D O S LT AN D 08, EIEE(LE
[FIRRIC A V7 5 OFFR TG L O BE S ichiRn
INEL -5 TWS (Fig. 6). 918bHES,-dx=y FiIIA
W5 i SIS U CTHRIRIE & - TIRAS - 7o
Whid s KRa=o rFHIEHRZ <Y P VEEET 5k
W, HEBTiInE TR MR RS hTE L
UL, FuBzERId2sE, BESHLICEETS
&, BERSNRREGL I ENS, HIRITH-T
PE) BB LIS EMI MRS, Fi, HIKHITIR
ITH ZIRT 34 TR S, EEEE O K O—E

It

Thickness of unit (cm)

0 1 2 3 4 5 6
Distance from caldera rim (km)

Fig. 6. The thickness and the mean maximum
diameter of clasts of the S,-d unit vs. the
distance from the caldera rim. White circles
are date in the southeastern part of the volcano
from Loc. 13 to Loc. 20. Black circles are date
in other parts.

BHIF K2 S 201+ EicidEsicd- 7o
LBOND, Syc1=y b EOBERICIOEEIAY O
AATEA vy b HEED, JLEROREICR» > TH VT
S5 4.5km, T NI TIE 3 km OHIFH THEGE T
B. WE-T, Spd 2= b OHENHEREYIOFABERIC,
EHLOHERH 2 b 72 O LIIEFIE K d - 1o 2 &1k
ETH 5.

Sredl=y b

ZF1li (Loc. 18) TlE, Fhin s 72— vEHERD
Kl E o ORI~ v 4 XKLk, kil
BOEZLEUR NKILK, SETEEE R R~
RIib v 4 XDHEIROBWEE N KIIK» 5785, i FLo
KILIKIEIT A 5N 5 7 2 — VBRI KR — DHERYIC
A b o T, ZTIIEBTOABIE SN S (Fig. 3).

fhoHE T, C OEIEATEEE ROl M KUK T
B oNTWVA,
Srfa=w b

KSR (Loc. 5) % 1986C ‘K1 (Loc. 30) Tld,
Si-d = b EHARL L o B ~HLRIED - 4 R K LIEK
BEHEAF SR O KES - K L#» 525, L
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L, Thsbistotibcl, KINPIEEZHE7 5 Wik
DODRWER TR S0, WK% <~ - vikiE
LTWa, fE-7T, K=y b ORI IIF THERY &
LTEELTWS, —Fl (Loc. 18) T DN RARIR
13 134cm TH 5.

4. BI7TUvY

RNHEREYITh O™ » 77 ) » 7 OFHIIE, HhoME
B9 ATEMBTETHZ (A LA, 1998, p.
135-146). Slalid I KAE (Fig. 5; Loc. 5) D Sp-d 2
= h&, KILTEYIEE (Fig. 4; Loc. 1) D Sy¢ 2= b
AT, SR 100 O a Bl (Bl & ol GEiD oF
Mg ZFREA Tl L7z, & 51T, Loc. 1 D Sy¢c 2= k
HFICBBEROREBZCEEN0 20T, KA 100 HD a
il (Bl <oV THEHAIL. KRR oBaREBIRTH
B, cHFEHIL TOIs O, RIERS R S R
KT/R&EN 5 (Fig. 7)

S-d 2=y MTOWTHRZ &, HMARERI VTS
BOPEILIEOLEICH 5. FH O alfiliid 7 v 5t
[]< 110 EAREEZICESER LTS, SHO afhid
HIVT T OHEHR, I RbERNOHNICETE b0
MELTWA (Fig. 7). %7, cllibmRd A7) r—
va v b HERMECHERL, ZOMEIE 10 LT T/
SV, NSNS, Skd =y b IHA S 2 ¥
4 7DA 7Y —va v (Walker, 1975; 18, 1987) %
Hobo lHlxns.,

Sp-c = b ZGHAN L 7o KILTEAE 1, s K iE
PORlAA N > 7cfii@Eicd 5. L LA 5 afiflic i3k
FOEH o, ho R & ORI RV HE S L
(Fig. 7). cHiz>W T bERET, HESA v 7 ) 7r—
Va vERDDIEIITEEOV, cEiMKERLD bE
BHIZR2 O RHERMOEFEG RO b THAH S, Thix
bR &, 7770 v 7 BEANICS v ¥ ATH D EHI
xh5.

5. K B fE A&

Sp-d * Sp-¢ = b DRIEAHRKZIH & g 5 72,
40¢ X DHWRIRITOVWTIEEVDTIT L 2 EEHE
4.0 ¢ Kifi iz > W T IETRREERIC X B RIEEHIE 217 - 7.
AERE R 2 IR R — I RENIC 7o v b5 L,
Si-d * Spc 2=y MIIAL REZMEKICHD, HIEDSH
MUK E O (Fig. 8). KD 72 85K 1L 1888 4F/K7E
SUE K THA L fo KRR & 5N — v (I
PoOMEREEBICTAELL D) HEEM ORITRL T
W% (Yamamoto et al., 1999). S,-d = = b 1888 K
W R HEREY &, Syc 2= M 1888 4F 5 /v — b

HeREW) & B P RIEER R 2 3 > T B,

YRRV ORI S SIS RT3 B 70, R
HIS R EE A SRkt L, e — P 21T - &
(Fig. 9). C O TR E — FOEERA AT 2
b D ERGEL TV A (Sheridan er al.,, 1987). 7272 L, &
FEHLE — BTk U IERS AN & s JERIFRTd %
7o, ThEEEHEOEFICEEDTVS, Sd1 =y
MZOWTIE, —1.0~10¢ & —25¢ LI Eicy 7 « R
Eal—Ya YA g E— S IVIRIEEEEDEED 5
N5, THITKL Sy-c 2= b T, 4.0 Kiii ORI
FTbHT e B2 L—Ya vdbbd<ibFE— Nk
BRI L, HIRIERSY D 7R D & O 3SR — 1
HERZEDOEIKDOE W (Fig. 8) &> THATWA Z &1
ETH 3.

6. HERHE—F

KA T HICER WA Z2FT 572 Sprd + S 2= 5 B D
REN Y v 7> W CTRIEEE IR O € — FHIE%
FRFAMEE R TIT- 7. 4.0 RiOLBELRD &0
oW TlE. KEHDE— FORESBWL, ljz=y b
ORI T — N3, &5 5 bt A EXRE il
L, ZEIZREPEDN S (Fig. 10). AEYOATHEMED
bB2a)THRPLKLT T ZFE, =y hEBIFE
AEGENTOIRV, MR E SR ORI R 5
B, TNEREPZRRETORE Y 1 XL &/hal i
50BN E A XGBETH B, — (1984) 13 S, BBfE
RICHE s N vy LA EERPEEND T &2k L
M, T—FoicEdEnswiEEzogiddbnun, Kic
FHED 7 », =FE 2000 KD 8 A 18 HORE KK
P & — FHPERESE (GRS - fth, 2001) &R L7 (Fig.
10). =55 2000 FEHEYNC I L ARG H 5 2 s
R0 4#] (R 2R S FEIC RS L O 8%
NTHED, Spd+Sc =y b ERFKE IR H R
M o>TWh5.

7. S EREOMETHERREN

Loc. 7 DRMS LE W Spre 2= M EEIRICE
N B DO 72 R 13em D A AL O S R iR 3
5 Ok (08-S2-01) > 5 1,720+40 y BP O # (EER
M S N7 (Table 2). 72, Loc. 1 D Syc 2= » MZE
TN BB DMV ER2~3 cm O F RGN B
(0S-52-02) 75 & 1,730+ 60y BP Ol IFAFEAE & 17z
(Table 2). bkl & HEEY OREHERERE ICE A2 ICaAE
ShCwicboT, BHEYIROBAZEED SN
W, 7o, W OBEMRIE, &5 5 b Cal AD 340 £ELH
TH5.
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T F L

So-d unit

Max 15%

Fig. 7. Clast a- and
c-axis fabric dia-
grams for the
S;-d unit (Fig.
5; Loc. 5) and
S;-¢ unit (Fig.
4; Loc. 1). 100
axes each lower
hemispere, equal
area projections.
Black circle is a
lithic fragment.

White circle is a

wood fragment.

S, BRI DA D W TR, AT 5 LB DRI K 2
Ny 8 —E N (RHED S,-a) DFALAK 25 1,460+85
yBP (—f, 1984), KWHAHEREY (B% 5 ARHED
S;-¢) HDORFALAK 5 1,500160y BP, 1,350+100y
BP, 1,330+£90yBP DUtk BFERMEE s T
(Nakamura, 1960). 4 [RIDHIEE L S DRERMEL D
bHHSMITH L -TBY, SHIL? s TVREX
R (0, 1984) BEMRGTEREE LKV, —F, L
¥« fth (1994) 13 O Ef&@ i Lo+ (F5b b S, @
BH o+ 75 1,719+190y BP DS RHAF A
HLTwa, MWRHIROFENRE, HREYICELNILIES
o B> EIEEnEL L TEE N B RFEOMER

DAL L AT, B Lo OFERERT b0 EFE
ZonTwa (JEF, 2000). it - T, A2 - fih (1994) @
FEARE S, EOHEFEERAZ/RLTB Y, KiLEETE
HBbOD, SEIOMEMREBRL T 5. SHEOF
RUTHEWNTE R L 72 Nakamura (1960) (3, S, &5 i
o AL KK L & O FRERR R 125 0 1 % B
2, = DOWKERZEZ ADIOFEEEZ TV, —0
(1984) % Nakamura (1964) 12 & B EACEA 7875 < Hl]
EEaNTOD, WRENAMICES 5 - 0, FHHE
LM eV, KHETIE, SHEOFEMAE LT
fC (Cal AD 340 fFtE) ZRMT 5.
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Grain size characteristics of the S,-c¢ and -d
M and o are arithmetic mean diameter
and standard deviation in phi units, respectively.
Data of the Bandai 1888 deposit are taken from
Yamamoto et al. (1999).
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Grain size distributions of the S,-c and -d
Curve lines (GF) are Gaussian fits for
individual subpopulations. Although the residual
line (RS) still contains the coarsest subpopulation,
the Gaussian curve hardly fits the residual
showing a coarse-tailed asymmetric shape.
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consist mainly of plagioclase and olivine. The
diagram of the Miyakejima 2000 August 18
deposit is taken from Uto et al. (2001).

modes of the S,-c and S,-d units.
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Table 2. New C ages for the S, Member.

Sample Loc | Method | Material ](d}?];‘l%; 8C (permil) C:lg?r?;eg};‘;c Calendar age Intercept age

08-52-01 7 AMS wood 1740+40 -26.0 1720+40 20(95%)| AD230-410 AD340
105(68%)| AD250-390

08-82-02 1 Rad wood 1770+60 -27.0 1730+60 20(95%)| AD160-435 AD340
10(68%)| AD245-405

8 & -3

81 Syrd1=vy +DRENETE

K=o r OHEREHIEEEEEDHEE, ORTE
<, BIRCTHEIHIEEEZE S, @ ¥—ER(LEHzi
o, @FEFXRHT, —25¢ KoHVERE-F&E 1.0~
1.0 DEBEE — N 518554 & — 5 VISKIE ST %
b (Fig. 9), @7 > 7V v 7ida- 447047
r—va A (Fig. 7). Thoof#iinhohc
B TBEARIRIIS U T 2 > OESEREIC ) CERE S
NEd2 EHELPTV (Fig. 11). T BEF D
Wfbva- 44 7D4 YT ) r—va YOFER, Kl
OIEH TR FHOEEPEE L2 b 52 v a2 vifis)
@ LTVl ERBLTVS (Walker, 1975; 14,
1987). S-d BBEIRTH 3 b DD, MR TEEA ) » 7
PT A= VIS EORRE LT 2 b IV E &R
N LR 4% EERE L 72 & @ (grain dispersion-dominated
emplacement ; Branney and Kokelaar, 2002) &% 2% 51

5. ToE, b —HOMKR TETh 25RO X
IR 1, RN ORICERFEL TWicbons, b3

7 v a VIRENENHEN SR LB s 5y TE N b
DEBIEELD, TOXIHEMBEEIKTH - T
IR OKZES s KA 2R RGEFDREY) TH->Th
HIBRTATRETH 2. L L Sped 2= M IEEEDOKE
BREREEZGWEL B, A=y P 2HRE ISR
NRRIFTH LEEOFNERLEIL I LMEFETH
b, TNWAENIKTH > EiEdbVIET, KW
HEEEROHEREY LM = 5.

BLIRIC & » CHElET 2R w ORI T OEIEG F (w) 13,
Rt w ORI T O RIGHE % U, BEEEE % U* &35
&, F, (w)y=erfc (U,/U*) TH SN2 (Delinger, 1987).
HNOMS U & U* DBfRIE, U=In (30y/k) U*k T
Valentine (1987) IZfEV), Hov= ViEH k % 0.4, HEHE
DIEE y % Sm, RO E k% 1m L{GET 5. Fig.
1213, COORNOMEE U &iFlET 2R FOEIE F, (w)
OBRERLIZODTH S, U, ITDWVTIE, Brissete
and Lajoie (1990) DRI FEREAY 0.1 & 0.25 DEE DHEE
2,500 kg/m® DFIT-D 100°C DKL 5 PLRRE

S2-d unit (pyroclastic density current)

Velocity

S2-c unit (cohesive lahar)

clast

Velocity

................

...............

.........................

Fig. 11.
See text in details.

Flow models for the S,-d and -c units.

ZHOWTWA, Fig. 22 5Hld 2 &, #v7 5 PakEH
MK (Loc. 5) TRONBEHIE—1.0¢ ITE— FEHS
R PP 2 72D, WO THEEEICL 2 6D
@ 100~150m/s DFESHIZICT - TL 5. Ft, B
TohobNCBORMILEBEH TS, 1.04ICE—
R 2R SR FEEDFELED S 30m/s P EOFRHELSH - 72
boEAHOLND. INODHEE[EN S, Srd 2=vw M
LD ANT 5 RRED S ILTE st = b 2 5
(Fig. 6), PUITIEDS % ) Edi o KRR iR I &
DIERE NI EDERTE LS.

82 S;rc1=vy FDRENETE

A=y b OUFEFIEBAEZ L0 5 L, OaHE%E
SIS 3, @BUREE A, @ BT, 4.0¢
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Fig. 12.
turbulent current as a function of flow velocity.

Fraction of the suspended ash sizes in a

Solid and dotted lines are the fractions for
individual ash sizes in phi units, when solid
volume concentration in the current is 0.1 and
0.25, respectively. Density of the ash is 2500
kg/m® and the current is a mixture of 100°C
steam and the ash. Hatched part is a available
field for the S,-d unit at Loc. 5 having the
suspended mode in — 1.0 phi.

Al D FIRL ALK 2 BB IS F5 D (Fig. 9), @7 » 7
Vw235 vy aTHD (Fig. 7), @EHIAEET,
B0 A B KBS LR A0 < BTS2 1
o (Fig. 4). ZOX5SHEREYIE, RhskEET=< b
Vw7 RABENRKRE L, FOMEIC L > THBIEM S
niGEIc L < HN S (Middleton and Hampton, 1973).
Tibb, 0K BHRNVNH TR OSHPEs IE
FEAER ST, BEATHOVMIEIAEH VTV
(Fig. 11). fit-> T, Az = M3k (1978) DEZ 1 &
D 1K) & SR DR & G A gL, Kx=y b
D & 9 15k (cohesive) D F 2y — b (Crandell, 1971)
DFEA G B 1o O IZFRTRERIC 35\ THY B Ok K LK
B8 AT KIS SN B TN D A 5. Bkl 1888
EREK D & 5 ICIEEE» SEHE LIcRE & bIThE T Lick
Penis 5 /8 — v & 15 5 fo D> (Yamamoto et al., 1999),
BEICERE LT o KIEYISBERNIC & 0 ZIRIICiini L
fedh, EBSORHEE GBS THEETE L.

83 HILFSDHEE

Nakamura (1964) &, 7 V7 5 HJE & YO BT
FPoAIVT IIENE ST L D& T NGB EL OATT
bBHIEEREL, INDBMERTIERShicEER .
L, /L e BYI(1996) 13, ILTED V7S5 55 S,

{EEORHEREY) : ZEAHUE S, S OFEFE - HH « RO MG 267

WK OBl O LR RE TIER S Nz & F X 2. 20
BRI, KINEYIESE S (RS D Loc. 1) @ S, BEHIK
fAEgaTe, BREKIKPENR ) 7S P51 5HE
FImBEED 7o 7 BB TE, SRIENHERYICE
BONy F7— s ELNTE2 LIt s, ol
BV EARRED Sy-c 2= MY L, o id#Ed 2
S I RTET O @ OFIc—Kd 5. BEELENEEHE
THET 2 KBS N0 BERTH D, O 2RICHPE
ENTVBICEhrb 6 THRIETORENRREIA T
3, @iENLHIEE>< 2, @ R OBEEE R & HE
FEYRBEICAOMBEN S 5 & L - A2 > (Ui,
1983; (Lo « fth, 2002). T o DL, FEH 0N
R ORI K & WHL T (granular flow) & L THiE
L7t a5 EELHMIATE ST &N, FEFER SR
ST TV 5 (Cambell et al,, 1995). Syc L=

F DEERIZ R TR 22 0 IAA IEEB R IENHEREY ©
BUMHEFEP LTV EBENTH S, LL, S
2=y M, EEBEAHEREDS S MREE NS LE
EBARERL L TV icid oMK R 3 ) 7 ROk, E
TR T KPS 15 & O kRS 2 50 L 7 JERE
MR ToEE v CEHD) v ohin, £/, 58
572U HRF I 7S IR AT 380 2 T L AHERS V.
THbE, Srcx=y b ERIRHIEOEY & &2 500K
PEE IS OL NL BN (1996) 3 ARG D S)-d 2= » b
ZOWTOEBERBIENMEREY EE AT D, Bhicdi~
fekHicT o=y b OHERERSE ZELFD S 02Uk LR
TR S W BT Th 5 2 &2 R LTED, [
U IR O EYI Tl 78 0,

AN e B (1996) 8 FER T 5 & H i, (HTHD F 0
AT 5 (HERE3~4km) BEREFEETH 2 L2
L, ANFS5EED L X DIV KLRD E T h
17, —fh e fth (1963) SIS R SR Lich v 7 5
TEVISHIERE M3tk 310~340m) & 1 HIRVERS DS 1T
NFE SOV, #1513, BOJLHEE, RGO Loc. 21-
22 [H D1 500 m @ Y3.0 IFEIRAHEFE & THRN T - 7o
DIFEZEIER L, BinV ol kiR &0
WEHEIE 240m & LTWA, VT S NOEREIC IZAE
ENHERBYNITHM T 2 DR Ro0h->TEB 59, LKA
B - 7o ETHITILHE D T O WA A @ U ChREE L
AREACHEH SN TO A2 RENRSH Z. TORIKVLD
240m Higi & A VT S OREES (BAliffn) Eokh
& (H) 1359490 m, £ 72h VT 5 g & O KE I
(L)135900m THBDT, H/L=0083 £ 5%, fit-
T, EEBEANOHEETEY A B KB L X2
72T, 0.083 L0 bnTs /NS 15 FELHENT B EEEIREL
(H/L) T NIE7E 5750, Nakamura (1964) D% E
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(BX10°km’) ZFHER L RET 5 &, AFEEho B
BB R A ATEHERAX] (Cambell et al., 1995; (LT
ftl, 2002) TIFFRED 0.08 FiiferE NI L LD, K
T HAEF I NHEREY O SR NRITET 2 E I A
LIEETH 5. /- BN (1996) h3B 2 1< 2T HHEEL
[l iERE T, FEEEN/ NS 125D TRENTE)
FEBIRHMEICREL BT LED. E-T, HiEL
A AEE s 2 E LThH VTS MAcHERd 2 & & i3
TERNCINEECH 5. Fio, — - il (1963) A VT T
NOMMIAZE L 73, (1 2IEKE 15 B A R 7kl
PeaTgP RE GRS OXREBEEROGFMED, AV T
DOEREREER S A6 bo TRV, fil - fth
(1999) 13, HIVFSHDR— 1 ¥ 7 REIFER IR H v
7 7 KON E A O FBHF AR S A E ) 75 3352 Y
O, ERNE O KA ERTE IR S PR oHig < b <4
VTS ORREEZTWS, KA ILROER - 5 7
CEBAUCEEBREIFRCRER G E A TIEEL, 40
IR IS~ HIEARAE L T 2 A REd: I3 & A
5. L LIS, i « fil (1999) (g~ b DFsE: &
S #E & DBARICIZES ERLTWIEL DT, KifET
Tok S HEO AR RINEGETS LS
HET B EbHRE .

84 BATOEZR

Nakamura (1964) (3, + 5 v x 7 KlnlTETHREL 2
1790 F & 1924 D IKZETHRTE « < 7 < IKEKIRFE %
BT, S-b LI DIE KA Sy-a HEKICHE K < 7 < SANL D
KN« hVF SR TR 1KESEKOEYTH 5 &
EZ o, REESEARINCCOEZIHE->TV 5, Sk
DREIIEBIE Src» Srd 2= 5 MTEL KBNS &
NV ETH5D (Fig. 10). LEA-T, IhbidkE
SUBTE, b BRE - IS NREETEAZE L T/
BOKM AV T 5 MBI X B T TR Kb L TR
I L 72 EF A 81 U3 5750 (Fig. 13). Yamamoto
et al. (1999) 1Lyt (2001) H3fifa L7 &k 21T, k7RSS
FETIIMEEICI 0 IAA ARG E R S iF 12195 DI
For s BN I W Fod, KN OV KRR < D 1S
WIEIT DA, FIDBH 5 L5E L BEETER S Mg
5. WEERNOGE KBRS Z 2 & EIRE THEIE
AEEIWIS D, KW & ST U ok ok 2 S8
JERFAEELCTLE D, Spc1=y FDI/N—ILIE, TO
BRI RS TRAE LI mTREME D B 5. & S ICIEIEN O
GE KBRS &, EEOFIICE S EREELH
MTEL B —HT, BENOKRIIEHEST S &
15 < REBRIRAEISHERF © &, KIS AR 18 L 7o 5%
ez, Sda=y FOIREDICRANLVT SHEDNS 3
km ¥ CTHEAMEHERHT 2@AEN RS20, 2D

W 3B R DA L T2 bE B IS L T L £
WV, BeFREESSHROBEREBS-EEZLND.
HEREWI D431 (Fig. 6) 137 V7 5 FHGED FI A 1L h

SILPHIC[A)h S FRIAME D JRFE (Fig. 13) Th -7 & %
RLTHBY, BALDOBEREIAHOEICIE > TV 5,

I, ZEEO 2000 FEEKD 7 VT 5K & g L
ThbE, TOBAKTEINOEZ LAREERRE KL
DANF IR T 0 2L FPPREZHR B E TV
3. =B 2000 FE KT 6 A NA»OIEE <
<O FRARTERME & (ROETE, 6 H 27 Hicke X
rEREIN B K AR T 7 A LD 5 < 7 < OJLTEIRE
O KBS BE e X, 7H 8 HOILTEE K%K
WCILTES D v 7 5 Bk 3 e & - 7 (Geshiet al., 2002).
7TH14H-8A18H «8 A 29 HITIZMEIER: A LS FEE
IEFESEETWA, Hric 8 H 18 H OB 13 72 15
km OF S ISE LKL b o T, BEMEETHET
K& LCE@E Lc, TH14~15H -8 A I8HREF
HEREYIIC 13 40% R OAEYNEE N TH D, HEAR
< U R IKERIEFTH - 72 (Fig. 10; FEL « fth, 2001).
8 H 29 H DIE K IZ 10 m/s F2E D K K W) 5 B it %
o 7oy (FEE - fib, 2000), T DABEYER R 5% L
NTd -7 CFa] - i, 2002). Th s oEKIZEES L7
27 =E, 7= OMEBENICE S I FEE» S
W ERLTcEboT GEH - fib, 2001; Fa] - il
2002), AT 5o DRk S N O KGR
- TEH L7 D TIERE L,

K S, MK & =55 2000 MK DR D E W+
BHEDEWV, S-d DX 75 KBRS VT 5
MaICPEVLIRINIC R AT 2D TRV EARLT
W5, T OREITIIKBIBIKERER AR 3 iIct+5
75 H CPAZE U 7o B3t Nk O ETE (Fig. 13) HSLHANHE
ICARAPRT, SEWE T &1 2000 AEIEK KD =T EEBIC
BEAELTWELr-cbDEEZ ONEL S, MEKEEN
DEVE, fhoh VT SRREEKICBL T RVWHE
TW5. BIAIE Sy K & [ERRITHIRL D K PR B RE i 205 7
HLEHERELTH 57 KL 1790 FFEKBEELT
% % (Decker and Christiansen, 1984). Z OEKTE, <
7" < BARL O 2P K NI & 0 KB ITHE R /R DS L THI
IR ILTER © = 7 < KEKUER DR D BRI T e,
< U RIKERRBEF T EEER RIS BENH B
FEB RS S e d <, ZFE 2000 FHEK & [FE
FRICHEH O R EA L RBE TR E L TEELTL
5. TAUTHKL, 1790 KB EERIE < 7 < N80
& o TR ORI KRB FE CREL TR D,
B HRHEBYICAE ~ 7 < 13 &8 £ L TW W (McPhie
et al., 1990). T O & 5 15 HF I3 K E EER O FeA 1 BY
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1. Flank eruption

2. Magma transfer and
phreatic explosion

Plume

3. Caldera collapse and
catastrophic explosion

pDo;\\/\

<

Fig. 13. Schematic cross sections showing the the S,

eruption. 1. The beginning of the eruption by
flank magmatic eruption. The S,-a unit was
formed during this stage. 2. The transfer of a
large volume of magma out of the chamber
caused deformation of the summit region and
leakage of highly-pressurized geothermal fluids.
Repeaing phreatic explosions produced the S,-b
and -c units. 3. Caldera collapse and catastoro-
phic outburst of highly-pressurized geothermal
fluids toward northeast. Ejected mixture of
steam and abundant lithics was too dense to get
buoyancy by entrainment of air, and generated a
high-speed pyroclastic density current of the
S>-d unit. MC = magma chamber ; PDC =
pyroclastic density current; SGF =self-sealed geo-
thermal fluid.

D BIBIEDLENED < 7 < KRB R IKRZRFE TR
SR EERTY, —HTETHOBEKICBWT
AR O FMAAREREETH S EBEKLT
Wk, B OARE < 7 < ORE A ¥l 5 KR
HEHIFRI O 0 2858058 0, FiZ) 7Ivy A4 L TT
Z5EEERLGIRV, < 7w BRBIICRE T 2 KPR
MOFETRNICTIE, BECRECEEOERE=5 ) v
7T & B AT A KW S B 7200 D 2 1 B
LA,

9. ¥ & ®

PFEREXL S DR, A, FAEZHRE L«
R, RO EEHSMIT LI 1) S BB KFER
Cal AD 340 4EtHT, HERS5 I ? & ST ERE
OB LB, 2) Sradd SHfD 6=y bITHIS
Tx5. Srax=v bFLEOEHHS T2 2EINEH
< 7K OHEREY), = LIS RILTE. 5 DK S IE K
OHEFEYITH 5. HEK, KR O KPHRHERY) & EIEh T
Wb DDRFE, Src & Sp-d 2= MTHYT B, 3)
Spc = I, BAHUEZ Y 2 B SC R OBk
BEK A K BB S s S 150, 4.0 ¢ K DHRLK
HIIKEHEEF IS, £, gRho777) 921574
LTHDH., K=y b, IKEKUEREFRD K-S
EHWT =L ELTHBHLZbDTH B, 4)Srd 2=y
M, IHMRAER TR, BIRTHCES. MY
IERRALERE AR S, SRt —25¢ I LoER £~
F&—1.0~1.00 DREEE—FP S ENNL E— 5 IS
WERHEEZ o, e, GR 777V v 7 da- 947D
4T Y=g vERES, Ka=.y IR KE
SUBFTHA L fomnl o KB R O HERE <, Hov
F S FTOFEIZ 100~150m/s, BV F 50 S bEEn
B ORI T S 30m/s KL EORENH - b D
EALND, 5)S,BAITH SN B EHD KFEEE RO
FAS, VT 5 HarRERC AN O B CEAZEE A
KP—ZUTRTE S H b0 EFEZLoN 5.

Eil i

FERETOBWANAETIE, EEHIRAPT D)
WEARICERHAEN L T\l x, S, BoERIc>
W L TWie Wiz, £/, REREIE—KE N
ERRICEHECEEZBL LR W, BAETRED
BERREROLEICE TH >, TOBEME D TR
H®LET.

51 A X mk
FRACERE (1996) L. HINIBHE, #ridtZFHi,



270 oo

AL, 232-232

FRACERE « /NEFSEE] (1996) KW, HIRHARAR, #rhidts:
FHi, SR, 229229

Brissette, F.P. and Lajoie, J. (1990) Depositional mechan-
ics of turbulent nuees ardentes (surge) from their grain
sizes. Bull. Volcanol., 53, 60—66.

Branney, M.J. and Kokelaar, P. (2002) Pyroclastic Densi-
ty Currents and the Sedimentation of Ignimbrites. Geol.
Soc. Memoir, 27, 143 p.

Cambell, C.S., Cleary, P.W. and Hopkins, M. (1995)
Large-scale landslide simulations: global deformation,
velocities and basal friction. Jour. Geophy. Res., 100 (B
5), 8267-8283.

THHERY < gk W - B E] (2000) =5 2000 £E0E
KEKINKE BBE7 » — 7 2 F8KmXE, 115-
124.

Crandell, D.R. (1971) Postglacial lahars from Mount
Rainier Volcano, Washington. U.S. Geol. Surv. Prof.
Pap., 677, 75p.

Decker, R.W. and Christiansen, R.L. (1984) Explosive
eruptions of Kilauea volcano, Hawaii. In Explosive volca-
nism: inception, evolution, and hazard, 122—132. Nation-
al Academy Press, Washington, D.C.

Denlinger, R.P. (1987) A model for generation of ash
clouds by pyroclastic flows, with application to the 1980
eruptions at Mount St. Helens, Washington. Jour.
Geophys. Res., 92 (B10), 10284-10298.

Druitt, T.H. (1992) Emplacement of the 18 May lateral
blast deposit ENE of Mount St. Helens, Washington.
Bull. Volcanol., 54, 554-572.

Druitt, T.H. (1998) Pyroclastic density currents. In The
Physics of Explosive Volcanic Eruptions (Gilbert, J. and
Sparks, R.S.J. eds), 145-182. Geol. Soc. London Spec.
Publ. 145.

Fisher, R.V. and Schmincke, H.-U. (1984) Pyroclastic
rocks. Springer-Verlag, 472 p.

NEHER < IBEHEA - RIFHES - dhHEHETHE (2002) =
K1 2000 FENEK D = 7 < SR, KL, 47, 419-434.

Geshi, N., Shimano, T., Chiba, T. and Nakada, S. (2002)
Caldera collapse during the 2000 eruption of Miyakejima
Volcano, Japan. Bull. Volcanol., 64, 55-68.

FEEFFNE (2005) KILZFAEIR & 3 2B JROFRE) « &
B Kl 50, Kilry2r 50 ML ERERIS, $253-
272.

NI (1998) R E KA. KILHER, 10,
g IR AT, .

/NLEA - FYIHFER (1996) o REKILA v 7 7
IRUABE DI RS, 1 4E, 105, 133-162.

ANE L HR o SLAHERR AR (1998) FTRRFRE Y O WL,
HF A 29, HIPEHIATFZEZ:, 399p.

—MEED (1984) REEHUSOME. HUsHEIFEHRE (S
J157 0 1 E XIS, WEFEET, 1-133.

—ERD « tAR—B « HIRERRER (1981) K&K LA
KO RAGR I : “CRERBIEIC & 2. kil
26, 235-238.

— MR « PRI BUIIER « SR & - 7R $ e
e AR - EIRS (1963) EHERE R S A FoHEK

A

BKiLo# v 5 kg Kil, 8, 61-106.

McPhie, J., Walk, G.P.L. and Christiansen, R.L. (1990)
Phreatomagmatic and phreatic fall and surge deposits
from explosions at Kilauea volcano, Hawaii, 1790 A.D.:
Keanakakoi ash member. Bull. Volcanol., 52, 334-354.

Middleton, G.V. and Hamton, M.A. (1973) Sediment grav-
ity flows: mechanics of flow and deposition. In Turvidites
and Deep-water Sedimentation (Middleton, G.V. and
Bouma, A.H. eds), 1-38. Soc. Econ. Paleont. Mineral.,
Pacific Section.

FREt « EOFC - B (1999) =) v 737
o R FOREKLOSESR, HTIER, 21, 424~
429.

Nakamura, K. (1960) Stratigraphic studies of the pyro-
clastics of Oshima volcano, Izu, deposited during the last
fifteen centuries. 1. Cyclic activity of “Main Craters”
and the absolute chronology of the pyroclastic sediments.
Sci. Pap. Coll. General Educ., Univ. Tokyo, 10, 125-145.

R —BE (1963) FH KR KILIDIE K — K111 D tephro-
chronology—. T, 33, 141-147.

Nakamura, K. (1964) Volcano-stratigraphic study of Oshima
volcano, Izu. Bull. Earthq. Res. Inst., Univ. Tokyo, 42,
649-728.

rpR—H (1978) KILDEE.  HHEHTE 35,
5, 1-228.

e £ (2001) 7 7m/m/ny—-LU¥Cra/aY—,
FPURCIFSE, 40, 461-470.

Palmer, B.A. and Neal, V.E. (1991) Contrasting lithofacies
architecyure in ring-plane deposits related to edifice con-
struction, the Quaternary Stratford and Opunake Forma-
tions, Egmont volcano, New Zealand. Sediment. Geol.,
74, 71-88.

Sheridan, M.F., Wholetz, K.H. and Dehn, I. (1987) Dis-
crimination of grain-size subpopulations in pyroclastic
deposits. Geology, 15, 367-370.

RICTBEE S (1901) iAFILIE K. BTG SHE
35, 117-119.

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

BOEWAY IR NT T w7 KD AT MR
VEMES OB, HUEHE 93, 909-923.

A2 B e BNRNED « REEE (1994) B E KB K LT
Wl ORI UIMmEE SR © 7 7 5 —EEHIRK—. 5
PURCHFZE, 33, 165-187.

Ui, T. (1983) Volcanic dry avalanche deposits. Jour.

HIEEIL, R

Volcanol. Geotherm. Res., 18, 135-150.
FHAHE= o WRHEE - 25 Honis « BHEIlA— - Sl 5 e

HI7U?55K BAETER < (LonFIL « EiE - e
 fERRATK « BRI « BIFZAE (2001) =FRK

mmmﬁ@kwvaviﬁ%Tw 8 A 18 A
BXUEIEE SO, KILH# 206 DFE—, HiIZEH,
110, 257-270.

Valentine, G.A. (1987) Stratified flow in pyroclastic surges.
Bull. Volcanovol., 49, 616-630.

Valentine, G.A. and Fisher, R.V. (1993) Glowing ava-
lanches: new research on volcanic density currents. Sci-



FEREKIL, A VT F BRI O KIS R : Z2AHE S, S ORET « &4 « R OFHE 271

ence, 259, 1130-1131.

Walker, R.G. (1975) Generalized facies models for re-
sedimented conglomerates of turbidite association. Geol.
Soc. Am. Bull., 86, 737-748.

LLEFIL (2001) FHEEK 1L 2000 4RI K T D < 7 < KR
1 & KRB . SR AR, 52, 231
239.

WOCFIL « &l 52« FIE— (2002) & LKL EE
. HTMIER, 24, 640-644.

Yamamoto, T., Nakamura, Y. and Glicken, H. (1999)
Pyroclastic density current from the 1888 phreatic erup-
tion of Bandai volcano, NE Japan. Jour. Volcanol.
Geotherm. Res., 90, 191-207.

(MREEFHY AR



