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Eruptive History of Tokachi-dake Volcano during the Last 3,300 Years,
Central Hokkaido, Japan

Shinya Funwara™®, Mitsuhiro Nakacawa*, Setsuo Hasecawa* and Daisuke KoMaTsu*

Tokachi-dake volcano is one of the most active volcanoes in Japan, and magmatic eruptions occurred three

times during the 20" century. We reinvestigated the recent eruptive history and eruption style of this volcano on

the basis of geological and petrological studies.

Distinct whole-rock chemistry of proximal deposits from each

source crater area allows us to correlate distal tephras with proximal deposits.
The volcanic activity during the last 3,300 years can be divided into four stages, which has occurred from

distinct craters areas.
repose period to form the Ground crater.
pyroclastic flows (3,300 cal yBP).

Stage I: Most explosive and voluminous eruptions had occurred after >10,000 years’
The eruption was initiated by scoria and pumice fallout followed by
This stage was terminated by effusion of lava flow. Stage II: Explosive

eruptions had repeated three times to form a maar and multiple scoria cones at the northwestern flank of the

edifice.

The activities were followed by effusion of basaltic lava flows.

These activities would occur around ca.

1,000 yBP. Stage III: After several hundreds years’ dormancy, magmatic activity started again with explosive

eruption to form the Central cone, which was followed by effusion of lava flows from the cone.
Stage IV: Since AD1926, magmatic eruptions have repeated near the
In AD 1962, explosive and voluminous eruption occurred to form new craters at the southern flank
Considering the similar temporal change of eruption style in each stage, from explosive to lava

continued from 800 to 300 years ago.
Central cone.
of the cone.

This possibly

effusion, it could be considered that 1962 eruption was the initial explosive eruption of the new stage.
Total amount of effused magma during 3,300 years is about 0.1 km?® DRE (dense rock equivalent), and that
of each eruption is less than 0.02km® DRE. Thus, magma discharge rate of the volcano is quite small compared

with other active volcanoes in Japan.

However, mud flows had repeatedly occurred during the last 3,300 years,

suggesting that serious hazard by mud flows should be considered in the volcano as in the case of 1926 eruption.
Key words: Tokachi-dake volcano, eruptive history, eruptive style, tephra
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Fig. 1. Topographic map of Tokachi-dake volcano.
Symbols A to N indicate the locations of strati-
graphic columns in Fig. 6. Symbols A, B, O,
and P also show the locations where charcoals
for radiometric ages have been gained (Table 2).
The area surrounded by solid line indicates that
of Fig. 2. Contour lines are 200 m intervals.
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Fig. 2. Geomorphological map of north-west slope

of Tokachi-dake volcano. (D Nokogiri-dake crater,
@ Ground crater, @ Suribachi crater, @ Kita-
muki crater, ® Yakeyama crater, ® Central
crater, (D 62-II crater, ® 62-III crater, (@ Taisho
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Fig. 3.

Block diagram showing volcanic history of Tokachi-dake volcano during the last 4,400 years.

~«4200-4400 yBP

Ages: *,

Katsui and Ishikawa (1981); **, Katsui et al. (1989); *** Ishikawa et al. (1971); **** Tto et al. (1997).
PFA: pyroclastic fall deposit, PD: pyroclastic deposits, LF: lava flow, MF: mud flow deposit.
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Fig. 4. Geological map of Tokachi-dake volcano, showing deposits ejected during the last 3,300 years.

Contour lines are 200 m intervals.
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Fig. 6. Location and distribution maps for tephra beds distributed to distal area. Numerals show the thickness of
tephra in centimeters. Contour lines are 200 m intervals.
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Fig. 7. Outcrop photographs.
directly covered by Gfi-1.

layers of pyroclastic fall and their rolling deposits.
structure. The scale shows 40 cm.
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(b) Kumonodaira pyroclastic deposits (Tk-5) at location E. Tk-5 consist of many

(c) A close-up photograph of (b) showing clast-supported
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Fig. 8. Geological map showing pyroclastic cones
and lava flows of Stage II drawn on the base
map (1 :10,000) published by the Geographical
Survey Institute. Arrows show directions of lava
flow. Abbreviations are same as those in Fig. 3.
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(Fig. 7b). BBATIRREGE - RROEETE22a) T
ML L 2, ZOMICHRABER 3m 123 & 3uK g
B oh, KD 7o DIEIKIZEWV S clast-supported
OfEEEGE L TW5 (Fig. To). 1z, £/ KO HE
N 5N 2FEIATIR, Tk-5 Dz FEBICHAEE 1m @
US> OB LIAEEI RSN, o FRICidE
JZ 10cm FREE DG TD N — 24 — VHEREYISTFAE T 5.
R« BRY (1999) TI3HLA E (oD Tk-5 2188k K1
Hsko KRR & LT0 B0y, LELoBE,» S 3
N — 2 — VHEREIDIAZ TR K REHERS ) &
TE, BRBROREYOE LTI SR dkT
BV EEHTE 5. REWMEOS ARG S v 5
YAREE O ZREERIISETH 5.

4-3-4 JtEE—KEHEEY (Tk-6: ik - i (1997)

® To-E3 [ZFAH)

AHERE 358509 700 m D 1ZIE B o bA g — Kk
EHNT 27 7 5 & T DEEMHEREY), 3 X OREEUSENIC
HEL L7 N5 7 5 (Fig. 6) ORMIRT, Tk-5 275,
nooEHRLIE Tk-5 S ZIEECTH 5. A F TR
JEIE 55cm T, FaoRVWEBR Y 7EERE LHE
B EMICES, ER Ima2BA s KIHbRONS,
B - fth (1997) 12k b Tk-6 [ T D11 5 1,100£80
yBP (BIFIEAEA T AD 871-1, 023) DRURIEREE
BB onTws, AEYHOSARFIIEG v 5 v
AHAOXRAEELISTH 5.

4-3-5 Jt@EBE—ABR KI-1: BH - b (1963a) DFE

#$A0EREO—ERICHES)

ARG — K Rk, 6 kO o4
Wi L, 78U > TR 3. Skmik L7, Ha
DT TIHGMT, orcmEBgbickoRaz29
5. FHIFNA 2V B EORAEICEDLDN SN, BEETRI
LRI T b 5. BIEIZ I 5-10m T, 2
5 1,300 m 1 OIRB O TRIEIRETEOFEZE L 72 20m
VI EoXKENHETE 5. JLEE— KT o KB L
EAHaLTsY, JbmE—kiES L OE /PR
ol QUHEA R 50 % (Fig. 8). 2O Ep o,
ARIEETRIGRE OB K AEIE L ¢, Lz &%
ZoNb. HLBRIEL A v 5 v EAEA LA S
LIETH 5.

4-3-6 JLEBZARER KI-I: BHF - b (1963a) D

Rk OASICHEE)

KETIE KL T E[EUKO2 5, FEHNK 600m 7 T
L7/Dl &b 3D T TIRETROBINT, KI-1%25.
[EIEI3520m T, bDTHEESHRHIEZEZRE > TB
0, RiEFEO~BIKOO 2 ) v h —PFEST S, $72,
HamofTcidsgn s v 7iEE biEE cE 5. 54l
ROEEL A v o OB LREEZ IS TH 5.

4-3-7 JLAEZKFHEREY (Kp-11: #iFR)

AHEREY 13 KI-T 27O, JblAss ki E 2k L
fo. KOEETIEMEMERY 2 PA TRE 3D 7 7 v 7
*—rBEONE., IhoRBREB~FKREOZRI) 705
Y, EWORNCEEE L TWA. KE 500m LI O
FRIC 3, dbmss ke sdiicE i L e s EA 6 h
%, HEE12mEEOKIEIETEL TV A, Kilm#iE
SENETERICIR - 7o BN E D L, £ O— ISR
(LI D BOROAEFOT TV S, FEWEO SRR v
7 v AR RO RO L HR A TS 5.

438 BILRALREY (Ym: HHD)

TR SR DS 780 m HLSIC B W T, BELTAS TR
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(i) OE FIcHEETE 2 RMEREYI T©H 5. ARHERE

BAHIA D S ERAES 850m (T % TBEMTE 5. &

EiE30em P LT~ EOEAEEEE L, #Hem

BEOXIEEOREST.

439 BEUEREF (1: B3 - b (19632) DEEILES
IZ¥Z)

AEE T EPE LB O RS 1,000 m 1 O KO 57
HL, 780-1,000m Hitric A3 (Fig. 4), KIIHBXU
Ym A2BS. BaEET 57 TIAERT, KRR
3H 10m Th 5. JHAPHE Ml U CERm oL 3R 5 E
Thbh, ZEHEENSHEICEDRE Ubi & DA
MBI cE 5. ShERHEA A v 5 v QBRES
TEEZIETH 5.

4-4 Stage I1I

Stage M7 5 v v FAOJLPEHBEEHTULE L,
JLK I 2K U 72 iG B T, dhoe k K ReERS) (Tk-
7) Ethyuk OEST (CD A L, M3 assn
WKk TE 5 2 Em o (R, RN 5 EE 2
55,

4-4-1 FRRKOAFHERY) (Tk-7: B3 - fth (1963a)
OFRKOEREELYICHES)

Tk-7 FhRKOEAEEKT 2 7 7 5 & T OB
Y, BLUOHEEHRNDMGT 5 N5 7 5 (Fig. 6) #&
T, Tk-6 BLUKI-TIZES. hivkORIERS
7o RIEKOBEIC 1E Tk-7 DK O EEFH & LT, FESEMERE
Vet cEES TN T 2m ORIKE~TREEES
577 NVF x— b 2MEEHLTWA. Th o DM
BAEDED SRS N B M, FLLHMELELTH
D, UTicik~3E 775 & DBFEBIRIEIAHTH
5. HEAFCTlE2o02=y MCHIHTEAKE IR
TIENEERTE B, FALO Tk-7-1 [ZJEEHH 50cm T,
Ho~TH OO ~R B K IKE L OB 4 XORE
BRAEFAREL, KlKica—F 4 vrashkza )7y
=/ VDBEEL. L0 Tk-7-2 13BEAHI 82em T, L < F
EL7zzza) 7oliksn, HESREmTHSE. hn
5 2 OB N KPS RS K T OFEEE IR - I
BHfCE, LGN - TREEZR LU, [FRFICRK
hiEb/hs<ms. NEWHOEARRTEARD v 5 v
LHRHEOGXRETH 5.

442 thRKOARR (Cl: B - it (19632) Dk

KOEBEICHE)

gk O S JbPE L O 1S 900 m fhlr £ THH T %
HER DT TIHERTH D, TkT ZHIEHICE > TV
%, BpER O OREE 900-1,000 m HIE TlE, AAETR
DIEB RSN & RiGEPBIEZE s N, KiGHcldE@ER»
I0mpPlEThs BETWHEESm<T, LTFos ) v

« BRIEER « /IMAKIE

h—ITEeENT, SRESENCTS OIS EIETE O & 2 BRI
NWBETE L. oS TRESNIGESHE TS
B Fh o RALARF &, 280490 yBP D HUR MR A
il Gl - fth, 197D AESNTVWE, ShHlEA v IV
ARG HEFHEAXNEHZI G TH 5.

443 ERFIIRFRHEREY 3 (Fm-3: FHK)

EEBINCR-> TR FLERRTH 2. HiCc TR
OFFEARATFm-2 275, iE0, WEOREAE
L, iS5 C TIREE 60cm TH 3. AR 40cm D%
IIEE oA &, Hifs C O Fm-2—Fm-3 fiic¥éEd %
+HEDREE (10cm) S BB 5 Fm-2—Cl [ilo +
BEE (7-15cm) & BIERLCTH B &S (Fig. 5), &
B Cl & WRICRAE LI b D EF R BN, Stage
MicE»H 7z,

4-5 Stage IV

Stage IV(3 1926 FLIEDWEFI TH D, <7 =&ML
T K 1926 4E, 1962 4E% LT 1988-89 4ED 3 [ TH
5. N5 3EOEKIGTYKOE XU OB TR
AL, 1962 LE K TIlEHT 7ot KEESTERR S Lt =
TNOEKTIE, BEAHEREPEKEROHEREDIC W T
FELOVIIFEHMEREENTVWS, DD T TREH
Ik RBIcEED B,

451 1926 FET ABRHEEYD S L UKERTHERED

1926 FE DI KHER 12> W TIREKERICHAZT -
7o - HE (1927) 2, Al -l (1971) ZFEL .
NSO LB E, 5H 24 HD 16 1 17 5 DIEFEIT
K o THPICK O OIS AR L, Tk > TRER
OPREMPFAE LI, £ LCRMOFEALE & bic, KilE
B KUK DSE S h, Fo%~ 7 ~WEE S n 5K
AT TR iR & vt TRiRHERE) b raRl
IR AL TE D, BIFETHEL 3Rk Oh 55 20
km RO g REFHT O HEHNIC 3 W TEEE cm THE
BLTVWEOMMHEETE S, COMKITE->THEHE LK
B MK PEHERY L, BEF ORI E D 5 132 5 KLEHiss
10,000m®, AEH)O K(L5HAS 3,000m® & RfES S TH
b (ZH-#RE, 1927), FEFICHETH - 7.

452 1962 FXEHEREY (Tk-8)

1962 FEDIEKIZ & - TEH 4 DD KOADBHDL NI, %
DHLD - KON bRE EL, KiErEK
THICE- . 62-TNKENFERE 140m OFFEZE L, K
COOJLEEICIZFI 35 m OEETEIRO 2 2 ) 79kl
MBS 2 (B - fth, 1963b). 1962 fEMEKic &k - T
MEH L, 62-I Kt %IEmkd 57 7 5 & T DtnBHEf
Y, BLOEGNRHL BN T 7 5 280 L CAHRT
I Tk-8 EFFSY. Tk-8 ldf% MESD KILGZE TR E T 5)E
(Tk-8-1), 0D _FRio [ kLIKE (Tk-8-2) 35 Xk Ux



JeigEh R, R KO

oIz 7E (Tk-8-3) ok s (Fig 6).
It « 1l (1963b) 1T L NIF, 1962 4E 6 H 29 H 22 e X
W 1 HoEAAEGE L, REOSEHAELE LTt
WWHH S 5 & & b, ORI KK ASEET G~ 7
u:, EHD, Tk-8-1& Tk-8-2 13D [FH—[nHDOME
KRS BIEHY EEZ SN B, Tk-8-1 (BRI

7(30cm BEOHKOEET S 70y Mj(i 7oldzan
TEOKIEEE, DEO KA, S5, EECZ
LW, RS E OEE 1,600 m Highi Tl Zbiufj:O 5-1cm f2
EofEGS T 7 SEs LT TE 5. Tk-8-2 [dEHE
~IREORHEKIIREEARE L, KOh S HEER A
AT A KK S 3~ 7 ~lREEEZ SN 2WH
R, KRS AT K AR ST S B, Tk-
83 3P L e Bfa~FHIKO X 2 ) 7 A2 ERITHER S N,
ARG~ 7 < KITFET L, B« filt (1963b) 12 &
3 [E2EHOMK | IcHibd 32 EEZ 605, £72, K
CFHETIE Tk-8-3 1T A 80cm ICET 2 23 ) THEDK
m%#aiM5% Bbb INOBHFIHMT S A

o) 7 EEET, Bbic kDb oduhichiti s kil
ﬁf%ét%zgné(%#-@ 1963b). ABEYE D
Aizh s /Eﬂﬁftﬁﬁﬁﬁﬂfr@fﬁ*ﬁ””’*%me%é

4-5-3 198889 FEME Y

1988-89 £E DL BHEFS 1 Katsui et al. (1990), Miyaji et
al. (1990) IZEE LW, TOMEKIZL - T 62- IIJ(D%P%
KL S, U U/ NI 7S KRR« Ko —
V% PE - 7o (Katsui et al., 1990, Miyaji et al., 1990). o)}
WECTHU & L7k, AR 62-TKH A & 4k
~HED 75y v R KON T THRL, EERMET
emDbDONOAR20mICKIbDETHEAT S, 7
oy ZIROMHEER PO AERLEHA NS, AE
Yoz dREL, ZHEBIKROEMEHEZELTVWS b0
N, R RRER TH -7 EERLTVS, K
Eiﬁi?ﬁf’éﬁ%% 1 62-T KO A 5ALPEH 1 km O HIS F TH
MR TE, S 1,400 m 1T O —145 TR 34 80
cm T 1926 E«E«?ﬁfﬁa%&@%%o TW5, KigaiE
2HL, REMIREOE N 7 oy 2 ko REsEiir S
13, FhEZBOMEESR 28T, AEYWEOSEGI3H
V5 VARG RO LA E RIS Th 5.

46 LTI

AHEEE T EHBEXKLUAD, #hEIKL (Ta-a), Ik
e i (Ko-co), FERIKIL (Ma-b) $ & O thfEsR
DOHEA (B-Tm) ZEHFEE T 2037 7 52 /L
7z, SHUC ZBHER S o inA, 4o 2%
BFD 57— (G5JI| « fth; 1997; Furuta et al., 1986; HT
o« i, 1992; T4 « 54, 1998; FOH -« i, 2001) &
H# L7 (Fig. 9). Ta-a (378 1739 4 (Bt - A1,

R 3,300 FEfE DK L 263
6 T 1
5 L
K20 wtaw) ——— o
4 B-Tm frgm - — -
Hitest s | et~
3 r | Yoshlmoro&Ul (1998) T
2 K roawa ot (1997) w
i Ma-b from )
Wada et al. (2001)
T \—‘M 1
0 . . SiOs ww
65 70 75 80
Fig. 9. SiO,-K,O diagram of volcanic glass of wide-

spread tephras for identification of their source
volcanoes.

1981), Ko-c, (378/E 1694 4 (F5H: + fth, 1989), B-Tm (&
10eEkoF75Ths WAE, @R -, 1998;
Horn and Schmincke, 2000). 72, Ma-b (ddbiEEHENIC
BOTH I B-Tm BNET 5 T & (S, 1989) ©, EH
o 4-HEH 5 9802100 yBP O it i RAER S S 1
TW5AZ & (Katsui et al,, 1975; £1 « 883, 1974) »»
5, #1000 FERDF 7 5 TH B EFEZ 6N D, KFET
1%, Ta-a B L Ko-c, [THEEBILEE ICHB VT Tk-7 & Tk-8
ofific Aiah (Fig. 5), & 51 Ta-a ld Cl ©_EfLicHE
e 5 G, S bR TE /2. B-Tm RS K iTBL
T Tk4 & Tk-6 DI A S i (Fig. 5). 72, Mab
B TEO R LS, 55 1,850m OHEICH W T,
Tk-4 & Tk-5 OfE D L3Erh S B L 7e.

5. EAFIEH

5-1 FRELH

Stage 1 DEO%ERE, 2 TOEEYIERIESL, A v
I v, HENED, RIS, Fe-Ti B(bWE &, W&
7 30-50vol.% D #1 v T v ARIIEA BRPE A XA~
YRAEEZ S S 5 VIEFEAEG A v 5 v A BEEEL R
RAE~ZREALIETH 5. Stage 1 DAL, i
VI UvAEBIOCAGENREEED, HEE 20-45vol.%
DH VI VEEEERRY VI v AAEEERT A
FEAZIETH 5.
FEAIRE— MR T 13-37v0l. %, EFEIRE 723k
hfﬁuiﬁﬁf44mnf%6.Eﬂha#ﬁﬂf&
D, BHEEEFEObONEZ V. FE *%&%@%®
HEEAET 5 bOBZ VN, BO/NS WHLRICIIEE
BHDbEONS. HEHOAD T ZITHSOH, Y
LEFD A, HBHVIFFERmAEKICE XD E TRIET
5. hvI vAIZE— T 0-4vol.%, ki3 0.2mm
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Table 1.
during the last 3,300 years.

BRIGHE « FR)IDESL « RARIHER « IMAKEE

Representative whole rock chemistry of Tokachi-dake volcanic rocks erupted

No. G1l-low2-112-2 G3-upl-112-pl 36-1-C Gslp-36-10 36-8-A S1-154-1  121-SAS1-4low Sp-0922-6-1
Unit Tk-2 Tk-2 Gfl-1 Gfl-1 Gfl-2 Gl Tk-4 Tk-5
Type scoria pumice scoria pumice scoria lava flow scoria scoria

(wt.%)
SiOy 53.97 58.17 53.36 57.08 53.92 54.34 52.97 52.09
TiOg 1.11 0.94 1.11 0.94 1.04 1.05 1.12 1.15
Al;03 17.99 16.61 17.42 17.22 17.54 17.83 18.34 18.51
Fe;04 10.13 8.62 10.17 8.17 9.50 9.54 10.34 10.31
MnO 0.19 0.16 0.18 0.15 0.17 0.18 0.19 0.19
MgO 4.63 3.67 4.45 3.48 4.12 4.28 4.72 4.68
CaO 8.01 6.83 8.85 7.40 8.31 8.29 8.97 9.34
Na,0 2.80 2.78 2.77 2.80 2.70 2.81 2.66 2.75
K,O 1.44 1.99 1.46 2.08 1.54 1.49 1.18 1.10
Py0; 0.18 0.15 0.17 0.14 0.17 0.17 0.17 0.17
total 100.44 99.93 99.94 99.46 99.01 99.97 100.64 100.28
No. To-C2-121-1 K1-68 Kl-153-2 Yl-kom-2 KAS2-51-1 To-C1-121-1 Cl-151-1 62-2-91-2
Unit Tk-6 KI-1 KI-1I Y1 Kp-1I Tk-7-2 cl Tk-8-3
Type scoria lava flow lava flow  lava flow scoria scoria lava flow scoria
(wt.%)

Si0g 51.13 51.23 52.12 51.74 52.47 51.11 52.23 52.33
TiOg 1.18 1.17 1.18 1.20 1.09 1.24 1.17 1.09
Al;O4 18.04 18.33 18.31 18.06 17.80 18.39 17.95 17.90
Fes04 10.75 10.60 10.60 10.80 10.06 11.01 10.49 10.08
MnO 0.19 0.19 0.19 0.19 0.19 0.20 0.19 0.19
MgO 4.73 4.76 4.84 4.90 4.58 5.03 4.68 447
CaO 9.27 9.41 9.18 9.26 8.98 9.57 8.92 8.86
NayO 2.64 2.78 2.76 2.74 2.76 2.72 2.76 2.79

KO 1.07 1.09 1.09 1.11 1.25 0.95 1.17 1.26
Py,05 0.17 0.17 0.17 0.17 0.19 0.19 0.19 0.19
total 99.16 99.73 100.43 100.17 99.36 100.41 99.75 99.16

PTobonz zhd, RATO05mm THs. Hik
THE» O Th 5. MRS DO RIGE2EE> b D
bIFMET 5. B v 5 v ALRRIL, 2% S0, BojEbic
L7chi=C, REACng 5. HaHEG 1€ — R
T2-10vol.%, EMR% 23Kk THEED» S, E
3R T 2.6mm TH 5. FEEHAICHGED A 5 2% Fe-Ti
Bt aEd 260655, £/, BiErEon
2b0bd 5. FHMEAIEE— FHEKT0-6v0l.%, EiE
REZBRIRTERIIRAT28mm TH 5, BOOH
529D Fe-TiltY2aAHET 2 b0bdb b, F
7z, HAWEGORRD S v 5 v AORIGEEET 5 b0
bIEAT 5. Fe-Ti L3 — FHLELT 0.53vol. %,
FEF02mmEEDOLOMNE <, iRKTO08mm TH
3. hORTE BiETH 5. BRICEE N A HETK
££0.3-0.6mm FEE T, BAELEIAIEERT.

52 ERSEE{LEHEK

Table 1 1IZfRERIISAKILE ) D F Rk 25 A
%%, Fig. 1012/~ — A1 — KB X U Si0,-FeO*/MgO
(Miyashiro, 1974) %7/R L7z, &KL 3,300 FEE O
EAD SO, B3 51-60wt.% TH VD, SiO, BDOZEALITHT

LT, 2AHEAE L TIE TiO, ALO;, FeO*, MnO,
MgO, CaO, P,0s [ E DY, Na,0, K,0 (FIEDFHEIH
Rons (Fig. 10). Gill (1981) 12 & 58T MY
D% < 13 medium-K IZJ& L, Stage 1M HY DI
high-K IZJ&d 5. 7, Si0, BEOHINTK L T FeO*/
MgO [F 13 LA EEN L, EEYEKRTIEI VS 7
WA ) FRHND b LY FAEROWTWS (Miyashiro, 1974).
B R 7 — Vd 5 VI3 K OETRE > 72 Sio,
kSRR Z R L, =7 K ETEE R —EHRO ~ L v
FZFWTWVSA, MnO % P0s TIERT —VdH 5 0IE
KT S MLy FEFEOTW A, Stage 1 IEHY)
(35 B AR R VA3 (Si0,=53-60wt.%), IEEIHTIHD
Tk2 BLUGA1 DRI ) 7iRLDEHYE (Si0,=53-
56wt.%), BEAERLOHER (Si0,=57-60wt.%) 754
AF L, HERHERICRIT 5. LIEO Gfl-2, GlIT I3
HlFEEAER SN, S0, Bid 53-57 wt.% OHIPHT
1 =E— Y NEN S, Stage I-IVTIE Si0,=51-54 wt.%
DERE~LREEZNEDO~ /< ms L, By .k
HER 23 ) 7 BRI OEERSEEYOREEZ LEDH 5.
Stage I @, FHERKO &L « BalkOETc—Hh—
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1.4 .I T T T T T T T T T T T T T T T T T
15 | Ti0z0n%) | 10+ Ca0 ww -
) "
12 | {1 9fFt .
11t . 3
8 “ X x |
1t . e x
e
0.9 | 17T L
20 | Al203 wt%) |
19 | 1
18 | .
17 .
11 | FEO* ms l
10 1
9 I ]
8 -
7 i
MnO %)
02} 1
0.18 1
X
4016 ) x5 55
014 | % A
1 o012t ]
1 1 L 1 1 1 L l>< 1
*
1 .5 FEO7MgO
] X
| X
2 L % ﬁ% .
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
50 51 52 53 54 55 56 57 58 59 60 195651 52 53 54 55 56 57 58 59 60
SiO2 wt%) SiO2 wt%)
xStage I ejecta +Stage I ejecta 4 Stage IV ejecta
o Kitamuki & Yakeyama crater ejecta} Stage I
o Suribachi crater ejecta
Fig. 10. Whole rock compositions for Tokachi-dake volcanic rocks erupted during the last 3,300 years. The lines

drawn in Si0,-K,0 and SiO,-FeO*/MgO diagrams are from Gill (1981) and Miyashiro (1974), respectively.
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b CHHAGRIE S RS D, Y TR &5 & DX
WAsalieTd 5 (Fig. 1D). BIASRELRED &HH FRL
LB Rz a 0 713, %422 Hakeas = -odbn), 85k
KIEEBEEO 2 N ENOFIERIC 7 vy h&h, ThiTk
DIEIEKOZRECTE 5, kK42 L 72 Stage T
T3, N2 3 7@ (Tk-7-2) 53 Si0,=51.4-51.9wt.%
THBHDITKL, BEATR (CD 1F Si0,=52.4-53.3wt.% T
i ORI —E L 75\ (Fig. 12). —7/j, Stage IV
W7 % 1962 4, 198889 LEME HIM I3 Si0, = 5354 wt.
% T, BLL AL R BT 5.

6. " FRK
61 U357 RXOFEREBOHRITHERRER
AlEl, 75w v RKOEREOEHYITH 5 Gfl-1 N

BRIGHE « FR)IDESL « RARIHER « IMAKEE

B SRR L 72 4 HiES 5 RO ERALA R 2> S Tl 3R
EREZE 2, RIS & AERE R4 Table 2 12% &
» 5. IEIZT<T BETA ANARYTIC tHIC{KEL 72. 6
BC iz A CHERMASBIZIRZRIE L, & 51 Stuiver
(1998) DF — % N—2Z2h SBFERIEE L. 5
RO HIERS R E, 6°C fliEAER T 2,9904+60~3,170+
80yBP, [EHAL T 2,970~3,570cal yBP (20) &5 -7z, T
NS DFER P 5 Gil-1 DWEUKAEMI 3,300 cal yBP & 73
D, AR TID - 72iEE) 35 3,300 4ERij2> S 5AlG L
To T EDH SIS - 1z,

62 LRYVOJAPMY—ICKBERERDHT
wiBHICR o7 7 5f@F Lo —20fEE b
LT, FEARMO 7 7 5 OHER ZE#RT 5. EAHE
EICH 7z ->Tld, BN (1995) ovzsa/ 4 h) -0
FEZZCL, D SRR T 7 SHEET ST &,

et al.

mzlw o T T T 2) TEAPROHsHE BICHEREL, Ao k055 Skm
021 LVINO (wt.%) 1 DbmncmEme s, 3) BIEAYEL TV b SR
02 iﬂﬂi Kitamuki PD I ALTWV 2RI IGE T 5, OFKGEEcT 2 D>DFEH
.2 - ¥ N S > %
Y S L, M) 2AVT, BEERRKIEIER L. (Ei
0.19
0.18 |- 1.4 T T T
13&Omw
017 |- ) . 3F , i
SiO2 wt.%) ﬁ
0.16 I ! ! 12+ .
51 52 53 54 55
O proximal deposits and lava flow from Kitamuki crater 11F T Central ter LF () 1
) . I entral crater
(@] proxmal deposu_ts from_ Suribachi crater Central crater PD (Tk-7-2)
W distal layer of Kitamuki PD I 1F . B
@ distal layer of Suribachi PD AAD 1962 & 1988-89 ejecta
v ! O Stage 1 ejecta
+ Stage I, II, IV deposits 09 - -
SiO2 wt%)
Fig. 11.  SiO,-MnO variation diagram for whole rock 0~851 5|2 5|3 5I4 55
samples of Suribachi and Kitamuki crater. Open
and close symbols show proximal and distal Fig. 12. SiO,-K,O variation diagram for whole rock
deposits, respectively. samples of Stage II-IV.
Table 2. Results of '“C dating for charcoals. Locations of each sample are shown in Fig. 1.
Sample No. . Measured age §'3C Conventional age
(Lab No.) Location (yBP) (permil) (yBP) Calendar age (20)
Tk-Hok-1 BC 1620-1270
(Beta-194750) P 3150+70 24.1 3170+80 (3570-3220 cal yBP)
Tk-Hok-2 BC 1410-1120
Tk-Hok-3 BC 1400-1190
(Beta-194752) B 3030+40 "24.3 304040 (3350-3140 cal yBP)
Tk-Hok-4 BC 1400-1020
(Beta-194753) B 2980460 24.2 2990+60 (3350-2970 cal yBP)
Tk-Hok-5 BC 1510-1260
(Beta-194754) A 3090+60 "23.3 3120+60 (3460-3210 cal yBP)
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Fig. 13. Age-depth diagrams for tephra beds at
Loc. L and M. The depth means the cumula-

tive thickness of loam from the surface. Open

squares: Loc. L, open diamonds: Loc. M, sold

lines: approximate line of each location. Note

that ages are normalized by AD 2000.

27 5 T, Tk-2 % Gfl-1 DI KAHL 3,300 cal yBP &
L, 72, Tk-6 DRELKAEZFEE - fth (1997) 10k 58
IEEERIE (AD 871-1, 023) OHifEim 5, AD 947 &
IGE L 7z

PERR U 72— (Fig. 13) 705, o — A DHERSH
JEFHISS L TH 10 cm/ky, HiA M TH S em/ky & 73
v, Bl i (1989) BAARSHITRIEL /2o -0
HERG S (4-15cm/ky, ‘5 Tem/ky) EFELEWV.
TEEE AD 1950 0 Sl - 72 BUE /R &, Tk-1 (2Hh
L T 4,340 yBP, H#ifi M T 4,250 yBP, Tk-3 315 L
T 1,790 yBP, i/ M T 1,750 yBP, Tk-7 I3 Hii55 L T 700
yBP, HI55 M T 790 yBP & 750, 2 HuSR cHER L 2%
JEOHEEEMMDZEF 100 FELINITNE 5. Th o offf
EFEMRUE, §hd L ERBR ORI T 7 5 & O EFRf%R
EBFE LI,

Fio, Liiov — AHERGRE 4 Tk-1 O FALICHET
30— ABOREIC/ET 5 &, ORI IZ 20,000~
40,000yBP, £75%. DI &5 3,300 FLIFTITOWT
&, Akiligbisd &b 1 TERRILEE T 7 7 5 AR
SHBIREOIRFRI < /< EK R P -1 EFZ 5N,

7. OH 2

Ky oEHE (DRE: Dense Rock Equivalent) (&
DFokHIcAib -7 4752 -k (A
KW, 1981 & H W CTHRKAREBINC REEH S I HI )
DN TEEEZWEL, ca%EEE 2.7g/cm® EIREL

100
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Fig. 14. Relation between the area enclosed by
isopachs (S) and the thickness (T), for tephras

from Tokachi-dake volcano. Dashed lines are iso-

volume lines assuming V'=12.2 TS (Hayakawa,
1985).

THE LI, £, 22307, BOBLXUHYEOHEE
ERA2ET Gfl-1 » Tk-2 1F, REMNBBEHIcBLTIh
SOEBIENEL, AEYOETHEEZE DL &
B, Tk-8-1, 2 BLU Tk-7-1 3E TN A2 KREME D&
ThiHOT, v/ <EHES L CREE L. FRER
DS B M T KWHEREY) (2 Hayakawa (1985) D#EERC
V=122TS (V: 77 5 OfRAK, T: FEEHOES, S:
SEBIEAPROER) 2 H 0 LRk, HHO%
[BEANE SN2 T 7 F12O W T3, Fig. 14 IK/@E &
ZONHAROBIRE R L. Ih S OEE-HkEhi
|3 Hayakawa (1985) DZE(AREHRE 3T EITL TV A, &
7z, Hayakawa (1985) O CTIIKEOREEEZH 5 T
EmTERVWET AMENDH B (B, 1999) T En D,
AT A FEOAHEHIER S JiEd b, ik
DIEEOREBOBIEATEL 5 2 & TARRIcEENS
NEYE DR E L7z,
PlEoksicLTskviAklio~ s <EitigEs
Table 312, EE~ 7 < EOHER % Fig. 151K L
fo. 50l 3,300 fERS D < 7 = O H B E A5 T# 0.1 km?
DRE, I I L THJ 0.03km® DRE/ky & 78 > 72,
27— VmTH B &, Stage 125 b AHE T 0.04 km?
DRE, % ®D#% Stage I C 0.037km’® DRE T (313 Stage 1
LEFEE D~ 7/ < SHEH L, Stage IIC 0.019km® DRE,
Stage IV T 0.006km® DRE & 750, R4 IC{E T4 2 {7
WChb, Fi, BAT—YHNOT 7 I LIEEHROEHE
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Table 3. Estimated magmatic volumes, eruptive styles, rock types, and main ejecta types of deposits erupted
during the last 3,300 years. *:from Katsui et al. (1990), **: from Tada and Tsuya (1927). Ex:
explosive, Ef: effusive, B: basalt, BA: basaltic andesite, A: andesite. DREs are calculated by setting
density of each product as follows; 1.2 g/cm® for scoria and pumice in distal fallouts, 1.8 g/cm® for scoria
in pyroclastic flows, 1.4 g/cm® for pumice in pyroclasitic flows, 1.5g/cm’ for agglutinate, 2.4 g/cm® for
bomb (AD 1926 and 1988—89) and lava flow.
Stage  Unit  Volume (km) DRE(m?) “age’® ook Melpelecta  DRE fm
AD 1988-89 4 .
|y PFA&PEL 1.4x10 : 1.2x 10: Ex BA bomb oo
Tk-8 1.5x10 5.8x10 Ex BA scoria ’
AD 1926 PFA  3.0x10°" 2.7x10° Ex BA” bomb
cl 1.3x10” 1.1x10° Ef BA lava flow
111 - 3 ] 0.019
Tk-7 1.7x10 7.3x10 Ex B scoria
Kp-II 4.0x10™ 2.2x10™ Ex BA  scoria & bomb
Y1 4.1x10° 3.6x10”° Ef BA lava flow
KI-II 1.6x10° 1.4x10° Ef BA lava flow
II KI-T 1.1x10” 9.4x10° Ef BA lava flow 0.037
Tk-6 2.6x10° 1.2x10° Ex BA scoria
Tk-5 1.6x10° 8.4x10° Ex BA scoria
Tk-4 3.4x10° 1.7x10° Ex BA scoria
Gl 2.0x10” 1.8x10° Ef BA lava flow
1 Gp 3.5x107 1.4x10° Ex BA & A scoria & pumice 0.04
Tk-2 2.4x10° 8.4x10° Ex BA & A scoria & pumice
~0.12 T - . .
W 51370, WEICKEORICRFFENT L TRIEDTD
S oaf e OWIAARBEER, KA%F—2). Thicks L
gw& B 1 2,200-3,500 yBP DA% 55, 2,200 yBP L &
g 3,000 yBP T ICEBIE S Y v B T E AT S T
2006r Wiz, L LARIE S TERE@EENTS L TRIEZTT -
o004l Tk, OPC MIEAEREREEEERT 2 L 0o =)
g | L-77 S0YBP OFIHITINE D, § < TIRBSIIORE & bl T %
§0~02- . - Eruption rate: 0.03 km® DRE / ky 5. L7#is TGl ORIHENR R0 13_C ﬁE%ﬁT
O s . , \ 3,100 yBP, EZIEEAE T 3,300 calyBP & £ % 5 DHIEYT
3000 2000 1000 0 - ST, : .
Age (YBP) H5. 51, Gfl-1 O LAICIE G2 BEHERE > TH
0, T ORI B s R (3 AEAE L 72 o,
Fig. 15. Cumulative magma volume versus time for

deposits erupted during the last 3,300 yBP.

FRIFERRETH - 7.

8 =& Bl
81 MEAE
8-1-1 Stagel

KGR GIl-1 O U R BRI > W TiA)I - il
(1971) 12 & - T 2,200+ 100 yBP DFEAE STV

Stage 1 OIEENZTAED 75w v K KODAEN 5D
FERIIIEKIT & - CRIME UM SR S 1, BT KR
Y1 (Tk-2) DSHGICD L, £ D%, KER S EEIE
FHL (Gfl-1, Gfl-2), JtPERHEZAR F L. Tk-2 9
Gfl-1 1T 3R 80wt % 1T L3 2 BOMESH BEEh
5T EDD, KA LRI AR S L <3
I KGEIE R AL - 7o alRetE DS s B, F 7, KR DRI
WCRiRmE»HELLLER SN S (Sm, Fm-1, Fm-2). Sm
Z< Th b OHEREYITRICIFRIRIRR 2R SRS R S h
W T &5, 3,300 FERTIC IBIEFIEKIC & b, HERY)
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& LT BB N KIY),  KIRRSS & OVRTR AR L 7on]
HEPEASE O,

Gp #HIEINCE S 75 v v M kOwEER (G GD
&, B - fh (19632) 1ok b 2 ~NFAOREBES] &
Flifixh, BSRkOEFEOBREREEL SN TV, L
L, HEOTEIKKILEEICIE GUITHY T 2 AERD
THEHE oD, & SIcfsk kK OIEBIRE i U 7oK
EIAELFHED S Gl & Bt E s (Fig. 16).
— 5T, Gl OFHRGEIEIE 7" 5 v v N KR O K
DR & 12IF—F L TV 3 (Fig. 16). L7zhi-T, &k
ERIET 5y Y FKOO—EOIEE)IC X iR EREEZ
on, 759y FKOBGER] & LTHER LK, 78
Lz oEAZT, GIOEHIOR Y 5 v v Fkd
WTEREL, dEHLETHY, BERE PARLICE
bNTLEEEZISNS.

Stage 1 Tl3i87% 3,300 4[] Thx b IRFEHI 72 IE K DSt
0, IEF CEEHK m L Lo & LTS ki
WAERRIE L7z TR oNns. ChlEoiEE) T
ld, 1988-89 FEMK Dt NEFE D KR & bR\ T, K
MOFE IR TE TV, T OEHIOBE K AR
FITH - 2FHIE, 83 3,300 FEM T b Si0, ITFE A
R ERE O < 7= 0iE# L TwbcwTh A S
Stage ILIFETIE, EHIEAREEICELL 727o»ig,
KEROFE I DT EEZ ON B,

8-1-2 Stage II

Stage MICHF B RFMAD T 7 5 (Tk-3) OHEMND, L
Zz7a /A NY) =75 1,700-1,800 yBP EHEETE 5D
T, Stage I & D[ITF 1,000 FELLE OB S -
rEEZon%. Tk4, -5, -6 DEICIZZT TR
BRasr)s, Tk-4 @ _EATICIE B-Tm, Ma-b K LIPRASHERS
5L, i/, Tk-6H FOLIEN S AD 871-1,023 ©
JEERMEAER SN TWS T & (FHEE - fh, 1997) 5,
ek~ — v LA — kR £ TOEKIE, 9
1,000 FERFTICHFEINICHE C - 7o KT & 5.

IEFIE K, HHROBSHRPHRH L. 201 EA
EMBHEOILAIK O X 0 IEH U chs, Baliasi o
13, dEEPKO7 58 2.5km BT W3, £ D ETHEL
EETRIEOERIE L CXBlgNEhrb L, L
LS, bk & B LK OO YA IZIEE]—D
(LR A B 5 2 &5 (Table 1), BEILASR%E
Stage M IZEZ W 7.

8-1-3 Stage III

Stage II (% 700-800 yBP I IAED LK I DRLED &
DIFFEHINKIT & - THALGT 5 (Tk-7-1, -2). Stagell &
DRI 3R AT & 200~300 ERETH 5. D%
28080 yBP (C K O SiEETRA T 5 (CD. T

0.21 T T T
pyroclastic deposits from
02 _Mno (wt.%) X Ground crater
’ @ Ground crater LF

0.19- © Suribachi crater PD

0.18 T

017} ' <x 4
x X %y

0.16} x X x?“ 1
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0.14 1 1 1 1 1
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Fig. 16. SiO,-MnO variation diagram for whole rock
samples of Suribachi and Ground crater ejecta.

D & Stk O DIERK & Ea TR =5 5 2 &
&, Tk-7D 2 3 1) 7 & Cl O &5 bz kA3 I g 5
MoTWwWaZ & (Fig. 12) o bHEan s, gk
KOEIERI» S iaiit £ T 500 4R W IR A3 5
CEIB BN, ETRORFHIENT T — 7 0V EH <,
TR 21T 5 ENH 5.

8-1-4 Stage IV

Alal, LI OMHD S 1926 FEME K LI % Stage IV &
LCXBIL 7o, 1926 FEME KGRy kK I 5584 L 72
B3, 1962 AT IHIBEFNISTEKANL C 0, Fricis KO
R &AL, 198889 FEMEK &2 DKIITHALTVS, &
ST K AR RO FAD © 200-300 FEFREE O FEREH]
bR 2 Peds. % 72 1962 4 & 198889 FEME K D < 7 < 1
Stage MO < 7' < &3 a7 Al & - TXEITE 5
(Fig. 12).

82 MEABEX DR & 20 HITEIERIDES
HRT — VDMK OHER = 5 &, FRIC Stage 1
~MTREIEEAZ V., T75b 5 Stage 1 ~TMDK R
F=YiR, OWENG KPR E I N K EEE S S
IEREXICIRE O, AR T 2 & v S5 ihE %
BOIELTOWEDN b3 (Table 3). Stage 11 TliAS
mH ok, JbEkO S ke g9 2 B R S
nah, zoHBEIEFINIVOT, 2kELTIR
Stage I PMEEUHEFEEZ SN D, DX IEK
W RZ oo KLTEDONE LD THY, = I/~<
FROIEFRIERR Y O < 7 < E © N TOIEE SR O EEE
D3E (FZ 13 Hildreth, 1981) %, HEKIE L ToO Xl
MIT BT B H 25RO #E W (F] 2 1F Eichelberger et al.,
1986) M EITk - THAMN L ENTWS, 7272 L, A
TEHBABEROHBOFER IcOWTRERLETVLI L &
5.

SEIT 1926 EME KL% % Stage IVE L TXBIL 72 %
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D 1962 FEM K OWEHE L, Stage T OIEFEAIME K, Tk-7
ERIBEOHETH 5. Stage | P S5MDTNZT N DI
KFR DML 5 b, TI-ETE 20 Hid S Hr o 78iE
27— VUNEIBLIEBELBEZRETHAD.

83 MHELKUXE

AT THE S - 7o B KL DR 3,300 FEfif D
Y= 7 < EHIEE 0.03km’ DRE/ky Td - 72. T DOIEH
L, ZEEAINCH T B KT 3,000 O HIEK 0.32
km® DRE/ky GEAM: « #5K, 1998) @ 10530 1 fEE T
b, Fi, N (1990) BF E D HARENOE KL
DOIEHHE (0.1-1km’/ky) EHNTHPPEWETH 5.
Lo LA S, RN KT - THEICRIR & FE
SHTHBY, Lihis T/~ OEHRAHEI/NS W
KINTES > T, 5% IIER CIZERITE L TR
DBIFETH 5.

8. ¥ & o

FEETIAS & 12 - e HER KO KR LIT 0
FolcELEvons,

D HBEXKLORIITR 3,300 4RO EENE, KO
EDIEFNTIZITHIE L4 OD AT = VITKBITZE 5.
2) EHYIE R T — O E K OEO 2R LR
TR AIRECTH 5.

3) Stage I~ 7T, MRMNEKORICHEGRTIZ
e C IR OHER 2 VR L T 5.

4) 1926 FEDLOHIB AT - VUNHBLILEEZEZS
nas.

Eil 4

A MED B ICH 20, FEEHITRETITROGIE
HibE B X ORI REENT AT CYM) OEARE
fEticid, HARTICEITLCVuE, giinihE%s
B OiciZni i, EEHATRAETIHROWIE
KERICRIEET 7 712fd 57— 4 21t L T 072
Wic, [EBRREE (KR D4 RFFIRITIE “C EEAHIE D B
ICREBMERIT - 7o, MBI AR G E R 35
FEROAEZHATL TV VWi, BREWRCHI- T
&, dLERFOFREBIFEE ChRp, FRFEEEI
BIMFHIC - 72, RIBIC, 2 BOELHE, BLURE
A HHEROSIc LD, KR AEkEL
7o, FELCHEEERL 9
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