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Stratigraphy and Petrological Characteristics of the Benri Subunit of the Aso-4
Pyroclastic Flow Deposits in the Northwestern Part of the Aso Volcano, Japan
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We conducted detailed stratigraphic, petrographic and petrochemical investigations on the Benri subunit which is
the products by one of the caldera-forming eruption cycles of Aso-4 pyroclastic flow, Aso volcano, central Kyushu,
Japan. The Benri subunit is limitedly distributed in the outer side of the northwestern part of Aso volcano. It is mainly
composed of scoria, pumice and banded pumice for juvenile fragments, and andesitic lithic fragments (accessory) set in
a matrix. The Benri subunit is divided into seven units (Unitl ~Unit 7), based on the amount and shape of essential
fragments, and on the characteristics of lithic fragments and matrix. As a whole, the upward transition of deposits from
pumice-rich (non-welded) to scoria-rich (weakly-welded), and to pumice-rich again was recognized in the units.
Petrographic observations and mineral chemistries, particularly for wide range of the anorthite content of plagioclase
(An40-90) in most scoriae, pumices and banded pumices, provide evidences for magma mixing with different amounts of
mafic and felsic components. Pumices in some units are characterized by low anorthite content of plagioclase (An3o-50)
which are similar to those in the silicic eruption products at the initial stage of the Aso-4 cycle. Whole-rock major and
some trace element contents of scoriae, pumices and banded pumices show linear variation trends between two assumed
(mafic and felsic) end members. These results suggest the magma mixing as an important process for producing the
magmas of Benri subunit.

These observations and results suggest that, before the eruption producing the Benri unit, compositionally zoned
(stratified) magma layers had been formed between mafic and felsic end member magma layers in the magma chamber.
The eruption sequence of the composite magmas is assumed to have changed as from felsic magma dominant to mafic
magma dominant, and then felsic magma increasing again.

Key words : Aso volcano, Aso-4 pyroclastic flow, Benri subunit, scoria-pumice mixed layer, banded pumice, magma mixing
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ESIR KEERFEL D UL AA ARG KL, & B\ IZ KBNS
OKINZBIT BRSO KEOHEE~ 7~ Ol
Kix, BFAMBT 4 v 7 REHTHY, LIZLITKHE
BA LTS OREEE) 2D D, ZNo DKL
W OFEM R ORLER, REWEOE AT - EL
FHWITEE, AV TIREH O~ ST EEh~ Y
MR ORGP~ 7 <K ORER L OB IR, &
S VT T OB LI 2% { ofFlRE S
ZCLNA (Bl z X, Hildreth, 1981 ; Sparks and Marshall,
1986; Musselwhite et al., 1989; FAH: - FH, 1990; Duf-
field and Ruiz, 1992; Suzuki-Kamata et al., 1993 ; Hunter,
1998, Best and Christiansen, 2001 ; Jellinek and DePaolo,
2003). ANTF IR EES 2EA T, 4L O, B
R~ 7 < OB FRE 2305 BERED O EHES%,
MO E R o7z 7~ OB RON LG50 H 5. &
O¥EE, BEYOEE» LD T 0 ADHE, F
TR WA OREWE > &~ IR (v~
WE D OMBMERE, HEHVITEBORR 572~ I~ OFF
&) CHTHEEZ &% LBl 2L TE 2.
B g 7 v 7 7 1RV AT B 3% 25km X 18 km O
KHEA VT F T B, BRI - A (2009) 12
£V, ANVT IR E IS, S VT T R B
HNT I, %A VT 7 KILEEIIC X S hiTw
B ANVTIRIRICES T TS, KR 20k A2
WK AS 270~90ka DRIIZ 4 [l Y K sz &E 2 Hh
TBY, TOHREWIEE VL D2 5IHIZ Aso-1~Aso-4
2 ST G (VNP - 530, 1985). T i (90ka)
D Aso-4 KWFEEKBE M, HARENCRAOBEHE
(>600km®>) THo7zrEz6NTw5D (TH - #HIf
2003). Aso-1~Aso-4 KW HEfE X, HRE ~ 7~ »»
LEHRE~ 7~ E Vo 72K A 7 VIR 6D
e, NE - JET (1983) 12L& D, EEREEv v L
PHE~ IO 2BNLRDL “WEY B NEZL
NC\Ww5. F72, Hunter (1998) iX, Aso-1~Aso-4 % L
BRI IS 3D W e~ S~ O R, B X
<7 PHEROWER I T A ETIVERIBLA. S5
23T, Kaneko ef al. (2007) 13 Aso-4 B &KIZH 720
B, A3 T EQOREWE O LG OLFHE B
LA, S 512~ 7 OWBALEEOHE
e ENEEDWIZEE I 2R 2 T, 2 MO ERE ~ 7~
O EL— RO~ I~ MG R OB EHETE LT
%. F 7z, Miyoshi er al (2011) 177 )V 7 T R &
BT KINEEIZOWT, AR RERERT &L
TW5,

L LA s, (EROWZE T, HEREAREWE (A

TR - FRINFEZ - HORORHD - RS - 7%

e - it B

) 7) RBEAECHESOFM LB, BIUKE
DB LEEIIREINTE ST, W8, BEY
M~ 7 < OHERIZOWTIZLT LS EIZIZENT
W\, SRR S, REREAGTTALIIC S 5 SR A HL
W (FHO A VT T RO 10km) (C8ENT 2HE
BB X OESREAEWE (REER) 28T Aso-4 i
WMoY (ko ff 2 ) 7R
Watanabe (1978) (Z4HY) ICE M E2 B TR EZ 1T 72
(Figs. 1, 2). O FHO — 13, T o+ %%
(2005~2006) 12 & W FH/ZIBESNTZDDOTH Y, AR
BOREL, 2a) 7, BA, MREAL &% ELHRKY
EREINCEISETE L. ZOH L WEHE O 72 FELE O
BHOBTOBIGHRLY, &HT 2 LRAEMEON
KPR LT HIIBWT, L9 L HEFARE e R
LTCWARWI ENRERENTwD (KB - fill, 2007; B -
i, 2011). §iE>T, ZOHIHOKFFHHERY L, BEY
TR ERRIE T AEARHERD A, 5D B Aso-4
KRR BN T, BERE~Y /Y EHPgE~ s~ L
OBEHAMAER ~ 7 v iiaR, BLUENLOTTI~D
MR E2 L O TELEELMETH D L nv
25,

FITRGL T, ZOFHHBEL FO/-AT) 7 L#
HSRTET B KGR (R 7= v b LIERR:
#i) oML EEORLHE, AEWETHLAT) T
A, FIREA OSAFNEE, EPMA |2 X 5 BESL L
YW OALFEMBHE, B & O XRF 12 & 5 &m b s
W, F2—#oENI LT Sr R LS 170,
ZNE DR LB O~ 7GR (HEviE~ s
<EY) OMBHETE), B L OFOBHEOHEROHEE 2 R
BI2DT, ZTICHET S,

2. HEBIRE

FrgRiliE, Bk 25km, W 18km O H VT T &
PR ITEHEDP S % B KINTH D (NG - T, 1985).
ZORBEL, FHEZAR D S BRI O KIS H
difdiEr s, RO S LB  ETh B (B
ZAX /NEF - JET), 1983 =T - A, 2011). KILEBh & L
T, AT I 4 8O KRB IEGRE K DS S -
JEHEEENTEY, Aso-l (BEHIE 50km?, M HAEAL
266+ 14ka), Aso-2 (FEHIE 50 km®, I HI4EA 141 £5ka.),
Aso-3 (W > 150 km?, W 4EL 123+ 6ka), Aso-4 (W
HiE >600km® B ARG 90+ 4ka.) & X3 SN TW 5B (U
WP - fl,1977; A8 - 4B,1991). F72, INHD 4 IOKH
KO, B I OENLIBEIZ S BT KI5 7 5 /)N
BB AEAE L 72 2 E DHERR ST B (B 1E, 1990
A, 2003 dI - A, 2006) . Aso-4 KA E K PLRS
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Fig. 1.

Simplified geological map of the northwestern part of the Aso volcano modified from

Hoshizumi et al. (2004). The star shows the location of the studied area (see Fig. 2).

I T B OEBI AT B D), B0 s
HEILTW5,

Aso-d KRNI, 71 V55 % iz SIS
HLTHBY, WLOPDT T2y MIGHINTWADS,
ZN S O5#EIX, Smith and Bailey (1966) 7 X IZfEVy, 1
FOWEK, &%\ OEINC L D 2 U 7 Kb
BAd 71—y b Ll FICEMOBY G
Wik BTG SR, BERIEZ LA BEEICR S S AT
&7z (VNP 1965; /NEF - AilL, 1977 ; Watanabe, 1978). 241
T TOMEICBIT B3 % Fig. 31RT. AVTID
PEMHlIZ, Watanabe (1978) |12 & VW SfIIC 3 SN TV 5.
Watanabe (1978) DMETIE TR & ), NS E BB
B (>skm®), EAILKTHERY (1kn®), T8
TR (>2km®), JRBAHER (>35km),
RIKEBLAHERD (>akm®), FFIA T Y 7 FeHehy
(0.5km®), Bl L > SHARHRY (10km?), Tt/ 1

23 7HMEREY (02km®) © 8 DDOREAK G ST
B RS OO B M TS, FEE-4A,
FIEE-4 T, FI#-4B 0 3> ($H,1997), HHIO P H b
TIEMTEE-4 A, BI#E-4B D2 DD 7 1= v MG 5
NTws (N - fil,1977). %L Kaneko et al. (2007) 1,
RO R A B 2 Aso-4 I EAO G EE T
TW5h., ZONMETIE, TS 411, 41-2, 413, 411-1,
4112, -3 D 6 DD 7=y MIRXRGFENTWE, 2
NHOXGTIE, ANVFIOHMOEEY (Watanabe,
1978) LRELWHIIAVRE TS (Fig. 3). —F, dt
B X OHEM T, N -l (1977) B X OHEH (1997)
D FIZHED < 4 A 28 Kaneko et al. (2007) @ 41-1 12, 4B
P A2 IZxP ST 54, Sl (1997) OG5 3EICZ K
4T O—IE, 4B x I E SO TRFXGEI LT L HE
AHITIE RV (Fig. 3).
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Kaneko et Ono et al. (1977) (0) and
Watanabe (1978) al. (2007) Kamata (1997) (K)
Kunomine scoria flow 411-3 apart of 4T (K)
Tosu orange pumice flow \ 411-2 4B (0 and K)
Benri scoria flow \ 411-1 a part of 4T (K)
Motoigi grey pumice flow | ™ ~Jars a part of 4T (K)
Yame pumice flow 41-2
Hatobira pumice flow 41-1 | 4A (O and K) |

Fig. 2.
4 pyroclastic flow). Loc. 1-3 are the sites of outcrops
and sampling. The map is from 1: 25,000 Kikuchi
(Geological Survey of Japan).

Location of the outcrops of the Benri subunit (Aso-

\ZAi 9 B I FIA 3 ) T HERTY (Watanabe, 1978) 1Z4H
Wy HLEZ LMD, EEIIZATY TOIESTEL
L&/, 2 2 Cld Watanabe (1978) DX 55 % BHE L
P T2y b LR LTS ZORFY T
2= M, _Eilo Kaneko et al. (2007) DX 55D 41-3 12
M35 EE 2 515, Watanabe (1978) Tl, FAI 7
2=y M A VT T BTG O R s O A EEH L
23 7 EIREEEA, MRKEA, AEER R ED AT
TR CTH D L RE SN TN D, ZoHEOHRT
FRIA 2) TR (PR 7=y ) e L
T, THOEEADPIEEERETHY, LHoLE»s RO
FEL, BHLTWwWLIZER, A0 TomA LI
[ THINT 5 2 EDBIF N T WA, RIS o FEIH
Tk, & CcELIIAERL oA 7 LA
LT3, RO BEH MRICBIT 22023 74
REA OFAE, FRIA T ) 7Y Rl 7=
b)) OTF RO ARG RIS RSN 25T
HDHY, BIHEFIOAT) TEH L=y M AR 2R
B HAVT RN R HEREY) L AR S D 7, FRFIY
Tz bo—H (FH) CHBrLz. /2, AT
MR E N THEORK EIIE, AP TN D EHIERE
T50, ERO BN L VBRI OB TH B
T Ly UmoBaR KINEAEOR T o LAk
(Watanabe, 1978) XRS5\, fE- T, KRFFEHIHO
HeREW D434 1%, Watanabe (1978) OFpFI A 1) 7 i AR
W (BHHVFZOFEER) 1TSS 2 LSS, D
T, Y 7=y b LR #HRT .

Koei ash flow

Oyatsu white pumice flow |

Fig. 3.
clastic flow deposits in the Aso-4 eruptive cycle
(modified from Kaneko et al., 2007).

Comparison of stratigraphy and division of pyro-

Aso-4 KR OMNKIE, HREE~Y 7~ »bHgkE~ s
TOEHNBET LY T 2 VK E L 2 MFEE L
EHEZLNTWD (N - J530,1983). FiEoH 744
7V, NEHOERR S FMA ) T (41-1~3;
Kaneko et al., 2007) FT& &, HPEFBEMA L Vi
Hit» b/ A3 7 (4l-1~3; Kaneko et al.,
2007) $TEEZLNTWVD, ZOXH) R 2EDYA >
VOHFRT, Ty M1 EHOEKYA 7LD
HOBFEORH OB IAHY L, ~ 7~ 6 R,
HBHVEY TN REOEIRE~ 7K TE BIK
MTHobOLHMENS.

3. YTy NOEBRFEH

3-1 FEEERCH

AW OMAMIRIE, REREIG LT A TH S (Fig.
. ZOMSOBEEEZRAEL, ZOMEEZIRKE LT
Fig. 4 1R T (FHUSMOFEIRE & B ARIRE) . MR T&
TefFI 7=y PORESIZERTH 23.5m ThHh 5.
—HEROBEEIIYNE L & 7> TH Y, HHehY 7 BIE2) ] ik
TdH% (Fig.5a). AWIZETIX, Watanabe (1978) (25T
B—p23) 7 LEAORAREE L Tib T & 72974
23 TESEREY (AT = 0 M) &, BB OLE
RO ET2 bR L L CHBTA2HMT, 56T
LEatlReEomEt, K& S OBkE L OBERE), Y
ORI, FTMEY 5127202 =y b (Unit
1~7) ICH72 X Lz, =y oMz AHE T
FEICRT

Unit1 (AR A 2= b) &, BEE2~3m T
EAEOBA Z FARE LW TH Y, Loc. 2, 3 THER
T&7z (Fig. 5b). #EIT, &I N2 REAWEOEIKIE
B, HEHEH~IROE 2L, FE 1om LTOBHEO
HESEMHSESEINTYD, GENA8BOE, H~IX
2L, MAEE10om T, HESRTVE. 20k
DT IRER % &1 2 2%, Unit 1 DM TH 5.
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Fig. 4. Columnar sections of the Benri subunit (Aso-4 pyroclastic flow) indicating lithological

characteristics of the seven units (Units 1-7).

ZORNANERIL 15em HifA T, H~KOEA &L C
KE v, BERK~BOE LK~ O 2 eI b @ aiit
TER R IR I B & BT 2 IR OAGREE A 2
BT &7z (Fig. 5¢). T A®ETIEH 525, K 0.5~
Lem DFEADTENA 21 T RKAE 0.5~2cm DZ L5 E
AL EENDL. ORI, RO T RO KIHE
L ENTW B FARIKEEA T (Watanabe, 1978) & 1%
Bl GINLIREERBLOABORILIIZ VLD
Mo, B, WIREA, 2307, RILEEAKETH L

GO T BAEORILOBIERONS,. F72,

Simplified integrative section is in the left.

Unit 1 (32 OHIRTHERTEX L2740 7122y MO T
FBICALE S 5 EEZOLNDLH, TOFRNOHEITZ T
RS N, F 7z, KIBRHERE Y O RIRERIZ T
IR 70 B CHERL S L5 AR 8 (Layer 2a; Sparks er
al., 1973) OFED B oz,

Unit2 (FH-A3) 72=v b) i, BEH 1m T,
BB, A3 7 EEGHEM TH S (Loc.2). &
B, Ik~ EERL, ATl Twa. HFEns
HOME RfE1em DE) X, 2V orsin, 2ay
7, RINHEARTH L. BORHA~IKBE 2L, K
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Fig. 5. Photographs of the Benri deposits (Aso-4 pyroclastic flow). (a) Outcrop of the scoria-rich deposits (Loc. 1, Units
4-6). White broken lines show unit boundaries between Unit 4-6. Black arrows indicate fragments of scoria within the
pyroclastic matrix. (b) Unit 1 (Pumice and banded pumice unit). The arrow indicates the pumice fragment. (c) Banded
pumice included in Unit 1. (d) Unit 4 (Scoria-rich unit). The arrow shows sub-rounded scoria. (e) Unit 5 (Lithic
fragment concentrated unit). Small fragments of andesite (sub-rounded in shape) are concentrated.



FTERNIIALTEERIZ 3 AT 3 B Aso-4 KWREHERE), FeflH 7 2=y b OB & A0 A 435

FlX 6cm & Unit 1 OFH I D /AES L, b,
F IR~ H RO EE R, A3 TIdRARER
6cm DL DOV EEFEFNDLD, % {1 2em LU T AR
~HABIKRTH L. FRIAEABE, 1~2cm DK
E&8TH5D.

Unit3 (A2 7-ABESAER2=v ) &, BE 15~
2m OIEEREOWREW TH S (Loc. 2 THERE). Unit2 &
OBFIEWBTH L0, ALY S AI) 7 LZIA
AL L et wo A H L. AT 7 LAk
OAKERIT 6em HET, £ <1d 1~3cm THRIKIZE
W, BRI EEIN, £ 1o TTHAE. T
FEBIZI NN R 3 7T Om LR & SN A @[S
&% (Fig. 4).

Unitd (A3 7iEEL=y M) i, BEHSm DA
V7R ERE LR TH D (Fig. 5d). ZOx1=v
ME, Loc. 1,2 CHERE S N/2ETH 5. Unit 3 DIEFT
X, TS BRI TAI ) TR EKE S5
mL, BHOENEAT 2 EARO 5N D720 (Fig
4), Unit 3-4 M OB FIILT L A TIE R WA, A3
VT, RO RS L AR ORETX S L7z, Unit
1,2 LB, 59 ORO~BIROOREZHT 5 5
MUnit3 LR B ->TWD, FFEND AT TIXRERN
5~10cm, MIKIZEL, LT E MBI TS, R
& 3~5em ORI EAKEY Unit 1~3 12WIERE CH
tr. 72, Unit 4 FEBIC Unit 1 & R Rk
F&18cm) & ATWS., TDOMHIE, Loc. 1,2 THEL
Tw5., F7o, BAEILPEEAR, %41 5mm LT
THETH Y, ZLOLEEEL T2,

Unit 5 CFIE A HIEERE) 13 Unit4 & 6 ORIIZL » IR
\Z8RFET % (Loc. 1; Fig.5e). 7272, Loc.2 CTIXFEIHT
BZOHEFEIER SN H -7 Loc. 1 T, EE 20~
60cm TAFHMZHHML TS, ETo2=y b D
BT L O BIIE Tl e\ v2s, R ICHERE L 7o kiR
3~5cm ORINEE AR D m OB EKINE TR S
TWwb, F72, TIN5 ORBUT KT D ground layer
(Walker et al., 1981) & %\ IFLJEMIKIE (Sparks ef al.,
1973) DML IZRL->TwD, F2ETO2=y M2
B OF L WERNR SNV, ZOREENIRE
JE1E, Loc. | OFEHHTILWIHN Tldd 2 A5 A 12 Hfe
L0, 2=y FELTRG L.

Unit6 (A 7%=y ) 1, EEH 5m D5
EiEOA ) 7R ERE LB TH L. HEHRE
e, FREL Unit4 OF N5 LIIZRBETH 275, Flkig
Faagdhnwl wiBHrds. GFND523) 70K
KEBRIEH 15em Th 5. RAE 3~5cm DL A
% Unit 4 FAfICDsEETD. £ 1em MTTORL %2 Z¢

LEED.

Unit7 (A2 7-4A2 = b) £, Unit6 O LALIZEE
AWICERY, BES 2m OFEEOMBEN TH 5.
Unit4 X 6 L8 0) 200 7 L ZINEEABINZ, %
x4 &L R BHEOBEIRER) A3 ) 7
DK 10em, AEEDS 1~dem, BEADHK) 2~4em TH 5.

32 EEBRYOEATH

BT IO FRFBOEZE L=y MIEFNLEAR
BEWETHAHAT) T, B, MREA OB O
B X B ORI O W T Table 1 1R L7z 72,
Aso-4 TR AN OB ) T & B /NG HERE Y o5 12
DWT LD /-0 123 217 7.

SR ABEHRELT 232 TREKSEENSL
(10~32vol.%), B TIEA %\ (2~10vol.%).
WIERIREA O BIKEE (A2 7H) B LKA 6E
(BAE) THREBTH 25, N5 ORGELOE T
Za2=y FATHIELDEDPRKREVI EPEMTH 5.
9, 2307, BH, #REAOBEME T codbmm
T e F Lo CRIIRT 5.

22T, WIENOZ=y b TORAZIZELR LR
R, ZCIEHEBERTYS. TERSSEME LT
FHEA (0.1~2.5mm), AP (0.2~3.0mm), HAEPHEA
(02~1.0mm), #HHA (02~1.0mm), #F ¥ VL
W (01~15mm), # > Y F (0.1~04mm) % & AT
% (Figs. 6a, 6b). FHEA XA (IR0, 50y, ik
B RBEEHESATVAI LRSS, HHOEL
THEADRIZEZWANA DS X, BIETHOBEL
WNZHAREPKE C, B E—RIOR S v, #
FHEA R A AR~ AR AR TH, T 0—
WA SN TBY, LAEZHOITWDL, N5 OME
AT, B S A O IHTE T il i & SR
WD LN LGP EENTWDE, h T VHE, @A
|IIDR VD, BAERE RTINS, FHEARHT
& ALY, HAMEA % A O EBUIRLE b R S s

—, BAIK~HBTHBS T, BRI
2a) 7ML, #HEA (02~1.6mm), APA (0.5~
1.9mm), F5HEA (0.3~0.6mm), HAMES (0.2~1.1mm),
#F 5 VAL (0.1~0.8mm), 7 >~ T ¥ 41 (0.1~0.4mm)
TH o7z (Figs. 6c,6d). BT RHE & FORHRA
MREICEE Sz, BOIEEE T I 2 O/ Hm o
TEREN B EZ B &, 2HHIZT SN 5. FEEDHEHER
DHITATHERENDYEE, £ ThWEEDRH L
EDiro 7z (Figs. 6¢, 6d).

IR, BRI B~ EmE (2ay
T P (BAE) 2t Tw b (Figs. Sc, be,
6f). TEZMSEW I MoOARLY LR SEAL

Z DE
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Table 1. Petrographic summary of representative phenocryst minerals in the Benri subunit and Oyatsu
pumice flow deposit of Aso-4 pyroclastic flow deposits.
Unit Rock type Pl Hbl Cpx Opx Fe-TiOx Ol  Phenocrysts total (vol. %)
7 Scoria (vol.%) 14~20 2~4 1~2 0.8~1.1 0.5~0.6 20~32
zoning type  nor, osc, dus  unz unz unz, rev_ unz
6  Scoria 12~22 2~4 1~15 0.4~0.6 0.6~0.8 ~0.3 16~30
nor, osc, dus  unz rev, unz rev, unz unz unz
4 Scoria T~20 2~4 08~15 05~0.8 06~08 ~0.3 10~30
nor, osc, dus unz rev, unz rev unz unz
3 Scoria 12~20 2~4 1~2 05~14 0.6~08 <03 17~28
nor, osc. dus unz unz, rev unz, rev. . unz unz
2 Scoria 14~16 1~4 0.56~0.8 0.5~2 0.6~0.8 17~24
nor, osc, dus _unz unz unz, ¥év__ unz
7 Pumice 0.5~3.8 ~0.4 ~0.3 ~0.3 <0.3 2~5
nor, osc, (dus) unz unz unz unz
3 Pumice 1.5~7 05~1  0.4~0.6 0.4~06 0.3~05 3~10
nor, osc, dus unz unz, rev unz, rev. unz
2 Pumice 2~4 ~0.5 ~0.3 ~0.3 <0.3 <0.3 3~b
nor, osc, dus unz unz, rev unz, rev. - unz unz
1 Pumice 0.4~2 ~0.3 ~0.3 ~0.3 <0.3 <0.3 2~3
nor, osc, (dus) unz unz unz unz unz
4 BP-scoria 6~14 1~3 0.8~1.0 08~12 ~03 <0.3 10~20
nor, osc, dus_ unz rev,unz  rev,unz unz unz
1 BP-wscoria  6~14 1~3 0.6~12 0.8~15 0.4~0.6 - 10~20
nor, osc, dus unz unz, rev. unz, rev. - unz
4  BP-pumice 3~7 0.4~0.6 0.4~0.8 05~08 ~03 5~10
nor, osc, dus__unz unz, rev.  unz, rev.  unz
1 BP-pumice 18~7 0.4~0.6 0.4~0.8 04~10 ~0.4 3~10
nor, osc, (dus) unz unz unz, rev unz
Oyatsu Pumice* 0.6~2.2 ~0.3 ~0.3 0.3~0.5 0.3~0.5 2~4q
NOor, OSC Uunz unz UNZ. (rev) UNZ

*Qyatsu pumice samples are shown for comparison. Abbreviations: BP, banded pumice;
Minerals: PL, plagioclase; Hbl, hornblende; Cpx, clinopyroxene; Opx, orthopyroxene; Ol, olivine;
Fe-Ti Ox, Fe-Ti oxides; Zoning: nor, normal zoning; osc, oscillatory zoning; dus, dusty zoned

texture; unz, unzoned texture; rev, reverse zoning.
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Fig. 6. Photomicrographs of juvenile fragments in the Benri subunit (Aso-4 pyroclastic flow). (a)
Scoria from Unit 4. (b) Scoria from Unit 6. (c) Pumice from Unit 7. (d) Pumice from Unit 2. (e)
Banded pumice (scoria part) from Unit 1. (f) Banded pumice (pumice part) from Unit 4.
Abbreviations: pl, plagioclase; hbl, hornblende; cpx, clinopyroxene; opx, orthopyroxene; Fe-Ti,

Fe-Ti oxide.

BLWEO7201ATo 72, IEEBERIE, RO
AEFBRICBES E LCHRER (0.4~2.0mm), MAMH
(03~1.2mm), H#EHEA (0.2~03mm), #HHEA (0.2~
0.4mm), 7% VEILY (0.1~035mm) % &, BEM
1L 2~4 vol.% TH Y Unit 1 R° 7 OBA & P74 %
R$ (Table 1).

4. L2 RFE

S AL B X OV A LTI T 1 B vV 72 B UR
X, Unit I~7 ICEENARBW LAY 7, B, Mk
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BAAIHTEEE (PANalytical % MagiX PRO) % il L CTHH7
L7z, W FNEIX, Mori and Mashima (2005) (26t - 7-.
FFE D Unit4 © A1) 7 & Unit 1 DA 2 30EHS
DV, FMEKRFEOEM B LS55 E (Finnigan
MAT262) 12 &b SrFfifRIL 2 HlE L7z, AP ofEs
L OV M J7H:0E, Arakawa ef al. (1998) (ZfE - 72, Sr [
AR IZ VT 0S8 Sr=0.1194 THAZIL L 72, 3F
& RIS 5E L 72 B2 HE SUR NIST 987 @ Sr Al f R 1,
0.710250%0.000016 (20; n=4) T&H - 7z.
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Fig. 7.

Histograms of the anorthite content (100 X Ca/(Ca+Na); mol.%) of plagioclase phenocrysts

included in scoria, pumice, and banded pumice clasts in the Benri subunit (Aso-4 pyroclastic flow).

(a) Plagioclase phenocrysts in Benri scoria. (b) Plagioclase phenocrysts in Benri banded pumice. B,
scoria part in banded pumice; W, pumice part in banded pumice. (c¢) Plagioclase phenocrysts in
Benri pumice. (d) Plagioclase phenocrysts in Oyatsu white pumice for comparison.

A AREAIE, 275 An (=100 X Ca/(Ca+Na) )s0~0o,
) A Anga—oo & A VHLEIE A RS (Fig. 7). Wi ho
2=y M IERTEE & BTG 2 O RHE A B
HHY, AT Anse ) L Ange D & IR E LR &
DR D VRAEET S, £y ORI TIZEEN
HZHREAO AnEZ DT IZ/R T, Unit 2 133 7 A
) A DY Ansg~g0 Cd 4. Unit 3 1& 3 7 A
VA DY Angg—90 T A, Unit 4 133 7 A
Angy—so, V) A7S Ange—go [ L, Anss—go ICE—2 %

Anso—o90,

Ango—92,

FEO. Unit 6 1T 725 Angi—on, V) L5705 Angs—o0 T 5.
Unit 713 775 Ans1—sg, ) 2795 Angs—o9 T 5. Unit 4
FHRE WITNROZ=Y FOATY) T Angg—gg DI
HL IR 2 F5o 2 & SRR S 7.

IREANOREA L, B~BEEe Qs
SN EAT-o 72 (Fig. 7). Unit1 1%, HfEcay, Jak
H 12 Anzo—go EMEDSA WL 2 7R L, B~ irbd
PUHCHLE (Anss—o0) Z7/RT (Fig. 7). N b1,
Unit 2 ® A 32 7 ORIESATIZIE, —T5, Unit 4 (38
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Table 2. Representative chemical compositions of plagioclase phenocrysts in the Benri subunit and
Oyatsu pumice flow deposit of Aso-4 pyroclastic flow deposits.
Unit 2 3 3 4 4 6 6 7 7 1 1 2 2
Rock Scoria Scoria _ Scoria _ Scoria _ Scoria _ Scoria _ Scoria _ Scoria _ Scoria | Pumice Pumice Pumice Pumice
Sample No. pl-15 pl-31 pl-31 pl-25 pl-25 pl-52 pl-52 pl-53 pl-53 pl-17 pl-17 pl-49 pl-49
Core/ Rim Core Core Rim Core Rim Core Rim Core Rim Core Rim Core Rim
SiOy(wt.%) 48.15 54.46 54.93 52.58 57.57 46.42 49.45 54.33 51.25 58.76 57.59 53.87 59.06
TiO, 0.00 0.06 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.05
Al,O4 32.83 27.68 28.28 29.01 26.26 33.45 31.81 28.76 30.55 25.4 26.15 29.14 26.03
Cry04 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00
FeO 0.56 0.40 0.46 0.60 0.41 0.53 0.59 0.48 0.51 0.40 0.32 0.46 0.43
NiO 0.00 0.00 0.01 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.06 0.06
MnO 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.02 0.01 0.01 0.02
MgO 0.05 0.05 0.04 0.06 0.03 0.02 0.05 0.07 0.06 0.00 0.00 0.00 0.03
CaO 11.89 10.85 11.01 17.8 9.23 18.07 15.47 11.53 13.85 7.93 8.87 12.72 9.33
Na,O 4.56 4.57 4.69 1.18 6.00 0.96 2.39 4.64 3.42 6.44 6.15 4.23 6.44
K,0 0.24 0.17 0.17 0.04 0.41 0.02 0.05 0.22 0.13 0.37 0.31 0.22 0.37
Total 98.28 98.24 99.59 101.27 99.83 99.52 100.11 100.07 99.77 99.31 99.41 100.7 101.8
An 59.0 56.7 56.5 89.6 46.0 91.2 78.5 57.9 69.1 40.5 44.4 62.5 44.4
Ab 41.0 43.3 43.5 10.4 54.1 8.8 21.5 42.1 30.9 59.5 55.6 37.5 55.6
Abbreviations: BP, Banded pumice; An, Anorthite content(100 x Ca/(Ca+Na)); Ab, Albite content(100 x Na/(Ca+Na))
Table 2. (continued)
Unit 3 3 7 7 1 1 4 4 Oyatsu __ Oyatsu
Rock Pumice Pumice Pumice Pumice BP BP BP BP Pumice Pumice
Sample No. pl-20 pl-20 pl-8 pl-8 pl-40 pl-40 pl-35 pl-35 pl-45 pl-45
Core/ Rim Core Rim Core Rim Core Rim Core Rim Core Rim
Si0,(wt.%) 54.88 55.39 57.84 57.78 50.30 50.25 56.75 56.59 57.28 58.90
TiO, 0.03 0.00 0.05 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Al Oy 28.32 27.29 25.45 25.65 31.77 31.74 26.79 27.26 27.08 26.27
Cr,03 0.02 0.04 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.02
FeO 0.49 0.54 0.32 0.37 0.44 0.64 0.42 0.42 0.34 0.35
NiO 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.04 0.02
MnO 0.03 0.00 0.00 0.06 0.00 0.05 0.03 0.00 0.00 0.02
MgO 0.05 0.03 0.06 0.07 0.04 0.07 0.02 0.03 0.03 0.07
CaO 12.33 11.51 8.66 8.74 15.47 15.87 9.84 10.10 9.84 8.82
NayO 4.51 5.06 6.19 6.12 2.61 2.44 5.69 5.54 5.69 6.39
K;0 0.19 0.25 0.40 0.40 0.05 0.09 0.35 0.29 0.33 0.43
Total 100.85  100.11 98.97 99.19 [100.71 101.17 99.89  100.27 | 100.63 101.29
An 60.2 55.7 43.6 44.1 76.6 78.2 48.9 50.2 48.9 43.3
Ab 39.8 44.3 56.4 55.9 23.4 21.8 51.1 49.8 51.1 56.7

N%%%%K k H%%B/C a7 h An34~93,
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TaZy PAOFZELIZ Y FORG, A2 TOFELD

FPIZAYD, ffE L QOIEUOMBE A %R T725, H
RO AR An LB (Ango—ss) ICEPARSNS.
NS OB Unit 3, 6 DA 7 TR IL/HF
B335
BAHICEEINDFERD I 75 Anza—o, ) A%
Anzo—go & IEVHLIIE %R (Fig. 7). &L= FOF}
FEAOHBUZ, A3 7R IREA & BRI AR OIS
W Unit 2 (7 : Ango~oo, ') & : Ango—oo) & Unit 3 (2
T Angi—ox, V) A Angs—gs), B L UMK An fEICSEAFT
% Unit 1 (I7: Ansa~ss, V) 4 Ansg—ae) & Unit7 (2
T Anza—se, ) A Anag—go) D2 FEEEIZTIT S NS, L
B O 7250 L7/ MR A GEA TR OB ANORRA
X, I7H Angi—s3, V) LD Anss—so &RV An fEICEEH
L (Fig.7), Unit 1 & 7 \ALEHLL O FFEAEML L T 5.
COEHICAT) TREAIH S NDIRD LW FHEA
@ Anfiilx, Watanabe (1979) X Kaneko ez al. (2007) T
WEENTHBY, SAMZENT S, LaLl, fify

An fE QR A BHRELC L7250, RO LWHIE T
»5.

HEpEa, A1 WL, fIREATKRILZ L
I A=y NTHHT, AT o 72h%, BHIE 2 258
BOLNLolzl0, A3 T, A, FEIRELOR
~#tit L AT L, KUK L7 (Fig 8). H#
AL, 23N T7BI0EAIIBWT, a7 adkc
Mg# (100X Mg/(Mg+Fe? ")) =78~81 TH V), §5vifif
BRBEFERONDL L H D, Z OB Fe-
Mg-Ca (mol. %) ZMM ETEICF -V v A bEKICT
oy b ER, WERLHEIRIZRVA, b eicxa)
7 T Mg# D3 W EAIDSED H 7z (Fig. 8). #HHiad
I7 S Mgh=T74~71, V) LD Mgh=75~78 TH 1, #l
PR R DS IE BT & RS & D 3 IR T &
7. ALEEMEIE, Fe-Mg-Ca (mol. %) =K ETr 1)/
IUAY S A MOFEIZ 7Oy bEN, WD HURIE
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Benri subunit and Oyatsu pumice flow deposit of Aso-4 pyroclastic flow deposits.

Representative chemical compositions of clinopyroxene and orthopyroxene phenocrysts in the

Unit 3 2 1 Oyatsu 6 2 1 Oyatsu
Rock Scoria Pumice BP Pumice Scoria Pumice BP Pumice
Sample No. cpx-31 cpx-41 cpx-40 cpx-43 opx-52 opx-30 opx-18 opx-45
Si0,(wt.%) 52.38 52.31 52.67 52.48 56.11 56.63 55.58 55.74
TiO, 0.67 0.73 0.42 0.67 0.22 0.17 0.22 0.14
AlL,Oy 3.06 3.38 2.30 3.20 0.58 0.69 0.68 0.51
Cry0; 0.00 0.00 0.00 0.00 0.02 0.04 0.00 0.04
FeO 8.05 7.84 6.90 7.48 15.76 15.62 16.47 15.98
NiO 0.04 0.03 0.05 0.07 0.00 0.00 0.00 0.03
MnO 0.48 0.36 0.36 0.23 1.56 1.40 2.26 1.62
MgO 15.73 14.95 16.09 15.24 25.67 25.58 25.18 26.30
CaO 19.75 20.91 21.18 21.64 1.09 1.27 1.06 1.00
Na,O 0.38 0.40 0.42 0.31 0.01 0.02 0.00 0.03
K,0 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.02
Total 100.54 100.92 100.40 101.32 101.02 101.43 101.45 101.41
Wo 41.21 43.72 43.26 44.45 2.23 2.59 2.17 1.99
En 45.68 43.49 45.74 43.55 72.73 72.56 71.57 73.10
Fs 13.11 12.80 11.00 12.00 25.04 24.84 26.25 24.91
Mg# 77.70 77.26 80.61 78.40 74.39 74.49 73.16 74.59
Abbreviations: ¢px, clinopyroxene; opx, orthopyroxene; BP, Banded pumice; Wo, Wollastonite(100
xCa/(Ca+Mg+Fe*)); En, Enstatite(100xMg/(Ca+Mg+Fe)); Fs, Ferrosilite(100xFe*"/(Ca+Mg+Fe*")
; Mg#, Mg number(100xMg/(Mg+Fe*")).
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° G |
V4 i O Pumice
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/ \\ A Banded pumice(B)
< ,’I H N , A Banded pumice(W)
= J =
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Fig. 9. Chemical compositions of hornblende phenocr
Fig. 8. Chemical compositions of clinopyroxene and g9 Chemical compositions of hornblende phenocrysts

orthopyroxene phenocrysts in the Benri subunit and
Oyatsu pumice flow deposit (Aso-4 pyroclastic flow).
Figure is from Deer et al. (1997). B, scoria part in
banded pumice; W, pumice part in banded pumice; di,
diopside; clinoen, clinoenstatite.

P D Mg# 13 70~73 1282 L, FFIEHTO 2 a1
TBLOBAT, Wb KRS HKIEE X ORI
doENAho7z (Fig.9). AT TICEFNLAMAIL,
BOCEINTVE230L0) b AV Z2bENIELE
MR SNz IO OB~ L Jifico
WCHRBILCT Oy bL7z2S, BIEEDRAT) T, F
T BEDPEAMBIIE N E5h D5, £ OmPaDs
IS= B AP RN B 72575, WD KO£
PUAE QMBI 7a v b E1d (Fig 9).

BT YA Forua7s TH Y, WTILHA
B E I (Table.4). 2o X 95 IZWikEA, MAPIA
B YT VA, Mgk R OIE S O ZFWEE 2
ST, BAERIT Y M X B AL O B 2 E
IR S N o 72,

in the Benri subunit and Oyatsu pumice flow deposit
(Aso-4 pyroclastic flow). Figure is from Deer et al.
(1997). B, scoria part in banded pumice; W, pumice
part in banded pumice. H, hornblende; P, pargasite.

5-2 £5EEK

SR LFEHRE T I L o T b Nz A3 7, BA
FIREE A OMREN 2 FE - METHEAR O R % Table
5, BL U Figs. 10, 11 IR T, SiO, GAHEITATY TH
52~57wt.% CEREBZINIEH, BADS65~68wt.%
TTAHA MR TH 5. FIREAL R A 56~57
wt.% CRIG BRI G~ UG, HEEd 59~64
wt.% CLRIE~T A A M TH Y, Aa) 7 Lt
AOHHM MK AR L. LA 7, BAD
FEICHEABL, Fig. 10 ICR 5N K912, Si0, 2k L
TE L OILETHEBMN 2T =5 %2R$. /2, MET
FHE O RAEO 23 ) 7, BA, FIREA TR, R,
Zr, St, Ba,Y,VIZDOWTh, X620 X2D 0 EMN %
BIRASE B L7z (Fig. 11). AlOs, NayO, Nb |22\ C
X, MoOIREB L CThI2ie T =5 0GR o
DA, ERENIZER 7 T — & 56 & A ID 2 &t
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Table 4. Representative chemical compositions of hornblende, olivine and Fe-Ti oxide phenocrysts in
the Benri subunit and Oyatsu pumice flow deposit of Aso-4 pyroclastic flow deposits.

Unit 4 3 1 Oyatsu 3 2 4 7 3 4 Oyatsu
Rock Scoria _ Pumice BP Pumice | Scoria Pumice BP Scoria __Pumice BP Pumice
Sample No.| hbl-33__hbl-14 _hbl-40 _hbl43 | ol'31 _ ol'19  ol4l |Fe-Ti-34 Fe-Ti-14 Fe-Ti-42 Fe-Ti-43
SiO.(wt.%) | 43.87 4538 4549 4579 | 39.02 4007 39.22 | 0.10 0.15 0.11 0.00
TiO, 3.03 3.08 3.04 3.34 0.00 0.05 0.00 8.77 9.31 9.18 9.24
ALO;, 11.88 961 1005  9.50 0.00 0.01 0.02 4.56 3.82 2.46 2,56
Cry04 0.00  0.00 0.02 0.00 0.03 0.00  0.00 0.06 0.04 0.00 0.05
FeO 1097 1132 1055 11.35 | 22.39 2280 2196 | 77.05 7560 79.22  79.30
NiO 0.00  0.00 0.07 0.03 0.08 0.03 0.04 0.11 0.00 0.00 0.00
MnO 0.21 0.50 0.35 0.64 0.83 0.54 0.45 0.63 111 0.98 1.24
MgO 1482 1519 1614 1519 | 39.10 3868 3957 | 3.95 3.86 2.53 2.63
Ca0 11.32 1132 1152 1098 | 0.10 0.12 0.10 0.00 0.09 0.00 0.00
NayO 2.59 2.36 2.65 2.57 0.00 006  0.03 0.03 0.00 0.06 0.09
K,0 0.54 0.78 0.62 0.76 0.00 0.01 0.01 0.00 0.00 0.01 0.00
Total 99.22 9954 10049 100.14 | 10154 10236 10140 | 95.26  93.98 9454  95.11
Abbreviations: hbl, hornblende; ol, olivine; Fe-Ti, Fe-Ti oxide; BP, Banded pumice
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Fig. 10. Major elements (TiO», Al,O3, Fe,03, MgO, CaO, Na,O and K,0) vs. SiO, diagrams of scoria,
pumice and banded pumice from the Benri subunit (Aso-4 pyroclastic flow). Data of Oyatsu and
Aso-4 A pumice flow deposits (this study), and Kunomine scoria flow deposits (Kaneko et al., 2007)
are plotted for comparison. The black star and open cross symbols indicate assumed mafic and felsic

end-members, respectively.
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Fig. 11.

Trace elements (Rb, Sr, Ba, Zr, Nb, Y and V) vs. SiO, diagrams of scoria, pumice and banded

pumice of the Benri subunit (Aso-4 pyroclastic flow). Data of Oyatsu, Aso-4 A pumice flow
deposits (this study), and Kunomine scoria flow deposits (Kaneko et al., 2007) are plotted for

comparison. The black star and open cross symbols indicate assumed mafic and felsic end-

members, respectively.

T&2% (Figs. 10,11). F7z, WO 1ZH%E L7z Aso-4
KGRI A O Y T dH L/ a & P#E-4 A
KT OEEA D SiO, FHEIE 69wt.% TH D, Aso-4 D
2K A 7 VTR LI IEAT) T (411-3)
(Watanabe, 1979 ; Kaneko et al., 2007) 1% 49~52wt.% T&
% (Figs. 10, 11 TIAA /2 2] 7 O b SR O
fEZ5IH). Ry 71y FOBAEEST L L, IS
HERAD S0, A EIXDTNICE VDS, EEITHE, M
BILHE DI 7=y FbOEEYWEL L DILHET
HMN 2 BERIRO NG, —F, LA ) Tk

Al 72= v bOFEILHEHMIK TIE, TiO,, AlOs, FeyOs,
MgO, Ko0 FFfFIF 722y + L DB TR EN LI
ORI Y 575, oIt (Cao, Na,0) 1220
TIEEARWBRD S 2R L7z, 72, T
FHEL T O RBICERNY 0% RS L, BLUIL/
W2 ) 7 3% DEMOMERFD ST 004 2R
EHRERR S N (Fig. 11).

F 72, N-MORB #3 (Sun and McDonough, 1989) THl
AL L 7o e/ s — & (Fig. 12) &, AEARMIZIE LIL
JLF%E (Rb~K) IZEA, HFS THE (Nb~Y) [ZZ L3
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Table 5.  Whole-rock chemical compositions of scoria, pumice and banded pumice in the Benri subunit,
and Oyatsu and Aso-4 A pumice deposits.
Unit 1 2 3 7 3 4 6 7 1 4 1 4 Oyatsu  Aso-4A
Rock type | Pumice Pumice Pumice Pumice | Scoria  Scoria  Scoria  Scoria | BP-Black BP-Black|BP-White BP-White| Pumice Pumice

Si0, (wt.%)| 6690  67.47 6541  67.55 | 52.04 5555 5351  56.72 | 5693 5568 | 58.59  63.60 | 68.97  68.84
TiO, 0.61 066 066 058 111 1.01 104 097 0.93 1.01 0.87 0.73 0.53 054
ALOy 1593 1596 1639 1644 [ 1820 18.09 1854  17.99 | 17.53 17.81 | 17.31 1670 | 1593  16.38
Fe,04 3.54 3.31 419 325 | 1012 854 931 7.98 7.89 8.37 7.13 5.11 2.61 2.65
MnO 0.13 012 013 011 019 018 018 017 0.17 0.17 0.16 0.14 0.12 0.11
MgO 1.36 116 155 090 | 425 320 360  3.03 3.26 3.42 2.94 1.77 068  0.72
Ca0 2.90 2.66 352 259 | 885 716 816  6.64 6.88 7.28 6.28 4.14 2.09 1.93
Na,0 431 424 413 39 328 383  3.63 3.90 3.86 3.71 3.82 3.89 4.52 4.36
K,0 4.12 4.25 3.81 4.46 143 1.98 156 216 2.14 2.08 2.54 3.65 442 436
P,0; 0.17 017 o021 017 | 053 046 047  0.44 0.40 0.46 0.36 0.27 013 011
Total 100.0 1000 100.0 1000 | 1000 1000 1000 1000 | 1000  100.0 | 100.0 100.0 | 100.0  100.0
Rb (ppm) | 151 156 139 158 37 75 50 69 79 66.78 93 132 162 169
Sr 380 370 140 376 794 767 799 699 676 715 616 193 331 282

Zr 220 228 204 227 92 122 103 136 132 126 147 194 239 258
Ba 656 674 626 692 308 407 350 430 421 405 468 588 719 744

Nb 10 10 9 10 5 7 6 7 8 6 8 9 12 11

Y 33 34 31 32 32 32 29 34 31 33 30 32 34 34

v 53 51 72 47 251 196 230 186 187 195 170 103 30 31

Analyzed major element data were normalized to 100 wt. % as total.

[ Scoria
1000; Pumice
3 === Kunomine Scoria
=== Qyatsu & Aso-4A Pumice
1003
105 -“\\\
1) 7 -
Rb Ba K Nb Sr P Zr Ti Y
Fig. 12. Trace elements variation patterns of the Benri

subunit (Aso-4 pyroclastic flow). Data of the Oyatsu
and Aso-4 A pumice flow deposits (this study), and
Kunomine scoria flow deposits (Kaneko et al., 2007)
are shown for comparison. All data are normalized to
the N-MORB values of Sun and McDonough (1989).

y—rERIRL, INHEERKLIORSE —HT5. 2
DICHFENNG — v RIS 5 &, B e A3 7IZIdHEE
WZERPH L ENbrs. F72, BRIZAIY 7L
#LTRb, Ba, K, Nb, Zr ICEATWS., 227X
Rb, Ba l[ZBWCTHUKIEAR & {, WHE~ 7~ DMK
ORI RoNL, T, FE - MEICHEMR L[
BRIC, /AR & FTiE-4 A KR O A, Ju/ A
I 7 OMEICHEMR A WO 7D IR L7205, WED
INE =, Zr R BREIFFIB O T — ¥ S & R TR RE

NE

Abbreviation: BP, Banded pumice

5-3 Sr FEfI{fLt

R 7T L=y bORFENL Unitd DAY T &
Unit 1 OO 2 28 DWW, Sr AR 2 5047 L 7.
2.2 7O ¥S/2%Sr 14 0.704067£0.000008 (20,,), A
13 0.704075+0.000010 (20,,) THho72. 5O,
(LIRS 2 N2 7200 v — 7 4 — P2 B B bt
(£0.000025) DHFAKNIZA L. 15 OfEIL, Hunter
(1998) 23t L 72 Aso-4 KigOfii (0.70402~0.70409)
R - R (2007) D3HEAE L 72 v T F U O Kig
FEHERE OME (0.7040~0.7041) DT — Z #HRHPIZA Y ,
NG LI L CRE LRI o7

6. & Bl
6-1 RFHT1=Zy hORAVT7 - BREERBDE
FOEH

KiOFRY 7=y ME, 2397, 8A, ZilH
HAEROBIRKRESRENLIZy FTEIR L L LD
O, EfRmIcEns Il L TE TN, BRoNEHEIC
FIRBEAAEET 5 & V) Ff AR Fio T 5. KIIET
X, Ensnz, REORERELEEL, 1To0L
= M4 L7z, SRIOME - BESHE2 51, Unit 1
25 Unit7 12200 C, KEWELE LT, BaEhE,rn A
) T EEERD, TORBEROOEMAELZ L,
Fofa1=y POEBYORHPENL TnofzZl e b
Sk -72 (Fig.4). TNHDKT=y b OFE#IL,
<YL OEEEB LU SE~ S~ oHhEL
DFENR, IS O KEFI A - TR BT 5 HA,
BEFOENL L, S HITIERAREOKGESE Z R L Tw
kilE (RIEEAE) ORAREDEVLRLTW
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Unit 1 & Unit 4 O F &2 BT 2 6REA ORI, 7
FA 71y O O—2TH 5. IO, —ik
MICITTEIRE ~ VY L EERE~ 7~ L OKETORS
WX RS TH L. TORNIE, BREY
I EHYE < I EEC EA L KERHTTEET
TEEIRE BMIRE) 722 LTS e%
AHNTBY (BIzIE, 75k, 1968; /NEIT, 1986; %I
1994), FHIE OFIREA b AR 7l 2 fCER S
TeLMEEEI NS,

F LA E AL, Unitl~7 FTOTRTHOIL=y
MIEENDD, TOFEHEWMAEGHLET, FEA
HEWER, SUFEA M, YEANAEEEET L LW
)RS R Sz ARAO SR, Aso-4 KIEiHE
FEW ORI BTH A (H] 21X, Kaneko et al., 2007;
=0 4B, 2009). —, SERTERAILGRE GEA VT TR
IEsE) (Z4F - 1, 2009) %2, 7T 7 EHHIIEO
B OORIRES, N - 9538,1985) RBTEARE (i -
i, 2003) 7% LIS, BNAPHRI TS, F
7z, Units O EERRER (RIUAEAR) &, ETo
Ji& DBAERA & 12 KRG D FEIEHE (ground layer) Tld7Ze <,
< 72O LARO R R KGEDOIK, B DI KR
DFTOWTHRRECL b0 LN EN S, T
(2007) 1, AR VT T IR R L 72 A KR
PO EERiREREZFEL (R L7z, 20T
1, Ly RIR~TEIRO A E S Fr O 8 R 5 KT AR
DI T, Lid 2 idHEREY pIsBic b £
CHERR S, ZNHIXKEDIRIZ L o TH L7 K
W& FND B AR ORERLHNORE ORI Z L & 2
FEIIOHERE (Branney and Kokelaar, 1992) Tl T& % &
MmO T D, RGO Unit 5 DA EAFE S EUO#
BCOREAHEESND.

62 HRFYTI1Zv bORIVUT, BAR, HREAD

IR~ J Y DOHE

T, YTy MRS IAREWE (A3
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WTF—% %2512, ZNo50~ 7~ OEB LK 70+ A
DIEEEAM D

L, KRB E NS B o S RO AR E Y
BEEK LIz 7~ OFE#EEE LT, WTICHEET S
HREY, WHEOZNENRLR 5727 <95 ORI
BE, HHVIEERY IV EBY (7Y RESEE RS
L7ZHEAEE b)) 705 OEHEBIEI - 2RAD D
b, UREEE, WTICBW TR S MO~ 7
<HRETLHTOLADIET, FE~YIYEBEI
fEo CEDBFIRNCTIRET 26, B o72%HA1ld
LRMDIRT: B3 7 FRET 2HELENH L (Flz

TR - FRINFEZ - HORORHD - R - 7%

e - it B

I&, Eichelberger, 1975 ; /NEI, 1986 ; Bloomfield and Arculus,
1989 Ishizaki, 2007)

FHAF 72y ORI TIZOWTIE, FEMGEEHE
DOFEFRD O, BEG, AW A G DER T IROL= Y
FOLOHIFITEMT 25, L D=y M S IGETT
R0 BT 1 & RO RHR B R Bl A S TS B S A
MEREN, FNOOERII~Y I ~VIREDEE LR 2T
T2 E&RIEL TN D, RHEAHES O An 05T
FERIE, WIFND Angg—ogy DIEWHLEIEE R L, /N1 E—
TV DA RS E S (Fig. 7). Gxabasmns
MOREE, 230 7 OMBIT L IRAE L L~ %0
R (52~57wt%) Th V), B L IR L CHUBIEAS
Jiv (Figs. 10,11). SNHOFRFF 722y bDO RT3
7 DAL, BR OB OB E N = —KIZB W
TIEA 2 RO SN b, (LRI BT 5
NS OEMN T — & B D =0 DU & RO
XY OREOWREEEZ R ORL TS, Tz, HFY
T3y M LFRICHEH L7 Aso-4 KRR 15 OO 1 8
HCchbIL AT 7%, LREEM (49~52wt.
%) THY, FHEAD An EOMBENE D )LV (Kaneko et
al, 2007) FEEFESNTVD, L/ ERATY) TORO
b WERE A, FEICHTAK & R Ie R D
WL, Y 7=y b O Y A R AR R R
EHWVWLDNL . ZoZehs, LWEAT) 7D
FRGFMTF T2y bOS T EIFFEEHICIE RS
D, RV Ty OWEREmES Y SV IE R R o 7
(LR & 3 > T - REMEDSE V (Figs. 10, 11). F7F)
Ty DA TOKG~ I VIEEE - METT
FHE OB ROIERE & 2Ll 2 o &
HEM B (Figs. 10, 11 D=5 —EUZBEFITRL
72).

=7, BOOEELFHE ST ORRIE, wIhdb 7
A A ML Z RS (Table5). = OFEIE, Aso-4 K
TURMH O YT d 2 /N E BB AR -4 A A
IZHEWDS, ZR6 XD b b3 21l Sio, FA =RV,
PEMSREIE L FHREL O A O SHTRER LY, AT
2=y MOFEAIZ Unit 1 & 7, Unit2 & 3 @2 FHEHIZH
FHND. Anyg—so DIV An fEIZEER L (Fig. 7), BES
wOL%R\ Unitl & 7 OBAE, ROEREZ/IMMAR
BOCEMLTYS, LarL, FETHEMReMETE
NG — U RIT DL, IRABER L ISRE~ 7~ D
LA D T 20128 7% 5 (Figs. 10~12). Unit 2 &
3OEAE, AT TRMREA & FEEC An EOL
AL (Fig. 7) 0¥ (7 R 2 BAT i 4 % 38O BE 3
T 5HIEehs, YITREOEENENSND. L
L, B2 -MEtHEaReHMETHzo A8, ¥ -
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(Figs. 10~12) A5 1%, Unit 1 % 7 DA OB & K E %
EBIIELNW, 202 ENS, Unit2 & 30D
TE B IRVZI RGN, ~ 7~ LRI
BRECEAT S L) RIBETEHATE R » 72 (D
1 ZFOVER A A ER R L LTI TE R WIRE DR
&) EEZONDL. F, ZoOXRIIRAEHTOR S
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TOMICHIEL TV REEEZRIE L CT\nwb, 72721,
FRE A O H GO 1 3EHE Si02 2559% T, WHERE~
TRV R L Cwe, SIS 2 RA T
DY LR — M X AR H Y, R~
T RIROT DD % .

F 7z, Figs. 10,11 TRENZATY 7, BA, IR
HOZFNENOBEFM MBS, BLOREYICA T
) 7 O ORICERIES B LESA Y — >~ (Fig. 12,
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Fig. 13.
subunit (Aso-4 pyroclastic flow), and the correspond-

An assumed magma chamber model for the Benri

ing vertical profile of whole rock composition (SiO,
wt.%) of the Benri subunit (not to the scale). MO, M1
magma, mafic magma; FO, F1 magma, felsic magma;
up, upper part; mid, middle part; low, lower part. The
SiO;, contents in the profile are rough estimate.
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