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Newly Found 4.7 ka Pyroclastic Flow Deposits on the Northwestern
Foot of Tokachi-dake Volcano, Central Hokkaido, Japan and
Reexamination of the Eruptive Activity During Holocene

Shinya Funmwara™ ** Yoshihiro Isaizuka*** Toshitsugu YaMazakr***

and Mitsuhiro NaAkaGawa™®

Tokachi-dake volcano restarted eruptive activity at the Ground crater in middle Holocene after long
dormancy of nearly 10ky. The activity at the crater (Stage 1) was the most explosive and voluminous one in the
volcano during Holocene. We newly found a pyroclastic flow deposit beneath already recognized pyroclastic flow
deposit (Gfl-1: Ground Crater pyroclastic flow deposit 1) of the Stage-I, intercalated with lahar deposits and thin
soils. The deposit is composed of gravel-sized blackish blocks, pumices, banded pumices and altered blocks with
yellowish to reddish brown colored fine sand matrix. Progressive thermal demagnetization experiments for the
blackish blocks and the pumices show that the direction of the remnant magnetization of the deposits is close to
that of the geocentric axial dipole and did not change up to blocking temperature of about 580°C, indicating that
these blocks and pumices are essential magmatic materials. Thus, the deposit can be considered as pyroclastic
flow one. However, this is characterized not only by the heterogeneous distribution of these essential materials
in the deposit but also by heterogeneous matrix. These features and abundant accidental altered blocks suggest
that generation of the pyroclastic flow might be related with sector collapse of the volcanic edifice. This is
consistent with the topographic feature of the Ground crater. The petrography and the whole-rock chemical
compositions of these essential materials are similar to those of the Stage I. This suggests that the newly found
pyroclastic flow must be related to the initial eruptive activity of the Stage 1. New '“C ages for the deposit are
in 4.7 ka, indicating that the activity of the Stage I began much earlier than previously recognized age (3.3ka).
Finding of the pyroclstic flow deposit, named as Gfl-0, suggests that the Stage I had continued and been derived
from the same magma system for more than 1400 years. However, considering a long interval between Gfl-0 and
Gfl-1, the Stage I might be divided into two sub-stages, Stage I -0 and Stage I-1.

Key words: Tokachi-dake volcano, pyroclastic flow, sector collapse, thermal demagnetization experiments
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Fig. 1. (a) Index maps of Tokachi-dake Volcano. (b)
Map showing the area studied in this paper. Loca-
tion of Ground Crater is also shown. (c) The
localities (A and B) where pyroclastic flow deposits
derived from the Ground Crater have been found.
The topographicmap (1: 25,000) by the Geograph-
ical Survey Institute is used.

R SUEHHO A S & B 7808 S HIE & TIEB At
THEO, BRIEAKEEEREAZRDELECILTHS
(REIEL « fth, 2007; GJI1 « ftl, 1971; WsH: « fth, 1963).
J& i (2007) 13 3,300 LEFILIEOIEB 2 4 DDA 7 — ¥
KXy L, 2o, &Po s sy v kKO
DR T — VT ldfx b KB » D IRFRI S K FAE U e
CEMHS TS 5 e L Lilr, Frea Ak LdErE
BEICB VT, 3,300 FERT& 0 bl K PRRHERY) & Hr i i
R L7, Zo85, Sllo s sy v P kOoiES
fleEE I > W CHIRET OB Ule, AT
&, T O KWHERY O R L CHEHERIC > W TR
L, 075y v R KO OREREZIT.

2. U590V RKOEKRBOME MBS

FEKLE TR T 7 s 2 S 5 L9 12
BUSDEEK DIV, HBHIFETRS RS 1 DL Eeo
ft2IT,  #9 3,300 AEHT SIEEIHIC A - 7o (BRI - fif,
2007). C OEEHT R EoJLdbrE~dbta Rt E
HoKAOZEKRL, BB A & EaRIZR R L T
W5, & L THIIEKD, EHYOEATRIZER, T LT
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Fig. 2. Location of craters formed on the northwestern
flank of Tokachi-dake during Holocene.

HEFREEL LoBMERoEMmIc LD, 4 >0iEEHH
KX ani, zohcRIEo 7 5y v kKOS
(Stage 1) (3#93,300 HHij0 SUEE - 72, F IIRFEMIIE

KIT KBRS ER L, £ &7 KPR EIR S E
L7z, &z O KBERICHTR L CRBI S JRIR & 18540
FHEL I EMEDLLNTVS., X5ICTI 5 DN
K D%, MEKICEDEEPRE L. OBEERD

BEHAER B SN TV WA, £ OEAF NI, %
TUTHEST LB FERIE K DI ERICTH 5 T &0 S
Stage 1 DOFE#NEEZ St B8, BREER»S, o

WEROEH 13D < &5 1000 R LD bHWT &1
S ICi > T d (BRIE - fth, 2007).

BAEDO 7 9 v FRKORMIERICA T, EEF 600m
DKIOE, 2D R 200m D 2 5 O KNS
LTEY, WENGILEANICEID L aIkERE - T3
(Fig. 2). 2O EMS T 5y FKOTEDELS &S 2101
DOEKIEENCX S SN B AHER S B 553, T OFEMMIEIH
M TRIED -, —hHT, THBEHERE T LD 3,300
FERI» S OIEBIIcRb s N5 77 5 (Tk - 2) O L
12, 10 cm FREE O Rfo L 2B A cKRSIEKIT HsR
TEEEZONIEABOKIKOHEE (FEH) Scm)
DEBH ONTWE (Tk-1). L LEAIS, ZDRIR « 4F
B L O AR ERIHTH b (B « 122>, 2007),
759y FKODIKGEEST 2L, 75y v FKOE
R (Stage 1) I2OWTIZHER AMANNLETH 5.
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Fig. 3. Photos of the locality A.

blakish block B

(a) The whole sequence can be observed at site A. We newly found

unknown deposit beneath Sm (Shirogane mud flow deposit) which can be divided into three layers, Al,

A2 and A3 in ascending order.
irregular boundary between A2 and A3.

pipe structure (dashed lines) observed at site B.

3. WEWOERFLEHE

Al LA PEEE O HIS A, B (Fig. 1) T, 799 ¥ K
KR B 0 FALIS, #Fricic R0 KEHER=Y %=
R U7z, s A (BEE5 1,045 m), HiAS B (B2 930m)
T, LA SREE < fth (2007) ICX B 75w v KKK
PRORHEREY) 2 (GA-2), £ DIE NI/ 7 v ¥ FKITKIRAR
HEREW) 1 (GAl-1; 3,300 cal yBP), < @ Mz L34
/L CHSRmHERDY) (Sm), S 5122 o D Mo
WHEE AN L CHEET ZHERYIOFED Shiic. Sm &
D FALICIEAES B HER 2, = O _LAih SIIEIC A3, A2,
Al Jg &9 % (Figs. 3,4). LIT Tk AtthSizduiie, <
N5 OFEHEEIT .

A3 138 80-150 cm, WY O FVE KR ClIKIEE
<, ZHHOKERKCKINEEEE S, HESEER
RS 3R SN, BRE R AR EEE~T
A 2d 50, & EBoAREOESRET S, HHOHE
REEMEEEIE TR, ERERUFRVLSN S, HREH O
s zoglhzREEHL 53, HibAR (850 vol%)
>R~ B EEEL AR > IKa~BEngn o v 7
>R > RO ER Th > 7. 7272 L, FALICRS
NAELER BHARERT 201 L, Eiiozhs
33—, HEO~FEOEEL TV, £/, Fhok
ERBGE R 3EAT0, oz hsic 3 EBt~iRE
DMK (66 LIT) &L T0a., BLar, K
~HREEzlEsh, FeREEREHEshTw 5

Note the captured deformed fragments of A2 in A3 (arrows) and the
There are little blocks in the A3 at this site.
another site about 10 m south of locality A. A lot of blocks are concentrated in A3.
Gfl-1, Ground Crater pyroclastic flow 1; Gfl-2, Ground Crater pyroclastic flow 2.

(b) Photo of
Abbreviations:
(c) The degassed

N, KO~BEOORE L ICEIc3HES Iz 00
30, FEFEObD S EHE NS,

—J, KIFEBE R OVKILRE S, BT O B (AR
2, 23 THBROER (70% UL > A >EHER
ShkiRaTch 5. 22 ) THEOSER QIF, 2Es
B 13K 100ecm TROPFIA L, Kz —HREE~
EEEICAET B0, TG RIEROb 3 BOEEET. &
)7 57 —HRICH Fa L - El%E o> BEAHL& FAE
T3, BAREHEAE20cm THE~HAGZEL, Fid
FEWV, FERBO I REEI RO ATEICRS L
EERA/RT. o BEEIPRA I AEE 0K e~ g
BREER CHEULTED, FRoRBMoREEIELIc
A SR EIRT A TREEDFEET 5. Lo
NS EROARNEYE O FJFEMED SV (Fig. 3¢). L
Lo, BEall, BA6 X CREIREAEERICH
BioAhfmed, KEBTHEm D2 525 —%E->TH
HLTOWAEAEMEZ W, #iL, ThoBEEAEEEN
HWERSY G IEAET B (Fig. 3a, b). ZESEH 36k A 1L FEREE
WAEBLLZIEEERTh, IKEIE30em TH
3. FERRO~AOER LREANEL, HESILE
RaERT. AEH» S IR DS 5.

A2JBIF A3 EOE FIc LIESAENSFFEL, FHL
CEELIKAB YV MEOREXRFclikiEb 5 <,
AR Sem ORIKEO~AOEEER 250, BRI 2-
20cm TH 5. LA A3 JEE FMMRICEEL TEB D, W
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_ sand matrix deposits
silt matrix deposits
scoria or scorious block
pumice

banded pumice

altered lithic block

thin soil

Fig. 4. Correlative columns of locality A and B.
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Gfl-1 :&‘
A3l (5ot -
. ‘.‘ R 2 deformed A2
A1l | ",“
Az A3 JBICHL 0 A LB 058H % (Fig. 3a).

AlJEIZ A2 BOHE MICHIEFEEZ NS THEMLEL, PR
f L st~ SO E O WE T cliknEL, B2
IKE~IREDFTANECEESR mAE 20em) =5
©. BEZ60cm P FTh B, AESH EMEsHh, -
i 30cm TEEER ORI L, Wi b E R

4. ERTHLSELEHERK

KEVEEEZ OGNS, ASBICEGENSREOEHE
KO D88 TR O FER S 2 e LB AT 24T -
fo. bR, WIRTHEE R BeSis X 0RA
AR, 1OV v 7>V T 1 > OBEE 4 HE

Lz, TNODEMAE1: 2DEETHIRLIZH T 2
E— FAERR L, JLHEERFEEER 2 <7 b ) 2y
N X AR TEGE THIE L 7.

BT, HEeAl Balbic, MR, =ik
DREVS D SIHICRHE A, BAEEG, R,
Fe-TilRtYCd 5. BEASTICIE 1vol. % FRE DKL
wh Y VAMEPED OND. REEE RO
#130vol. %, WEAMKI25vol % TH 5. FEAMHRIZ
HIE~(HEETERIIHRATISmm Th 5. R
PEEICR SN, RN RIGET RO S A
5 L0020, FHEARR B~ tETERBR
KT 15mm TH 5. ORI HEENEG O RIG
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BOELTL A LD 5. HENABE A~
TEREBHATL.6mm Th 5. 55V EEHENED S
N30T 5, FeTiLYDIZEAE FMIET
b, EREREATOSmm THS. » I vAHRIE
HIE~iE T, EBRIIHATOSmm Th 5. RS
FREEBLEMEE & hyalopilitic DR IIE 26 L
—7, BAREGDH 5 2 ~hyalopilitic T 5.

BEIE Si0,=53.7-55.9wt. % Th 35—, BAR
Si0,=57.4-59 wt. % T& 5 (Table 1). fLEHETHED
N—A KT, A3@IcEEFNIRAEREROES
F v v N KITERIH (Stage 1) O LR & 1313
—HKLTHD, LA OiEE (Stage I-1IV) & (FHAME
IZXBITX % (Fig. 5).
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5. HHIEESAIE
AZJBICEEN S BOAB L OO LT, B
BOHWERZIT - 7o, BN LK T v ¥R EH VTV
By v 7 ) v itk > CEE s ooES AR (R 20~
30cm ) ZHO L, ThoA2EREICHE IR &R
B SEZE 25mm, 5 22mm O HEF R & EEEUE
o L7z, T o0k %, Magnetic Measurements
FEBBGEIESEE & 2G HBSEOERU IR & W TR TR
(LA ME Lz, HIRE RRIR > — v § 20 L 72 pE2ERa
HMEATOFEEETITV, I HAKRE/L (NRM) %
AIFE L, D% 100-300°C % T 100°C %A, 300-650°C %
T 50°C % & CRBEBGHTL AT - /2. S ofERI
L <, Zijderveld X/ & B ALRRSY D BERLNE & LE

Table 1. Whole-rock chemical compositions of rocks in A3 layer. s: scoriaous block, p: pumice.
Sample Type SiO, TiO, AlL,O; Fe,O3 MnO MgO CaO Na,0O K,O P,O5 Total
Gs-12-81-2 s 5297 1.10 1791 10.10 0.18 434 865 275 1.40 0.16 99.56
Gs12-81-7 p 5812 087 1718 796 0.15 329 6.64 289 216 0.14 99.39
Gs-12-81-8 p 56.11 096 17.15 9.10 0.17 361 6.64 275 2.02 0.15 98.65
Gs12-8119 p 5755 095 1756 840 0.16 3.56 694 281 221 0.15 100.30
Gs-12-81-A° s 5430 1.07 16.83 950 017 389 7.77 276 176 0.14 98.19
Gs12-81'-B s 5313 1.09 17.68 9.83 0.18 423 856 2.73 145 0.16 99.03
Gs12-81-C s 5327 1.08 1745 965 018 415 838 274 152 0.16 98.57
Gs-12-81-D s 5365 1.05 1732 954 0.18 4.09 819 275 160 0.16 98.51
Gs12-81-E s 53.77 107 1734 980 0.18 399 769 272 167 0.16 98.39
21 T Ll Ll T L} Ll T T Ll Ll L} Ll T Ll Ll L] 3.2
Al203 wt. %) Naz0 wt. %)
20
= <4 3
189
<28
18 I
-4 26
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1k
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<412
7TF i
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Fig. 5. Whole-rock chemical compositions of scoriaous blocks (solid square) and pumices (open square) in

A3 laye

T.

Small open and solid circles show the products erupted in Stage I and II-IV (Fujiwara et al.,
2007), respectively.
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ZHEL, TR 21T - 72 (Kirschvink, 1980).

BB BGVH KB O R, s xCcolicsunT
Zijderveld X b TJFE S @] 5 L5E S REALRR 3 D58 5
Nz, RARME (MAD) 25 15° LUN ORI IS 2 B LAk
HELTEHHLELEE, 211 2% Vi, 45D R
YA UNS2LENMED SN, TOMDRNRYA VT
BN ThH -1z, 2ENEDENIZZARYA VDB, K
R LY A R (W % Wi X L KT 8 R =ib- 1) R i
5. 1B DAY A VI3 NT650°C £ CTRIMLE S Hs
BoONTVEDTEIENKSEZ A S (Table 2). Fig. 6 1T
RENI75 9~ 7D Zijderveld K & § XTI
WT DIKIRASY, Eilicsy ORI Lk & S
Blick L7z, F/ TR D S 3K fo ol
THES (R 0°, R 64.6°) #dbbETRIRLE., TD
FES, RS 334 DRy DEEFES LE L 72
HRaERS o, —F4, Sy 3dem, FhEick
WL RSN, & O R 26.8°,
K5 69.8° (aes=10) & 750, HLLRURA-1ES & U0 W A
L7 ARIERSMT O W TR, Fig. 6 D2 <¥ X ¥ E3 D
R R o N B X 5, KERS Al (RT-200C) T
R ORE S A EE I d 5. AT, &
R ORI R OERRENC & 1F, T TEAIK
MR ZETE LI RERR Yy Tl s, IRIicER s n
TREMEERRERIA L (VRM) Th 2 AJREER S VW EEZ o
B, —F, SRRSOV TO FELOFERIZAEIMIE L
e Y ZUUDSTERE LIcHE T, Fa ) =5 (580°C) LIk
DEREERE->S TV EZREBLTVS,

Table 2. Characteristic directions obtained from pro-
gressive thermal demagnetization. The average di-

rections of each sample are also shown.

6. “CERAE

HE AlcBOT, A3BHRICEENSIRILRR, B&X
U A3 BHE Lo TEgEcE 0 5 R o “CERHE
EAT - o, E MRS I (TAA) Wk L, N
HEFE RO (AMS) ZH WV CHIE L o, BURHE AT
HELCTH-7VvA)-BEEEIT-> 72, “CHEMRE
Libby O (5568 4F) W CHI L, ko 6°C il
Z ORI ARS BIZIR 2/ L 7o, fIEEEE 20 T
b 5. MEEROBFEIEICIE, Intcal04.04c (Reimer et
al., 2004) O 57— % —ck->< OxCal ver.3.10 (Ramsey,
1995, 2001) ZfHfH L 7z. HERER % Table 3 1IT/RT.

A3fEhicEEN TV ALRR I, B SemEx 17
cm TRARITRILL TEH L. ZotC H#RIE, 4,180+
30yBP (IAAA-71106) Th -7z, T, A3EAES T
JElZ0.5em B4 &5, fitk (Imm LIT) oA E %
N5, ORI "CHEMIL, 3,440140yBP (IAAA-
51450) 2R L1z, TN5 2 SHoFAE R EFERER & F8f
HCTdhsb. A3fEHFIcEEN 5 RILKR (4,180£30yBP)
DIZIEIEAEZ, 4,840~4,610cal. yBP (20) IZHI24 L, A3
JE (3 4,700 FERILHDOEAHEREY EE A 51 5.

7. & =

71 Al~A3 EDTEEHE & EAMHERE

Al~A3 BN S H em DL EOREE 2 h ZH D P
LY b ~H A ROEED 518 5 HETHOMEE b
B, FRBEL—ELEV. DT & SEARIEREY
LHWrTE B,

A3 BICELINICRY, SimREECTHER L 72 LHEE S
N34 HoiHRREShE, T5bb, 1) EEoMm
P EEE EREAER DS, (2) FltroFa L 72kl
HBHNEHONS, Q) IRILLICKEDBEENS (4) #r
fES S B O R FHICIR Z RT3 A4 TREE R ED 5N 5.
(D) &, SVWiREZ b SHEREYPNEERICEKEICEWL kL

Sample Tl e o VD | el T e b WAD
nterva ec.() Inc.C) nterval (C) Dec.() Inc.() i~ I - .
N a3 200650 484 765 46 oo EmEBIhick - TR b L2 & A2 RES S,
A3 RT-200 071 00 121| 300650 632 634 107
B2 RT-650 625 708 3. =5 N ot - N - —
B B3 RT300  -lp2 584 45| %oow  ens 19 56 Q) BEiRo~ 7 =wE (REY) MEH L7 & 2R
C1 100650 45 610 18
[ gfé RT-200  -1408 622 66 ?{)’lgjggg é»i;.g g:g gzg 4%, F1z, 3) tiz&% ﬁs’l“%"ZDE]ll X0 HEL {ngiﬁ%
D1 100650 44 715 89 — . NN
L gz 100650 156 6%5 38 L7cZ E%&RT. “4) D R &R ¥4 T IFEGRR (hot
E 1 ) - - 500650 07 612 123 B . ‘ B )
E3 RT-200 517 120 104 300650 164 615 13 lahar) @ & 5 75 HESHIEIR OHEREM T bRD 5N B T &
Table 3. Results of AMS '“C dating for charcoals of Tokachi-dake Volcano.
_ ) — o°C_Conventional
Unit ?I;m:bp;?’:)) Locality**  Method Material ?%S o?;/gr;;zna Calender age (20)
Soil above TOC37 43°2621"N., BC 1890-1660 (3840-3610 cal yBP)
- i AM hi 1 242 440+4
Ground °ra“lp(l§i{:"°las"° flow  [AAA-51450) 142'39'12°E. §  charcoal 3440440 5 16501640 (3600-3590 cal yBP)
Ground crater -0 pyroclastic flow Tok-81 43°26"21"N., BC 2890-2830 (4840-4780 cal yBP)
: A h 1 -23.9 4180«
deposits (IAAA-71106) 14273912, MS  charcoal —-23 8030 B 28202660 (4770-4610 cal yBP)

*]AAA- analyzed by Institute of Accelerator Analysis Ltd. ** International Terrestrial Reference Frame.
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(@)  Specimen : D2 Specimen : E3

W, Up 4

w

500
Level (°C)

N

N

(b) N (c) N

°
_|_ °
Dec. = 25.6°

Inc. =69.8°
Qg5 = 7.5

Fig. 6. (a) Orthogonal plot of typical progressive thermal demagnetization data. Solid and open circles show
horizontal projection and north-south vertical projections, respectively. Broken lines and chain lines
mean the characteristic lower and higher temperature directions, respectively. Variations of normalized

intensity are also shown. (b) and (c) show equal-area projection of characteristic directions of lower and

higher temperature components, respectively. Open square and oval show the mean direction and 95%
confidence limit, respectively. The diamond shows the geocentric axial dipole direction (Dec.=0°, Inc.=

64.6°) around Tokachi-dake volcano.

b 20, AHEEYCTEIANEYEEZZONAERORM 3EORGEB XURAOICE TN 2 WMELYE 4~
WKEDOLNE T EnD, HREOSEREELZRIELTY T, MO ORLTch 5 En s, KHERYOE
EEFEZOND, I5IC, ASETOROEHBIRA EREIWEIEO+ 2 ) —#E, 580C L0 bEimT
O BEBGEREOFE R, A X ICBROB LA RIOHERELS S EFEIS5NDE DEo Ens, A3ETORDE
Honzaleid, ASENPINODOELOE >+ 2 ) — i, B4, MREOEANEYE EWECTE, A3BI AR
BEXD GEEOIREETEB LI EERLTVS,. A HHREMEEZ A ENTE S,
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L»L, (a) A3EOREEILOAEETHD, Lo
A2JBEIDIAA T, (b) KEWEDHMHIIE T
W, EVWO RS D, EE O KPHROEHE & dE - T
W5, (a) O & D SHERSE X, A3 BN M9 5 BRIk
EEERICE WG IIc & > TRALD A2 @45 X i3 H
L, A2EM A3JE EELRITRE L D & 5 AN EE) 221
LEEREEZONLS. (b) DL D BAREYE O
Bk, BRI KEE o—8, % 7o idiiEric i
DIAATEHIERD SR HZ L, REEHYIHSHSEE IR
Colhotetoddd LAy, ok 5 e Lk
FHEEICPE S mE R S nHEREY IV A 4 245 (S5, 1991
; Uiet al,, 2000) A9 5. L LA 5, A3EIRK
LA BE R KL D 70% LI EISKBYIE T H 5 Bt
EaTchh, BREICOANEYE (KE~REEo%
HLIZER) BEaEhd, COoTEMS, A3EIREHER
Rk AU EEZ 5 &0, KiHRHERY), <715b
B DK X 2 ER. EEESRETHD, HRERT
DRGNP 5 | HEFEY) (Neuendorf et al.,, 2005) &zt
T500, BEMETEIEYEER 5.

—F, AP A2 Bl </ ~WEEEZONBH
TR S PRV YE B , A SRR IC R L
EH oINS, InSid, SRTHRELZCEE
IRTEHILIZEED S50, Licdi-TTh & oHEREY 13,
EILINF T AUTIE WIRE THERE L 72 5 o~ — VHEREW)
LHEES NS,

LR ENS AI~A3ZBE b5 Lic—EH DK
T, EFIN—UBREEL, TORITKIHREES A
IS < 7 <IEKICHBE L EEZOoNE, 2D I/ —
IV OFEHIFIT I, IKEKIEKE M - 7ongEMEN H 5. A3
[EEREENICER, HERE S L TaEEREnIcE
LEFMbAdT 2L, 51275y v ROl
RO L B A2 2 L (Fig. 2) ILIARIEARIE S 5 C
Ehb, A3BEMEE L o~ 7 <K lRLikmRES
- FoRlREMED S .

72 AZBRRLEITSYH Y NAOERPOBESE

ARG TS A3 B ORALAR DEIEEE T, 4,840
~4,610cal. yBP (20) Z7~ L, #J 4,700 fERj QMY &%
ZoN5. A3EEAICYAB 7 5y v FKIO%EIER L
1D 7 5 v R KIUKIERHEREY) 1 (GA-1) 20 SERALL
TR D RALKR E, BB TR 3,300 cal. yBP D4
RENE STV S (BRI - fth, 2007). VI E» S, A3
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* Fujiwara et al. (2007); ** this study.

the Stage I is summarized as column (4).
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