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The Formation Process of Minamidake Edifice on Sakurajima Volcano, Japan;
as Inferred from Paleomagnetic Age of Lavas and Volume of Volcanic Products

. >k skek
Daisuke Mik1~ and Tetsuo KoBAYASHI

We carried out a paleomagnetic study of the lava flows of Minamidake, which is an active vent of Sakurajima
volcano in Kyushu, Japan. The Minamidake volcano started its eruption about 4.5ka, which formed the Older
Minamidake and overlying the Younger Minamidake, and several lava flows from parasitic vents in historical time. The
oldest lava from the Older Minamidake is Miyamoto lava, whose age was already determined by paleomagnetic study as
ca 4 ka. Miyamoto lava is overlain by Kannonzaki lava and Arimura lava. The age of the Arimura lava was estimated to
be about 3.1-2.7 ka by means of the comparison between paleomagnetic direction of the lava and paleo-secular variation
of geomagnetic field. The age of the Kannonzaki lava lying beneath the Arimura lava was consequently determined to
be about 3.2-2.7ka by the previous paleomagnetic data. The Kannonzaki and the Arimura lavas accumulated
successively from intermittent eruptions during less than 500 years at around 3 ka. The volume of lava flows of
Minamidake erupted for about 4,000 years was estimated. It became clear the volcanic edifice of Minamidake grew
mainly at around 3 ka, as inferred from the accumulation rate of lava flows. The volume of the Nagasakibana lava
erupted in A. D. 764, which is the oldest lava in historical time, was estimated to be about 0.9 km3, which is greater than
the previous estimate. The overall magma effusion rate in the past 240 years and that at around 3 ka are faster compared
to the effusion rate in other period.
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E: Ebinozuka G: Gongenyama H: Hikinohira

Fig. 1.
(hatched area, simplified from Kobayashi et al., 2013).
Square symbols represent location of boreholes; SBT:
Shibatate, FUR : Furusato, ARI: MLIT Arimura, KUR:
Kurokami. Samples for paleomagnetic measurements
were taken from the area enclosed by square (see fig. 3).

Distribution of products of Minamidake volcano
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Fig. 2. Geological columns of borehole cores.
Location of boreholes are shown in Fig. 1.
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Fig. 3.

Location of sampling sites (closed circles) and boreholes (open squares) plotted on 1:25,000

topographic map published by the Geospatial Information Authority of Japan (GSI maps).
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Fig. 4. A geological column and distribution of the Minami-
dake volcanic sand deposit (after Kobayashi, 1986 a).
Dots are data point for total volume estimation.
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Fig. 5. Examples of progressive demagnetization experiments and characteristic NRM directions. Results of pro-
gressive alternating field demagnetization (PAFD, left) and thermal demagnetization (PThD, right) experiments of
natural remanent magnetization (NRM) are shown in orthogonal vector diagrams (Zijderveld, 1967). The cases that
NRM is composed of a single magnetic component shown in a), whereas two different components were observed
by PThD on the cases shown in b). ChRM directions from each samples and site mean ChRM directions with 95 %
confidence angle are plotted on lower hemisphere equal area projection. In orthogonal vector diagrams, closed and
open circles are horizontal projection and north-south vertical projection, respectively.
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Table 1. Site mean NRM directions of the Arimura lava.
Site lat lon M n D 1 a9s k note
°N °E °E °down °
AROI 31.5611 130.6496 pAFD 7 5.6 502 1.71302 *moved?
AR02 31.5651 130.6771 pThD 10 4.9 40.9 1.6 870
AR03 31.5638 130.6746 pThD 10 2.0 40.1 1.11684
ARO04 31.5615 130.6738 pAFD 10 12.8 41.5 0.6 5920 *moved?
ARO5 31.5616 130.6710 pThD 10 2.1 40.1 1.7 837
AR06 31.5602 130.6701 pAFD 10 4.9 40.2 1.12106
ARO07 31.5571 130.6660 pThD 10 6.1 41.0 1.21612
mean 5 4.0 40.5 1.4 3016
M: demagnetization method; n: number of samples; D, I: site-mean declina-
tion and inclination; @os, k: 95 % confidence angle and precision parameter
(Fisher, 1953), *: excluded from the calculation of mean direction.
BT, Shs 2 DDA % 00 BEC X o Declination
7z (Fig. 5b). BRS#AMHIE TR O N A Ml & sl o g 0
LG DB DZETIZE A ED10° LLINZA, 21D
KEVWDLDLH L. F 7ARIRM O 70> 5 1 b
WTEL—=FT 2010 L, Bl oAb O H A0
ARO3 Z B\ T 95% BHEMA 2 F L EIC A ) 2k b
FHPEN, ZoZEns, IhboMi TR0 ARDS
NRM ($ B RS IR T 2 DA E D EE L 72RO
EARSWOCEETHEEZLND., Z2T, Ihb
Oy JLO TR TIL B RS B 1 O AR O BEA LB 532 & ¥
BRI & R 7z,
AL T OS2 & DY % Fig. 6 B X
Table 1 [Z/RT. T_TOHET 95% 5 MM 2% 2° H i
EHFBIRALATNE L CEPFLTBY, TS5 IWAN
BALDOHMERL TW5E EEZ LND. FHHOTIR
TLH N BER D $ 7 BUR & 40° BB DRV 575 L - 60
- equal area projection
HWIZX L —3T 575, M AROL & AR04 TlE 2Lk (lower hemisphere)
° 5 Lovse % Nt =N >
10T CRE 5T 5. no 2 A TN TIO Fig. 6. Site mean characteristic NRM directions of

SO L B DR L 22T R B B A8, IR
B (1999) 23R L 72 & 912 1 HS o B T L oo A
PO ENDBEEDOMFE R EIE L ML Twa &
FHWCTET, F72, 2TV T N ESE RO K
T, NRM A ICEEI OB L 2T T2 1D &
%. —7i, ARO1 & AR04 % Ff\>7z 5 T o SF 3585 L 75
FHEH NI & —HT 5 2 L2 S - SR
FfizRTHDOEHWT LI ENTEL, F2TINS
SHEOFY, $abbRANME4.0°, K405, 95%
fEHEM 1.4° 2 AR ORISR L L7z,

4. BEALOBHYEOHTE

AAR TSR N LT O BT IE O 538 L O G
KILTE DERE DHEE % A7z, CUESE DO BRI
WA R - il (1981) %5, BRSO FEEAEIZ DWW
TR - il (2013) AMERE R RO T 5, T2, K&
HHEB L ORFEEOBRBEIINE - AE (1980) A3PEIZ

the Arimura lava.

HEE LT 275, RO AIVINK - Al (2013) & A7 D
o Tnh, 22T, SCHAME K LRG0 R 5 o

W e LCanidsa, Blghmss ANEE BaE
a, RREEE, NPFEa BIUmMEBEKIDZNSE

L7z Wn oY) & wE A 2 A3 B SCHE A S
DV, hoFHrEE I OB EBE IR TN TS
L7200 TRENVDRENZ LU T2, BHED
V95 OFEANZ 5545 2B b AR CHh L 0Tz
ZTIRE DD RN

4-1 BEOFBOHETE
BAOERBOHEEL, TN TNhOBEE T Ll e Tt
(R AEE BV T & ) 1250, &40
ATHIPH & BIE A B o THOmEPHO L & BIEOR
BE LI ETITo7. R L T OB FIIHIEOMN
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EOBTROERDZEALS 5 & AR, ZFOR, /I
R (2013) 12 & 2 HIFRICE M L 2R 054, W,
K= 2 7a7OFRKR E2BEIZLENS, UTIC
WAL & AGE R E b & A AAHIPE & EE & R
bodz F7z, L E TIREOSFULBAE O OF
HOBERAZEALT 5 L T AIZHIT T

4-1-1 ETBABLIUCHIBIE

EILR L B I T R T O R
WO TPICERTLOATHL. 22T, WEEIHE
HEOHEHRD ) B TIRLEVWDDTHL I LEEELT,
CNSHPRHFIE L T zdbii o ILE CGRED LD
L) B2 KIO A NERIZTH T LD bE
RHIRIZIRAS > THAE DM £ CHE L2 & e L
7o, EIEG EBIEEES IOV, ToBENDL
12, MEOREOERAZALT 2HEE T% Fitdie L
THEKAPSIZIZFA CIECHEAIZOM L, Z2Hh6TF
FLE e L CHIRICEM T 2SI SN0 b L9
ORI AR Lz T2, IR EO R &
Ebh b 2EFHIEAED HILD O T O L T iE
ZE7.

RO EEHE CHEE L 72 E LR A O 4 A #iPH % Fig. Ta

R L7z, & BE e e R I o W< SCR s
SN TV DS, ZHUIGA#HHICIZZE S Tw

B\, BEIGAGO T OREEL, s S e
YENTBINIER =) 7 I TICA LN L EEDRBIENK
80m THDHZ &6 80m & L7z, —7, Lif#blzown
TIIHEBERO KT LB R nwizw, BEEEET
HEDRP)HB R, TITIE, BRICESLRVWEVH R
EOERTEREOBIEL 40m LAELL. TDOL)
ZHESE L 2 A P O TG & IR 20 5, B TTiAE O
1% 0.46km® &3K& 57z (Table 2).

BIEWRE SIS OWT S EITES L RBRICEERO2 5
FHAOERDEALT A FE TE L& L, 2295
T L L CHERICENT 2O 2O RN5E &
A AR HIBR A RE L7z, T2, WO RBEOER &
EbN 2 MILOHFM S TiificEosz. 20X HIZLT
Heog L 72 Bl WA S o 0 A #i P & Fig. 7b ISR L7z, #b
FICENT 2BIEEESOSABORE Tk, BERE
HOLHEIE TNOEITEAD L E ORISH 120m OF
DD 5. WEClRi L TR IRE S O LI
THEEDO LT ER 70m OFREIH Y, 51220
M CHERAEED Fiio7a—2=y POEKKEEZ S
N5 ERER SOm OREHEAROSNL. b0
LS, BIEHESO TREOREEL 120m & L7z =
TEBDREIEIZ DWW TILEICE S & FERIZ 40m & e L
72, DEoZ Ehs, BEEEEE ORI 0.32km® &3k

& 5172 (Table 2).

4-1-2 BERBEHIUVEMIIEBE

BEREROSARFIIET O X 5 12HEE Lz, AR
HEREOEEX 26t Lz g Lz Tt
M OFIGE, HaT AROV A VT I A A 4 e 25 8
LTWAOTI ARG MmfioMN L L, £OHAITIE
ANHR - A (2013) DA HT T O 4 A S T G & RS A 72
72, BHOR UL/ - Al (2013) DFEFEE DA
WALHG 2 5, BG 42 4EFEAT O 5 )75 O 1 #IEE D 100
m OEFEHIH > CTMILoW G T omE s L
(Fig. 7¢). 9 L THEsE L4 Anidi . miff & Mk ICH
EOHLEOFADOEFAENT 5 & 2 A EBIZ iRk e
TRERI AT 7z,

BREEO BT ORBEIIATE & R 40m &R
L7z, TiEicowCid, B mE AR ElEo
K=V v 7a7 CHEREERD R LB 90m OJE &
Wb L, HAEORRHTH 100m OEEENDH L 2
END, BIEZ 100m & L7z, FO8E, AREEOK
F&1Z 0.47km® & 3R 572 (Table 2).

BAHIEE SO W THAREE & FBRCBAE O K
CfFEA S T Lz EE L7z F72, dbls X OHeE
OWERYCRER SN AHEBIL (Fig. 7d © G) (ZHIAE
EELTHMICHFEL T2, ShbE5FE 2T, Bl
EEOGARPIEILLT O X 9 12HEE L7z, Hafi#i ot
Ui\ /NFR - Al (2013) O VA ITE %5 O 53 A5 380 % T K
LRI CHER L7z, B ISId/IVRR - oo 43 A I8 % #E
BLULOVW i 20 S 8L £ T & Al & L TG 42
EIAT 5 O 1 #HIEHD 100m OZEEHIZiH-> TEE
L, Z2hbBEEKOERICHALZ. BRIIAEIZOW
THEwE Lzmsithk, SHoEfs2tyse2r%
B N ks |l ik A e

BEHIESO THIZE/CHRETE 2w, 22 TLhit
OB % A & R 40m EARE L7z, Ttz
W, BIES O KR CTE B L T bRk
HeFEW & OBIZH 100m OERELNH D 2 L0 0, BIE
% 100m EARSE L7z, ZORE, BalE s oI
0.23km? & 3K 54172 (Table 2).

4-1-3 RZ2BE

B B o AT f I, HEIEIC DV TR/ - i
(2013) (ZHEVy, BEIIZ DWW Tid, B CILI/ R - il (2013)
DBERD 5345 O &, AGES TR 5545 25 AR
EX DLW S NN (Fig. 7e ® N) (2[5
THEET A2 ETRD72. TN o KIEME T O HE %
B PE 0 & B 431 7z,

R SEA ORI, TR S 7ERT S B
DOR=1) ¥ 7 a7 TREEHLELTH 100m OFE S 5%
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a) Miyamoto lava b) Kannonzaki lava
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Fig. 7. Estimated distribution of lavas of each stage of Minamidake volcano. Squares represent location of boreholes;
SBT: Shibatate, FUR : Furusato, ARI: MLIT Arimura, KUR : Kurokami.

L2 L, TR OEEMIENELOMEK & ORI L3R 517z (Table 2).
100m OEEEEATLZ Ens, LR, Wil d 4-1-4 KFERE
100m & L7z, ZOFR, REESOKRRI 0.84km’ KBS O AT FL R 1L/ - A (2013) 53 Aii 18 % 7
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Table 2. Dimensions of lava flows and tephras from Minamidake volcano.

. Lava Tephra Magma
Age Area  Thickness Volume Vorume Volﬁme
km? km km? km? km?* DRE
Younger Minamidake
Showa AD1946 5.0 *0.18 0.18
Taisho AD1914-1915 223 *1.34 **0.5 1.54
An'ei AD1779-1782 20.7 *1.70 *%0.3 1.82
Bunmei AD1471-76 5.6 *0.49 **0.8 0.81
(Nakadake) ~AD1200
Ohira ~ADI10c upstream 1.5 0.04 0.06
downstream 23 0.06 0.14
total 38 0.20 0.20
Nagasakibana AD764 subaerial 29 0.10 0.29
submarine 5.5 0.10 0.55
total 8.4 0.84 **0,1 0.88
Older Minamidake
Kurokamigawa ~3 ka upstream 1.3 0.04 0.05
downstream 1.8 0.10 0.18
total 31 0.23 0.23
Arimura ~3 ka upstream 29 0.04 0.12
downstream 35 0.10 0.35
total 6.4 0.47 0.47
Kannnonzaki ~3 ka upstream 0.3 0.04 0.01
downstream 2.6 0.12 0.31
total 27 0.32 0.32
Miyamoto ~4 ka upstream 0.7 0.04 0.03
downstream 5.4 0.08 0.43
total 6.1 0.46 0.46
idake volcanic sand 4.5-1.6 ka 35 1.8

*, **: estimated by *Ishihara ef al. (1981) and **Kobayashi et al. (2013)
Densities of lavas, pumice falls and Minamidake volcanic sand were assumed as 2.5
g/em®, 1.0 g/em® and 1.3 g/em’, respectively, for magma volume calculation.

KRR 2o CEE L, #HHoER» LT 255
350-450 m 35 & BE 12 R & MBI 5T 72 (Fig. 79).
KFHRE Lo BIEIRD ) FHEEICBIT 2 BEY S
Z\Z40m & L7z F72, KPEBESOREHTIZ IO
HWHEEDOBIZ50-T0m BEOEEHTLI ENS, T
TMEORBEZ 60m & JAED o7z, UErs, KPEE
DOEREE 0.20km® &Ko 54172 (Table 2).

42 EmEXUMBOEEO#E
MEKIIEMEDOMZ LIRS AL TEB Y UM
1986a), I EH OB~ 7 ~ilE % 2 5 1 Cmi
TERWwizY, TOMEREROHEEDRAMA. I T,
HUE ORI O KK OHEE IS H T ST & 7271
B - AR (1979), Eto (1989,2001) O F#EEHVWE. it
VR SIRAYAF L T 2 K E A OGS (FEE S
M 60 mEgOEMIHTIC BT 5 H T L Ot d 72 0 BEIK
Ei) 2 L2, Lh 45 0 8 Lo RIEOfEIZ D
W, FnEh, KT Gkm DUA) TR
wH (Bkm L) TEAREBEAEE L CTCROA2 SO
BELCHH S % MK R A B A A Sk, iR LCH
WHORIKERZHNTA2LDTHSH. @i CTIERIKE
OB BV CHRIKERD 10 g/m? 127 2 HHE % R
GREAMEE LC 3km 2 5 BRAHMEE CRRBSEIP L LT
V5.

AT, TR EF LT/ (1986a) 55 EE R

X% & & ARG O o M & i ff 45° O 4 JiREI2 )
ORI Gkm PIN) CTlaiR%BE%, &5 Gkm L
1) TIERE RS GE L CIREE R 2 R IR 504 B 5
RO D ETHEKUBORRE 2 HEE L. ETOR
FUHHE SO W CUd, TLEE S 258 5 N O i AT o B 5
TEE gm? 127 HREIKER 128 LT 10gm? (2% 5 1H
i LTCwabor8#RH LT, MENTEHNLBOREE
PR mIl% 52 EPOIEED 10em 127 5 HHE 2 R
PHEEE 72, /27— %13 Fig. 4 ICBRE TR LR
A DT O KA 5 OFEEEE F DS D BIET
& 5. Table 3 12T Z & DREIESATEEORE L Kl
WOBEEORER R LIRS, HHOIM 4 HHZBITS
MK ORI AR TR 1.8km® CafmRifng) 12
Zmolz BRI R D BIEOREWALHR-H [ TH
100km Td 5. A, PIROERBIENIX % Fig. 4 DIK
DD L5 1 HE L CREOILH IZ oW CERIER T
PR F 4L % THifE % oK 6 Hayakawa (1985) Ok % 5 9
B &, 4 ROERIER D 6RO 72K FE 134 0.9-2.5km® D
FHIC2 D, ZOFEIEIN 17km® TH S

JNFR (19862) 0 46 JE BRI (34 s O P8I O T K 1L
WOHATNIREIN TV, 1979 4£205 2001 4EF TD
MEOITAR A & 2 BIKE R Lk TRl LT
TN RS S 5 LR ORI T L T O
TR 3 EHFAAT B KR HEB L TW B4, #Eik
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Table 3. Results of volume estimation of Minamidake volcanic sand.
Direction <3km V=a-exp(b-D) >3km V=c-D¢ Viotal
a b V<ikm c d Li  Vsskm
km? km  km? km?

W-NW 12.6 -0.39 0.021 35.5 -1.91 22 0.066 0.088
NW-N 9.8 -0.32 0.019 18.9 -1.50 36 0.140 0.159
N-NE 7.9 -0.22 0.018 16.9 -1.15 83 0.602 0.621
NE-E 8.7 -0.20 0.021 1 -1.15 99 0.864 0.885
total 1.752

a, b, c, d: fitted parameters to exponential (D <3 km) and power (D>3
km) functions. Li: limit of integration, D: distance from the Minami-
dake crater; T: thickness of Minamidake volcanic sand deposit.

TIIIT I 1 ISR 5, BEHKAUBICBWTD, HEEY
B BRI AL & AR TH B EIGES B &, AL T
FEEBEIGM L TVWDEEEZLIEPTRETHY), &
BREEI LD 2LV LIl D, SO Eh
5, FE KL OB R, HA R TR 3.5km’ &
HEE L7z

5. i B
5-1 HEHYOEKEHEDFEEICOVT

ARFFFECTHT - 72 ORFE O LEE O 133Uk T AT
REZ2 IR & 72 1B A & OHEFR R MBI E DK LD TH
D, FOEETIEFEICEHIT 2 2 L 38 L v, SR
MG (4.5-1.6ka) DRI OHEE T I ABIFE TR O T
RRENIZODOTH Y, BE - B OIEH) & =09 125
51O R ERTH 575, MEE LTSS Z .
T ENOBEO RO BIEIEE L ORETH S
B3, Si0, FEATWRIEEE LA L IZOW T, Bk
Hi DI S A - Al (1981) (&5 L EE D BIE % 50
mUTFELTBY, 40m & OEEIRIEBER & 122 7%
Vo =, BIRASCBEIRASICOWTIE, EELL
ARSI S 7o RO FE & FEI2 L 72 iRk
LDTHL., BHBNEEL I CBRMIIESEICOVWTE, £
HoO70—2=y FPEL>TWVWALEEZLNADT,
B ORBEIARTHRE L 40m £ ) IEVITRENED
HY, Fo, THEBOBESHWIESLR—) ¥ 737 Ok
K% D L IHRAROEE LTIRELZLDTH S, &
NOEDOZ ExEET L L, SlEE L HEEHO%
BHORFEILEATH B WHEMEDL D 5.

FHIEIEOBE TR, RRRESIZOWTIE, Lo
IR SN TW A5 r R K-y v raro
T—=F % EH BT E L 72 OEETROTCIRIZ I X <
o TBY) Mz AL ViRERenweEZLNS.
—75, KFEEIZOWTUE, T (1927, 1975) ASEEH®
P8 e D F2 kg O BT I RHE S AN 3 2 B A a5 1T
BDPIL AL CTWD L T d. KR CIERTFE
EOSATHPHIZ/E - fl (2013) 125E > 7225, LR L

THEEEE T HOSMAHERY 505 &, REIEA
FELICODOD2EREIZRD EEZ OGNS,

Ae[al, {IHE - AR (1979) B £ OF Eto (1989, 2001) D J7
Fa Rk 2w KB oI, EE 10
em LT OGMaEE L T o zolbi AL )i
o TWwWhELEZ LILAD, Hayakawa (1985) DFER
REHAVZZ DL IZBEH L w—F%2RLTwD. Lh
L, ZH5I3/Vk (1986a) 1278 SL7ZER S N7z #iFH 0 J=
[EAA DI EIIZEH L 720 DT, ETTOERDOS
FEARHTHY, T/, BRICHMEHEZINTCnCET
VA 100km M2 5 X 9 % HEE ] © & 2 REE D
B, RELVIERE VWb OTHLLEnDbES
R,

52 FEMNBESLUVHEBIBHISOEMBIFZNHETE

FK

HREEDOEREHET S 720, KE (1999) & [
W2, ARACRIE & 7 2 B MR SR AR L E L CHER 2
T 5K b N MRS L D KAEZEAL (Hyodo et al.,
1993 @ SVI1) % F\y, A FEE O s S 5 A 7Sk
WG SIREZAL L —F T 2 ER T RO 2. #FE 6,000 4
18] D H R SR S DRI AR AL & R G B & OTCHE
H LR OB O RS E O A T AL 0 i % Fig. 8 12
AT KT, R AUKSEZLATE S Ny
EOWMOMWIPAIFHIE L LC, BMEOEBESOREER T H
BB TR % A0 L CRUB T OMICIRGE L TR L T
% (Table 4).

IS OWE RIS O BRI 5 DL 2D 8T
MEHOEIY TR T WRIEREEDAIEZEZ 55,
Bl IRy n O B RS MU AH L - BREE O HR 22 &
32ka & D e 3 F 2B (R, 1999). 2Lk
Rl SEE OB CH 2 8 it col T,
BRI O S B EOE AL & T A K 2R 31
2.7ka EIZHWORERMFASEEICEET 5. WE - Al
(2000) 1R AAE S N R =1 ¥ 7 3 7R o Hif
RMED S HNEE LT 2B EDF N % 2ka B F
72X 3ka HEHEE L7225, 2D b 2ka HOWER A
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of Japan in the past 6,000 years. Bold lines and large dots are data from the Arimura lava (this study), the Kannonzaki

lava, and other Minamidake lavas (Miki, 1999; Miki et al., 2012), respectively. Small dots are reference paleo-

secular variation (after Hyodo et al., 1983). Errors are 95 % confidence angle (Fisher, 1953). Paleomagnetic directions

of Minamidake lavas are recalculated as the values in Kyoto by assuming geocentric dipole field.

Table 4. Paleomagnetic directions of the lavas of
Minamidake volcano.

Ds Is o9s Dk Ik Ref

°E °down ° °E °down
Younger Minamidake
Showa -6.9 42.7 2.3 -6.3 46.3 1
Taisho -4.8 42.7 3.3 -4.2 46.5 1
An’ei 1.0 40.7 4.6 1.9 45.3 1
Bunmei 2.7 41.7 1.5 3.6 46.3 1
Ohira -12.7 45.1 2.9 -12.5 47.9 2
Nagasakibana -14.9 48.2 2.2 -15.0 50.6 1
Older Minamidake
Arimura 4.0 40.5 1.4 5.0 45.4 *
Kannnonzaki 3.0 45.7 1.3 2.6 49.5 1
Miyamoto 8.1 50.3 2.1 8.5 54.5 1

In situ paleomagnetic directions (Ds, Is) and recalculated
value at Kyoto (Dk, Ik) by assuming geocentric dipole field,
proposed by this study*, Miki (1999)" and Miki et al. (2012)°.

FHROBEMAZ/RLCTBY, Sh##E RS L@ o
WHR AR & — L, Ledts THRESEOHH
WA EREMRIE 312 7ka HE W) T &2 5.
EHIC, ARBEAEOENRT 3.1-2.7ka HEHEETE 72
L&Y, BIEBEAD S5O L Cu s AN
HeEEA ORI (2.2-1.6ka B 7213 3.2-2.6ka & ;
2, 01999) ®H b5, 2kaEHIZ EOBERES L OB

REFIFETH I LR D720, BlEBEsnERIT 3.2-
27ka EHIZHRD LI ENTE D,

5-3 HEIEEARLEOR KL

Arlal, MR A HEE R AAYME S N OIS
OWEIZENTHHT2ETHY, IO 70—2
= NRET DENERD D B TIEERH L v E
WLz EZ6N0A. 220550 N7 A
BOHEEEM (3.1-2.7ka B) 1, BISAS OE A
BIHESEAEAC & 1213 —50 T B A%, WE O W RS A
BIlR - TB), BIEREGDIT) DK 5°RADHEN
(Fig. 8). T AUZME DML H 5 OB IE S 5
ZEERRTEEZOND. ), ELRWE AT
BOR=) ¥ 7 AT HOFFESIHY T 2 EED 54
SNl AR A (Fig. 9a; BEE - b, 2003b) (&, Tf
5 EASHIT T, BIERES TV 44° D ERE
FOWMBETTIEE 41° F TR T 2 EA D S
L. FHABRE B SEWRGE T BT b, R 20
m P (2 7 O#FMEICZ L7z BodnE o ] g
ERHETERWES) & B Ol iRAR A L 2 R RE o 1
MAFRDO S5 (Fig. 9b; BRE - fill, 2000).
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b) Furusato (FUR)

a) MLIT Arimura (ARI)
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Fig. 9. Paleomagnetic inclinations of lava samples
from MLIT Arimura and Furusato borehole cores
(after Miki et al.; 2000, 2003b). Location of
boreholes are shown in Fig. 2.

oL BT, BIEREEOEMDIE, AMES
WY 5 L O ER WA AR TR L, £
NENORE T O T % NRM IZFEE L 722 & 2R
LCWa EMRTE L. BEWGRS L 20U ARG
BOWBHIRIE, 7 & b AR AA 5> BEELT
LD LM TH Y, ATHMEOHEFROH
FACH 5 500 FRREE ALNE. DF ), BlIEHESEL
AREs 2 L7k, 3kaiitdoE < THH 500
SEOBNEATM AME LMD R L72IGEITH L EH 2
Y-

JNFR - AL (2013) Tl FR CHEBEERESTER T E &
W ENLAERESEBEMINESIX SN TS
I (1978) 1T (1927, 1975) A2 b & [d —H L 72
L1, EHREEIRD B VI LS TR X T & A,
F 72, /K- Al (2013) ASEEAG R KLk E Lz (Bl
T %) MElEHoFImICS, KFEEL Y T L
2 ONDEEMIEARD SND. AREE WA
T LS MoBEERsr OB END EE LN, ik
DEETNLZ DL EOBEIIZH» > TN Z & 2 E 8
T2, HEMATOEF D SEE L EES T THE T
PUICHTLTESEZE L Two 2L I3E 2. #E
odui it VWAtE O WA B B O T ~OE T I ERE
T HLEE VDS, THRH IS HREEOTR L [H
FEICESE AT L Clii & il & 32 8 % IR B 1S
L CWwo7zb D eEZ bD, BAIES LG
FIZH T L7z E 2 N EROFRITERE SN TS
57, 27ka LD EVWEROFTELRETH I LIETE
s, EOHERIZ LA ZIE, FoRBIEIAERER L
EIZFEFHICER SNz e EZ 5N,

INnshn, K ERINT 2 7V A 2 KA 1.6
ka HE TG L Tzl LT, BHOMMEEE 241l

UNESEPS

FIZBE < &L 2.7ka EHICIFIFIFHEISEWEICE THR
FLTWwW/bntEzoN5.

5-4 EEOFHRERE

VUTTlE, SNETHLRIIR-722 & 23 EI0MEK
IHOTEHMBFRIZ DOV TERET L. FHKILOTER L 4.5
ka UG - 72, BE KL o> P4 38 4 v 10 4 1
OWHFETED LN TV L, HEGEOBEEEIE, Hit
BAEPOHEE SN 4ka HE, BEWGAS, AHGESES
LFOBRMINBEDFERLEEZZOEND 3kaBIfED 2 DD
BECEP LT Lz e E 2 6N s, dilE &I
B & 27ka HE TIZIHIEIZHED L ) 2BICE T
WL, Z0O% 1.6ka BE TR Z 7V 7 RIEKH
ML 728 E 2 HND. —J, A.D. 764 FEOFTFE T
KIZHEF 2 s, I St L2 KR 2
TSR L O TRIEOHEE 2 15 5 £ 9 %1
B TH B,
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Fig. 10. Cumulative volume of erupted magma from
Minamidake volcano. Black and white lines show
volumes of lavas and airfall pumice deposits, respec-
tively. Gray square shows Minamidake volcanic sand.

FIENKIZ X o THH & 72 K O VE & 2555 O bt
IS 2B ThH o722 L A EHMINTH 5.

BB G OEEHICOWT AL &, KRS
X 2 HREOREDD L b LN AR S & W
R L g SNz SIS DAL OEATH E ) Ao
HBUIRE <, IE T 22UV 72KO» S L
ToRE DI IE CHERE LT\ B /N - Al (2013) 1
KFEFFIEK DO~ 7 < HE% 03km> DRE & L, X
K, KIEDWHY B = KERFEKIZ TN TS
e LA, ZAUSIZMEEIC oA 5 BIG SR a1 258
ENTWRV, RETHE L R FETEAOR~ 7~
ML 0.9km® DRE TH 0, TR O & [F]
FEEETdH S (Table 2).

HHmE OB~ 7~ I3 5.4km® DRE & HfE5E
BNz HHIEE OB & KPR TG T2
E R~ 7 < EHERIL 1,000 £ 72 ) £ 4.5km® DRE
272 5. 7T b KK AR 240 4ERTIX I H & A
#3.5km’ DRE % 30, i HICcB1) 2 3ka EHE 3L
12, BEKILOTEE) % 58 TR IS B AN 5 7 B
EWwz b,

6. ¥ & &

R B AT (20 A0 3 2 A RHA S o T A E %
T, ZOd MBS 2 5 FE % 3.1-2.7ka G & HfE5E
L7z, ZO TR OB ES O N g E iR D

BIZF L EEZEZBND. ZNODEEEIX 3ka BIED
AR TD 500 SEMH D D B I IZFEE L 72 CTh i

L7z RetEAsm . I G O S SHIE Z OB L
72bO0KEE LHO, EEKILOMHERIL 2.7ka F TIZ
FEBHEORICETHRELZEEZ NS,

B 055 ORI 0.8km® LHEE SN, KEFETF
BARIZINETHESNTW2 L ) IFE AR X
MolzlFEZoNL. FNDBERIAICES £ TOHNE
HEEIC X F DTSR TH S e~ 7 < IR O R
AR B, BRI LKA D ORI AR & »

Bl 2

AWFFE a2 #D 5 1T, RS ST FerT 8 AL
Bset > ¥ —OAEMBAEREE, IR AEIZ %1
LHAY v 7#HKEDOHRIIARTH Y, BRI
EFERRICD THHATHE T L7z, F7z, mEEREMRA
T OFABIE =11, HARFOEGIEEEE, Wik
FORBFTHEZ, NPO EAMKE I 22— 7 4O Kl
HWEICLL L ORBE W22 & F Lz, EEsGHEKE
MEREFHITICIER =) v 7 a 7 H B OHEIC T
\W7272% % L7z, Ma. Hannah T. Mirabueno 1 (21333
ERELCWZ2EE L 2A0EREGREDT A Y
MIAROUFICKRELHFS LT L, S TICRELTE
AL ET.

51 A XX i

Eto, T. (1989) An estimation of the amount and the dispersal
of volcanic ash-falls ejected by summit eruptions at
Sakurajima Volcano. Proceedings, Kagoshima International
Conference on Volcanoes 1988, 448-451.

Eto, T. (2001) Estimation of the amount and dispersal of
volcanic ash-fall deposits ejected by vulcanian type eruption.
Rep. Fac. Sci. Kagoshima Univ., 34, 35-46.

TLEERE IS - A EMIEL (1979) B2 B KILEEIZ BT %Kil
IR OWET HERRIRAE. KL, 24, 88.

Fisher, R. A. (1953) Dispersion on a sphere. Proc. Roy. Soc.
London, 217 A, 295-305.

Iy (1978) B2l KILOHE. HEHME, 81, 309-316.

fElis - /NEPSEE] (1981) BB XILIER (2 97 5 F45
D 1), K 1, R R AT

Hayakawa, Y. (1985) Pyroclastic geology of Towada volcano.
Bull. Earthq. Res. Inst., Univ. Tokyo, 60, 507-592.

Hyodo, M., Itota, C. and Yaskawa, K. (1993) Geomagnetic
secular variation from magnetizations of wide-diameter cores
of Holocene sediments in Japan. J. Geomag. Geoelectr., 45,
669-696.

AEANEL - IR - H A RA - SPARIE— (1981) 12K
MOEET (1) —H LREROBEROER— wAR
SEFAEER, 24B-1, 1-10.

IMFESES - HIEANEL (1980) ML B 22 & A 72 B O K



252 WRE R -

NGB, A B s Al J A 1 sk A A P gy, 19-
28.

Kirschvink, J. L. (1980) The least-squares line and plane and
the analysis of paleomagnetic data. Geophys. J. Roy. Astro.
Soc., 62, 699-718.

ARG (1982) B KIL OB . T F TOWFFERUR
LLHORE, ki, 27, 277-292.

AT (1986 a) B KIL D BIBEEAIC & o TR S 1
72K, BEVR R RS RIRE R & > 8 —HS R
7,01, 1-12.

AN (1986b) B B KIL D TR HE & Kigeie. SCEA R
FRTIEE BORSCERERIREZE, RHIATZE AL
O BRI ARG ORI OFFE & JCE ] i,
137-163.

IR R (2010) BN - RO B RO
WRETE BAKINEAEE TRE (2010 AEEMEFR
=), 3.

ARG - LI ESE T (1997) kKL oK. A
R, 19, 227-230.

NI S - B T - AT R R - AR (2009) %R -
T CHE R S NI O ET. B AR 25l
Thite (2009 EEEKFRE), 10.

NS - IREARA - M4 RFFE - HOEA - INARFEL -
THE = (2013) B IER (280 Q775 T
ro 1), KINME R 1, (fh) FEESAR AL
HiARGt s s —.

Koto, B. (1916) The great eruption of Sakura-jima in 1914. J.
Coll. Sci. Imp. Univ. Tokyo, 38, Art 3, 1-237.

BRE R (1999) T HRE ST - BREIEIC X BRSO

WARTMOEMRIEE. KL, 44, 111-122.
BRERA - FHEOE = - e % - A EAIEA (2000) B ES

KK =1 ¥ 7 a7 o K-Ar 48 & H B E (bt
). KB SERIESR, 43B-1, 1-6.

BRE KA - FHOEE = - IR SR - A ERIEL (2003 2)
B L LD S Ao B K LB R — 1)
7 a7 HROEEOR . BRI, 46B, 835-840.

BRE KA - TR = - RS - B - R ERIEL
(2003b) T HbRE A & Ax AL TR A B A 7R B AL
WHAR—) »7a7hoEaoxtt. 4 114 BIHERE
WA - HhERER R P2 s 3 TR 4R, D31-Pole6.

R KA - FHERES - Nguyen, H. - 35154 (2012) T b
B b A E LR S B 7282 B L R PE A 12
A B AR OB ER, TURBE KEWTER, 558,
177-181.

UNESEPS

B FE (2002) LM AT 9 A faliky 3 AR O 7
7 7 OEMENNTE. HBITICIZE, 41, 225-236.

Okuno, M., Nakamura, T., Moriwaki, T. and Kobayashi T.
(1997) AMS radiocarbon dating of the Sakurajima tephra
group, Southern Kyushu, Japan. Nucl. Instr. and Meth. in
Phys. Res., B 123, 470-474.

Okuno, M., Nakamura, T. and Kobayashi, T. (1998) AMS e
dating of historic eruptions of the Kirishima, Sakurajima
and Kaimondake volcanoes, southern Kyushu, Japan. Radio-
carbon, 42, 825-832.

EREIER - R E - IR -8 F - HEN - &
FEETS - KM B - B A B - MEEEE s
EAAE I - wsRphise - AT - AN R - BTG, -
ME R 2011) B2 E KB X U E 7 V7 5 Y
DA FACFHI 30T 7 — & 583 HO#FE-. H A SCH
HAABHEDEZEITICEE, 46, 133-200.

Takahashi, M., Otsuka, T., Sako H., Kawamata, H., Yasui, M.,
Kanamaru, T., Otsuki, M., Kobayashi, T., Ishihara, K. and
Miki, D. (2013) Temporal variation for magmatic chemistry
of the Sakurajima volcano and Aira caldera region, southern
Kyushu, southwest Japan since 61ka and its implications
for the evolution of magma chamber system. Bull. Volcanol.
Soc. Japan, 58, 19-42.

Thellier, E. and Thellier, O. (1959) Sur l'intensité¢ du champ
magnétique terrestre dans le passé historique et géologique.
Ann. Géophys., 15, 285-376.

FHE= - IRERA - Wl % - A EANEL (1999) BB K
R =1 ¥ 7 a7 o K-Ar B & RS E—K1L
THE) AN OB LY #LA—. FORES SF4E L,
42B-1, 27-34.

FHRIEE = - BRE RS - Ngyen, H. - FIREIES - 1l 5K -
A EAIEL (2005) Bl KL~ 7 AL-EHUB O R 2 AL,
TURPESEHIEHR, 48B, 341-347.

IR (1927) AR E KIS O LERITE.
34, 1-28.

TSR (1928) BB KN G ORI &
(7). HEE 35, 241-273.

WAgkR (1975) B EXKILOWZE. HARMSHE ¥4,
Hnt, 128p.

Zijderveld, J.D. A. (1967) A. C. demagnetization of rocks: Anal-
ysis of results. In Method in Paleomagnetism (Collinson, D.
W. and Creer, K. M. eds), 254-286, Elsevier, New York.

(MdEHY ARERILRD)

T



