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Fig. 1. Topographic map of the Aira caldera area (left) and the location of the Aira caldera in Japan
islands (right). The lines of altitude in the topographic map are drawn every 100 m. The broken lines
indicate the rims of Aira caldera (Uto et al., 1997a) and Wakamiko caldera (Aramaki, 1984). Triangles
and thin lines in the right map indicate Quaternary volcanoes and plate boundaries, respectively.
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Fig. 2. Geologic map of the Aira caldera area summarized from the 1:200,000 map, “Kagoshima” (Uto et al.,
1997a). Sampling localities (closed circles) and sample names are also indicated.
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Fig. 3. Block diagrams showing the volcanic history of northern (Kajiki and Kokubu) and southern
(Ushine) areas of Aira caldera. The ages (bold) are from this study and those (italic) are from the
literatures. The blocks whose stratigraphical relations are geologically observed are connected by
thin lines. References: [1] Nagaoka et al., 1997, [2] Okuno, 1997, [3] New Energy and Industrial
Technology Development Organization, 1987, [4] Machida and Arai, 1992 [5] Matsumoto and Ui,

1997, [6] Kaneoka et al., 1984, [7] Inoue, 1994 ms.
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Photo 1. A view of Yoshino-dai area from Yunohira View Point, Sakurajima volcano.
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Fig. 4. Geologic map of the Yoshino-dai area based on Yamaguchi (1975), Oki and Hayasaka (1970) and Inoue et al.
(1994). Sampling localities (closed circles) and sample names are also indicated.
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Table 1. K-Ar dating results of the volcanic rocks in the Kajiki, Kokubu and Ushine areas.

Lab.ID Sample ID Lava Unit [D

Weight K,0 »Ar’*Ar

SOALAAr

Initial *°Ar/**Ar

“9Ar rad.

Atm. *°Ar  K-Arage
(Ma)

@ (10°cm’STP/g) (%)
Kajiki Area
A98014 ART0 Uebatake lava 1.5162 0.559 0.1866+0.0007 296.611.3 294.7+2.4 0.30610.429 99.3 0.17:0.24
A98074 ARS4G  Shimizu thyolite 28155 3.41 0.18841+0.0013 355.4%1.5 300.1#4.3 0.39810.032 84.4 0.036+0.003
A97024 ARS4 Shimizu rhyolite 1.5087 2.90 0.1902+0.0012 307.240.6 305.543.9 0.072:0.164 99.4 0.01+0.02
A97043 15193 0.187310.0047 345.0+2.2 296.8+15.3 0.37620.121 86.0 0.0410.01
(weighted mean) 0.04£0.01
A98003 ARG5S Shimizu rhyolite 15435 3.77 0.2031+0.0090 357.9+4.0 344.8:29 0.423:0.023° 82.6° 0.035+0.002
A97026 ARS8 Yuwandake andesite 1.5127 1.76 0.1872£0.0007 316.9:0.6 296.312.2 2.830.32 93.5 0.50£0.06
A97027 ARS9-1 Yuwandake andesite 1.5054 2.10 0.1874£0.0007 307.1#0.5 297.1+2.3 4.070.96 96.7 0.60£0.14
0.5049 0.1864+0.0006 304.7+0.5 294.0£1.9 4.88+0.90 96.5 0.72#0.13
(weighted mean)  0.67£0.10
A97025 ARS57-1  Yuwandake andesite 15106 2.31 0.1855£0.0006 317.330.5 291.2¢1.9 6.52+0.50 91.8 0.8740.07
Kokubu Area
A97023 ARS3 Shikine andesite 15266 1.26 0.186110.0025 307.1£1.1 293.1+8.2 0.225:0.134 954 0.055£0.033
A98006 3.0510 0.1864£0.0012  307.7:1.0 294.0£4.0 0.25130.076 955 0.062+0.019
(weighted mean) 0.06130.017
A97018 ARS2 Umegatani andesite  1.5266 1.48  0.1815£0.0055 982.2+7.1 279.0+18.1 6.75+0.20 284 1.41+0.04
Ushine Area
A98073 AR31-2G Ushine rhyolite 2.8680 3.40 0.1877+0.0013 330.4:1.0 297.944.3 0.357£0.049 90.2 0.033£0.004
A98001 AR31-2  Ushine thyolite 1.5088 3.07 0.1873£0.0054 324610 296.8£18 0.35710.227 914 0.04£0.02
A97003 ARI2-2  Ushine basalt 1.5504 0.668 0.1840+0.0010 315.240.6 286.7+3.6 0.90410.115 91.0 0.42+0.05
A97030 1.5124 0.1876£0.0010 316.320.5 297.6+3.3 0.779x0.139 94.1 0.36+0.06
A98005 3.0171 0.187410.0007 316.1+0.7 297.1+2.4 0.708:0.095 94.0 0.33:0.04
(weighted mean) 0.37+0.03

The decay constants used are A,=0.581x10" yr!, 1,=4.962x10"° yr" and *°K/K=0.01167% (Steiger and Jiiger, 1977).

* The initial *°ArP*Ar ratio is assumed to be an atmospheric *°Ar/**Ar ratio.

Errors are 1 @ throughout.
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WNEE KB EIBETEKLES (BES,
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0.3740.03 Ma (AR12-2) , HHREEENSIL,
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285 N (Table 1; Fig. 4) . FHRARE ORE
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ms) , 0.23+0.11 Ma (Kaneokaet al., 1984) , %
T AR PR O #£0{# 13<0.18 Ma (Kaneoka et al.,
1984) &#EINTWe (Fig. 3) 28, SEOER
BIEhSLVRLBETES N, b, B H#
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DA PR (Kaneokaet al., 1984) , 0.37 Ma D 4
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Table 2. K-Ar dating results of the volcanic rocks in the Yoshino-dai area.

Lab. ID Sample ID Lava Unit ID  Weight  K,0 AL Ar ArPCAr Initial °ArAr *°Arrad. Atm.*°Ar K-Arage
@® %) (10 em’STP/g) (%) (Ma)

(1) Kekura - Ryugamizu
A99042 AR71-2 Terayama basalt 15102 0.608 0.1870:0.0006 297.8+1.0 295.8+1.9 3.26t3.45 99.3 0.17:0.18

A99050 AR72  Yoshino pif 0.2535 234
A98002 1.5155

A97029 AR76 Ryugamizu andesite 1.5066  2.36
A97029 AR34 Mifune rhyolite 1.5562 3.20

(2) Osakibana
A99059 AR69  Shirahama basalt

A98040 ARG68  Shirahama basalt 1.5043  0.688 0.1849+0.0007 310.2+1.4 289.3+2.5
A99048 AR85  Shirahama basalt 1.5091  0.629 0.1866+0.0007 299.3+0.8 294.742.2
0.1893+0.0037 471.7+1.8 302.7¢12.1 3.09£0.23 642 0.48+0.04
0.1886+0.0026 529.0+2.4 300.5t8.7 3.0610.13 56.8 0.480.02
0.1832+0.0023 526.8+4.0 284.2+7.5 2.8710.10 540 0.52:0.02

A97034 AR3-3 Osakibana dacite 1.5338  2.00
A99043 AR78 Osakibana dacite 14010 198
A98029 AR67 Osakibana dacite 15125 172

(3) Hiramatsu - Wakimoto

0.1830£0.0028 298.7£1.5 283.6%9.2

A97021 ARSS5  Shirahama basalt 1.5144 0723 0.1849:0.0006 299.010.5 289.5+2.1
0.1861£0.0008 299.2+0.9 293.11+2.5 0.900:0.397 98.0

1.30+0.80 949 0.17£0.10
1.40+0.31  96.8 0.60:0.13

0.3940,17
(weighted mean) 0.55+0.11

0.1897+0.0044 701.8+32 304.0+14.3 5.6210.22 433 0.740.03
0.185740.0016 522.0+0.8 291.745.3 8.27#0.23 559 0.80:0.02

3.0234  0.641 0.1870£0.0006 330.0+1.0 295.7+2.0 0.990+0.066 89.6 0.48+0.03

1.1740.16  93.3 0.53£0.07
1.7120.87 985 0.8410.43

A98008 AR64 Shirahama basalt 1.5047 0.598 0.188210.0006 302.5+0.5 299.4x1.9 0.62310.395 99.0 0.32+0.20
A98007 AR63  Shirahama basalt L5116 0479 0.1875:0.0008 302.4+1.0 297.242.6 0.57510.313 98.2 0.37:0.20

A99045 AR82 Shirahama basalt 1.5095 L.15

0.1861+0.0012  331.8+0.8 293.043.9

1.7240.18  88.3 0.4610.05

A99044 AR80 Shirahama basalt 1.4986 0.432 0.1863:0.0014 314.330.5 293.7+4.5 0.792+0.174 935 0.5710.12

A96029 SH43 Hiramatsu andesite  1.5175  1.66

A96036 AR22 Amagahana dacite 1.5160 1.84
A99049 0.3096

0.185740.0012 368.3£1.8 291.9+4.0 2.55£0.15 79.2 0.48:0.03

0.1835:0.0004 294.1+#1.5 285.3+1.9 4.72#1.29 970 0.79:0.22
0.1831+0.0010 292.8:1.0 284.1+3.4 5.08+2.03 97.0 4

0.8540.34
(weighted mean) 0.8110.18

A98004 AR66 Muregaokaandesite 1.5231  0.959 0.1869+0.0009 305.740.8 295.613.0 2.12t0.66 96.7 0.6810.21

A97032 AR2-2 Older andesite 0.5081 2.09
A99053 AR74 Older andesite 0.1560 1.03

0.1865£0.0007 313.6£0.5 294.1+2.2 6.31+0.72 93.8 0.9420.11
0.1879+0.0010 301.5+0.9 ~ 298.5#3.2 3.8534.20 990

1.16%1.26

The decay constants used are A,=0.581x10"° yr, 1,=4.962x10""" yr' and *’K/K=0.01167% (Steiger and Jager, 1977). Ermorsarc tl o throughout.

ALZILE) , 0.5540.11 Ma (ARSS ; BIRZRA)
0.17£0.10 Ma (AR72 ; ¥ kK#¥H) . 0.1710.18
Ma (AR71-2; FIWXRE) OFF5 B K-Ar £0E
NESsNnk (Table2) . ZMFEREM S,
0.7740.02 Ma @ K-Ar E{REDBBEIN TNWS GE
W - /N8, 1970) 2%, SlEES NAER SI3BREE
ERT—&T 5.

SEOEENS, TOMBORTEERRT S K
LLEE D=REFRUE, By ARZILIEIT 70~80 T ERTD,
20 EMOBRERAER SO FEMBED, T51CE
PLOEFARG, FULRED, Bl 40 FEUND
BMHERERFDEVAS,

(2) Kiti%

K #ORENSIE, KBHETIHA M5,
0.48+0.04 Ma (AR3-3) , 0.4810.02Ma (AR78) ,
0.52+0.02 Ma (AR67) , HEXRAERY S,
0.84+0.43 Ma (AR85) , AIRZXREMN 5,
0.4840.03 Ma (AR69) , 0.531£0.07 Ma (AR68)
DEt 6 O K-Ar £ EMNE S/ (Table 2) .
Inoue et al. (1994) %, KBHF 1 U1 hDK-Ar

SERIEE 0.54£0.02 Ma EBELTHD, SEOHR
CHMERBEANT BT 5.

SEIDRRN 5, ZOMKTIE, 50 HEMEITK
HWRT A1 b, BIREBENERNTHEE LD
ENEEEN S, £, SEARIRARNS/S
Nz K-Ar sERfEIT, BERKEN>EDBOOBHEX
REOBHEREOFBEIRAES UL, o, il
BEGEFOFILAB,S A5 FUXRE DER
Moit, ZhET0.69+0.33 Ma (noueetal., 1994 ,
0.74+0.32 Ma (P9#E - 8, 1997) O K-Ar £ {E
NEPEINTNB, LML, TNSOERMITHRE
MREL, BRRCBNTHEMBOFULULIREDOHE
BEEY, RUTFAO KILERO G810 BRIC
DWTE BRI TERL,

() FH~HETT

ER~TE OREN S, EHRIEDS,
0.94+0.11Ma (AR2-2) , 1.16£1.26 Ma (AR74) ,
£ty MEIENS, 0.6810.21 Ma (AR66) , K
B854 Y1 bh 5, 0.8110.18 Ma (AR22) , Hik
ZRAMS, 0.4610.05Ma (AR82) , 0.37+0.20

— 24 —



Ma (AR63) , 0.32+0.20 Ma (AR64) , HIRZR
AHIRAN S, 0.5710.12 Ma (AR80) , FM&ILE M
5, 0.48+0.03 Ma (SH43) Dt 9 D K-Ar R &
MMF 5/ (Table ) . SH43id Inoueet al. (1994)
12& D 0.5010.03 Ma EET TV, SEH
FEAN/- SH43 O K-Ar ERE L IIBERBN TR
T35,

SEIORENS, Fl~ BT oKIBtEIZLT
DEIREZSND, HHROIMKVETFILMT
i3, &/ BEWLE (0.81£0.05 Ma) £ rHAE
% (0.68+0.21 Ma ; AR66, 0.80+0.02 Ma,
0.8620.03 Ma) »#\, T 5IZK4 BF A 81 b

(0.81£0.18 Ma ; AR22) M@ >. HE®HENTZ
NEOERERBEFEBFERAL, TN 5L T
b 80 HFEFAEOBIEMTHDIEEZONS, F
FREMOHINT ST, HHRULAE (0.9440.11
Ma; AR2-2) O Efr% 24y BEILAENEDS. TO
Efr %, 4 E 0.48+0.03 Ma, KX U Inoue et al.

(1994) & 0.50+0.03 Ma 73418 5 = ERE 1L
ENBEL, AEZRE (0.46+0.05 Ma ; AR82) At
E5IHS . WO (1975 itk nid, FHFARMAH
VFIRIIHHTEILREILEIRERED 5SHES
HIZHMT 2 EFBELILE L, AR, SBITMIC

AL TS FRZREZ WA MTIS h, wHEE
HEHES., COERBERLER, 2HELTKKB
BT A P NOFHR LA O B SHA3 OFF B 5%
EEATHD, SEIZH SO K-Ar EREIRRVWTN S
05MatHTHo e, THLRRILER, BKRICHBL
TELrREWFTHEbONB LT —F, L&
FRILE L Ly FRLEEOBURREIHATIR
20, £ITHHE, O (1975) OLEBELRUE
%, KBRESUKERT Y1 b, RUSH43 O
WHE S S DEREILE S22 T, Fig. 404
BRICRLEZ., THIRELE OBHERIE, B
BERLILE ER£Lr B RIEOMTH S0 09~
0.8 Ma B ThH 5 ettt H 5,

@ HEEEHBOKLEEHE

BLED K-Ar ERAE DR, HVT IS B
BHIROKILFEBRRIE, KE<HFT1~0.8 Ma,
0.5 Ma #iif%, <0.4Ma @3 DT 5015 ; (1)
1~0.8 Ma ; ¥iZILE, &1/ HEILE, £LrBE
UrE, RKr®TFA49 1, &r KRIWE, =M
EVEE L, INSKILEROEBIZED, R
NoR ALy W EDE BEEET D0 KUK A R
EnkEBEASND, (2) 0.5 Mafith; KGAT

Yoshino-dai area

(South) (North)
Kekura Ryugamizu Osakihana Hiramatsu Shirahama Wakimoto
[ Younger volcanic ash and pumice bed 1
[ to Pyroclastic Flow Deposit
—_——
0.1720.18 Ma 0.6910.33 (2], 0.7420.32 Ma[ 3]
]/\/ #. Yoshino Pyroclastic Flow" ’\’\
0.1740.10 Ma
— -—— — Kekura Formation — — =—— —_—— —
-———— - -
0.55+0.11 Ma 0.4810.03, 0.5310.07 Ma 0.5740.12 Ma 0.4610.05, 0.3710.20,
0.32£0.20 Ma
————[]
0.4810.02, 0.4810.04, Hiramatsu Andesite
0524002 Ma 0.48:0.03 Ma
= Mifune Formation— ~— 0.5410.02 Ma 2] 0.5010.03 Maf3] Amagahana Dacite

R T KoK 0.31%0.18 Ma

Ky Mitune 50 Ryugamizu

RS eS| Hodee [ Firegac Aot ]

0.80%0.02 Ma 074£0.03 Ma 0.8010.08 15, 0.5620.93 Mal3]
0.7740.02 Ma [1] -6020. » 0.6010.07 Ma
—_]
(Kennooka Andesite)
0.8110.05 Ma [2]
—_——— e — e sediment —— — — — —
Older Andesite

0.9410.11, 1.16£1.26 Ma

Fig. 5. Block diagrams showing the volcanic history of western (Yoshino-dai) area of Aira caldera. The
ages (bold) are from this study and those (italic) are from the literatures. References: [1] Okuno, 1997,
[2]) Inoue et al., 1994, [3] Uchiumi and Uto, 1997 and [4] Kaneoka and Ozima, 1970.
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Fig. 6. Space-time distribution of the volcanism in Aira caldera area among four periods; 3 to 1 Ma,

1t0 0.4 Ma, 0.4 to 0.1 Ma and <0.1 Ma.

— 2% —



SHMANBOSNTED, THS5 D KAr /RN
0.38~0.25 Ma 2B iEx T3 G2 -3k 1993) .
5EH, RUNMNBESDLEINETOREMSHS
Mo, 3MalBOBERZPLELEN I
FIKUEBHOR ZABIIATOBY THD Fig. 6 .

(1) 3~1 Ma: BT I HEREFRBBRICE N
THREIUE (2.9 Ma; Kaneoka et al., 1984) 73,
ke, ANTIABEMEAN»SESHIRIZHWT
Wy aRIE (1.4 Ma) PREBRLE (1.28~1.2
Ma; FLRNF—BE A 1987) MEHLE,

(2) 1~04Ma: WV FI7HBESTHE HEBIC
PBOTERE - RLE - FAH1 b - MACEHREBE
FOEH Ue. &z, BIVT TG A
BT, BBELRLE (0.9~05Ma) MEHLE.

(3) 0.4~0.1 Ma : ANT THEBBOF BB K
U BB AN BN T, HEERE (0.37Ma)
MNBOFALE 0.38~0.25Ma; - HE, 1993) ,
EEANTFIEBREE HFRBBICH W TH T ARG
BEULREBREN (<04 Ma) MEHLE,

(4) 0.1~0.025Ma : # V75 LR BE 2 #18
IZBWTEHLULE (0.06 Ma) A3, Eieit@&BEml
BRICHBNT, HARSUS L4 RBME (0.04~
0.03 Ma) L. ESRANTFSIBRETIIE
PP FE DK B DR LE 20 (Nagaoka,
1988 ; &M 5, 1997) , TDHD 0.025 Ma D4 B
KEEKICE S, TOXSKBRKEKRD 3~1
TEMZE, ANF7 O - et IcER L
WAEHDES N, BES (1997) 1, 0.1 Ma Ll
BB INT TR TKILFEBMERILL2&L T
WaA, SEOERMELRLIOILEWHKT
H5,

5.2 NIVFSEEILM TO 0.04~0.03 Ma DFALE D
Wit

BWERANT LM O HEKKEE (ARS4G ;
0.036+0.003 Ma) iS04 BitHE (AR31-2;
0.03310.004 Ma) 13, $SEKBEEANSK 1 TER
? 0.04~0.03 Ma ORUICHKRNT, #15km#Ehz
ANT I OMBIIBNTHE LE, £, Zhs0
FRCEIIAIRE (Miyashiro, 1956 ; 4 - 8, 1949)
REHTS EWIHABAERED (K#E, 1992) . T
DZER, FBECRULEHBERRIIBINT
SOMRICBNT, HFEL W HMNICRHL &
ZLERMT S,

BBANTI TR, BEEHTOREKILORM
WA S, BMBKUNEHTZI/TIR, BR
ANTSEHT 1I0km ORI/ IBEDM SEHINT
WBZ EATRMEN TS BIZIE, Ishihara, 1990) .

HNT S OEILTHRT D 0.04~0.03 Ma O Fiks B
BEBOBEED, BEALT IILEETD 0.03~
0.025 MaDRE « F# - ERFOBERBLOBR
WM (BES, 1997) 1, BB KLERBRICEE
DHINTFIBEAOHEHMANTHREL TS, ZO
BHINSOMMIR, BRINTFSEFTORYIBE
04004 Ma HETHE-> THELTHY, HRMEHE
TYEMB ALK Ui AR 2R LTV 300
bLhkh,

5.3 AFBOHINTFSEICASNSHEERICD L
<

EMomm (i, 1975 PER Kk - BIR,
1970) Ti&, LA EAME TLET AL TY
BLINTHEY, EHEHROARKRE DER
FEKERNS N SOMBOEHRIL SO FELD
DEVKHITH S LRSI NS, WEOERIX
ANTSBOFEMERRE>THD, BREEMR

(A, 1969) DEEHERT S AREHENEASH
%,

6. &N

(1) 4B K-Ar FERRUER UBHEORRICEL 5,
3 MalBED KNIV F 7 KUTEENIC X BB ERAL ©
RHENEBIUTOAD THo/k; 1) 3~1Ma: 7
VT IBR CER B TIRKILERORIUAEEE
HRNEE  2) 1~04Ma: HLF SRR TH B
BRIUE, RUOVTIERE TLRAEE, SR
AR TOBRERIELE 3) 04~0.1Ma: AT
SHERBTHEBRER S &N OFRCAEE AR,
FNT SERBTRRE L FEFARFENEE  4)
0.1~0.025 Ma : IV F I ILBS THREZ ARV H
FABREO KB K, WNT ILABRUE&EET
FiAUE IR AT A H.

(2) BB LLED K-Ar £/130.061£0.017 Ma
TH Y, 0.108+0.003 Ma IZHH LI=FIZ AR L D
LEEICEH LEZ ENHSM KRS 2, EREOD
FERER, Fyoro/ov—ickDEHEEREL
T0.07~0.04 Ma B 5N T Wi, BHEERILELHE
Bl D EP KRR OBEERIC TRIE25 X5,

(3) 0.04~0.03 MalZ WV F St BRK U ERER
THEMH UERAEEEA R, $KBEEENT
3, ZOTER, BEARHINVTISETTASHS
T IBEDNBRAFHEKAD 0.04~0.03 Ma
NOEEL, BBANLTF SOLBRTEREICHKE
DFACEE < /< & ke L2l B % HER T 298,
SHRIOBRNINEZIREBETH 3.

— 97 —



SRITE 51T, BMEERPRE SN LXREED
SHBHBEETOTY RIIDWTEAILFHERD
5REREREREHEN, YYYHEVORELER
HIBILREETH S,

L

EY¥EH TERR2HOH EREITZ, BEAV
FIORBIONWTE DI L EBRATREE L,
FREA%E KRB AR O B L& RBE I,
FHAE OB HMBRY HERRAE S 7L EHNT
K-Ar EREIEET RSB, EEER->THE
Lz, SEOHEICE, FEXFHIPFER TR
EE—RIEFAPAZA 9G-10 (HIFRREE : BIFE) O
MRBREEALELE. UEOHLITESBHL X
kD

$EH

FWERE (1969) : EIRERESHIROME LK
FEHeHY, HOEM, $575%, pp. 425-442.

FRER (1977) BBV TIOEEEEEKIL
DY, B2EEEKLUOEPLREBR, pp.
105-119.

MWHRTF - BREF 5 - @k - GHEHR - T
x (1995) : @AM, BRIV T IREDKERE
TBEGEAFXBRPORICE AOMERE R 5
Wrkic & B “C K, BmEHE, $34%, pp.
377-379.

Wi K- FHRE= (197 2075201 #EK
B (ER S LESDERKFAUED K-Ar £
&, HMAW, HFE48%, pp. 107-112.

FHRE= - RKOE— - FESF - BREASE - BRE
% (19972) : 20740 | HERKIE (EBRE] |
BT

FRES - KOE— - WEE (1997b) : BERER
LRI OFTE =R AKILTEBSE &KL
DR, FBAF KR AR RE2RE R

(95-4) [EREKFENFEERALEKESE
DEIL , pp. 89-95.

ARNE - BIRFE= (1970) : BRBSHALHIRIC
B2 BNEAOEF, BESAEREELE b -
£ , $3%, pp. 67-92.

KibE— (1992) : EAMTOAKBE (F-Z351

k), #E=a—X, $454%, pp. 45.

AFH2 - T ERIE (1980) : ERSBILER K
HRDBEIUR, BRBSKEEELE % - £9
%) , #13%, pp. 35-76.

NEFRE (1973) : HEEHMT VO UCHER, Kb,
5518 %, pp. 96.

HE—BE - ME 2 (1970) : HEDOKILEOHRH
HTHEENR, ki, 5B 15%, pp. 10-21.

IR - HE B (1980) HBANT IEREE
SBEAKTEBHEOKLBE LML THKE, &
B EWRE WA RERSE, pp. 89-97.

AR - A 8- BARIE (1977) @BRA
FoaOkLE LWL FThiE BREKEY
HAE G- £H%E) , H10%, pp. 53-73.

HT I F—REMREHE (1987) : B 61 FE
SEMABFELER/E GE2R) KUHERAN
RS 17 (B5HR) , 88 pp.

FBREESE - AR AEL - BIFE (20000 : BRANT
FHIRD D NV F I KILTEBE - AT &R
MIEAR, B R O SRR R OB AR R
B K-Ar 8 —, kili, $£45%, pp. 1-12.

BEEEE (1989) : BAEID HELKLED KAr
ERIEICH VB HER, AR, £37%
pp- 343-351.

B - SFE— - RFEH - S E (1989)
BEXEASD K-Ar sERAE, hEM, $95%,
pp. 157-170.

® FE-HE R (1993) BB - HNERECE
—K-Ar ER BIEAZHHE —, FEBREY
KBFFEATAE, $36%, pp. 231-236.

BANREE - RBER (1990) : BRABRKOT
J<®o, ki, $35%, pp. 231-248.

EW{EE - REF F - RARZ (1997 :2ASF
ERLABTOW B AV T 5 DA, ATIHIR, 5
19 %, pp. 257-262.

EMEHE - RE £ FHER (1999 105~
25 FERMOBRBRANTIKILOF 7070/ 0
U=, BEKLZLBATFREE, 1999, No.2,
pp. 88.

EA%E - WK E= - BIRER (1987) : BREE
RO ENRBF OBERE, MEFER,
%33 %, pp. 207-224.

BURRE - KALXE (1971) : BREMMEON —
UL BEBC b E T BENER, BREXE
FHLE % - £9%) B4%, pp. 1529

BYE - Rk (1992) :XILRT I [H
FFEEEOMAA] , HEAFHES, 276 pp.

waE— (1989) : K-ArERHMEICS TBHY Y
LEBREORR, HWAAR H40%, pp. 65-70.

| BAEG— - FHEE (1997) : FMBSKBFERY O

K-Ar 4%, kili, #42%, pp. 223-225.
AT — - FRE= - EET (1989) : EREED

— 98 —



7 2 B - WKILE D K-Ar ERAE
EBYSNEMBEOREN—, BRA, $37
#, pp. 353-363.

HERY - B B (1949) : BERBRFEREX
AT RS WAL FEE B A O R, HE B33
%, pp. 51-61.

gy k- ETE P - RH— - RBHE (1986) :
BREBIRIC BB/ TkERIEKEINIC
BEEE X HEOBE, WEH B I5%, pp.
94-113.

wingkk (1937) : dLEE R &E O B&MERICE
HROMBICH T, HE¥E, £4 %, pp
222-225.

wogkeR (1975) : BREBESHERCREX L
OWERHBNICERLNRA, AFMERES
£, 128 pp.

BAFIE (1969) : AMMFITBITDRAOHEF
R GESH) ERSHEBNOBRR-RHICER
HREIONT, BRBREENLE (¥ - £
M) , #2%, pp. 85-101.

Arakawa, Y., Kurosawa, M., Takahashi, K.,
Kobayashi, Y., Tsukui, M. and Amakawa, H.

(1998): Sr-Nd isotopic and chemical
characteristics-of the silisic magma reservoir of
the Aira pyroclastic eruption, southern Kyushu,
Japan, J. Volcanol. Geothermal. Res., Vol. 80,
pp. 179-194.

Aramaki, S. (1984): Formation of the Aira caldera,
southern Kyushu, ~22,000 years ago, J. Geophys.
Res., Vol. 89, pp. 8485-8501.

Inoue, H. (1994 ms): Generation of felsic magma
with large-scale pyroclastic flows at the Aira
caldera, southern Kyushu, Japan, Master’s Thesis,
Kyoto University, 36 pp.

Inoue, H., Itaya, T. and Tatsumi, Y. (1994):
Petrography, K-Ar age, and chemistry of
Yoshino-dai lavas in the Aira caldera, Bull. Disas.
Prev. Res. Inst, Kyoto Univ., Vol. 44, pp.
175-190.

Ishihara, K. (1990): Pressure sources and induced
ground deformation associated with explosive
eruptions at an andesitic volcano: Sakurajima
volcano, Japan, In: M. P. Ryan (ed) Magma
transport and strage, John Wiley and Sons Ltd.,
Chichester, England, pp. 335-356.

Kaneoka, 1. (1980): Rare gas isotopes and mass
fractionation: An indicator of gas transport into or
from a magma, Earth Planet. Sci. Lett., Vol. 48,

pp. 284-292.

Kaneoka, I. and Suzuki, M. (1970): K-Ar and fission
track ages of some obsidians from Japan, J. Geol.
Soc. Japan, Vol. 76, pp. 309-313.

Kaneoka, 1., Aramaki, S., Kobayashi, T. and Oki,
K. (1984): Pliocene and Pleistocene volcanism in
southern Kyushu: K-Ar ages of Fumoto and Isaku
pyroclastic flows and related rocks, Bull.
Volcanol. Soc. Japan, Vol. 29, pp. 59-62.

Matsumoto, A. and Kobayashi, T. (1995): K-Ar age
determination of late Quaternary volcanic rocks
using the "mass fractionation correction
procedure”: application to the Younger Ontake
Volcano, Central Japan, Chem. Geol., Vol. 125,
pp. 123-135.

Matsumoto, A., Uto, K. and Shibata, K. (1989):
K-Ar dating by peak comparison method —New
technique applicable to rocks younger than 0.5
Ma-, Bull. Geol. Surv. Japan, Vol. 40, pp.
565-579.

Matumoto, T. (1943): The four gigantic caldera
volcanoes of Kyushu, Japan. J. Geol. Geogr.,
Vol. 19, pp. 1-57.

Miyashiro, A. (1956): Osumilite, a new silicate
mineral, and its crystal structure, Amer. Mineral,
Vol. 41, pp. 104-116.

Nagaoka, S. (1988): The late Quaternary tephra
layers from the caldera volcanoes in and around
Kagoshima bay, southern Kyushu, Japan, Geogr.
Rep. Tokyo Metropolitan Univ., Vol. 23, pp.
49-122.

Okuno, M. (1997): Accelerator mass spectrometric
radiocarbon chronology during the last 30,000
years of the Aira caldera, southern Kyushu, Japan,
Summaries of Researches Using AMS at Nagoya
Univ., Vol. 8, pp. 183-221.

Steiger, R. H. and Jéger, E. (1977): Subcommission
on geochronology: convention on the use of decay
constants in geo- and cosmochronology, Earth
Planet. Sci. Lett., Vol. 36, pp. 359-362.

Sudo, M., Uto, K., Tatsumi, Y. and Matsui, K.

(1998b): K-Ar geochronology of a Quaternary
monogenetic volcano group in Ojika Jima
District, Southwest Japan, Bull. Volcanol., Vol.
60, pp. 171-186.

Sudo, M., Tagami, T., Sato, K., Hasebe, N. and
Nishimura, S. (1996): Calibration of a new
analytical system for the K-Ar dating method and

— 20 —



analytical results of K-Ar age known samples,
Memoirs of the Faculty of Science, Kyoto Univ.,
Series of Geology and Mineralogy, Vol. 58, pp.
21-40.

Sudo, M., Uto, K., Anno, K., Ishizuka, O., and
Uchiumi, S. (1998a): SORI 93 biotite: A new
mineral standard for K-Ar dating, Geochem. J.,
Vol. 32, pp. 49-58.

Terashima, S., Imai, N., Itoh, S., Ando, A. and
Mita, N. (1994): 1993 compilation of analytical
data for major elements in seventeen GSJ
geochemical reference samples, “Igneous rock
series”, Bull. Geol. Surv. Japan, Vol. 46, pp.
305-381.

1 & 1

IV F S BERBETFEHIBD K-Ar ERBERHE O
Rl - ES - BBULS - A% - BERERM
TOED THS., LBHmaA, EHopm EmEgE
SRR O BEHI D WTIHERES (2000) IRE R
Tha,

1) fEa~EsrK

k4 : AR71-2

HES . FILERE

M - BER  BRRTHEEET L, BE20moOTy
T IR

KEEE - £REE : 130°35°24”, 31°37°34”

BEL  DALALRE

& <SmmOfEA, <l mmOMALSAAE
. fEa, BE, FEREY, 125 -F 52
AAY it

¥l : ART2

WES : TEHAFHR

BEM - BEAR : BRI NI LB FAEM, HEF KRR B
FTEIEL, EEEENH 5O 20 cm OER

KEHE - #REE © 130°34°027, 31°39°57

HBEL: TAHA b

BE: HEA, <l mmOA%, LiEEA

A BERRKHIAE

k4 - ARSS

WEA : BRXRE

Bt - R BERTEHNES K BEI0mOT Yy
T Isia b

B - ¥ 130°36°08", 31°38°32”

BE4: DASAGEEEGRRA

& <5 mm OBEA, <3 mm OMAS A, <2
mm O¥EHA

GE BEA, KA, FEYES, 15 -Y52a
b AdEe it ]

iXkl4 © ART6

WES : Ey REWE

EH - R BREHEFINABEDCS, #E20m
E, BE10mUEDORy S TBREER

HEIE - B : 130°36°417, 31°39°10”

HE4  RBRERYEEARILE

BE: <8 mmOHPEA, <2 mm O EEA, EH
HE, Zhso—HREH

GHE:HEG FEREY, 50 REALOH SR, B
BL TV

#E4 : AR34

HE4  ZRRIRACE

EH - ER: BRETEFII=M OB, B ¥m
Lk, BRENSRETDEE

KR - RREE : 130°36°187, 31°37°57

BEA  REEARACE

& <2 mmOBE, FEG KEMEG

G FEEKHATAH

2) Kk

k4 : ARGS

WEA  ARLEERA

P - R HIERTE BN FRAROAY0E, X
REBRER (ARZRE) OB

KR - KR 130°36°447°, 31°39°36”

HBEL  DASABSERARRA
HE:<6mmOPEAR, <Smm OYBEEA, <4
mm DM AL LA

G BEE, WA, FEHEY, 15 -V5=a
A it -1

e AR69

WEA  BRXRE

M- R BRETEFILREOAYDE, X
REBRAHR (ARZRE) OER

KR - FREE : 130°36°447, 31°39°36”

BES DASAREERALRE

& <SmmOP/EA, <4mm OXEEE, <2
mm DM SLE

— 30 —



ok gHRA, BA TEYEY. 109U TOHSX,
A 25— e

B4 : ARSS

WEA : ARZRAER

B - R BIRBTHEFII KRGS SROER, KX
2 m OXREENRK

R - B £ 130°37°197, 31°39°20”

HES  LRE

B : <5 mmOBEA, <2 mm OBASAE

6 S4B, BE, RABEREY, 105 -V5=a
T — TR MR

itki4 : AR3-3
HWEA : KERTHA1 b~
B - R IR BT E T RMA ROBR, BX

#om LA LOBER

KEEE - B - 130°37°197, 31°39°20”
BEE:TAYA b

B :<3mmOBAEG, <2mm ORERE, <1
mm O¥EHE

6% fRA, TEWEEY, 50 BULDOH SR

k4 - AR78

RS KERT A1 b

B - BEAR : IR BT RN KIS A SEIROWR, B
Bom A LOBET

AREE - BEEE © 130°37°197, 31°39°20”
EBL:T1Y1 b

& : <3 mm OHEA, <2 mm OKFEE, HiEH
a

G BRA, TEVEY, 50 BULDOH 52

k& AR67

HWREA : KEET Y1 b

PEH - BER : BREBHEHIERBEOGYVE, B
10 m A LDT Y > TIREET

KBEE - BEFE : 130°36°447, 31°39°36”
BEE:TIHIb

H& : <4 mm OFEA, <l mm OEEEE

Gi: fEE, FEVEY, 50 BEALOH TR

3 FH~HTT

iEHE : AR6G4

HEA  BRZERA

BESh - AR - BEIR RIR A BUARAS RLOT BITEORG S A, B
MRAYF ORRAHBEREROE | m BOER

B - BE : 130°36°507, 31°41°48”

BRA LEEGERE

H& : <4 mm OEEER, <5 mmOMES
GE:MEG Ba, FEREY, 125 -V5=a
5 —7siai

¥4 : AR63

gL BIRERA

- R IR B RN RIT B diR, B
¥movy s T TEREMEERTEAR

KEHE « KEEE © 130°36°407, 31°41°41”

AR% hASARYERAGLIRE

& <2 mm OMAS AR, <5 mmOYERE
G HER Ba, FEREY, 125-U5=a
A as it

4 : ARS2

S BIRERE

BEM - BEIR ;B VAR BLERES BT M T A SRIR A O SR
<, BNELAFHRAMIA-#E20m LAE, BZ 10
movy L TREEN

KEHE - BREE - 130°36°477, 31°41’59”

ERL  hASAGEEEARREOZRE

B& : <6 mm OFEA, <3 mm OY@EEA, KR
A, hASAR

ai #EA O, SEREY, 10 %BECHS R,
A 2H = -5 NI

k4 SH43

WA FRRUE

B - R - IR BIRGA RERGA RLET (R, R
HEER (CREILE) BREOED

FREE - BEEE 1 130°36°327, 31°40°21”

HE4  TEEORUE

W& <3 mmOMEA, <2 mmOYSEEA

i {EE, BG, FENEY, 109E2EOH S
R, A 2F——F IRk

#kl4 - AR66

WES . Rl BELEA

- ER : BRERARTMARITAR, 2 10m
BEn=y TR

R - B 1.130°36°35, 31°40°53”

BED  BERERLE

& <2 mm ORES, < mm OEEEE

G HEG, FEVEY, SORULEDOHSX, BE
LT3

— 31 —



#4 0 ARSO

WEL | HiIEZXRER

Edh - R ERBNEENERL, 1H20m L,

BX20mUFOBHE KREROR L2 ERER

B - BB © 130°36°49”, 31°40°08”

BR% SEEAYRE

B <8 mm OFRE, <4 mm OEEEE

L HER, BR, AEWEY, 105 -rF=a
I — R

##4 | AR22

WES Ry B74¥ 4 b

B - K I BRI RAA R Ky B3R 7 TREUH
i, ES10mULowy ¥ I REER

RBEE - B © 130°34°457, 31°42°23”

E0% . ARAREE

HG . <SmmOFER, <2mm ORE, <3mm D
HNE

A BRERKCTIAE

B . AR2-2
WEL  HPRLE
- B ERBTEHIERMEO™, EX10m

UEto=y v ThBER

B - BE © 130°36°467, 31°40°05”°

504 SRERREEARIE

B <3 mm OFHER, <2 mm OKEREL, WEHE
A

REIHRA, BE, TEVREY, 10%9EE0TS
A, AT —F—F VAR

#:H 4 : AR74

WEL  HHEILE

BERL - EEAR © REIR B B AR O/NBAE T,
EX50mbltovy v 7REBEK

MBEE - BRI C 130°36°49°, 31°40°05”

HAL I EPALAREBEREREARILE

B <5 mm OFHEA, <4 mm OKRBEEA, <2 &
mm OEEEA, <3 mmOPALAR
BEHIEA, B4, AEHEY, S0 RULOTT R

f+ 8% 2
FHE CKAFERPEZT oA BO, BBk

Z47 1: 25,000 HIEE 231 BRBUSFH £ LU TFICR
To

(1) Kajiki area




Sl S
¢ y?(\\\ji e

(& s

:\’:;\;:g’,/’_/i

v oo
2L

o “
&\,‘)!://

Y ; \-7{|¥ 5\
JAR7(

(3) Ushine area :

— 33—



(4) Yoshino-dai area
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K-Ar dating of volcanic rocks along the Aira caldera rim
- Volcanic history before explosive Aira pyroclastic eruption -

Masafumi Sudo, Kozo Uto*, Daisuke Miki, Kazuhiro Ishihara and Yoshiyuki Tatsumi**

*Geochemistry Department, Geological Survey of Japan
**Graduate School of Science, Kyoto University

Synopsis

A volcanic history before the explosive Aira pyroclastic eruption at 24.5 ka was investigated by K-Ar
dating method. Thirtytwo K-Ar ages from volcanic rocks along Aira caldera show the following time-space
distribution; (1) 3 to 1 Ma: andesitic lava flows (northern and southern areas of Aira caldera), (2) 1 to 0.4 Ma:
basaltic to rhyolitic lava flows (northern and western area), (3) 0.4 to 0.1 Ma: basaltic to rhyolitic lava flows
(southern and western area), (4) 0.1 to 0.025 Ma: andesitic lava flows (northern area) and rhyolitic lava flows
having very similar ages both in northern and southern areas. The rhyolitic lava flows in the period of (4)
imply that the rhyolitic magma chamber has been formed during the period.

Keywords: Aira caldera; K-Ar dating; volcanic history; explosive eruption; magma chamber
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