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Nagaoka(1988)DIEBNAFT—

THE LATE QUATERNARY TEPHRA LAYERS FROM
THE CALDERA VOLCANOES
IN AND AROUND KAGOSHIMA BAY, SOUTHERN
KYUSHU, JAPAN

Shinji NAGAOKA*

Absfract The Aira, Ata and Kikai calderas of Kagoshima Bay have erupted more than
twenty silicic tehra formations including more than fifty tephra falls and flows (about
1,000 km?® in total volume) in the last 150 ka. On the basis of the sequence of eruptive
phases which have many kinds of eruption types, the eruptive cycles of these caldera
volcanoes are grouped into three types: 1) a plinian cycle (composed of a single plinian
phase, or a plinian phase and a moderate-scale pyroclastic flow phase); 2) a large-scale
pyroclastic flow cycle {composed of a plinian phase followed by phreatomagmatic,
phreatoplinian, moderate-scale pyroclastic flow phases, and then a large-scale pyroclas-
tic flow phase): and 3) a moderate-scale pyroclastic flow cycle (composed of a single
moderate-pyroclastic flow phase). A “multi-cycle™ lasts for about 50 ka, and consists of
geveral plinian cycles first preceded a large-scale pyroclastic flow cycle, which is fol-
lowed by a couple of moderate-scale pyroclastic flow cycles. The multi-cycle suggests
evolution of a large magma chamber; the plinian cycles resulted from pressure of
magma filling the chamber, and the large-scale pyroclastic flow cycle caused the
pressure to decrease rapidly. The low magma pressure generated a few moderate-scale
pyroclastic flow cycles,

Key words: caldera volcanoes, tephra layers, ernptive cycles, late Quaternary, Kago-
shima Bay

1. Introduction

Kagoshima Graben (Tsuyuki, 1969) in southern Kyusu includes the Kakuto, Kobayashi,
Aira, Wakamiko, Ata, Tkeda, and Kikai Calderas, and other unidentified depressions
(Fig. 1). From these depressions, many tephra layers have been erupted and thickly
deposited around the graben during the Quaternary period. The late Quaternary tephra
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Table 2 Characteristics of eruptive multi-cycles

- SEQUENCE| Ve | Ve | ERUPTIVE CYCLE (DEPOSIT)
) OF ACYCLE| (om®) | (em?] AIRA ATA EIKAL
Fukuyama (Fk ) | Torlhamae (Tr P, Tr
Twato (Iwt P, Iwt Ffl) i
B (=uka (0L F Marumine (Mr F),
PLINIAN STAGE PME 1-3] G0 | Fukamirats (Fm F) 130-80 ka
Arssakl (A P, Ar P leeda (Tkp, Tkpfl,
B0 ka Tkps, efe)
oka
. Aira (05 P, Tm Pl At (Bo A-Ats PA) | Magese (Mg Pil, N3 I
o Pfl, AT) Sp-8) ka 11 Pil, K-Tx)
g LARGESCALE P.MF-LF 2221 ka 75 ka
= PYROCLASIC P-HMELF| 100+ | 100< Takeshims (Fn P, Fnl
| FLOW STAGE HLF Pl Tk Pfl)
- Ah)
E i ka
MODERATE-SCALE Moeshima (Me P, Me| Tashiro (Ta Pl)
FYROCLASTIC MF 110 | W= A lmaizumi {lm Pl
lﬂ{r'i_'.’ STAGE 19 ka B0 ka
Sakurajima Ik, Karsysma  |Komerlkeo (Km)
13 ka~ Washindake B4 ka
POST-CALDERA 5 W, P H, 01> | 50> Onipdake, et Iwedake
ETAGE L, 5F, ele 1030 ka Insmusadake, s,
Kaimondaks i ka—
4-2 ka

LF: Large-scale pyroclastic flow phase; MI: Moderate-scale pyroclastic flow phase; SF:
Small-scale pyroclastic flow phasze: P: Plinian phase; H: Phreatomagmatic  (incleding
phreatoplinian) phases; V: Vulcanian phase; S: Strombolian  phase; L: Lava  flow; Vo
Total volume of tephra during a cycle; Ve Total volume of tephra during a stage

22

Multi-cyele vepresenting evafulfion of magma chambey
In the multi-cycles of the Aira and Ata Calderas, the volume percentage of pumice fall

to the total volume of tephra of individual cycles shows a tendency to decrease rapidly
after a plinian stage (Fig. 50). Ashy material rapidly increases during a large-scale
pyroclastic flow cycle (Fig: 50). The tendency probably represents variation of pressure
in a large silicic magma chamber. The plinian cycles probably resulted from pressure of
magma filling the chamber, and the moderate-pyroclastic flow cycles resulted from low
magma pressure which was rapidly lessened by a large-scale pyroclastic flow cyele (Fig.
all.

5 Fig. 51 Cartoons showing an eruptive multi-cycle of a
caldera volcano

1: Interval of quiescense; 2: Plinian stage;
3: Large-scale pyroclastic flow stage;
4: Moderate-scale pyroclastic flow stage;
5: Post-calera stage




23

/. ZHFF Ml

PIEFDXK LU F TR TS BB D)< FF Ml 757:% >

D-1HREEOFHGEEREM)

- B 5 BORE K OD 75 B ) B & S 3 O BB S RO K A 15 OD #2568 B )
EDLEIZEY  BMBEERDOIT TBEYERAT 5D
ELEMAZBLTVEIHIZRETT S,

D-2WKBEEORHM(HARAT—)

*Nagaoka(1988)IZ K AEMRAT—CDREHESEIZ. EHIL
TIIZBTIREDERRAT VBT 5.

PIRR KRR &hT 750
MK RT— WK RT—T

RE#EEESND | || i .
B B A0 A BHOHBE X BRI A MR K ERARAIZEST | O ;f 1% DM KB D ;s
LTTY=——3K | fec g REIIIEDL || SHRUMABRRD
- HBRERA DR HMEMEADMME AMRERE | BROMASRE  ARERXNEE | MRRRANRE
vy < > v <« P I ,; Mf,\aiff}z;t} §
1 RN AL P :
—O o—+---©
BE—RE—RE %ﬁ
Q-1 THE(Z /2 REVDIKR) SiO; (Wt.%)
50 55 6062 65 70 75
p i " e PR T 1 . 0 ’eam
- BEMERERESEIERETIT VI,
ERU T IITARTHEEAN NS HBD | L4 2
BELNYESSFESEHImLETHELEE |5 "
ABNTNHCEFEND, MIkmLEDRT |= dS
CAFYOHESERET S, JE "
Us-b ~
T/ IDSI0 L A (I (1997) ZHIZIERR) 3 RERT TR G § %"‘" é 1e g’i
Iz = : :
DS LHRER | RNER|TAY( R ASER| 4 . L16 oy gy
57 T IO (SI0,) &EFE DR (HE (1997) (ZH0F)
ofE O\ |-E#E = RORRLTITOBRNRIESAS S | sy
: : - AN 2 ' KBELITRAFEYDA A=
®E (ke/m) | 2700 2400 2300 | 2200 Eﬁ)‘c&mi TkmLLZTHD, '




24

/. ITHEFFA

B gE DA LLLEFICET TS B FY M S <4k BER UM TSIk SR>

OMEAIILTIIZH T DR BAIE A O HREOFRRER (275 F) (CHL TERFTOWBAHE XA SHI9FFEHRRBL
'C.'L\é ﬂﬁﬂ:)b%’ﬁl_?alféﬁ&mﬂﬁk}%ﬁii ﬁﬂ?ﬂ)’&ﬁﬁﬂ‘]ﬂikwﬁ By R L (= a‘aL\TEﬂ:Ehﬁ-ﬂE%ﬂ)

_ijm”’i—’_r: e 2T

Oﬁﬁﬁkmﬂiﬂj%&tﬁﬁﬁﬁkmﬂiﬂjﬂmﬁﬁkDmﬁi‘ﬂiﬁ‘b KRBT ERBEIIVBFEYEILNEERS

LR

hb.
Lﬂimi{km H11RE #12RE HI3RE F19RE
000
L diog: ¥
Tﬁﬁa
100 ——— 1 2 i
by AR $9200km?  £9600km?
100km* L _E 1 uum:ui
10
ABCD
I s EFRREE
1 | | FIEET-I T | | oy
30 25 20 15 10 5 @ snENRLS
£t ] 2 @ [ 8 © =
- =5
SFAH A
®zonT FI=—FmkT O .
HELOD, Wk RF—TEY @ mes
B T AL
-lir(" I o | : : l '
50T SRGmkERO) “SIFIEH(2005) 2B e, EEEFHMFTEIC
BRI A R E '
Tha s

RTIBERICOVTERETHRR, THEX
WS o s kOB hILT IR REISHHL, €
ORBEICFYVERREL MUEHBOHKR KON S

= iy ‘Nagaoka (1988) £ £ (=, 1§ T BHERMNS, KIRELE—OTY T EEY 3
: e ZAF—TE L, HLToORAEIZIIEELLEG2EEANLE
RIERHIL TS O X

ERAFRBICLLIRRECIT2BEY rD#E
(=& (EH, 2005)




25

/. TR AT

PIEGEDAFEN LT T SEFIEEH 7)< FEH>

OMEFIZ2WVWTIE, BEDT I IBFEYIIHEBMNBAEIIORETEILL, §HY. REOHEAKRAT U #EGT S
LD EHIEFEND.

OEARME PR OENBEIZDOVTIE, #HILTIMUBMRT— THAMELL TOEREE (3R (4
ZFEETL MHLUERDABRFHEEDO S HIEXMEALTSIAIC Bﬁbh%(rhﬁ D, 1985);.

- BERMHAORENEDRAMK20E)E. BROBRABAHSOEEBREKIONF)ICLEANTEN
&, BRPROVIZRAFVEREL TSN, BRNPAREREIEIMBRTRE<LEO>TLSA |
REMEFHEISND.

- REOFERZ., MHICHET3RANTIRIUBRXAT-S0EFDHEELTLIELDEEASN D,

(ATWRICESRNER]
| - EEFNNRRUBRARSONNEDS, HTHIOMLIAC, ARRGEENTI TRENLOLHL
i 5hd. :

WONDEN



BTEHI
FErL27¥F 38208

BRANFSD<IEAEEFICL SRS SRS ARARR

ORI D &R B #I<5 HMBAE A DEMRIEIEET BREN DS, ERHM I 11 DMK D FTHEN
E+HMHEVEEZ SN,

OB N K D E B (6 HELLE) 13, BIFTDOMBIM KD DIFBER (H3FHE) [CEATHHRVIL,
B, WRNEKICETLTRET 5TY=—RWKRT—S QRBANBDONENEMD, BEMIEKETIS
E+ALEMNERIBEEEZ NS,

OREAL TSR REDRIGED 1, HBISHTEENLTIMURKRT—SEEZ b5,

I 1 B ™) BERELLLE #1304
1000 AT
#9500km?
W H i i (k) 100
3,500 _ 1511
mnn:lmmmxm;smmm. HoTs = L BF
10 h )
2,000 i A3, S7-5
1,500 Eﬂﬁ ¥ ; {58 .Ez_|3 :
1_0&&'{ AE A sz-17y - usEn
i | M | S Lo
500 I— Ff 10 5 S . 0
o (R Ew/ (i { ),
700 B0 s0 40 30 20 10 o i E
4 (5 EAT) S BAILTSOME M fEE
g b e he (D ) U= Aljjie i pARLRE [ ®AMFIHU
BRBR 5 T SRBERAX D EBR (532 m
5 ; o[¥ O i
B ALK EATL | e S8R WRmAEO ;
LTI —MEs At #rr.c;_“, ¢ .5 BEITTIcLbk || SHEELHAD
| M St L EEME kA RE Bl e Hide s ¥ AVERERE DS

OMNagacka(1988) £ A&, BEZT ) ——HF il AF—2, ;
hEEARABLAT —SHEHoh, BEOREDE S

BT ENIL TS RIUBEARTF—SESh TN, H;i ®

11 ".J"

T,
e

(g
c Ll




27

BRI
FRR2743H 208

BRINTFZI<FEEDH> EE2AAHER

[ REEICKLHRETRER]

-BEREADOERERICET SAMIEERL TV SR REHBTORE NG, BBRNILTIICHE T 5 EARARM P
IZETHBBEIE X DA REME T+ MEVNEEZ LN D,
-ﬁ&%ﬂ‘]ﬂikd)réﬁlfﬁlﬁ(ﬂGHiﬁuL)liﬁ%ﬁ@ﬁ%ﬂ‘]ﬂikb\bd)ﬁr‘:@ﬁﬁﬂ(%’337535)I l:t'\‘C-f-ﬁEL\_c‘_‘ 37)

%= W
+ﬁ&ﬂ%l’a’lﬂ9ﬁ$§b%6t%iéh%>o
IREDBBAILTSIZBITAEICEIE, #BIZBITARAINTFSNUBARATFT—8EFEZ5ND,

[t TIEEICLIREFER]

BEBAITISABDRITTBFEYVIZONTIE, EDTERICTITVREYAEZRINATLSEOD, ERHED
KBETTBFY I EEZLOND,

OBRALTIITOVTIE, BEDIY IBEYIRBHWAEMORETILS S#b, BEOWART—IH
JBiR3 SLOLHMCN D,

X491 k) EE BT B

-

WONDEN




BITEH3

PBHNTZD<IBAXEEICL BI85 > SR2ARHAR

ORpED B R EMBICE T LB/ K OEBRMIEICE T HET A0, &R PIZHE (T S BIE X O R FEE
[F+AEVNEEZILND,

OB/ XD EREFE (145 F) (X, ZFOBWBIIGE AN DFBEFRE (FI115F) ICEEATRVZE, B#E,
ﬁﬁ%lﬁﬂﬁ)-.l iﬁbf%&‘s"%}ju‘—ﬁﬂﬁsz—vaEﬁmTﬁ“ﬁﬁ&Béﬂtﬂiﬂikﬁ{aﬂﬁ’}b:ﬂétmﬂ) :E

m~r+ﬂwmrm +51‘

ORZBAILTIIZEITHREDELERL, FREIS ;f:.If%&ﬁ)b¥§kmﬂik27—§ﬁb<IIEHJEEIt:a’ﬁ‘lf%}ﬂ
——ABARRAT—VDHHEEEEZIOND.

ﬂ!iﬂl.‘.mid{kmﬁj #1454 #1154
WKL iR (km?) DED TS %
3,500 T T
3,000 (| BRI A CIERIMFG: #9755 = 100km*LL E #1400km?
z_suuj BHEOBBOMA | $ITHER — 100
2.000 I_l
1,500 . [OE2
10 & HELE 2K, EHR ]
1,000 % M THTHEE e e 48 o E‘E Q ?
OO RETEDE E e
500 Lot o) = — ik . M o Eﬂﬁ( | I 0.6RE
%0 EDI_ 50 40 30 20 10 O L 70 Iﬁjﬁ . III.'I - S
£ (B ERD
EAAE (R ® a :
BR B3 B RAE K 0 B 550 7 S ORNAE

- wEN R PRT ( EANTFRIL )
. AT, -kz‘f— . ‘*Zf_‘y " .*15._5;

B 5 O b [— S ATL ;, '1 B /B A4 ke B ) | E

THY=—Ak At : D REITIzELN | SEREEAERSON

MR = fex Eﬁﬁtﬁﬂﬂu\iﬁ%i R VL T Iiﬁ#ﬂﬂﬁ:kﬁ*%i =
*Nagaoka(1988) [Z&5&, BECT)=—HFUAAT—T, droh i b L 5 H

bEELREELATF—UAENHoH, BEOMMED
FEITERDILTFSUHIUFLATF—2E0, hEIZDLT
£, F)=—{ AR TF—OREET TR AL TH ST HE
R ELEEZNTING.




29

BRI
T RR2743 8208

PIBIHNTZ3<FELH> BE2AAHER

[HAREICIIREARER]

B X DEBERBICETSFMEEZEL TV SR EEMBTORE,ND, MSEALTIICET5ERMMEH
ZETHWBHFE K DA R+ TEVNEE X LN D,

BB R K DEREFE ($91475 %) (3, HFOWEBIE X, o DFEBEM (#9115 F) ICHATRUCE, BE,
WRMEAICETLTRET ST Z—RAFAKRAT—U D RKIEDAREMED HHMAEAARHLEEDOD, T1)
Z—HXFRKRAT—T DGR (BB FE) X, BN -DF B ($I065FE) [CEATHIRVNIEND, B
BEEXETIZE, +HLRHEHRBLHIEZEZLND.

BZANTIICETEREORAERL, FMEICEFT5RANTIRKUBRRT—IF LI MBICHS 5T
——RPEARAT-CDNMBRELEZLOND,

(it FEEICEBREFRER])

B2 HIILT B OB REEREICE T, REI5kmIZ, EEXERENZBHONLLOD, i TEIICKREL
RTTBFEYEFLBNEEZLNS,

ORZANLTIITONTIE, MEDITTBFYIHBBMWMAERMORETIILES, §&L, BEOHART—UM
BT LD LEFESND,

OERMM PO AIRRICONTIE, RALTIRKIUBAKRT—OTHAMMES, T =—XWART—UTHS
B TORERAEARRCEFX : I5km>) BRI D,

g
o5
YONDEN



30

PIERDIEENEIRE I DWW T, AEBm T3, Bfdk 1 8 KkLLaT O 1R
ZRANVTFSM, MERLIBAMNSPEgE4AIEAKETOMBEZ DIV T

SHRM, WIVTFSBRBBRBRECESETOMBZENIINT S
MeizneEnmes (K9) .

TP Skl S
- o

NI SH e e 1)) SEAY ee—— e %57) 755 w—|

B49 Bl fek D IE Bh & A



MDA TSDEXRFNE

if)73

Aso-1 Aso-2Aso-3 Aso-4
Aso-AB
| | |
Kkt
| I |
AT
A-Fk A-lw
v | | | | | |
L " ;;//;f/ -~ 7 Bﬂ% Ksd Ata-Th Ata
a%i.%l ) ;( i Ikd
wan @ P . S
e R & ] | | | | I 1
ﬂCt&Eﬂ%\j %'z:;ﬁﬁﬁ {:
ﬁﬁ Kob K-Tz K-Ah
IVEI7.‘f& lveleme \ | B . l
60 50 40 30 20 10 0

3 1 (7))




