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Eruption History of Nantai Volcano During the Last 17,000 Years
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Nantai volcano (2,486 m a.s.l.), a near-conical stratovolcano with a summit crater ~1 km wide, is located along the
volcanic front of NE Japan. To date, the eruptive history and characteristics of this volcano have been poorly studied,
except for an explosive eruption that occurred at ~17 cal. ka BP (Stage 2 eruption). In this paper, we present the results of
investigation of the stratigraphy of recent proximal eruption products, the tephrostratigraphy of the northeastern foot of
the volcano, and new radiocarbon ages. The results show that at least six eruptions of Nantai volcano have occurred after
Stage 2 eruption, and we refer to these as Stage 3 eruptions.

We identify four tephra layers and one pyroclastic flow deposit in the soil sections above the Stage 2 pumice flow
deposit, at the northeastern foot of the volcano. These are classified in the ascending order as: (1) Nantai-Bentengawara
Tephra 4 (Nt-Bt4), (2) Bentengawara Pyroclastic Flow Deposit, (3) Nt-Bt3, (4) Nt-Bt2, and (5) Nt-Btl. The Nt-Bt2 is
phreatic fallout with no juvenile material; the other tephra layers are phreatomagmatic fallouts containing juvenile
pyroclasts together with ash aggregates. Six Stage 3 eruption products are identified within and around the summit
crater: (1) a blocky lava flow (Osawa Lava) exposed on the northern crater wall, (2) a partly dissected scoria cone and
(3) a poorly-preserved tuff ring (and its resedimented deposits) on the steep crater floor, (4) a subaqueous lava and
associated lava fragments sandwiched by lacustrine deposits, (5) a tuff breccia containing hydrothermally-altered lava
block and clayey matrix, and (6) a stratigraphically uppermost phreatomagmatic tephra (Nantai-Yudonoyama Tephra).
All the proximal eruption products, except for the subaqueous lava, can be correlated with the tephra layers and the
pyroclastic flow deposit on the northeastern foot based on stratigraphic positions, lithologies, and geochemical affinities.
Our study reveals that five tephra-forming eruptions (ca. 14, 12, 8, 7.5, and 7 cal. kaBP) and one non-explosive
subaqueous eruption (between 12 and 8 cal. ka BP) occurred during Stage 3, from a discrete eruption center inside the
summit crater. Moreover, the tephra-forming eruptions were diverse in style, with strombolian (12 cal.kaBP),
phreatomagmatic (14, 8, and 7cal. kaBP), and phreatic (7.5 cal. kaBP) eruptions. Eruption style was determined
primarily by vent position and spatiotemporal variations in local hydrological factors (e.g., the presence or absence of a
crater lake, wet lacustrine deposits, and streams).
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(A) Location of Nantai volcano. Closed triangles represent active volcanoes. (B) Shaded relief image of

Nantai volcano and the surrounding area (produced with Kashmir 3D). The location of Fig. 2 is also shown.

1. 130 & I

B (B 2,486 m) 1%, WiAREALIEER, sALHA
MO K7 v > MPEIAES 2 R RO EXKILTH %
(Fig. 1A). RKINOE T LWL, Theh, KXl
DML BIEILWTH S 1§ W L, »OTOHIE
WATE IR & 72 o 72 7 BASE A, RIS 2]
B 2 BT TH 5 H T oW EI M ET % (Fig
1B).

FARKILDTZRE A DT O O a2 W2 1% 1 Lig
(1957) TH Y, RKILNOIEE %, B KIEDTEREH T
&5 FIET L, FOBRMKIEN AR TEA L z—EHoK
HUBI N % AR & 2 R & 12 X5 L7z, K
HIE, BEKLTORKBBEOEKTH ), EFEHHE
KINDFHEDWEK % 2 STz (1L, 1957 ; Al -
5il1, 2004). EKIIEBOBAIE, VLT A MRIOTA
FA N~ BAE BRI OB £ 5 T 7 75 &
TNEFE)EFEAT) TERERPOERIBEY, A
TN FRENOT A4 b ~Z G E KR O
LRRKCA N 779 L 2 ) o - AT
HeREM O & #E T, %mﬁé’s E%ﬂ@?‘%ﬁf b ~%
WEE 7Yy 7 EEILTH D HINE SO~ HER L
ol & s (JEEE - LI, 1980 ; AIE - =1l 2004 ;K
TR HERE ) & VRS T O SRS ZEE - LIy (1980) 12, 77
T OLFMIITH - HHF (2003) 126E9). KENGEIOEAR,
WZDoWTE, FIAEE (1979) A3 - A i HERE Y b
D FALA A 5 12,430 =270 yr BP Jz O 12,280 £250 yr BP
OREHEHHE (M0) FERE G L72As, W OELGIE
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W, % EOMEDND - 72 Bk, PR - Al 2011) &, I

IR RN (AMS) #:02 X B HCAEMIEIZ L Y, B
% 7 TR L 72 RAEARF A 5 14,770~14,935 cal.
yr BC OEOEBAENR (P, BER) 2L Tnb. K
WIEB O & KEHERM X, 1R B~ T O & T3
LU AT FICEANICHRE L TV A I ERD
(% - Sql1, 2004), #9 17 cal. ka BP |2 LB I [ ©
W LM L B A 5N,

lt, BARKILOBK R A% 2 2 L CEEREHY A
= - il (2009) & Ishizaki er al. (2010) |2 & - THi &
N7 S M 2009) W, ALHURE O F I AR (Fig.
2) 2BV, KINEBOTIR - wHEE A TR o LAL
VRSN 1 % 32 A CHR 2 77 K T s fg ) & FL
WL, Z2omoi{bARD™C #£4 (11~12cal. kaBP) % #
L7z, Ishizaki er al (2010) (&, IWTHAINLRIZ B
T, RRAFAHAIERD & D b B AL (5
E%gmm&%>am%avav@mmﬁm%<%w
W77 7) 2 RML, BEGEILT 7 7RO K
1D 4C £ (19 Tcal. kaBP) 235G L7z, 2hboo
BEHPE, TR EO5 i B BARKILOE LY TH
% 2 EEME R < BARKILDTEIET O % b K E
MDIRL T2 EIZHSTH D, K12 7 cal. kaBP
DOEERZE L OBEEEBILT 7 5 OFEIR, FEXKLns
lt 1 LIPS L 725Kl (RRITER) THh D
CLEERRTHME LTOEETH Y, KWGHE OB
KIBEEDOTRAMEE S E b REL o CTE T2
RIFZETIE, RIITEE) O — D KT DI,
7 B IITH 17,000 4E R OB AR IL O WK R & ME L
7o, BOEOWZE (=45 - i, 2009 ; Ishizaki et al., 2010) |2
£ 0 KIIEE B AKX IO RBEOENIEH CTlE w2 &
PHOL NI o 72728, AR TIE, 1L (1957) OEE)N
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EFT H. A, 9, BEKILACHEE O 7 R Rk
HEIZBWT, 62 WEBOIN - MEE AR O -
R RAL KR - % B A TH D BARKIEED 7 7 5
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WoORBFEZM L S50, IWEREEETL
Ishizaki et al. (2010) \ZB WV THRIRAAETH o 72 ILTHAKIOH
M CHEREE T 7. TORKE, 43 UG T
L7zAa ) 7meEy 7)) v 7 OMREMEH/2c AHL
INTE R T~ B0 55 3 HIE B O M 0 434 & &
5 L 22RO B A & 002 % o 72, AR
T, LRBOT 7T - KEERHER & KT~ s
H %, BMEWOEIR, REWORRE - 25K 0E—F
MR OFMNE, B OMC ERZ RIS L2 ET
BAAKILOE 3 INEBOMKIEREEZ S22 L7z %
72, INSOMENI LY, MIREEISHILINLE 31
HEIOT 7 I RE CRUE S L, ThE TolfgE (1
W5, 1957 5 ZE7E - (L, 1980 ; Al - 1l 2004) TH
BTGB O KWK & —HOIFH T L7z L ShTwnie
BRE A D 3 NEB ORI CTh 2 2 L A 5 2
otz

B, ARTIHERICHE, REIEOMC 4EMRZE, K
PHAGAE % V9 1950 4 £ 375 yr BP & 5\ d ka BP, £
2 JRAEHIE L 72 % cal.yrBP & %\ 13 cal. kaBP & it
T4, JBEDOHEE SNBEAAFERICOVTYH, KET
FREMVAFEREHFE L 72 ETH L < cal.yrBP & % 24 cal.
kaBP & %50 Y 5.

2. HEBIE

BARKINE, FERER 6km, DS O LER 1,200
m O MHEFE O KA & D (Fig. 2). 5 1 PGS T,
FILRE~ZINA-HB A LFAEDOT 77 OBHIC &
D, KIVEOTZERE 25 3 DOREKILL, ThbbY)
WIS L7 AL & BRI, 25 % T - TH
FEOWTAH AR 5 EHEA LA S 72 (B516 - Ao
2009). AKX SEHLRbEVT 7T (BN
F79) DIEEFHR (AT) 77 5 OIEITHE L I2HER LT
WL ERS A, 1994), &5 1 WEEIC X 2 B
KIHEDTZHE AT ORI (89 30 cal. ka BP 5 Smith et
al, 2013) DB TE 7220605, 1 K0k
DI D# 17 cal. kaBP 12134 2 S22 X, 2o
FENAZ & 2 KIPERHERE ) 2545 1 XLk o eI )i < 3
L7z 43 WiaEo b, INTEKOR~T6E &t

R MDPRE N TN D,

3. WEBR GO IR

BRI O —212, BILTESR (HEEXl
DOINTEES) 1S SN2 HH 1km OKOADFAENZET S
5 (Fig. 3A). ZOWTHADE, KOBFFEETHE L
I CEVIEFR A TEELY b B, KIIRERERY b i A%
HHENKILOB MY TH 2 D12k L, B ERE S
57 % (Fig. 3B). 7z, WTEERILIEICIE, SRS 12
FR S N72EER Tkm O BEIZ M2 IITHK T D% % U 2
HCHAET S (FfG - fil, 2009 ; Ishizaki er al, 2010 ; Fig
2). ZOEEIZM OB T & 72 2 HIRGE S K
TORAETIE, WNILEZ Z 5N L/ EH D 0HERE
TX, TNV VT I—=0 Ty DOE LGB REN
FHEERETDMBEW CHL L AR TED. &
7o, INLOEME, EEMROFEUEL S, EICEE
A 3) TR O B EIEDRIR E o T Tk
W T B (A - i, 2005). 2415 OISR & 4507
25, BWEOITERO ML, O HELOEIHIZL D
INTER T (<JFUKIT) IR, @ “BUKET A B O R
KW (55 2 WG EY) OF84E L EikEE (BdA o
D TR DI, B EROBREIKEGE (BEA
2 7SR & B AR o i & BT
HOTERL, @ HHE M THEAS 3T A & ORG-S OFt
EKEHLBED T, WAy = v PEFE RSN
CRTE S, BAEOKINIIZ, BB E IS B R ER
DR 3~W R 75, KIUED S KL O R Tl
R 15m 272> THAi$ 4. Ishizaki et al. (2010) 13,
IS HUTEK TP FEAE L 72 KT CHERE L 730783t
T s LimlL Twa.

AWFZE COIIMFIA & AT FHFIC L), IWTHAKT
N~ 2 DO/NKO L BEH OGNS Ik o
7z (Fig. 3A). /MKEACLIE, TRk $ 5223 7 ROKA
TH Y, WHEHAKONOES 2,300~2,350m (2L TE-F H
FIIE L7z 22 ki & & 2. Ak c2 4, 1l
TEX A OER 2,240~2,270m (27554 200m @
HWEHTHY, Bikd 25 7)) FOKABTH 5.
F 72, TR & SETE M A O M IS AL E S 2 7
RIS O VB DSRS0, SAAE LW
BOKEE 2o T2,

4. TRBICOHITIEIHEHOT 7 7 &£ KRB
it

BRI OACHEE, IR G R O RN 10004+
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Simplified geologic map of Nantai volcano (modified from Takahashi et al., 2009), showing discussed

localities. 1: summit, 2: SC, rim of the summit crater; NC, rim of the northern crater wall, 3: outline of the
horseshoe-shaped collapse scarp, 4: approximate distribution area of hummocks, 5: eruption products and
lacustrine deposits in the summit crater, 6: Osawa Lava, 7: Arasawa-Ryuzu Pumice Flow Deposit, 8: Sizu Scoria
Flow Deposit, 9: eruption products of Furunagi volcano, 10: eruption products of Nantai-kita volcano, 11:
eruption products of Konagi volcano, 12: locations of key outcrops and stratigraphic sections in Figs. 4 and 10.
Label AR/SZ shows the area where thin Arasawa-Ryuzu Pumice Flow Deposit overlies Sizu Scoria Flow
Deposit. Distributions of Nantai-Imaichi and Shichihonzakura Tephras are not shown.

AEIKE L, O RICHEE ORI LIK T 2 R AL
3B O W ASHERE L T\ % (Fig. 4). #RERVO
TR - I A TR, BIESK SmTHY, X
Mg SN -a~w P aiEa GRS 30em) % F2HE
e L, NEOAT) T ERIRBRA RS . 3 IS
OB, TS, BAFTIME T 7 F 4 (Nt-Btd),
Fr IR FUK T HEARR W) (BPFD), BAFRKIAIET 7 7 3
(Nt-Bt3 ; I/ — VHERE % £F 9 ), [ 2 (Nt-Bt2) K& O] 1
(Nt-Btl) Td 5. Nt-Btl O_Ef7IZidEfb KK+ F kA

THI S0em OB IIEATY | ZOHAIC 6 HALIZHET
L7zs = O @ (Hr-FP : #iHE, 1962) 28I 5.
BIWNGE TR ENKT 7 T OFRBIEHI % Fig.
5A, D, E 2, I/ — VHEREY) & KW HEREI) O 534 & &
NZIFig. 5B, CIIRT (KB & 7N — VHER
WizowTiE, ERHEAFE—TH L7290 Fig. 5 LTI
L&D B0 fBiIcR L Cwa A, SAREIELTLY
—F L), BAEFRAET 7 7121, BRRoKLK
BHEML, wWhw A KILERLECAONE. RETIE,
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(A) Topographic map of summit area of Nantai volcano showing areas of the alteration zone (AZ), Nantai

Scoria Cone Deposit (NSC) and its crater (C1), and Nantai Tuff Ring Deposit (NTR) and its crater (C2).
Abbreviations: BC, Bentengawara Creek; GC, Goshinbutsunagi Creek. Other abbreviations as in Fig. 2. The
photographed area of Fig. 8A is shown by thin dashed outline. IOO (2010) shows the studied area of Ishizaki et
al. (2010). X-Y represents the line of section used in Fig. 3B. Contour interval is 50 m. (B) Topographic cross

section along the line X-Y in Fig. 3A. Inset figure shows the inclination scale in degrees.

Brown et al. (2010) (ZHEv>, PRI ALK ORLEZALAS
5N WEHEBEZ KIJK L v b (ash pellet), KILJK2S
AR 2 SR A~HAAL T 2 b D & ALK EE AL
(accretionary lapillus) & IF-08, TN HOHFTH—4 L <1
DR OFIRL IR ~ A K LIBE R 2D D b D& FHRK
KL v b (cored ash pellet) F 72 13 A% N ILKEESE X
1115 (cored accretionary lapillus) & Ff-55.

BRI ORED D S HRFEN %% S DOV TR,
RO EEHBE Table 1 18T &EMBUIOWTHE, 7
BETHLGERT 5. AEYOSH IR E~T A F A
FESEETH Y, WIZEINEIZHRT A A b THAIC
BOEMAR SN, ZoBEMENTHKON O 3 HES)
OEHHTHRETH 5.

4-1 BHRXAFET TS5 4 (FFR)

BRI PRIMET 7 T 4 (Nt-Btd) 13, FiR - EHEHE AT
WeRE W o FALIZIBIERY 40 cm D JAALAKILIK + % 3k A TH
L, KL K 2.5em) LY OKILKETH S
(Figs. 4, 6A). JBIEIZH 4 X 5 TH 10em, #0577 TR
30cm TH Y, IWHED? O —FE\ i 7 T b EW (Fig.
5A). HiE4 &S TOREL BTTr778F26N05
HIKD RWILROIK~ gt KIKETH 5. —77, #i
RT CTORBIE, RO EIKE I OHEE O K LK
BOHE %Y, TUOHEBLZHYALETI/ORT

I FDIEET B (Fig. 6B). SNODERDS, HT 7D
KEEEE IO B —2 & L CEBE LT
BEVED .

K775 OFEERRIE, 74 A MEOKMEKILIK
~ KL ZIEE O BRI KK~ KILETH 2
(Fig. 6C). W N b FEEMPEVBLIHEIRD b D% <
FEIZHHENEZ L2000 R 6NL. Inbid, #
BERIRIETHEST B NSRBI TE S,

FEF lom D LoREKLEECHE LS =E, 7
A4 FAT49 vol.%, ZILEAS3Tvol% TH Y, Fdb s
LCRHEA, A, AA (RINETRFELZVWIE
b Dr+ LR, TR, HEHENL, AL A
A, REWGEMPRONE. £, REWHIIE, 2R
A xR O7z, ZE & Rl—OMEMEE % b DM EE
WEELRONE., T4 A VOELZAENT T AE
ThY, HHESROENHE (perlite crack) 2553 5
(Fig. 7A). ZIE L O A ORI, AIE»NA T
Ot 7474y 7/ BREPTAIT48FTT A
7 HETH 5.

77 IR KIREEIL D £ (RO, s idk
WKL » b L ITEEKILKSRL Yy FELTET S
(Fig. 7B). fio®y e L<C, ZH L -Baor sy
KW Eiema R sl ons.
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Fig. 4. Stratigraphic sections on the northeastern foot of Nantai volcano. Sampling horizons for '*C dating are also

shown (Nf13-1, this study; NikN-01 and NikN-02, Miyake ef al., 2009). Section locations are shown in Fig. 2.
Abbreviations: Hr-FP, Haruna-Futatsudake Pumice; Nt-Btl, Nantai-Bentengawara Tephra 1; Nt-Bt2, Nantai-
Bentengawara Tephra 2; Nt-Bt3, Nantai-Bentengawara Tephra 3 (Bt3L, ash fallout; Bt3U, lahar deposit); BPFD,
Bentengawara Pyroclastic Flow Deposit; Nt-Bt4, Nantai-Bentengawara Tephra 4; AR, Arawasa-Ryuzu Pumice

Flow Deposit.

42 RRABRBRHEY (5% - fb, 2009)
FrRAFEK R HEARE DY) (BPFD) 1, #ikAYE < b
L72BEX 1m O HJE 2 5 7 A KA S K LK
(block-and-ash flow) ¥fEWITH 1), BAEFRNET 7 5
4 O _FRZEIER 20cm O JAALK LK+ % 3k A TH S
(Fig. 4). &EIE D 5 HED 2 BAXILOILHEE LEIZ B W
THHES 1,950m £ TARMERFY D54 25HEFR T & (Fig.
5B), BAEKILOILTEBIZARIED B o 72 2 & IEHE 7
v,

AHEFEW X, SRR RO KNG, KLET~ KL
FAZXDA TN T - WA KO QR ILIK 2 5 F212

i s, DROFIEE LB ER L bR S E o R
BaR &) (Z - b, 2009). AEWE LT, FE
ENTzAT) 7 LA, R M E SN AETR O X L6,
710 77— RKIG, SFFEI P E 723y Bkl
FEAROND. AN TA VA NETHLDIZxTL, A
a7 ER) T T —IRKLEIIRLEETH L. F
7o, RIS EAREY ARIIE LI LIRSy FIR D L
WICHBO T A 4 NEEARAAT . Ml 6 121X ERE
P A RO IR R ORNERKINES L T 555, Zh
5OREEIE, ZRORIIEEKRYEVEDTA YA
NEKWE S 72 B BREKE A TH L. EEFEKEE T O
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Isopach maps of Stage 3 tephras, (A) Nt-Bt4, (D) Nt-Bt2, and (E) Nt-Btl, and distribution maps of (B)

BPFD (pyroclastic flow deposit) and (C) Nt-Bt3U (lahar deposit). Closed circles show the locations of the
outcrop of the primary Stage 3 eruption products. Open circles in (B) and (C) show the locations where only
boulder of the cauliflower bomb (major constituent of BPFD) or quench-fragmented lava block (major
constituent of Nt-Bt3U) occurs without any finer-grained matrix parts. Contour interval is 200 m. Abbreviations

as in Figs. 2 and 4.

HMBLAFEE, REFD 7 47 2RO OHE L, LiE
LAZPE E R {L L T\ 5 (Fig. 6D-E). 25D
B S, WAL, ~7~EK (BZF5<A MO
YRR THH & N ER O K 3 — 22502
il CTERL L, EBERICERICL ) ER L TERS
LEZbNS.
KREWOEAE, BEdhE 741 vol.% DZIIHE~T1
T4 M ThLH FHEA, R, ANA (ZLAETIEE),
BT, HABED, PASAL (FAYAL FTEL),
RERIABES & L TIIET 5. ffklE, 7494 b
WO A 70 T4 RS T A, RILED
NATaF T AT 4y TRk ERT

4-3 BHRXABRET 753 FHH)
BARFRAET 7 5 3 (Nt-Bt3) 1, FpFRI AR
Ry o EATICEIER 40 cm DAL LK + % $k A TH
D, EHIC LY FEE (B3L) & EEE (BBU) 12X 45X
L% (Figs. 4, 6A).

Nt-Bt3L (&, KILIEEER L) o XILKE (A REIER 20
cm) TH Y, BRI TROKEAED S AL OBt~
¥ % (Fig. 4). IREEAZEE L 72 AL~ KLk
KIWKE % L G, RRMWRPE DI L, EORE
ey g L NILBER 4 X DRLT-3 7% HIRATEL V. Nt-
BGL (Z1E, il & HERIARIS, HIRE A LR~ ALK
A ADLHKREDOIK~BIKOESR (RkE 3em) 255
INE. TNHOBERIE, FOHES R OERIZEH
HNHPIELTWALLDLRLNDLZ E0s, REY
EHWTE NG, F72, MK OZ X KK L v
FeoTBY, IK~BIKGESR O b OFKKIL
JKARL y P AEREIZH S5 (Fig. 7C)

Nt-B3U 1%, @ LifiE % & DR KBIER 60cm O3
BB OB S 2 b (Fig. 4). W, #H
BINHPA 72 ICE E N7z, Hif Ol 2 K~ 2
IR EESL (KRR 30em ; Fig. 6F), RRMES R
HEOZEEKIE KOS S R % 3 2 KK~
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Table 1. Representative whole rock and modal compositions for eruptive products from Nantai volcano.
Unit Name oS oS Nt-Bi4 Nt-Bi4 NSC NSC BPFD BPFD
Sample No. 0S106-3 0S106-4 Bt4/10-1 Bt4/10-3  NSCw08-1 NSCa09-2 BP07-12W BP07-14
Rock Type Lava Lava Lapilli Lapilli Bomb Bomb Bomb Scoria
(Wt.%)

Si0, 58.63 66.45 57.02 65.90 55.33 64.42 65.06 55.54
TiO, 0.63 0.52 0.77 0.58 0.72 0.52 0.53 0.70
ALO, 16.87 15.89 16.90 14.99 17.61 15.85 15.92 17.92
Fe,05* 8.54 5.47 9.79 6.43 9.87 5.77 5.91 9.81
MnO 0.14 0.10 0.16 0.12 0.15 0.11 0.11 0.16
MgO 4.32 1.99 491 2.39 4.41 2.11 228 4.70
Ca0O 7.13 5.01 7.06 4.88 8.59 4.88 5.09 8.86
Na,0O 2.49 2.99 2.36 3.03 2.35 3.11 3.01 2.15
K,0 1.24 2.17 1.17 2.17 0.67 2.19 2.13 0.74
P,05 0.11 0.11 0.12 0.08 0.10 0.07 0.10 0.13
Total 100.11 100.71 100.26 100.56 99.79 99.03 100.14 100.70
(ppm)

Rb 40 73 36 68 18 68 72 22
Sr 272 251 268 226 282 252 254 280
Nb 4 5 2 5 2 5 4 3
Ni 25 2 28 9 11 6 7 14
Y 16 18 17 18 16 20 20 16
Zr 85 111 71 139 76 124 115 69
A\ 179 78 205 124 240 116 119 242
Ba 311 457 300 505 219 514 558 205
(vol.%)

Plagioclasc 213 29.2 25.6 36.6 7.7 26.1 31.7 9.4
Quartz 1.5 6.2 33 4.8 0.4 1.9 2.7 1.9
Amphibole 0.0 1.1 0.0 1.0 0.6 1.2 0.3 0.2
Orthopyroxene L5 4.4 24 2.1 0.6 2.2 22 0.8
Clinopyroxene 0.6 1.2 4.0 3.0 1.0 3.8 1.2 0.3
Olivine 0.8 0.0 0.2 0.1 0.0 0.0 0.0 0.8
Opaque Mineral 1.0 1.6 1.2 1.4 0.5 1.8 0.7 0.2
Groundmass 733 56.3 63.3 511 89.0 63.0 61.1 86.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

KINEER L) ottt ch b, IERICIE, SHA
PALEE OB b P im& TN 5. AR iE N-BBL % H
HL, WMFOFFIIEEPSHEEL 2T &, BEANIIE
ERIKER %2 RIS S ehs, TiE MRk
12584 L 72 cohesive 72 7 /v — )V (Crandell, 1971) D}
Fa & HIr S D, Ne-Bt3U b F T FU i sEAR &
FEELS, BAXILACHE ORER 1,950m f1 £ THEE D L
CIEWHENH %2 OB EWOBADPHER T Z (Fig
50), BARKILO ITER IR B o 72 & L IX & 72
w

Nt-Bt3L H O AE KA K O Ne-Bt3U H DK~ Bk
wEBE, & DI E 17~36 vol.% DR ILE~T A W
1 MThsb. FHEA, AK ANA (RILETEER), #
HHE, HEMESL, hAS AR, RNEWSEWENE L
THAET . F72, Nt:-B3U OFEEHHI21E LIE LILE
IKEOEHEAAE (RAEEN 8em) dEONE. &
HEOBSHAETIRIELH—Th L. AFIE T4
FA N ERINEPNATOF T 4 T4y 7k WA

WTFEA T 45 F 714 7z RT.

4-4 BERTAFERTTZ 2 (FFH)

BARARTAE T 75 2 (Nt=-B2) &, #5452 75
Nnn—f/ 8y FIRO & KLEEKILKE (BEH 12em
Fig. 5D) TH Y, BHEHFKAET 77 3 O LA EER
60cm DAL ILK L&A THD (Fig. 4). BRI,
FICH~IKHBOR EXKILK 2 S 20, EORIZE -
L 72 KA ORI HAET 5. KL% g,
JEPR A ALK ICE b, ALK vy b & o
TWwa. KiFx, KEWEEE 22 Ehb
KIZEDHEREM EZ 2 5.

4-5 BHAXARETT I 1 (FFR)

BARFHRRAET 7 F 1 (N-Btl) 1, KILEER T 0l
KOBVWEBEKUKETHY), BEFRET 7T 20
AL EIER 40~60cm O EALKILIK T %2 FRA TH S
(Fig. 4). BEEL, IWTEAKINSEV T 4 TR 10em, 11
THAKI 22 5@ WHLE 7 TH) Sem Toh 5 (Fig. SE). AT
7T, REMEEZ SNDFETLHERD LI

IRFRAE
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Table 1. Continued from the previous page.
Unit Name NTR NTR UGVB UGVB Nt-Bt3 Nt-Bt3 Nt-Yd Nt-Bt!
Sample No. NTR10-1 NTR10-2  UGIbI0-5 UG10-9 Bt3U08-3  Bt3U10-2 YdU08-3 Bt1/08-4
Rock Type Bomb Bomb Vol.Block Vol.Block Vol.Block Vol.Block Bomb Lapilli
(wt.%)
SiO, 63.87 55.27 59.93 63.95 63.59 55.37 56.30 56.10
Ti0, 0.57 0.72 0.64 0.58 0.55 0.72 0.69 0.80
ALO, 15.98 17.57 16.33 16.52 15.61 17.05 18.04 16.92
I'e,0,* 6.67 10.47 8.31 7.13 6.49 10.77 9.18 10.62
MnO 0.11 0.15 0.13 0.10 0.11 0.15 0.14 0.17
MgO 2.80 4.41 3.57 257 2.90 4.27 3.717 4.80
CaO 5.52 8.45 6.84 4.73 5.52 8.67 8.42 7.24
Na,O 2.80 231 2.36 2.74 2.90 2.42 2.43 2.48
K,0 1.99 0.79 1.47 1.83 1.94 0.77 0.64 0.76
P,0;4 0.07 0.13 0.13 0.10 0.11 0.13 0.13 0.15
Total 100.38 100.26 99.70 100.25 99.74 100.31 99.73 100.04
(ppm)
Rb 65 23 58 59 64 21 12 20
Sr 253 284 283 242 246 282 287 274
Nb 4 3 4 4 3 4 4
Ni 13 14 16 13 14 13 8 17
Y 19 16 17 20 18 17 14 18
Zr 112 67 95 107 116 64 76 90
\% 139 228 172 142 131 236 221 218
Ba 433 203 348 487 461 210 238 238
(vol.%)
Plagioclase 243 12.5 15.0 19.9 24.1 13.6 8.2 13.1
Quartz 5.6 0.6 0.6 37 2.4 1.4 1.4 1.0
Amphibole 0.6 0.1 02 02 0.3 0.0 0.0 0.1
Orthopyroxene 1.0 0.6 2.1 1.3 2.8 0.6 0.8 1.6
Clinopy roxene 0.6 1.7 0.7 2.1 2.0 1.0 1.0 12
Olivine 0.6 0.4 0.1 0.4 0.8 0.2 0.0 0.3
Opaque Mineral 1.0 0.3 0.6 1.2 32 0.4 0.2 0.6
Groundmass 66.3 84.0 80.8 71.2 64.3 82.9 88.3 82.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

The modal compositions were determined by counting ~2000 points. Phenocrysts were defined as >0.3 mm in the
longest dimension. Total Fe is expressed as Fe,Os. Vol.Block, volcanic block.

) 757 —=ROEKA b DB~ KINEE (R E
1.5cm) 25 FICHEK S 415 (Fig. 6G). AE AL IX
KHIFHENHZ L 230 A 6N 5. ZoMIZEHE
Wb L CEEPNEAIZR D) TR EHER, EEWE L
TW~REME D OB L b AR 2 baad. F72,
ARIFPIEIKEEILS £ o, s IEa—X
WKLy b, KIDKER K ILEE (Fig. 7D) R OVER K
IREESEIOLRE L LCiET 5. KILKESEROFAE R O
INTER D2 5 OFEE S L CHELT 2 2 820, Kig
X, BERXILOITES TORER~ 7YKL DT
FI7IREEHIKTE D,

REW, #HA, A (), AA (), #En
HEWEH, AL AR (£), ANEHEYZHEGICD O
IWETH5H, Fiz, EHEOREKLEDE— NHIEH S
KE o7 BihE (CFY) 138 17 vol.% TH 5. [T,

TWBRET I ANS %) SEOTA 7054 b2

5. WEAKORRGKOEEICHTHT 55 3 BHEEID
Y

5-1 WIEXAORILUEOEEY EBRF

TR TN T, 55 2 BTGB O K K A 121k
MR E (553 ESM), ok, FEEEAE KA
TRPEK L OB ORI LY, SiAEHOBEN
%k%%%ﬁ%&éﬂt.%ﬂ%@,fﬁ#%%t,m
PEE (08 WTAKITBED L), P AL f T
% (GVB), BAWEHEREY 1 (NLD1), BAEGE LT 77
(Nt-Yd), FRBBEHERY 2 (NLD2) L@ &N T3
(Fig. 8). & D5 L A DFEMIZ DWW TIL, Ishizaki et
al. (2010) s 72w, DT CIERBOME S Hi7-
WS 2012 70 o 7200 & B Tl B
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1cm
—

Fig. 6. Occurrences and constituents of Stage 3 eruption products on the northeastern foot of Nantai volcano.
Locations of (A) and (B) are shown in Fig. 2. Abbreviations of unit names as in Fig. 4. (A) Tephra section at
Loc. 5. Note that Nt-Bt3U truncates the underlying Nt-Bt3L. (B) Section of Nt-Bt4 at Loc. 7, showing cross-
lamination. Note the arrowhead where the upper bed truncates the underlying bed. (C) Juvenile dacitic (Dc) and
andesitic (An) lapillus in Nt-Bt4, with cracks (arrow) on the surface. (D) Block of welded pyroclastic rock in
BPFD. Dashed lines show the outline of the oxidized scoriaceous pyroclasts. (E) Cross section of a block of
welded pyroclastic rock in BPFD. Dashed lines show the outline of coarse pyroclasts (> 1.5 cm in long axis).
Light-colored part (DF) shows a fiamme of dacitic pyroclast. (F) Dacitic (Dc) and andesitic (An) volcanic blocks
in Nt-Bt3U, with a branching network of cracks on the surface. (G) Juvenile andesitic lapilli in Nt-Btl.
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Fig. 7.

(A) Thin section microphotograph of non-vesiculated juvenile dacitic lapillus in Nt-Bt4 with abundant

arcuate perlitic cracks (arrowheads). Abbreviations: Pl, plagioclase; Amp, amphibole; Opq, opaque mineral. (B-
D) Backscatter electron (BSE) images of ash aggregates. Most ash aggregates are deposited in a clast-supported
fabric with voids (V) in between. The BSE imaging and digital image acquisition were performed using a JEOL
JXA-8230 located at the Center for Instrumental Analysis, University of Toyama. (B) Cored ash pellet (center)
and ash pellet (AP) in Nt-Bt4. The former consists of a core of coarse-grained juvenile andesitic ash (Juv) and a
rim of finer-grained ash aggregates (AA). (C) Cored ash pellets in Nt-Bt3L with a core of coarse-grained
juvenile andesitic ash (Juv) and a rim of finer-grained ash aggregates (AA). (D) Accretionary lapillus in Nt-Btl
with slightly finer-grained coating of ash around a coarser-grained core. All scale bars denote 0.2mm.

Abbreviations of unit names as in Fig. 4.

5-1-1 #EREE (L, 1957)

RS (0S) 1, ILTEER O BB M THER AT L 5 S
W L2ESRTH Y, ILEOEES 1,000m f1T F T
TL, iR - EEEAEREY O ETEIRE L Tw
% (Fig. 2). WTHAHACEE L, BLIR CHEE F 10 OB
ikt b SMIRE G EN L T 5 (Fig. 8A).

REEE, PSR DS 25~55 vol.% OF A ~T 1 A
MCh L. BEMASIE, BHEA, ANA, A B
WA, HAEHER, DALALA (FAYA MTlEE), A&
W Th 5. EETICIE, e TRAESEY 15cm O
ZIEEUERLOROND. WEHOK A2
HER—TH L. AL, TAA NPT T AEMRE,

WUEPNATOL 7 474 v 74k, WEEFT1 2
TAYFTT 4y AR R

5-1-2 HE{AFEXIUAESE (shizaki ef al., 2010)

BEALHE LS (GVB) 1, IHTEAK R 2 & B
ALHEIR BRI 2500 L, aAlIc D & TEE (LGVB)
& BB (UGVB) 12X 535 (Fig. 8). Wb LA
KEAPHIAETE L 72 KA TR S L < IR L 72 #E
KTH 5.

LGVB (&, #JEE# 30m o4& CHUK O K11 fi
HETHY, THRELYO—a—T L ZOWA»5%5
pillow fragment breccia, | PiiAME Y 0 — & 2D
5 7 % angular fragment breccia THERL & 1125 (HFE 1%
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Fig. 8.
Abbreviations of unit names are shown in Fig. 8B. Dashed line shows the bed plain in UGVB. (B) Stratigraphy
of the northern sector of the summit crater, showing stratigraphic units distinguished by Ishizaki et al. (2010).
Sampling horizons for '*C dating are also shown (Nc13-1 to Nc13-5, this study; NikN-S1 to NikN-S3, Ishizaki
et al. (2010)).

Yamagishi (1991) 1299 ). &AdE, FE&E 10~20vol.%
OTRAERZNE~LZIAETH Y, #ER, #HhER
HEHER, 2ADAA, NEWHIWEZBERLICLD. 53
WS E) O o THE—, APIAZ BRI 72w
AFEINATOEY T4 v 7R RS

UGVB 1, #JEER 30m ORELHRIK S TH
N, KFEZBEEICE SN 2EBULOREN»S S
(Fig. 8A). &J&1%, Wl 7 @ HNEIL H 3583 L 72 A
B E N2 2 AR O KA~ KL (R R 80
em) & RV CTRRZE L 7R KW D I A SRR S
i, % OBFIRALAR GRREE 35em) M OA/ho AL
KA 2SI E D%, BT ORSMAR SN,
F72, THO LGVB & OB FUCHIEHREW L E 2 615
JEER 50em ORI FEND Z L s, THEEK
BRICEHMHEBREBWTERENEEZLNS.
Ishizaki e al. (2010) 1, AAH & RERBI ORI UK
% (LGVB) L iEHER) (BARENEHRNY 1) 1ikEn
BTl ARG R KA EIERE L 7o B AR A 3
FEW) (subaqueously resedimented syn-eruptive volcaniclastic
deposits : McPhie er al., 1993) & R L, LHTEXKIINOFH}
T2 — FEMERE L 72 Wit o0 KR HERE ) 703 o 3 ok =
L, W EOBIARZ BIAR DS KGN LT LM
By A2 TR EN LML KEPoOGHIEN
H% b o LaEdi~ LR, BEs = 14~36 vol.

Nantai Lacustrine Deposit 2 |qnc13-1
(NLD2) 4Nc13-2
Nantai-Yudonoyama Tephra| njxn-s2
(Nt-Yd) Aikn-s3
Black paleosol 4Nc13-3
.
§ Nantai Lacustrine Deposit 1
% (NLD1) [ NIKN-S1
-.'g Goshinbutsunagi UGVB|4Nc13-4
S Volcanic Nc13-5
S |Breccia (GVB) LGVB
<
|

|  Osawalava(0s) |

==m== Collapse Event smm==

|:|Eruption Products

I:l Lacustrine Deposits / Paleosol /
Resedimented Deposits

(A) Photographs showing the lithologic units exposed at the northern sector of the summit crater.

% DLIWAE~TAHA M ThoH, HHEHELT, FEM,
A (AT E), ARA (RLETiERE), #k
H, HEHER, 2ABAHR (FAHA FTidE), 49EH
SIHAFTET B, F 72, KILSERICIE, B TiRAR
Z8em OWHEEAE GO AONL. WHEGOHMHME
R ZINEEF—Th b, A&, T4 M EZlE
PNATaL T 474 7/l AEEVTA 7T 45
FUT 4y VR RT. SRS OEEDRE SO
MA L OROEREIC AT 25 70~ 7 HEEY
(522 W) OREYOEBHEFEUTLIE, DY 7
) ¥ T HERW O BRAEIRIARD THEL, 7 7)) ¥ 7K
BICEONES KB CHIE L2 F 2605 2 L
5, Z0¥ 7 IHEREWAT UGVB O THh % &
Wraitsd.,

5-1-3 SBEHBHEREY 1 (Ishizaki ef al., 2010)
BARTEHEREY) 1 (NLD1) (£, #IBIER 13 m O R EE
OMIBHEAEW TH B (Fig. 8A). KRBT FHz 13k 1
~3 )V NEHEREM AT L, R SOV b~k
HeREW AT T 5. KL Hske 3 2 HERE WY % $E L
BN M, AR LEBIAMRIE L Cwis
LEZBND.

5-1-4 BKBEXILUT 7 5 (Ishizaki ef al., 2010)
BRGREIL T 7 5 (Nt-Yd) (&, KER~ 7 <A
Lo T SNz, BABIER 12m OIFKOE T
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KR CTH Y, L OFRAL LB AREABAEL T
5. BHEDL LTI, THOBEMEBEHERY 1 £ o
JBIEH 6 cm O B LB DS RAE T S (Fig. 8B). AEW
1, ZMIS KK A E A L 72 KL #E (armored lapilli
Fisher and Schmincke, 1984) & L CiE L, Wil TRk
L2 X WREAL LTV R b0, REIHHENEZ D
ODLDLEFICEOLNDL. KEWOERIE, HiE
10~15 vol.% OZEILETH 1, KOAND O Y2
NPEREICZ L. BHEA, A3E, APTA (%), #UiE
i, HEHED, DAL ARA (X)), AEWSEMS B & L
THAET S, Ak, FICB~REOTIANERY
VEOA 70514 MEED.

5-1-5 SBEHBHEREY 2 (Ishizaki ef al., 2010)

BARABHEREY 2 (NLD2) (&, FBIEH 11 m OF5E R L
ToMEHEREI T H D, BAGILT 7 12T Ny P LT
WFE L T 5. EEHAEHE 28~ K OREY (312
R~HAL SOV M) oD, FERAN L EOMYEY
SRl E . REPICHE AR R U 7o ) 2
STV,

5-2 FAECUEXOFE CREShAEEY

5-2-1 BHIIUTEHEY FH)

Bk 2 a2y 7 EHER (NSC) 1, IHTEXK I D /K
O C1 W & 3 5 RARBIER 20m O A 31) 7HX
IAEAERETH Y, Cl ORFFIZEEN 150m O A3
T EEEEL THMT 5 (Fig. 3). ClLKOORBEIZIE,
HRILOWEERIEEL LT3 7 EOWHEAFEL LT
BY, BLLAMELL 74 7 A%, HABIER 5m
DRREREKFEE O FTHEE (LNSC) &, K 25cm D A
a7 e RILEE FRE T2, BE 10m Lo EERE
(UNSQ) IZ[X4r &5 (Figs. 9A, 10A). ARI;EFEW) O —H
W, INTEKOMEBEICEESN 3Sm OXA 3 ) THET 7 vF
d—MEELTLET S (Fig. 10B). UNSC & 7 7 )VF
A= METE, REVOEEISRESITBY, 215
DEIZERKRO AT ) 7 LAY 7T T RIS % D
Z LG A (Fig. 10C). SNSDRERD S, ARUEFE
A b ey R I X BB N HER T H B LIRS
N5, B, AW ELHET 25 7)) v 7Y OE
ok BARIEHR T E b o7z,

REWETLIE» S0, PrOTAY A MEK
Wz tEs . £/, RIPER AW, 2oRIRE
MERALRIC, 28y FIRS L IERICHE T A A NEES
YRETZ2IOLHFET 5. REWOR 1L 737
vol% T 5. BEME LCRHER, A3k ANA, #Ak
F, BEHER, DALARA (FAYA MTlkt), A&
g ons. AEE TATA BB T 2L
HAEA T T AR, AR T AZE LA

(O
2

500
:%J
{))

NTB [ags

)(
».

XA &‘& A
SN

‘
A Y%
wa 8]

¥

Q

)

)

NTR3 =

@ Breadcrusted Bomb/Lapilli l:l Ash/Lapilli Matrix

€D Caulifiower Bomb/Lapilli Densely Welded
Lava-like Part

@ Scoriaceous Block/Lapilli >
@ Non-juvenile Block/Lapill 1ava
o Ash Aggregate AIteredAsh/LapiIIi

Weathered

— Fiamme <~ \folcanic Soil

Fig. 9. Stratigraphic sections of (A) Nantai Scoria Cone
Deposit (NSC) and (B) Nantai Tuff Ring Deposit
(NTR). Both deposits can be divided into subunits on
the basis of lithofacies. See text for detailed description
of each subunit. NTB denotes Nanagoume Tuff Breccia.
Section locations are shown in Figs. 2 and 3A.

Tut T4 T4y MR RT

5-2-2 BHETUCTHEY FH)

Biky 70 v IR (NTR) 13, H#EXKILoREE -
2B A AR A 17 m O 55 < R L 72 8K 1A ~ 5K
HETH DY (Fig. 10D), /NI C2 OKIFOH N FAT
BINZH3 A 5 (Fig. 3A). BUKAMEEREZ, wHENE D
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Fig. 10. Photographs of newly found eruption products within the summit crater of Nantai volcano. (A) Section of
Nantai Scoria Cone Deposit (NSC), which consists of the upper scoria/bomb fallout part (UNSC) and the lower
densely welded, lava-like part (LNSC). (B) Agglutinate lithofacies of NSC on the inner wall of the summit
crater. FR denotes the eruption products of Furunagi volcano. (C) Cauliflower bomb in UNSC. (D) Section of
the lower part of Nantai Tuff Ring Deposit (NTR1). (E) Clast-supported juvenile volcanic blocks with cracked
surfaces (arrowheads) in NTR1. (F) Nanagoume Tuff Breccia (NTB) at Loc. 3.

I3 L 72 TS B 7o e Kl (R T m)
AW L L (Fig. 10E), 2 #EKINHEOZEE L7
BER LR ~RPER O O RS R e L L CE
L, DEOW~JEEHER OB & RS H 235 g &
LCHAEY 5. BIKABETR O & BIKERE O
i, H~IRE D L Bt LB~ KILK» S % 5.
KRR, SHICE Y, TR2rS 3207212y
M NTR1~3 IZ[X4 &5 (Fig. 9B). 7= MHIZ
FHRBR AT R SN2 &5, NTR1I~3 (X1 HD

WK TR S L7z L HIlr S b, NTRIIZHBIE 25 8
m, BKAMEERE (BIE 1~2m) LIKBOEIKE~ XKL
BATRE (BIE 10~25ecm) OHES 4, SIKAEESTE
OTHIIE ULIE LIS 7 fEs o s, BIKE~ Kl
il LiEzuxg 3o en, WY A Ao
LB T EDIBA Y EKAS (vesiculated tuff @ Lorenz, 1974)
Lo TWAMBMLALNG. TSRS, NTRI
1315 38 A A (explosion breccia : Wohletz and Sheridan,
1983) L R—=2F = VHMPWOEIETH 5 LRSI
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%. NTR2 IZEIEER 3m CTH 0, HE OO K LEERE (&
JE10~50ecm) & HTBOBKERE (B 5~10cm) O
Babhh, BIkaRBIZIELITLIET I FNERsN, K
WKL OB b & ENDLZ s, N—=2%— U
e L RRE NS, NTR3 ZHBBIEHN 7m, KLz %

E BB OBLIR TR E OB MBS Rk
BIEX 3m) 5740, KIUEEEOHERE (BE 10cm L
T) EBPAET 5.

AHEFEW I RET B & ) e HIE L 583 L 72/ K
IR, JEA D BERE & 1) N— A4 — DHEFREYIE, W
FTNHKERY 7~ THRBICIZE 2115 (Wohletz
and Sheridan, 1983). PLEOERE O HF.LEEZ HIL
% C2 KEADAKHEFREY O F2E T 2 i He LS I % Ji
HILCTWa 2 s, ZOBEEES 7)) 27 OKIITE
AHOWIT &I L 72, 7B, AR SRR ASE <
DATDHER S Nz DM 2 RIS RS D, Zdudsft
R DR 3 E B AR ARSI L iRt L2720
LEZoNS. T2, 2 KOFHIBHLHIEIX (Fig. 3B)
TIZHBETIE WA, Uy 7 v 7O gEe HibsE
OYSEREMIC L W SN0 g2 bNh 5.

ARHEFE OGN, AL 12~39 vol.% DZE1HA~
TAFAMTH L, Tz, REKLSEHRBPIZIEDEORS
IR OFEHRE DA S (BRKERE 6em) 2SR LND. BE
mALAEE, RA N - @HEEELIC, BEA AR (B
HATIEE), AA, SO, HEHED, AL AT
(FAHYA bTldE), REHEMTH L. AHE, T4
FA R ERINEPNA T OF T 4T 1 v kG WEH
WTATT48FT T4y 7 ke RT

5-2-3 tEBRKRARE FH)

LA HEIKABEARE (NTB) 1E, IHTESOZ Y D3R
J& (Fig. 3A OHipi 3) & Hks 71) ¥ FHiREY (Hi52)
DAL S NG RERE OBEIKABERETH Y, HEEK
IHOFEERRDORPRLZEE Lz E i~ LR o
OREEE KK S 7 5 (Fig. 10F). Hipi 3 TIXEED
2m U ETH Y, 20 ERIZIER 90 cm )AL LK 1
kA, G = R A AT A B R SRS
Hiri2 CIEBER 110em TH Y, Biky 79 v rHifE
W o FALICIEIER) 220 cm O J8ALKILIK T % 3k A CHERE
LTCw5 (Fig. 9B). 73, M2 TIXAREO LA EHE
ERIAEIZEDLNT VA0, X0 L WIEHY oA it
AHTH L. Kz, Wk mdTHEL, BT A X0
HEKIEZ ) bOOREAWRR SN anwE &, %
EDEE LR EEKIEDP S 2 5 2 e h s, KIESE
KIZEX DR EHIWESND . 2B, K& FEPR
777 210%, W ORE KL OREMA T 5 L
5, [Al UKRZERMEKIC X B3R & & 2 & 15 (Fig. 5D).

6. “CHER

FAZERD G Do TO R WY L HEFEY 225, G 6
SR AERIE TR 2 SR 72, SURHRIUB i %
=4 - il (2009) Jz UF Ishizaki ef al. (2010) 12 & % 'C 4EA%
W52 SR OFRHUE #E & & b 12 Fig. 4D & Fig. 8B (IR
INTEA I A & OMERENT, BAARMBEHERY 2 THO
PR L A A 2 RS (Nc13-1 : $RHUE A7
X Ncl13-2 Oy 150em bA7) & B EGE LT 7 7E EO
ki OARR (Ne13-2), BEGEILT 7 FET O
BT (Ne13-3), MHEALFE NI A L3 e h o fif e
IREEAEA 2 3B (Ne13-4, Nc13-5) Td 5 (Fig. 8B). b
FHED S 1, IR K HER A h @ JiALR (NF13-1)
ZHIESVE & L CHRILL 72 (Fig. 4D). 04T, #Ral&tt
IRZRTFERTICARIE L 72, B - 7v ) - BRIC & ik
HERICHEEE 797 7 4 MEL, AMS (NEC #:% 9SDH-
281) ZFVMC KU PCHERIIE Lz, M HERD
B IE Libby O (5,568 4E) %A, 6 C 2 &
L RN BIRIE A AT o 7. ek R &, BUEME 7 —
%t |} IntCal09 (Reimer et al, 2009) [ 8E 71 7 5
2\ CALIB6.1.1 (Stuiver et al., 2005) 12 & 1) SH S 72 B4E
fRELPH % Table 2 127%9.

ITEX TN 2 S BRI L 72 3B o e SRR 1L, TRa
HEREWD 2 T b2 HFRELL 72 Nel3-1 & Nel3-2 A2
N 4,670£30yrBP & 4,830£30yrBP, BIKGEEILIT 7 5
JETE T O B 13 Nel3-3 78 6,050 £40 yr BP, I ELALKE
KL LR 2 S ERILL 72 Nel3-4 & Nel3-5 3¢
M2 7,33040yrBP & 7,460=40yrBP ThH 5. 1L
LoMCEMRIE, EMEOREHT S WEAEE R L
@R & b FEH R, ALHEE O 7 R R AR
D FALAR NF13-1 5 5 1% 10,350 40 yrBP &\ 9 £ A
Boh, ZoEIE2HEEHOFRINVEN L2 LE
Fe & b TR .

7. £AMRICE 2EEYOITE

CNETOWRIZL Y, BHEKIomELYE, 5
MgO-Si0,[X %> Ni-SiO, [} 12 351> T A48 0 4 LA
DL ZE AU O Z2 5 2SI 12 3R D & & 33 2o T
L (fale - Zl, 2004 5 “FB - =46, 2006 ; =46 - il
2009 ; Ishizaki et al., 2010). D728, GEHK O LEIC
L0, B3UEEOXKINERY L LB T 7 T - K
THEREM AR T A S LA REE RS NS. B,
BALFEXILABEE THE L BARR TR T 7 7 21200
TIX, AIEPKPEEPO RN T 7 IR EE LI L13E
AN Tz, BEDREW & D 2 WK EER K O HE
T CTH D70, R L D0 OB S5 5Bk
L7
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Table 2. Radiocarbon data and calibration ages for representative samples from Nantai volcano.

Sample Unit Name . 13 " Calibration Age (cal yr BP) /
M 1
Name (Position) ateria) 3 C%o) C Age(yr BP)* probability (%) ** Labo TD
NLD2 5314 -5470/98.1
Ncl3-1 Black paleosol (humin -28.04 +£0.40 4,670+ 30 g y TAAA-82955
¢ (Lower) ck paleosol (humin) g 5359-5569/ 1.9
5476-5,542 / 40.2
NLD2 ’ y
Nci13-2 5576-5622/1.8
-28.71 £ 0. + -
(Lowermost) ‘Wood fragment 28.71 +0.44 4,830+ 30 5626-5.644/ 58.0 TAAA-91712
Ncl3-3 NE-Yd Black paleosol (humin) 24.16 £ 0.84 6,050 +£40 6,786-7,003 / 100 TAAA-91714
(Below Nt-Yd) L o=b g >0 0
. 8,021-8,206/ 96.8
Ncl3-4 UGVB Carbonized wood fra; t -22.26 +£0.40 7330+ 40 g TAAA-91713
¢ a v gt ; 8264-8288 /3.2
Ncl3-5 UGVB Carbonized wood fragment -22.80 +£0.46 7,460 + 40 8,189 - 8,366 / 100 TAAA-82954
. 12,049-12,233 / 60.8
- DR _ + + -
Nf13-1 BPFD Carbonized wood fragment 26.13 + 0.64 10,350 + 40 1224412386/ 39.2 IAAA-123699
* Uncertainties are reported at 1 0 precision.
**% Uncertainties are reported at 2 0 precision.
BHICRD NS, RE TS, 2 WSRO

AL, BRI iR © XRF (PHILIPS
FH# PW2404R) & IV, ERS - EICEE S 105107
RUZH T A= FeBHWCllE L. WERMEE 50
FEEE L2 D\ Tl Tshizaki ef al. (2009) & S S 72w, 4
TOXRANMEL, LEE DI K KR K O
RARMET 7 7 3 LEHEICIE, E2E) BRULOR
e Ens. IS ORFHIOWTIE, FAUIETE
&Y EALT 2 R LI AT 4 AL, ZERKIZ
B AT A ADUEE &\ BRI & L7z, Bk R
BT 793 Tk BERARMET 77 41200 T,
AT T % W CHHEI A HIF L, RENIBIZE 13
em OB NINBEE BRI L, &A1 % PRI - 8208 - B kAL
DBRNZGHIE L7z, BERFRAET 77 1122o0W T
X, 77 7 BHOEERAL A STRELL 7289 2kg DNV 7 31
Bl SR & 8mm DL E O KILEE A ER L, PR - R
I, TR T CERMISTHENATE > T B b X Ja bk
FEY, SRR BRE L, o ZiE R R AR R A
PR 2~3 & o T It L 72, A FEAYEL
KO &A% Table 112773, F72, SR MK
DFE AR B R IZE N T W B Ni-Sio, X % Fig. 11 12
e
BARRRIMET 7 7 4 OREKIUEE (GHTHAEE n=
6) 1, SO DY 57.4~66.0wt.% TH Y, 5 2 PGB DK
WEHERE Y R D 55 3 HAGH B O W ) 12 H 22 1L %E O Ni
EAE L, SiOymE OIHMI LV Ni & 22T %
LV R B O (Fig. 11A). F72, REWIIRESICE
A, FRIZT A A NEAREY TIEBES RS 50 vol.% 1 25E
T4, WTEEC A3 AW O kT, BRI 7
7 J 4 LFAMOE— FROEEEE b DML R

LA T 7 7 R OTRIR - BEEA TR O T 1 ¥ 1
MEAEWEA—O2GMl EHaHeEE o &,
F7o, THOWR - EEEARHERY = B a1
WEBR,S, B2 GRED HEORBZEOMA 7 « —
AP &% 2 5T &7z (- Sl 2004). L
LAl - Sl (2004) 28484 L 72 £ 95 12, #iREEDO 7 A
P A N OBESE (155 vol.%) &, BELART 79K
OSiR - AR O 7 4 44 » OB E (25 vol.
%LLT) ERECELRY, RGO EEMBLRRS
(Fig. 11A). ZD72%, BELARET 77 R O5IR - %
B ORI IC~ 7<) AICI D S h
VT TN ZBINTFA A NE~ TR, Fotkb R
Wb TRERALE BT S, IIERIELE W v e v
b AR RIS ICE T IRE S &L o TN L 728 #
ZHDWEAKRTH A, F7z, #IREHTHE S L TWv
L HIRE SR - IR A HERE Y & 1 O AT
WERIR (I - Sl 2004) 1I22WTh, ZOFEHEM
SSRGS G b BIAE & [/ U A inE L7z
728, KGRI & ) A TR D KB~ 13 U
TRV OHEREASIHE S, BB O 57 2 I A L2
I EBEHRNERRE OO EICh o2 ERIRT B &
EFLBANOL. NS5O DS, FIREENE3
NGB ORI CTH Y, MIRES LB L2E— PR
EEM AT 2 BHENKIMET 7 T 4 SSRGS O
I S NI T 7 T8 CTh 2 E AR TR 2
IHTEK I O FE 2 2 ) 7 iR & AL o 7K
JEKREmMERE 2L, REWE LTH) 777 =Rkl
i (Fig. 10C) 7S IAICRET B, F 72, FRRIMEKIEGR
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Ni-SiO; variation diagrams of juvenile materials/lavas of: (A) Osawa Lava (OS) and Nantai-Bentengawara

Tephra 4 (Nt-Bt4); (B) Nantai Scoria Cone Deposit (NSC) and Bentengawara Pyroclastic Flow Deposit (BPFD);
(C) Nantai Tuff Ring Deposit (NTR), the upper unit of Goshinbutsunagi Volcanic Breccia (UGVB), and Nantai-
Bentengawara Tephra 3 (Nt-Bt3U and Nt-Bt3L); and (D) Nantai-Yudonoyama Tephra (Nt-Yd) and Nantai-
Bentengawara Tephra 1 (Nt-Btl). Division of basaltic andesite, andesite, and dacite is after Cox et al. (1979).
Error bars indicate maximum 2 o analytical error on replicate XRF analyses of three standards (JB-1, JA-3, and
JR-1). The field of the compositional range for the Stage 2 eruption products is also shown in A (data source:

Ishizaki, unpublished data).

HEREW AP AR KA D & E L TB Y (Fig. 6D-E),
FO LD EAE, WIEKOAOSE 3 UGS O Y <
FHEA ) T BB O TR TOARLL L (Fig.
9A). BRA 3) 7 EHEREYD & 97 R IR K HERE g
REWL, SIOEmATE B2 55.6~654wt.% (W HILZ
nZEn 6k L 9RE) E—F L, NiEHILL (5~14
ppm), SiO-E DN Ni EA 9 2 458 % b o
(Fig. 11B). 2D X ) (T KW DOIERE & IR TV 5
CEIMA, REVWOEERRL —FTrZehn, B
fRA ) 7 EHER & SR K P HE R ) 1 [/ — i
KT S - L fms s,

IWTHKONO SRS 7 » 7Hfif&, & 7 v 73k
W B &3 B MEALFE L AER S REE, JLREOS
PRFRIAE T 7 T 31%, FERY & L CHEHICHF
N, WHENHOET 2EAR T 23R KD
(Figs. 6F, 10E) % HF#I & A, SEIFPT L L0
@z b D, INODEADOHKERIRLZE 2 A,
SiOEA RS 71) v FHEFREW) T 55.7~64.1 wt.% (n=
8), MEALHEXILMEES LR T 60.6~64.3wt.% (n=7),
FBHEFARRKMET 77 3 TEHET 62.1 LU 63.1wt.% (n=
2), [l E#E T 55.8~64.2wt.% (n=9) &HEia—3 L, Ni
=D SiOm & X HERIFRIZ 13~22ppm TlIIF—E IR
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N5 Lw) B 55 (Fig 110). ML Lo
PSS, TS O - HEFREY L F— ORI HNTE
ENzEmIN5.

INTER O Tl O Th 2 Bl T 7 7
& AL EEOBEKIEED T 7 5 O Tt Ao BAR
FRIET 77 1128, SiOymEASZILE1 56.7~58.4 wt.
% (n=6) & 55.5~56.7wt.% (n=3), Ni&EA'& 12 7~23
ppm OFFIZ SR SN LR L, MEASITIT—3 L, o
FEHE 12 B Si00 3 D ZALIEAT/IN & v v 9 el s
o5 (Fig. 11D). F7z, S AFNICS, WHE
& D ITBERE 10~20 vol.% DREILFE 2542 ), APTHBE
ARV E V) B A Lo DL OFEUEAS
5, BRGEILT 7 7 EBERTREET 7 7 11—
KT S NE Y TH S LRSI 5.

8. FEIHFEBDEERDER

8-1 #HRBEELEBHRAXRARET T 4

HREE L BARRRTET 75 4 OYCHERIZINE
THEIN T, BAEFRKIET 77 4 D TFOT
R I ATEHERT ) OJEFAULHK) 17 cal. kaBP (HIAT -
i, 2011) TH Y, LALOFRAFEKBGEHER Y O FF 4
fRIZH 12cal. kaBP TH A (82 ). T b DFEL
ERERRRIE T 75 4 0 ETFoRALKINK DR S
(Fig. 4) 75, #RES & BT RIE T 7 7 4 2L
L 72K 14 cal. ka BP (JEAZAEAR) EHISHE & 72 L HfEE &
ns.

8-2 BRI U7 EHRY ERKAFNETHERY
INSOBHIIIET 2CEMRE LT, FRRITR
KIEFEHAE Y D FALARF 5 B 5 72 3 D OHEEA
HhH. TNHDH L, KEIGETH S 72 NfI3-1 DER
fiE %5 10,350 =40 yrBP (& 4F- 1% 12,049~12,233 cal. yr BP
(probability 60.8%) , 12,244~12,386cal.yrBP ([ 30.2
%)), = - B (2009) 12 & B EMRAEAT NikN-01 T 10,343
+32yrBP (JE4EAK 12,000~12,400 cal. yr BP), NikN-02 T
9,756 161 yrBP (J&4EAL 10,600~11,800 cal. yrBP) Td»
5. =5 Al (2009) 12 & BFEMAMEIE, NikN-01 %% NikN-
02 L) HHVERERL, MEEZEZE L TOMHEDFE
ER—H L. 20 L) ZEREOA—ZO—H%E
=5 A (2009) 1 KHEGEAS T AL H S A E B R
FHaW AL EEZ T Lo Leds, =% -1l
(2009) 12 & % NikN-01 & NikN-02 O FEACE D RE 7 0 1%
b3 (EFATH 200 4) THDH. T I TIEAEAMEA
T T & < —F L 72ARBFZEIC £ 5 NFI3-1 OFALfE & =
- il (2009) @ NikN-01 O 4EAE % K0 JE KR HE
FEWOHEREIE EE 2, 2 O KRR 2 TR L 72 KD%Yy
12cal. kaBP IS X 72 L Ffim T 4.

ANl—RG - B - KR

8-3 BEa7 UL JHEY, HEAELARSLE
HERVUBHRXARET 773

NS ORI T 2 MC HEM L LTIE, RIS X
0 EEALHE N LA S L TR o bR GUEE Nel3-4
& Ncl3-5) 555172 7,330£40yrBP & 7,460+40 yr
BP OERMEL D 5. JEEIL, Nel3—4 25 8,021~8,206
cal. yr BP (probability 96.8 %), 8,264~8,288cal.yrBP ([f]
32%) TH1Y, Ncl3-5 % 8,189~8,366cal. yr BP ([F] 100
%) THhhb. LIdoT, IhsomEBmoFmsarid
%) 8cal.kaBP LHEEESNA.

8-4 tEHRRABESLBHEARXART 772

ST AMCERITINE TIESNT
W, W4 T, BERARKET 7T 2EE0 T
DT 7T E OB FE N ASLKIK T OIE S 1312135
L., ZoOZenrs, BERFRIET 772 2B L7z
WAL, BARRFIE T 7 5 3 I L 72K (F) 8 cal.
kaBP) & BAERKIAME T 7 5 1 ZIHK L 720K (£ 7 cal.
kaBP ; 8-5 ) ORI TRE - LHEES N, ZOMHA
AU 7.5cal kaBP (BAAFER) &HEwE S5,

8-5 BHREBRILTFIIEBHRAXART 771

NS OMEBWICET M ERE LTIE, BAREER
7 7 7 I ZHFE S 7z AR & il 72 6,110 110
yrBP (GUEH NikN-S2 @ JE4EM 6,736~7,254 cal. yr BP) &
6,090+ 110yrBP (FUEF NikN-S3 : JE4ER 6,679~7,250 cal.
yrBP) %3 % (Ishizaki er al, 2010). F72, KWFETI,
BARGREALT 7 5 O T Ao RO G Ne13-3) 7256
6,050 =40 yrBP 75% 541 C\» % (Table 2). Ncl3-3 D&
A1, 6,786~7,003 cal. yr BP (probability 100 %) T& 1),
BARGEAL T 7 7 R S N AR OB L —50T
5. ZOROEEITEIREY SR SN, BARGK
7 7 J OWKIC & o THEE S - i if o R ©
brlEZOND. UEds, BREELT 77 ROE
IR T 7 7 1 OWCKERITH) 7cal kaBP & Hiow
EY N

8-6 KON

AR OILTER OIS 2 8 Ol iEHERE W 2355
HLTBY, %2 EHHEOH 5B KT DEE L
722 EIEBHLNTH S,

TARREHEREY 1 (2B 5 B4R & LTI, Ishizaki et al.
(2010) 25 PO @R oARR (GUEF NikN-S1) 205
e L7z 7,350 110yrBP (JE4FE X 7,970~8,340 cal. ka
BP), Z OB OE EEwET 2 Bt G
Nci3-3) 705 AR TH S N 724 Tcal. kaBP 25 %
(Table 2). 72, AMEREW O FAIZIE, KRAEIHERE L 72
WEALEEKILAREE LESELTB Y, ZoFRof
BRI ALA (BUR Nel13-4 & Nel3-5) 5% 8 cal. ka BP
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DIFFERDARFETHSNT WS, Lz > T, Bk
BHEREY | OHERRAEAIL 8~T cal. kaBP DI TH D, &
O ITER KA FAE L 72 2 & hE - 7
W FE 7, BN LA RS B O AL b K HK
s OEEALFE N LA RS THEASFIELTB Y, KD
WMOGFEAEI M 8cal. kaBP LLATIC# N 5. LA I IX
EALHE N LA TER B I S D 7 7 7 @AEAE
LAawAs, ZoZ i, B AHEKILAEES T E IR
i3+ BB KM A TETHEY, WETHO~ Y
< LIROFEMNZ BN TH ADLMAR RS T S5, T
7T REET D L) BB E I s T
el RRET L. —F, KT EE L% H %
7z L7zD03H 14 cal. kaBP (JENLAE(L) OMIRES OWE
THhs, HIESOTMENIE, WRREIC L > T
W% BV 7 BRI M2 LTSS S Tl Y, K
ANOKRIEETIREN RSN T EZ 51D
ZO7zo, WEBIZH2TER SN D 7-0121%, BEIZIM
HOTERIBU IR E S A L, BUEO ILTAK RS
HESNLLEN DD, Lzh->7C, IWEKAONTOR
KASBRAG S N7k, HIREE A L 724) 14cal. ka
BP DU, THIEALAE KA RS 1 RE 2R L 72 8 cal. ka
BPURIEEZ 65,
FRWPHEREY) 2 OERE LT, RHERWR FEE T
DOARF G Ne13-2) 205 5,476~5,542 cal. yr BP (prob-
ability 40.2 %), 5,576~5,622 cal. yr BP ([f] 1.8%), 5,626~5,
644 cal. yrBP ([l 58.0%), AMEREY) TELICHRAES 2 Al
(0K Nc13-1) 25 5,314~5,470 cal. yr BP (probability 98.1
%), 5,359~5,569cal.yrBP ([f] 1.9%) OEAE AR5
THELNTWA (Table 2). L72%%> T, 5.5cal. kaBP g
VVEHT 7 20 KT CHARIIEHERT 2 25HERE LG T\
7ol S NS, BARENEHARY 2 1%, Y Tcal kaBP (2
& N2 BARE BT 7 S8 LT T8y b LCHERE
LTHY, BEEBLT 7512k 2 ME T 1) Ak
& 70 ) KIS A S N T RETEAS =

9. BRAILDE 3 HHEEDE A E

AWFE TS 22 7% > 2 INTHKON~ o mE, Ik
WD T 7 5 @R OC HER2 S, BERKLOK 31
WHEIOBNLIZLTO L) I Lo 5D (Fig 12).

# 14 cal. kaBP (BAZAEAR) 121d, IWTHAGIS O B EE M
TS 2 S HRE AL L, 2oMEMEE D 12
$0, IREREEIC X D L L A2 INTEK I O JLBEAS A &
nz. ZomATIE, CREICHERRINET 77 428
el L7z, BAEARRIET 79 41218, PIERICEERAIR
OENH, FREIZEHENEZ2 S OREWY (Figs. 6C, TA)
NI EEESE (Fig. 7B) 2SR 6 N5, REW O EH =

NEIZ R SN EIE L, ~ 7 A a2 i & LRI
Pho TSNz 2 L %9 hvbE, 2o &) RENRH
B 7= EROFEN L 52 TR SN DS 2 & AER
THED®O 5T A (Biittner ef al., 1999). F 72, KILK
BB S~ 7~ K O HERE Y 1Sl I E S 5
(Wohletz and Sheridan, 1983 ; Fisher and Schmincke, 1984).
INEOT s, HIEEOEHE, v 7 ~OHT %
IO & - TI: L7 KER~ 7~ K% o 72
ZEPHENTHD, TOKRERY I IERTER SN
2T 7 INRRFRAET 774 THAEEZLND.
14 cal. ka BP G2 IE KIS KM DAL L 72 o 7272
B, TOKRFELATTIENKTIE, 7~ E T EFTOR
KB F 721 LK O K O FE AT B 7 1 % 72 L
7o REME DS V.

%9 12 cal. ka BP 121, IHTHKIIRO/NKET CL 22 5 O
K2 Y, ILTEAKCUEESNE FICBAR R 2 ) 7 R AT
Hef% L 72 (Fig. 3A). DAY 7 ROIEDERNE, =
) 7RKIBEOZE A (31~33°: #]21X, Yamamoto ef
al, 2005) PLF® 15~25Tdh 5 (Fig. 3B). TD72H, M
L 72 K ASEHE 285 As ) % b9 A3 ) TREETE
WY ABIZES72EEZONE. —F, ZOROMEATI
B\ HERE L 72 R E KW e R 21y, ) 7 5
T — RGBS 72 E DA 3 T ERER 3K
e LCTELTHBDY (Fig. 6D-E), Z OKBREA, i
DA T ARSI ORREZ O A 31) 7 L
AW (B 20, HS - fll, 2013) THhH LI
5. AT T EAEOTFERE LCiE, O KR -
SRS & i 72 20 K A S A, Bl RHITASAS
AL UEE L 7=l e, @ K O 12 X % KED
PIZE & Z S PE ) KENONERINC X 0 Bk 2
D, ZFOREAT) T EDIE S UK R S S 472
THEVEATE Z 5N 5A, BB TIZ LD 5 OER A EE
THhol-MLHBTE v, AT 7 RO B R 5K
KT HERE I D5 AT 7 S, 2 OKREFEIE, fefld kI
EDOMEFNII - T L, 0%k, HREEOEE VIS
EON TR~ RNEZZ, WIBRRET % - T
FEICHTLCERELALEHEM SN (Fig. 5B). fK
IECK R HERE (X% o) — s DL Lo iR TR IR I
BLTBY (=5, 2009), Z ORI KM IE AR
Tix TATALSE5I1ZEOBBIIEFEEL Tl h o7z
£oTH5b.

Z D%, KRIET5 BB TEEZ L, BAREGBRILT
77 (%) Tcal. kaBP) 2SME 13 4 [l £ CREOINISFFE
72, SOXKITHEIZEH Lo~ 7 09K EE RO 72 D
EALKE KL AREE Tk 2 T L7275, & O HIAEAL
13535 TW W,
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67 Northeastern Foot ————Intra-crater: Nantai
( A Lacustrine
Nantai-Yudonoyama Tephra Deposit 2
7 -.--| Nantai-Bentengawara Tephra 1 (Nt-Bt1) (Nt-Yd) (NLD2)
= ml Nantai-Bentengawara Tephra 2 (Nt-Bt2) [Nanagoume Tuff Breccia (NTB) |
g '.--| Nantai-Bentengawara Tephra 3 (Nt-Bt3)| Upper Part of Goshinbutsunagi
Volcanic Breccia (UGVB)
h - - Nantai
9 Nantai Tuff Ring Deposit (NTR) Lacustrine
Deposit 1
10 4 ? 7 o o m m m m y LOWET Pt Of GoOshinbutsunagi (NLD1)
Volcanic Breccia (LGVB)
o 11
m
3]
X 12 4 . - - - -
— .-- Bentengawara Pyroclastic Flow Deposit| Nantai Scoria Cone Deposit
g (BPFD) (NSC)
(@)
13 4
Crater
14 —m mpmNantai-Bentengawara Tephra 4 (Nt-Bt4) | Osawa Lava (OS) )| Lake
Stage 3 Eruption Products i
15
? 7?7 mmmm====s Collapse Event
16 -
Stage 2 Arasayva-Rygzu Pumice Flow Deposit (AR)
17 Eruption Nantai-Shichihonzakura Tephra
Products Sizu S.coria. Flf)w Deposit (SZ)
Nantai-lmaichi Tephra
Fig. 12.  Summary of the stratigraphy and correlations between proximal (intra-crater) eruptives and the distal

(northeastern foot) eruptives of Nantai volcano during the last 17,000 yrs. Black boxes show the range of the
calendar ages of eruptives. Eruption ages of Nt-Bt2 and Nt-Bt4 are deduced from their stratigraphic positions

(Fig. 4). The ranges of ages for lacustrine deposits are also shown. Ages of LGVB and the collapse event are

unknown.

% 8cal.kaBP 121, INTHAKEINO/INKET C2 TR
<R DIE L, Bk 7)) v SRR S
7z (Fig. 3A). KRERY 7 YHEKOERE LTIk, o
KEFIIE T3 BBICR R L Tk oiike ~ 7
<O EZSNL. TORKIZEY, IEEICIZE
FKIKEEESE A & A B RAET 7 7 3 O T EE
WHERE L7z, Sy 7 7%, KRR IS HERS L
T2 Rl O KGR 20 6 7 B 7230, TERE R I Z B L
THROE R EFE S T OESFILIEFH OB
& XAR DB ROEFA & Jbi L, KEE I
A THERE L, RAEARZ 2w A 7S EALRE K L A
GlhitErfEs et EI oM. EhRO—EIL,
KT TR A BB BRI L IRAE L, T/ — )b
& T o THIERYIRTT 2 38 - CTILEE £ Tt T L CHEER
KiE T 7730 L@ ez Ll s

(Fig. 5C)

#7.5cal. kaBP (B ALAEAR) 121 ILTH CRZE S MK
AR Y, LTEEIC I LA BEUKAEE 2, JLREICIE
BHEFKAET 77 2 272, TEOEEYIC
AR R T A BREY G TN Cn e nizo,
ZOWEKOKINE, WEHEREY 255545 L 70 W KT RERL I
FEBICMIE L E R S NL, NTEEIC ST A-EEH
BUR AR ORIRIIIEER IR > TB Y, Atk
EHEA R FERE & T 5 LA BBRIKAEEE & BARR
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