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A Pyroclastic Flow Deposit Occurring at the Northeastern Foot of Nakadake,
Aso Volcano (Japan) and its Stratigraphic Significance

Yasuo MivaBucHr*, Kazunori WATANABE** and Yoshitaka Ecawa***

A basaltic pyroclastic flow deposit, the Izumikawa pyroclastic flow deposit, occurs at the northeastern foot of
Nakadake Volcano, which is the only active central cone of Aso caldera, southwestern Japan. The pyroclastic
flow deposit covers a fan-shaped area of about 0.9-1.9 km? and the bulk volume is estimated at 4.4—9.4 X 10°m°.
The deposit is poorly sorted, and consists of subangular faceted clasts and spherical cauliflower bombs set in a
The deposit forms two different facies: a black reversely graded lower unit and a
reddish-gray reversely graded upper unit. The caulifiower bombs, which have slightly vesiculated crusts and
denser interiors, are more abundant in the lower unit than in the upper unit. The presence of the cauliflower
bombs suggests that the pyroclastic flow was generated by an explosion at the source lava lake or conduit, which
was filled with mixture of solidified and molten lavas. The age of the deposit was estimated at ca. 19 cal ka, based
on "“C ages obtained from charred wood fragments in the deposit. Recent tephrochronological studies reveal that
Nakadake Volcano became active from ca. 22—21 cal ka and that violent scoria and ash eruptions of Nakadake
were concentrated in two periods of ca. 2221 cal ka and 18—16 cal ka. The age of the Izumikawa pyroclastic flow
corresponds an intermediate period between the two violent eruption periods. A similar pyroclastic flow deposit
and a basaltic lava flow were also identified. They cover immediately the Izumikawa pyroclastic flow deposit.

sandy non-cohesive matrix.

These facts indicate that multiple violent eruptions producing pyroclastic flows and lava flows occurred in a short
period at ca. 19 calka. Recent activity of Nakadake has been characterized by ash eruptions, strombolian
eruptions and phreatomagmatic explosions. However, the presence of the Izumikawa pyroclastic flow deposit
emphasizes the potential hazard induced by bomb-rich pyroclastic flows that may rush down the flanks of

KL & 51 % (2006)

Nakadake Volcano.
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1. FL®BIC

Bl R K L ek 1 Feff oo v e B ME—S B2 ke L T
WA, VU 553 FELCROMEKGEE S »  (EkE
X5EA, 1990; KSEFF, 1996), HMETHR bIEFELE K
o—>TH 5. TOKIZHK 22~21calka (LT, "C
R DIBERIFAS R A calka & FKidd ) ICiEEZRAIG
LickZBZoNTHEY (Fi - th, 2004), dHHLIA < Fr

HLA « S AR E WS 3>k %2 TER L
(Fig. 1; /NEF « P52, 1985). hETld, 1EEho I < 1
\Zd 7% 22~21 calka & 18~16 cal ka LHIC Z B DT
775 (Ra )7 EKUK) ZHT 5L WIEKEE
NHy (i - M, 2004), FiECEEELFORES (X
REE) ML Tcnsd (B, 1999). 7, SEfrtic
A= T b bFlilkoEs (KREEZ S ZEH

* T860-0862 HEATIHEZ 4-11-16
ARMAR AR LN AT
Kyushu Research Center, Forestry and Forest Products
Research Institute, Kurokami 4-11-16, Kumamoto
8600862, Japan.
K T860-8555 REATIESZ 2-40-1
REARFEH D

Faculty of Education, Kumamoto University, Kurokami

2-40-1, Kumamoto 860-8555, Japan.
K T 8612233 AEAIE N ARIARLS T 450 900
PAS s
Mashiki Junior High School, Souryo 900, Mashiki,
Kumamoto 866-2233, Japan.

Corresponding author: Yasuo Miyabuchi
e-mail: yasuo@affrc.go.jp



232 ERER « FEL—RE - TIEE

Youngest pyroclastic cone

Young edifice
(pyroclasts and lava)

4 cal ka

19 calka Izumikawa pyroclastic flow deposit

Old edifice
22.91 (agglutinate and lavas)
Lol Aira Tn ash (AT) 29 calka ----------
Fig. 1. Diagram showing stratigraphic relation

between edifices of Nakadake Volcano, the
Izumikawa pyroclastic flow deposit and key
widespread tephra layers, based on previous
studies (e.g. Ono and Watanabe, 1985;
Miyabuchi et al., 2004). All ages (cal ka) in
this figure are calibrated '“C ages. The ages of
K-Ah and AT tephras are from Okuno (2002).

LTWw3 (Fig. 2A; /NEF « JE3, 1985) 78, Hat OIEK
IEEN SR EIMROARE KK (XREEZ s 2
T BIKEKICE > TRES I ot ad UM - fth, 1995;
Ono et al., 1995).

K O I TR 4 km (A7 9 2 Bk K LiFr gk
CE#EBE N7 7 5 080 (Fig. 2B © A9418 Hilf;
VT« EH, 1996) D PRI I KBRFHERI DS EAE L,
14,520210yrs BP & W 9 “CEERpHiGshToc
2, 1991; 1992). /NEF « fih (1995) 1, T D KFEAHERED)
A LR O g OB & 7o 2 HEREI & B A .
L L, wITIC > T, O KRB L <
BHEAERS 0, BHERSEERETSLEND S C
& ASHIEE L 72 (Miyabuchi et al., 2006).

A Tld, Miyabuchi er al. (2006) IZ & » THIG XN
fo, TOKWERHEED O NP RMEMER T s & b
12, WEHERLEROEARIC B 2 EE, S HIpX
FoBEHRICOVTHEET S,

2. BAEMIFEOHMEHE

SIS, Pl kLT dek O o hE (S 1,506
m) BLOEE (5 1,592m) OJLEEIChE 3 5 Ezp]
WETEOROF I TH 5 (Fig. 2). T oHllicig,
if - SEICEERS 2R DN T D, 55 900m
MR Yo ) v DL E LTRID NS BE ik
AHB. 100m (k0 SEEHTE, RIIEHE LT
ST 8 KR « Vi, PG GRS B

BrEEs & bichEl v kLEShTws) ok
e « isammnm LB, FRIAVITidhE
ADIEENHER SN TS N « J57, 1985). X5
12 700m & O EEEIE SR ERB S 15D, BRI
Mo HEESNTVS VN « 7, 1985). LWEnokt
HC B WT b kEvs, RIKRMHERY O LA, o
RAOFRERFROB N7 7 S BEL B ->TB 0, RN
WOREKFEEE (BT « =i, 1996) I8 52 DES 3,
B 15,000 R T H 20m ZikA TV B (T, 1992;
g e X, 1997).

CHLEBEVWERT 7 5 BEBEAT B0, 1H
FLOHOHERBYIOZEH ZIZEAE TV, RNk -
TIZIE R LB/ o 0 Lo fifmic, A
IR B KRR B LT B,

3. RIKEERHERBY DS S 458

31 EREYOSH

i Tl B KWL HEREY 3, 152 (1991, 1992) 12 & -
THIOCTRES N, PRk gk D ERRER & LT,
ME—JE L STV 2 KIPHFRHEREY) C© & 5. Miyabuchi et al.
(2006) 13, ARHEREHIPEALHEE O RIA 0 2 duiic i
Hotifici#khd 5 C & 2R L, Izumikawa pyroclastic
flow deposit & s L7z, AiwTld, RINKFERHERY)
(B$FR 1zPF) &\ 5 EFRafdif 4 3.

IzPF MEBICBIE T 2O, & 640~780m DR
2D B BRI & BN M 3 FL 45 AR
i (S 610m) Tdh % (Fig. 2B). N5 DOHIL LD
HACPEA T IAMBEY AR T L5 ENTEH L -
fo. UL, SEfEHsic s O Tiisy s e Eh B E 2 ¥
wed 5 &, RINE G INTEe & n okl & f kBt iE
FEHS—Ed 2B I3 & S ICHH~EL 100 m F2EELDS -
TWATEMbhrote, THLEMIEGEET L, A
HEREY) 13 HE S 780 m [hT s &AL ~NERIC A DS B s
BIFLTVS D EHEES NS (Fig. 2B) A3, HEREMIAR
U IETES (B A TR 5 2 & 3EE L V. BT, HERY)
DFEHEBIZE T & 2 NS 610m (A0242 HH150)
ThHo, TOfiEEREET 5 &, HAHE I 0.9km?

L1522 (Fig. 2B TH AT /R LcHIFD. L L
HHIFE T3S 550~560m T2, IzPF OKig &%

AoN5ES 2mBEOENED NS, IZPFZTD
FHEETHMT 2 EIREST 2 &, £ OEFEIFH 1.9 km?
E12% (Fig. 2B IR TR LAcHiID. Migic Bt
DHEREYISHER T X I\ oo, HEREM ORI IR ¢ =
fe2 MR ORI S, SFHEER SmBEEELON
b, IO o EESN B IZPF O B U (KR 13 4.4~
94X 10°m* FREECTH Y, BAEAZELTH 10°m’ & —
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Nakadake products
The youngest cone

@ Yound edifice cone
[52<] Young edifice lava
Old edifice lava
and agglutinate

¢
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Fig. 2. Distribution maps of lava flows from Nakadake (A) and the Izumikawa pyroclastic flow deposit (B);
modified from 1: 25,000 topographic map “Asosan” and “Bochu” published by Geographical Survey Institute.

Solid circles show localities of measured stratigraphic sections.
taken from Ono and Watanabe (1985) and Baba (1999).

¥F—ThsIEEMEVITVTHAD.

32 HREYOER

IzPF 13, B (N2/0; < v vyt |- @ik ic X
i, UREH 2242 Fifa=yv ~ ERKE (2.5
YR4/2) #8295 Fifla =y MIXNTHIENTES
(Figs. 3, 4A).

IzPF ORENEE S N7z A0244 M i B VT, HERE
PIE FITI3EE 2 em OMEIKDO K WEVEKILIKE (5
AR HRMAE 3 12PF LRI L) DFEAET S, TOKX
K& OB N LI 3 EE 0.5 cm OZLBA R & & D hid
~HEEORE TR 2 ) 78 5, O MR O
K 2 W idE R A R SRR R 7 L (82 8cm
) &7 -TWwab, —7, IzPF O i, [EEL 72k
JEkILKE (8IS 28~60cm) ICEEEHLN TV S, F&IH
D—H T ld, 1zPF & [EFEKILIKE & DRICE S 95 cm
D 5N — VHEREYI DS AE L T\ % (Fig. 4B). &% FALO

The distribution of lavas and agglutinate is
Latitudes and longitudes are shown by Tokyo Datum.

HOENR Y 7Eh S IzPF B o KLIKEE T
137~ — VHEREY) % & b TR 2 /R 9 g o HE
REMIHEED S NS0T, —BHOBKIC X 2HERY) &%
AZbhb.

158, O IZPF 250 — O KHEREY DM, fih
DIEERT 7 5 EDEFBIRICO VT, 5EICBWT
FEL N3,

33 EREYOEIK

IzPF FLWFhoHifsics 0T b, Kiliabis X ok
g E 2 & 2 2 B D 515 2 kO EOHEEY T
b5, Fh, TOHEVRBOO L= F EFRKE
D=y b5, WiFELESICHY 757 KK
I3 (Fisher and Schmincke, 1984, p. 92; Alvarado and
Soto, 2002) % % & 12 & bomb-and-ash flow deposit T &
% T EDEETH % (Miyabuchi et al., 2006).

1zPF OHLED S i L % THIE T & % A0244 HipS I
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] Soil
Stratified ash fall

debris flow facies

Lahar
deposit

stream flow facies

Reddish-gray
upper unit

EXPLANATION

Juvenile
Q cauliflower
bomb

Juvenile
faceted clast

D Non-juvenile
faceted clast

Izumikawa pyroclastic flow deposit
Black lower unit

Underlying ash
Scoria fall

Fig. 3. Schematic stratigraphic section (locality
A0244) of the Izumikawa pyroclastic flow
deposit and related deposits.

B BAME ORI, IFDELB0D THS (Fig. 3).
COHIE T, IzPF 3EEH) 280cm 0 B i = v
FEBIE 130 cm OFRKEE B = o MK E NS
(Figs. 4A, 4B).

T = o b REVICHE LS E LTV B, &
S S0em (kISR (U, S¥E k3D wwZzLw, &
O =y MTEEN A, WAEFRTA Y 7
5 v — Rkl & i g~ i O R A 24 2 1S
=HOCUF, ARE-70al & X3 o1 a0, Al
ICBLWTEAEIENRREEZ EvTns, 2o 0aiiidk
JE 5 130~230 ecm (T ICHErh L TH 0, ARRE
(ML: SRUAIC B 2 i Ka R 3 HOEREEE) 3RS
2332cm THEH 30em TH - 72,

=y b b c i biEE LTy, B
50cm ICEBBERLTWS. # ) 757 —RKLgEE
iR 1B REBICEEN, D=y MTBVTR
BEDKEE HEHT WS, ML IZHTEH 45 cm, BED
28cm TH 5. Fr, 0=y bhoEHIIE, FElx
=y FEDBAE-bOME V. X5, HEYEE
BAONIEEER P I 2=y XD SZ DS
N, ThoRBAREER XD MR- TV EMEHT

»H5.

EofIcBWTOEHMORL 2 2=y b &
2=y b EOBREBIERHTECcH 2 & & big, Ao
HEMEOEIEDIIRGES T &S, WERIRLE 7
O—2=y Mk CTHERE L 2TTREME S S V. £, W
2= bR A2 R 4 IR O HEREY) 13 7 7
57150,

4. RIKERERY OB E

41 #ERYE

IzPF & « EEE bicEG 25018, Laz2wH T
Ay 757 = ROKILUBEME s cER» 615
(Fig. 4C).

KU IF RIS HOBESA - 12, FisaY 75
7 —ROXAEEEET 5 XREE (LRI W T
%) OKFEITHd 5. O KILTEEDIE L 7 Brif %
BliEd 5 &, WHIIIEREE ch 2H, Kb oS 1~
1.5cm O F NS &IE CRERSY 1mm LIF) 25
WD 515 (Fig. 4D). N OBE 1285 A D0
FEIA L 1 ORI IR T H 5. = QBRI
IR EBRIE A 3mm) HEFLTED, Thoo
SUaAENE A RINOBEST T 5, AN S ATo
APl s N,

INOORFEMM» S, ZPFRICEDONE ) 75
7 —PRKILFR ISR s A BEE R 2741 b cored  bomb
(Macdonald, 1972, p. 127-128) IC¥iflld 2 bDTH 5 &
s ng., FAFICKEREVRH S 0D, Wik
AR G & TREEMAECEL, GRR) OERE
BERBULTWE T EMD, MERFEDFEL<S <
PoOMASNEREWE TH D, —FEHAEE - iaE
DOEMIC, BUEEATEES < /< hfE LR, 295
L7z kilignsdpi s e &2 5TV % (Miyabuchi
et al., 2006).

—H, k- foE R VY O 2 BT A R o R
REREEDERThH 5. CORBERENE, H) 75
7 =Rk & [E USRS A E T 5 b o LRI
ML L7z, ZENEDONDL DD 2 DITKBISh,
BEIHEYE L HEE S N B,

IzPF O KIiE3 5 X VKR 2 o 2 JE g, I
BEEEOME KK TH 5. T O KILKKLTI1E, 5
OfERA, BE LSRN EN SN, GO
4713 blocky texture 26 L THE D, FENEO T &
#Td 5 (Miyabuchi et al., 2006).

42 HEREY) DORLERAR

IzPF OREEFER ZB S hicd 3728, A0244 B XU
A0301 HIASIT B W T —5 ¢ (32 mm) LK @i % 5L
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Fig. 4. Photographs of the Izumikawa pyroclastic flow deposit.

(A) The Izumikawa pyroclastic flow deposit

showing two different facies: a black reversely graded lower unit and a reddish-gray reversely graded upper

unit at locality A0244.
deposits at locality A0244.
from the lower unit of IzPF at locality A0301.

L, WIEH AT - 7o BRECL 7oalkhdnzig (105°C T
24 KHED R, —5¢~5¢ (1¢ [ElE) D350k > TH
L 7.

3l ST B U B HEREY) O R EE AL S % Fig. 5 1R
L7z, IzPF [EFEB » B2 = v b & STk o BEOHE
BYIch, 2=F—FNh 51T =S VBIORES
fizHELTV5, BEO ML=y b Tl 1 1~2
¢, RED —d~—3¢, I FERDY 1~2¢ ITE— 7 fF
ELTVS, FIKOO 2=y b TIE—3~—-2¢ O
AT Y — 7 38 558, HEICEWERS TIE0~3¢ D
WA E— 2 BB 5N D, TS ORISR
4, WSS AR T B CORERE BB UKL T
WA, Ft, 4 LITDO YLk o« RS OEIS I 3~
10% IR &5 <, MREICZ LW EETdh 5
(Miyabuchi et al., 2006).

43 BRFHEH

IZPF G EnsfAik-cgh B8L0H ) 759 -k

(B) The Izumikawa pyroclastic flow deposit overlain by a lahar deposit and ash-fall
(C) A cauliflower bomb (left) and a subangular faceted block (right) sampled
(D) Cross section of a cauliffower bomb.

KBRS 2R L, (RGBSR N clig L
fo. AEVHEEEZ SNBAik- SR, 71107
S U —RKIBHICE TN 2 HROREER, LI bEREL
T35~40% RETH 5. WHEILY OB LT o0&t
i, EH50BHEEL > DA SAL>RIAEATH -
fo. LHEES S, B EREOMEE T R 518 HHE
HHRHLRRE LTV 5,

F 72, IzPF FOEHE L O ELFOBREICOVT,
zh o O E b A HIE L, fricfER Lco
1&, IzPF Fa = b Ok - o8 R 4 5lk & kL 2
Ak, B = b oo e 3EK, s oIl
ARSI T 2 hERFEEEZ SN b iEaD 43
Fled s, wlkhd A 7 v S THMBPMRICERF AL
T 450°C T 1.5 B2 L (Yoshida, 1987), 1: 10 7R
DT A= FEMER LI, 2ELFERORE R, L
MR € v & — A O 80k X fRoih il (B
FEETERRSH > 257 4 3070) TIT- .



236

ERER « D - T EE

A0244 A0301
= =0 top| | base
§ ':%10
= L
2 B ]
S =8, =
-5 0 5 5
Grain size (¢) Grain size (0)
g 220 fop 20
o
E 810
< 10
1l il
=3, = . e
~ 5 0 5 5 0 5
Grain size (0) Grain size (0)
Fig. 5. Grain size histograms of Izumikawa pyroclastic flow deposit sampled at localities A0244 and A0301.

Table 1. Whole rock chemical compositions of blocks and bombs in the Izumikawa
pyroclastic flow deposit and of lavas from Nakadake Volcano.
) Reddish-gray upper unit of Iz 1 - L Lava of Nakadake old ~ Shirinashi- Sensuikyo
Unit flow deposit Black lower unit of Izumikawa pyroclastic flow deposit edifice cavalava lava
Sample No.  A0244[ZUC  A03011ZUC2  A02421ZUCI1 A02441Z1L.C  AO301ZLCT  A02421IZLCI  A02441ZLB  AO301IZLB  A03011ZLC2  AOOI10NOL A0310NOL A024281 A0307L
_|u\cx\lr‘llf ::ocmd juvenile faceted juvenile faceted  juvenile faceted  juvenile faceted juvenile faceted oL :‘:::"il::ﬂ:i Lava v v Lo

Sio, 51.42 50.07 51.04 5035 49.89 50.48 50.11 49.59 §5.57 5321 49.77 52.58 SL79
TiO, 0.94 0.91 0.92 0.88 0.86 0.93 0.92 0.91 0.93 0.88 0.94 0.87 098
ALO; 18.53 17.95 18.02 17.95 17.52 18.22 17.80 17.34 18.27 17.21 17.83 16.40 16.46
Fe)O3 1114 11.37 10.95 11.04 114 10.90 11.25 11.54 8.78 1041 11.57 10.71 10.55
MnO 0.17 0.17 0.17 0.16 0.17 0.17 0.17 0.18 0.15 0.16 0.18 0.17 0.17
MgO 525 571 522 597 624 521 5.89 6.24 ERV] S.11 5.84 6.37 545
CaO 10.67 10.53 10.63 10.60 10.45 10.61 10.57 10.58 778 9.36 1114 9.15 941
Na,0 226 238 236 225 221 236 232 232 285 253 226 238 243
K;0 0.73 0.74 0.76 0.69 0.67 0.75 0.71 0.72 1.66 0.99 0.81 1.39 1.47
P05 0.15 0.16 0.15 0.14 0.14 0.16 0.15 0.15 0.16 0.16 0.18 0.16 0.16
Total 101.27 99.99 100.22 100.04 99.27 99.79 99.89 99.58 99.27 100.01 100.51 100.17 98.86

IzPF Nl =y MTEENDZH Y 75 7 =Rl
Si0,=49.6~50.1 wt. %, ik - 7o F Si0,=49.9~50.5
wt. %, L#x=» rthofik-> o5/ 1d Si0,=50.1~
5l4wt. % &, WIN bR EMKTdH - 7o (Table 1,
Fig. 6). HEREWIhIcZBICHEEST 2 H ) 7 5 7 =Rkl
HiE, TOBR» LA TOREWETH S EFIHS D
Thh, TNERZEEUCILFMkEET 2 A5k - foah
bAEYE EEZTREWEWTHA S, —J, 1zPF
WCE TN DR (25%) PR ERY L (BE Lk
A S A > BRI > ROTEEG) VRIS 2 sk - 7o
FrofR#ER7 & O &2 RIL THHT L SR, Si0,=55.6
wt. % EZEH TS - 72, T DEF 3K IIBEE HERL
LTy, &2 WIEKFHEREDRBIIICH D 1A A 7R
P SRS NS, 61, mEISHBLICEEZS
NnaEs GRIILRO SR, /N« 153, 1985) i

Si0,=48.9~53.2 wt. % & LR E~LREEZ1LE 0
AR LTz,

IzPF TOREMETH 27 ) 757 =Rkl & A
EoraRRthotHEEATH, FeO*=9.8~10.4 wt.
%, Ca0=10.4~10.7 wt. %, K,0=0.7~0.8 wt. % {-i/T 1T
L Th Y, PEREOES L IZPvE - o s
KoTWa., LL, 205D EAIRT N THEEDY
DI NY T — v a VIZEEN AR E & £ - 7L
HkEE LTV 5 (Fig. 6).

5. AERBLUTF IS LOBFBREER
SRINKHRHEREY) & ho ST 7 7 5 & OEFBR
ZIHOPITT B 10, RHEREYI DTl L 02 D
iz s W CHMIFE & % 1T - /¢ (Figs. 2, 7).

IRV D A0311 Higi T3, IzPF @ 4.5m FHzicHh
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EhHAOES UMY « 2, 1985) FEEL CTWL 5.
oM, TESHEORE LT 7 5T
BIGE Tn KL (BEPR AT; HTH « #iF:, 1976, 1992)
L DJEFRR AT = 2 BHIS (Fig. 2A @ A0010
HisS) 23 2 (BE, 1999). @ A0010 HiIfiTld AT @
b T HERE R & % 0 RS BRI E B0 3T, Kilk»
23 7TEBRETAHEAIEE D, TO—HOE KT
s IALE DRSPS t L i 2 &S T & % (Fig.
7). T ED L, hEHEHIIADES OB BFERIE
AT OEHFERTH 55 29 calka (REF, 2002) /L L%
LHEEESNTWS (B 1999). /NEF « 3 (1985) A3
hESHLEOEASE LT aiaaohcltiE (A0301
W) B X OFEERE (A0010 HifS) TEELZZbD1E, W
FTNHAMR « 8 FOHETIIAENEELILTED, &F
N5 EPEIY ORI S HENEG > h A S A G > KRG
HE—FHLTWwS, UL, [LFMBIRTE D Si0,=
49.8 wt. %, HBENSI0,=532wt. % EENED LN
(Table 1). L7chd-C, madbifii i i 4 %t
LA D7SE UM « 570, 1985) [ZH—DAE TR L,
B DIRETREHRRIRL TV B AREE S 5.

Pk LiFr e K O IR O N 7 7 5 SR HERE 4
BHVF SR TIE, AT O om EAic ik 20~453
1523 ) 7 (BEFF YmS20~YmS15) &I Nz a
)7 EKINKDEWRESH D, 5134 22~21 cal
ka & WO ILEERICEE Lc 2 &b > T3
(Efg + fih, 2004). ZNSDF 7 5 & DOEFEBGED S,
MR I T A AR DA 13 YmS20 2> 5 YmS
15D &EThDEEICHAEL, € OEHENRI 22~21
calka & STV % (Fig. 7).

IzPF B [ O G K LKE D FA7IC i3, VS |-
[ERNCE D KIIKEPHEL TV, ZhoDT7 5
iz, REEOFE T2 a3 ) 7E (8E 10~20cm) &%
A AR 0.5cm F2E) DSBS 2B KILIKE (8
JE8~12cm) 2% v, 1zPF ZiBET BBED L LTFhih
D&M ->TWVWA (Fig. 7). UL, #LFI8bEIcE
WC, NS 2 >08ERRIIKIHRICHESBET T 7 5
R TE 3 b O RBIEETE TV,

A0 HIE TR, HETHZREOBR ) 7HLUR
AEETKIKED EAiic, B0 ZREE KRR
(JBE 5.1m) 7 % (Fig. 7). Z OHER b RO T
2=y b (EE33m) LKA K=y b (8E
18m) IR oM, MW=y FEbITHY 757 kK
s & faik - foa R & E 5758, 12PF LREPIL 72
BAE b - T 0B, KRTR, < OHERA NI T
HEREY) GHPR) & 5.

Fio, RENOH Y —NITIES 5 A0242 Hif (Fig.

11
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FeO* (wt.%)
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Fig. 6. SiO, variation diagrams for major elements of
whole rock chemistry of the Izumikawa pyroclastic
flow deposit (IzPF) and the Nakadake lavas.

2B) T, IzZPFOf2 m LLICESENHEEL TV S
(Figs. 7,8). £ DIEER <y v 7 EKR (BS4m) O F
FHCES 14m D7 ) v i1 —%pk- TV A, I
X2 &, WEVENYIE L CHANEG > RO ZA S
AMAEEUEREE (SI0,=52.6 wt. %) IRETH D, &
K4mm EEORELBREAHEEZHET 5 E0RHT
b5, ZoEER, PEHHLEOGES ONY - L,
1985) EALAFHAAGIZEERLL TW 3B & D D (Table 1), B
DR E SPUEEI ORI THRIT>TVWE, Z0
BB T, ComaehERIIGOGE &I
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B5bDEER, BEMMAOLIRE L > TRE/EE S
WATEL, fofl, T OiEa &R O/ NEBCK PR
Y& o ERBERIEBDD > THID,

SRINKFEHHEREY)IC >\ C, Miyabuchi ef al. (2006)
D372 18 a2 SR L C B RRET RO &I g = T
(AMS) iEIC £ 2 "CHERBEIEEZTT-> TV 5. T ORERE
Table 2 ICRT EHB D T, 35D “CHEMYEIZ 1o DL
HHHNTOHEL - TH Y, BIEEFRI 19,970~18,230
calyrsBP (20) &75->TW5, T O 15 “CHEMEE,
P (1991, 1992) H3#R4s L 72 14,520210yrsBP L 0 &
1,400~1,800 FREEHFVHDTH > 2. ZOFHHIZHOL
TRELS b oD, I (1991, 1992) AFEAHIE %
1T = T2 BRAEARF 3k S 13T & h DFINTEBE L D &4
WERDBEONIL D EHEES NS, L ->T, Kif
TIRFERMEHEFRT 24 19 calka % 1zPF ORI &
LTIRAT AT &ic Lz, T OFEAUE IO Y & D
[EFEBA% (Fig. 7) 7 5 AT HF/IZE L

6. Bl

61 RIIKBEREDTD LI-EKOHRE

RINKRERHEREY S B E ML 2 hE nekILKE %
PEoTHBD, TNOLTEBETE % A4 IS TD
2fBEIRH5.5m Th B (Fig. 3). % O—H DI K HERS
Yo NERICIZIEE 0.5 cm O b~ E OtgE R 2
) TEPFEELTVA, CoR3Y TEICRAROEE
shrZEIcEGEnTEy, TEAITLICRED LN
< U RIKRRURFEHEREY) (B, 1992) AL 7o HE
ZRLTWS, ZTHLkIENS, CoBExa) TR
3~ 7 < KELERIC K > TROEEK LAz 7 = — XD
B orb Lk, £hh Sk LB KLk
(IzPF O FEE KWK EF UASAENFEE2ET 2 b
D) ZHHT BB KDHEGE L 72 BRI RIN KRR T
LTW5A.

B L7k 21, IzZPF 32D 70 —2 =y MK
NTHIENTELD, BOEETE N2 =y FiEH
V75T —RKILMAEZRICEU T ENEMTH 5. HE
WL 7okilmiize & ki, HHEowL >ho kil
WMESNTWS, 20T, IZPF QR K ILTED NER
&3, maE & o ki K OB &= AE c R4
L7za 2% 1) # Arenal ‘KL D KA HEFEY) (Alvarado
and Soto, 2002; Cole et al., 2005) IZELL L TW 5 72,
SRINKREGR & Arenal BUK Wi & ML L 7o SRR AV
EExnb. L, IZPFHICEEN 5 blocky 75 KILIIK
KT OEMEIR~ < EKEDHEMZRELTWSC &
(Heiken and Wobhletz, 1985, p. 85-107) /»» &, P L 72
AR IGE T~ 7 < KBS EMNR T - T, [

w

Shirinashi-| _
gawa lava | =

Fig. 8. Photograph showing stratigraphic relation
of Izumikawa pyroclastic flow deposit (1zPF)
and Shirinashigawa lava at locality A0242.

Liciaisties g (k- e RN ER R & &
bz 757 =Rkl (FTIRBAREE - iEED
$ b 0 ITHEIE AR < 7 < S LT ARk
SN, TNSEGUKPERPHR FLcEfEsnTn5
(Miyabuchi et al., 2006).

51T, 13EA LR E BN, FRKOERT
3 Efa =y b AU S B B KPERDSTFEL TV B, &
D=y MEALTLFE2 =y b LEEOEAT O+
APEINTOED, Pz =v F& D %< OFHE
ERDBEING T E0D, KIIBEDRFEEA > 7o nlgEr:
hd % (Miyabuchi et al, 2006). Lo = b 255RIKE
AETAHAELTE, TO2=y PR FE2=y b &
DEETH > e/2dd, H 5 VI KPERIEARNICES
DRSS ADREBIL L TV L ENELLND
D, FEMEAHTH 5.

SRINKRER O HEREE %, 1zPF 28B8WIC & » Tk
Bz 50—, —IofRETHREL, W PR
ERVORHE SR 20 A A THEHM L TRIAV I &
HefE L7, 2o b KILKERE T 280 kEE L, [
I S U 7onidg ki kg U8R 28~60cm) & HE
HSET, —#HOEKIKRTLILEEZONS,
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Table 2.

Results of '“C age determinations for charcoal in the lower part of the Izumikawa

pyroclastic flow deposit (Miyabuchi et al., 2006).

Sample Sampling site~ *C age* stc Conventional '*C age**  Lab code Calibrated result***
(yrs BP) (%0) (yrs BP) (26 95% probability)
Charred wood fragments” A0244 15,950 + 220 -26.4 15,930 + 220 Beta- 178067 19,830 - 18,230 cal BP
Charred wood fragments” A0301 16,210 £ 100 -24.7 16,220 £ 100 Beta- 176709 19,890 - 18,820 cal BP
Charred wood fragments”” A0301 16,300 + 90 -24.7 16,310 £ 90 Beta- (1;6;(291 7 19,970 - 18,950 cal BP

* ¢ ages were analyzed based on the Libby's '*C half life of 5,568 years.

#% Conventional '*C ages were calculated using 0 B3¢ values.

***Using the program (Talma and Vogel, 1993) based on calibration data sets (Stuiver ez al., 1998).

# measured by radiometric method

# measured by AMS method

HEREYI DI P BRI E D &, RINKIfR % & 72
5L KELED XS BB E I E > EifEsh
fo. L L, ToOXSISHEKIER &1 - 2 JF e, KR
WRED Y A4 L v 715 EIcoVTiE, S%HELVKRiTE
THhBIFNEE S,

62 FEDOEIEEEICET BRI KREREKDA

EOF

AT B RNNKWEA 1, HEREYI D57 h S R
WERRNLEZZERBHOLTHY, 20 FksbiciiE s
ZHE, SECHEEIRIEE LTELLNE. Ll
MEERPELD bHVKILTHY UNE - JE,
1985), @mEOEER b EEIIIFOEERE b bl
WAIEEHEASE WS EAIIHL CW B (B, 1999). %
7z, 9 19calka & W S BEHFERN S AHTH, SRINKPEGR
OEEHIE P ELAICZE LI V. AETE, hED
WK IEEh S D e O SR KPR K O ALE D FI2D W T
#8542 (Fig. 9).

FhIE 135 29 calka (BAEF, 2002) @ AT W FHERS LIRS IC
EEABIE LS b - TE D (B, 1999), #1v
FISWHBTO T 7 5 EF & ORLPBRIEBERD 5,
BRI iR BAEIA0 13 22~21 calka lHE STV B
(E=# « fih, 2004). tPIEIL{AD FZEL > (S L{E &
BENTHY, KlEROHTEICERES 27 70 F % — b
ED KPS EILEEE TR N 2iEah Sk ST
W3 NI -, 1985). thinmiE (A0010 Hifi) <o
waiE AT KK & ofgFBfk (58, 1999) 6, =
DIEERGTPEIEEO I g1 H 72 5 22~21 cal ka
EITHH LIz &b - TW0WA, FFE URHIiciE =
) KK EZREICKE L, AovT S EEICE Y
R 7 %8 (2a) 7 &KIKOHE; YmS20~
YmS15) ZHifES ¥ THY, Tolo T 7 sEHEIT
$0.8km® (ASHER,; DRE) L TW5 (E -

ftl, 2004).

Z 0D, 18~l6calkalZlZEIC[E N2 3 ) 72K
BIEFAISIE KOS RINCHAE L TBD, Ths 5775
(LIFEE 10~51 223 ) 7; YmSI0~YmS1) D&
0.5km*FREETd 5. RIIKHHRAIEH Lz Dld, 22~21
calka ®Z2 a2 ) 7 & KK AKEICHEH L, &LAD
M L7 & 18~16 calka D EICfE F R 3 )
T A b 1o O TIRFEIISE K DS RN R AE L e E o
By d EdcH 2B 19calka lHTH 5. HEOBE AR
KBTI NT 7 SOEHENPOAT, ©LAT 7 SHE
HEODI WK (21~18calka O 3,000 4ERE) 12HHY
L, ZO & BEHNIC S 10°m® 4 — &' — O kiR 2 ME H
LTWAZEW, FELOFHETHS M -7, 12,
RINKIERFEE DD LRI I BT L 72 51 Kk
UNBHCK R D3R FLTH 0 (Fig. 7), HETIE 19
calka FifR OBHICEH I bz -T, A ) 757 =k
KIBRICEO XA KRB FE LTV 5 T & A
L.

S50, EILETRRIKRRHERE O Eh 5 —
SoEaR A S) WIERE N (Figs. 7, 8), 1l
SEENTIERINKPEROD LRIcHE Licb D EE A
oNnb. i, FELVERFERIEAHTS 205, liFuk
(A0307 HiL) 1 g 2 a1, et iRoBEs &
BN ORI E TR 3 2 Db - fo (RERHE
A>FREEA > A LA, L L, T o DESIFRE
Kbt s AT i LA o s B L 7ok %
boTWA, LEkd->T, TNETORE UNE -
1985 752 &) Tld, MR < SR « st DS TS
WL o OEEE—E LT, TEHEILEO S &I
ATORAREERE V. 95 LIEFRE b 2 FERFHsEE s
ZOTHNE, PEHIALED TR O < I
Tk, s &b 22~19 calka DF 3,000 4= &H
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Kikai Akahoya ash (K-Ah) 7.3 cal k:

Yamasaki scoria 1 (YmS1) ‘

to 18-16 cal ka :

Yamasaki scoria 10 (YmS10) ?
—_

Shirinashi-gawa Koborimaki
lava 4part of lavas of pyroclastic flow

Yamasaki scoria 11 (YmS11
pumice 2 (NGP2)] |, aie9edts|| ™ depost
[Yamasaki scoria 12 (YmS12)] T i

Yamasaki scoria 13 (YmS13,

Yamasaki scoria 14 (YmS14)

Izumikawa pyroclastic flow

deposit (1zPF) 19 cal ka

Activity of the old stage of Nakadake

Yamasaki scoria 15 (YmS15) | 22-21 cal ka

to
Yamasaki scoria 20 (YmS20)

Lavas of Nakadake old edifice

[ Aira Tn ash (AT) 29 cal ka |

Fallout tephra layers at the east of caldera

Lavas and pyroclastics inside caldera

Fig. 9. Stratigraphic relation between the Izumikawa
pyroclastic flow deposit, lava flows and fallout

tephra layers from Nakadake. Vertical tielines

show relationships confirmed at outcrops. All
ages (cal ka) in this figure are calibrated “C ages.

BVRENLI O Ichc 3 EEZBERETHAD.
COEFREME S O THNE, AiRTHAIRIKIER
PRI & W S FEENEEIIC I L /2 © & 1078 B (Fig. 9).

HVF S EAETD 7 7 S EFICET 2% (Eig .
fl, 2003, 2004) LAWIILICL > T, TETIF2DODK
B2 o) 7 KSR 2 ORI, #ERloE kL
BKPEREKD 27— VDEET 5 T EBHL NI -
7. EILTED XD I KRR K BSFAE L 720
2, KIEFERCEBEECEETH 5. CoREIZo»
T}, % oIy — 7 2R L CTEBYIORBIFRIGRP
B, <7 < offk, WEHEL SoRENZicb &0
WTER LT IEE 550,

C 1 E T IzPF (G AL A O FsEIREEIC & 7o 2 4
BV EHEA oN TS UMY« fth, 1995). LarL, i
HIAD FHEEHIZ PR A 1BV TR b, JElliciz Y » O
BENTWE0OT, BiBEICBEES 2 HERBYNILEEE L b
UGS IS 5 AlREME 2 S <, LB IC 4 %
IzPF (3R IS LS MR & 13 & 2 oo, £/, 5
HAEDILH ) » ¥ OfEEIF 1,350~1,500m TH v, HiEZ
WK X 1B AT A RIADBENVEF 2L BICE L KR
MW N & AT, RINNKREROFAEFSILA ) »
VI bEuHEABEL ST NER SR, Lichis
T, RINKPEROFEERNCZIRAEDILM Y » V&0 b
e E T LA SEE L b EBEZ NG, A
VTSR TEPEOES EAEOER 2 E2BICET
BERza )7 (LIS S 23 ) 7; YmSS) AR ENT

B, 20775 DFMNIT 18~16calka TH 5 (Efg »
ftl, 2004). TOE N7 7 5 Hseh e LA O A i B
TEIEEYITH B E VI RERLIILIE STV n
M, THITHBEMWET S E, = ORAERIIZRI KR
TFAEB D 18~16calka tHE WS T L2 5. T OIGE
(&, SRR O FEHE IR S R O thiE A AL LAk D —H
THbHEVWIEZEZLEBFAML TS,

63 RIIKZEREBMEROBXLOER
BHAEOHED, EEEE 3RO Z KD 5
W EE O RIRE TR 0 R LB L CREIR D KK %
HIE I JE N & & 2 K K5 b IS K 2 & 4 v
1 ->TWB UNEF - fih, 1995; Ono et al., 1995). &5
WCTEFEIEEIC I, R 3 ) T ARBRENCHNT A R b o
vER)REKER T, F 2iEEI O KON BEIK P K
THIF L 72+ b cEAZE S N a3, KESIERH 5
WE~ 7 KESIERIEC B2 2 &b, B &b
HEEITNZHERTH S (L, 1993). 5 L IokExUE
Ho v 7w IKRZIBR OB, (KRR KR —
UDFAEST LT ENDHY, TNETH 1958 £ 1979 4F
DIEKFFICHERS N TWS (FETFH - fth, 1959; /NEF -
fl, 1982). =N & DR IIHFEKH 5 1~1.5km L)
NoHEHTH, TOIERBBEEONF—F< 7 (]
WEAILBT S atatss, 1995) THEEIh TV A,

Lo L, BRIk O HIc K - <, T
H0 THIAD WSS KL E O KPR F A L,
MBS 23RN T D, 4km Lo LfEIcE TELTL
1T EMBEHO M E -t T OHEREYIR S 4.4~9.4X10°
m BEETH D, HIEEKL 1990-1995 FEIE K TH
Ui RBIBL D I — 4 ¥ B K Wi O (K FE (Nakada
et al., 1999; Fujii and Nakada, 1999) LG UA — ¥ —TdH
5. 9 Lo kikild, HUESAINC 3/ NEBK RIS 4y
I a0, ZREAN - PHEE &7 o9 kLEHE
D—>o>TH5. SROFHBICE > TRIEETE LI -1
B, KHEFRIE KO IS K — VR PES T EDH D,
TSk & 0 SIAEFICIEE T 2 2 L b TN
5. HE, REKOBEAT 2RO LB~
HhcE RO Y » Vb, TDY v VHBHIZH
REBE & 75 % 123, FEAD TN KRR AR EIL SR %2 i
T3 A ATREEE R KRR I L O R0 s LT
o, L L, BEKAYK D TR TR S < T B
LcBicidd 5w 2 AN KIS T 3 2 fabridi b
5. oD &, FERKILICE T 2 45%0 KB %
XA TS LT, ToBEtdXEEdEch s 9.

7. F & 08
KT, PgRK LRI O KR T & 5 R K R
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RHEREYNC D W TRl T 5L & big, TD
HERYOBFHIEEZICOVLWTER L. 2OERRUT
DEHTEFEHOLNS.,

SRINKPentHEREY) (12PF) 13, BSOS 560~
780 m T IS FRRHER IO L TH 0, BRI 5m
EEZ N, R AERIEL 44~94X100m* FEETH 5.
C OHEREY) 3 TP E DE WA S, B T
= b EFRKEBO Fia=y MiTHFo5NS. =y
FEBIT, B 7T T =R & A R~ R o
WELSER2EGCEPRH-MTH L. TOKIBREER
13, Si0,=49.6~51.4wt. % & LG TH Y, HEFT
OBHETHHEOKNE S PHEYE (HEHLG >PASA
GSRGHEL) B—Hd 3 &0, £bo b RKEWE
EEZLND.

HEREYIFIC S & 1 B RALART © MCAFRA (16,310 190~
15,930+220 yrs BP) 7> 5, SRJIAK Wi O EHAFER T 19
calka LHEHETE S N, CHEFHESERFRI ) 7« K
K& KEICHEH L, dLEoiE 2t L 7okl
(22~2lcalka) L[R2 3 ) 74 & 72 & TIRFEAI1LIE K
DIRIRENCFAE U 78] (18~16calka) E DB & 5 Eh
Micodtcs, i, RINKPBRHERYIO LA, FE
D KRERHEREY) NIRRT PRREEORE (R
IAS) BRERINERE, ALVFIADT 7 7EF
MO TE LD - 1 L WIEKIE A, fiiET 19
calka EEITHERRIFEAE LT 5 & E AR L /2.

RN KPERHEREI ORI L - T, o THETHRE
L7100 m® A — &' — o kPl A3, MEREr 2ikn T
0, 4km LUEOBEICE TEL T/ T EMIHL N L
D, TOIEREBROKIBGIHRETERT 5 L THEE
TARELHETH 5.

it 3

HEARES LR O B IES LRI BBER K 17 7 5 0is
WDV TTHR WK & &b, BllcBLTHEL
CMTEERR L TV ciiOie, 30k X B &21T 9 BRI,
P2 - BREEENITR ST UN R £ v
¥ —DABEFEHRRKICBMERICE - 2. "CHERAIET
&, PR HHEREBFF RIS A DR LIPS A K & Beta Ana-
Iytic £1: ® Darden Hood FIC{EH Z 35 > TWW 7z 2L
fo. BHEE Th BRI K E FRIEREKS L OfREHE
L ORAHMEEROERIC X O A RONF IRV I
st P bEohricih oB#niz LEd.
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