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Pyroclastic flows originated from the collapse of scoria cones for the last 2, 000
years on the north eastern slope of Fuji volcano

Yasuhisa Tanma™, Naomichi Mivan®*, Mitsuhiro YosHmmoro™*™,

Norikazu ABe****and Tatsuro CHBA™****

High velocity pyroclastic flows can travel several kilometers from the point of origin in as many minutes.
When there is a risk of a pyroclastic flow reaching a residential area, such as occurred in the 1991-1995 Mt. Unzen py-
roclastic flow disaster, it is important that the disaster hazard be accurately assessed and that meticulous countermea-
sures be prepared. The hazard map prepared by the Mt. Fuji commission in 2001 regards pyroclastic flows as having
a low frequency of occurrence. We investigated and obtained data on the occurrence frequency and flow distances of
past pyroclastic flows around the northeastern part of the volcano in the vicinity of the Takizawa valley with refer-
ence to the prevention of future disasters. We identified approximately nine layers of scoria fall deposits that had ac-
cumulated since cal AD 140 in this area. On the north east slopes around the Takizawa valley, based on occurrences
within the tephra layers, over seven pyroclastic flows were identified as having occurred at cal AD 500-650. In addi-
tion, from topographical interpretation and investigation of spatter deposits, it was estimated that between about cal
AD 140 and cal AD 650 about eight pyroclastic cones formed on the northeastern slopes in the vicinity of the Yoshida-
guchi ascent. Rather than being regarded as occurring at low frequency, pyroclastic flows should be considered as be-
ing a relatively common feature of the Fuji volcano. The Takizawa B 1 pyroclastic flow began at an altitude of at least
2, 100 m and flowed downslope for about 7 km. The Takizawa B 1 pyroclastic flow had a volume measured at about 2, 4
million cubic meters and flowed out in a short period of time., Takizawa B 1 pyroclastic flow occurrence is that it
flowed into only one valley; no traces of the flow can be found in other valleys within several hundred me-
ters of the source area. The high density of volcanic fragments and agglutinate blocks in the Takizawa B 2 pyroclastic
flow and Takizawa A' pyroclastic flow deposits suggest that they originated from scoria cones and lava flow. Conse-
quently, the mechanism of the pyroclastic flow occurrence was presumed to be the sudden collapse of scoria cones or
rampart on unstable slope. We called this type of pyroclastic flow a cone-collapse type. We also measured the repose
angle of pyroclastic cones on Fuji volcano as being about 25 to 30 degrees. The pyroclastic deposits originated from the
Takizawa B 1 eruption might have had a similar repose angle, and thus their high altitude position meant that subse-
quent eruptions caused them to quickly accumulate pyroclastic material, develop an unstable angle of repose, and then
collapse.

Key words: Pyroclastic flow, basalt, frequency, scoria cone collapse, Fuji Volcano
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Fig.1. Location map of the study area around the north east flank of Fuji volcano.
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Fig.2. Columnar map from the north east flank of Fuji volcano, during the last 2, 000 years. Location is shown in Fig. 1.
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2. FHIBOT T ROKERER

AT I I R 4 3, 000~1, 100 m @ F H & 1L 1 — & iR
MR JE L K UL E L A OFEE 1, 050 m AT 12203 T
DML TH S (HS1~17,Fig.1). BAEGEZHS HIC
FTEHLODT T FIZOVTIEE - (1977), B4 - At
(1987), =i (1988) ZE&xflb L7z, LA - il (1987) &
HRL72T 7 73 OFAEIC & o TXEI S Nzl E
FNLKINEBWOKRIMTH Y (AR - 142,199), BET
K - K - TAREFFR T 7 IMICEENL5GE
MNdHbH. I LT, WTH (1964a, b), =i (1988)
IR - KT - BB EHR e 5 A TE Y, B
FICEEXEAT) ZEIETELR W, ZDRORGETIE,
FICBRICIE T B TR (BT A2I)T) 257774
e LTHY, KR - 9N —VIiZonTiRLTLL T 7
T eI LEAKIZE o TH 720 ENEDOBRHHS
THRWIZOH A ERNT I & & Lz, KimHeRa &
B Y REBEOERDBHT AL EDIZENITE o THRER
ELTHRTL, EREICHBELZbDORKE Lz, 20
MTFEE LTI A XK T2 X > TR S, BIKFE
CBEDOFHENHERED IZOWTIIARY — VB, B2 5
LI ICHER LARNEIR:Z DI oW AkfiE & Lz, W
HICHTEES VIR S A SN 525, ZOHEREYICD
WTIRBIEIRE T 5. 72, KR O R A X
HeRE T O RALA R & Wil SRR TH S (Table
1). FREERSRICOVWTIE, dPCHiE®RD "CEM%E
yrs BP LR L, ZOH%ICHINE & PICBEBRIEFEL Qo
) % cal BCb L<ldcal AD & LTRL72. $72, 8°C
HIEB X OVEAEBOEFEMREDR S L5 DL o EAEIC D W
Tl yBP (3°CAMIE) L EKiL LXH L7, JBFEBIEE
Talma and Volgel (1993) (2 & %. F7-, KWl o

AT EEEL, HEREWICH 30 cm FIRO R E IR Y, i
Hefy (LIRS 1.524kg/ ) (2 & o THEM LEHIN L 724
RTHLH. DT, TULSIHICT 7 IBFOFHMEIT .
2-1 S-24-1

M 10 (Fig.1) O S-18ICHIbs b & EZ 5N 5
TAa)T7oOEMIZIE, BE6cm OEALKILKE, EE
2em OFET 2 a ) 7HEREY, JEIE 4 om OEALKILIKEE %
WABEAOm D 2BOBET L=y "o hbETATY)
THREMAR SN S (Fig.2). A3 7ORZEE, T
=y FTIEFEO0.5~1em 2*5 F#f 1~1.5em 1221 L,
iz =y bCTIE0.5cm& %5, RBIZEETNE AT
T DI R L, A3 TIRA O fRE R L,
ZOREMEEY S-24-1 (B4 - ,1987) (Zxfkhs s, 2
B, AT AL HRES, BRALRBES (&
J&,1968) 1 S-24-1 D AL ET A, ILTE - 4B (2005)
X, S-24- 1 ETOHEEL Y, cal AD 140 &0 FEAfE % 15
TWwb. S-24-1 OFERIEMHK %~ (Fig.3) IR,

2-2 S-24-2

510 (Fig.1) TlE, S-24-10 EfLICBE 1 ~ 2cem
REOHWEACKIKRE & He AT AT THREDH LS
N5 (Fig.2). KEDOZa3) 71X, WA 5 ERIROEIR
R, HI AR TN L, ZOEMH, BALH
55-24-2 (EAZ - f8,1987 ; £42,2003) ISWlE e,
2-3 &R B1 KEER

FIRE L O L HIE & 2,800 m 2 5 1,250 m 13T D i
Rl & LZEDEBRORRVIZIE, S-24-2 D FALI2E
B EOREBEREZ & TWKSECHEDO AT 7R E
BHwE L, 82 HBET2ABRERYITALOSNS
(Fig.2). AR O FEIZ I3 REBALARE S L TFEBICIZ
RAEKRR DL CEEN L. REEDICE, BEOFHVAY

F1 MC SRR E R,
Table 1 Results of “C dating measurements.
. S 1 Measured Conventional Calendar Age
Pyroclastic . Loc.No. | ~ampee 14 5 B¢ 14 £
flow Name Material (Fig.1) (Beta C Age % C Age 2 1 I
& Lab No.) (y.BP) (%0) (yrsBP) o c ntercept age

wood No.l2 |Be@ 2020490 | -28.2 1970490 |BC 190-AD 240| BC 50-AD 120 | AD 40
charcoal 160140
branch Beta-

TkzPfl-B1 No.9 1700£50 | -25.0 1700£50 | AD 230-430 | AD 260410 | AD 370
charcoal 160141

h Beta-

branc No.9 cta 1540460 | -24.2 1550460 | AD 400-640 | AD 430-580 | AD 530
charcoal 160142

Tkopa-B2 |00 Noa1 |Pete 1820440 | -26.9 1790440 | AD 130-350 | AD 220-260 | AD 240
charcoal 170314
wood Nog [Pet 1580£70 | -263 1560+70 AD 370-640 | AD 420-580 | AD 530
charcoal 158786

TkzPfl-Al
branch ¢ [Beta- 1620£40 | -23.7 1640+40 | AD 340-530 | AD 390-430 | AD 410
charcoal 161356

TkoPolar  |PRCD o6 PO 1480150 AD 240-880 | AD 420680 | AD 600
charcoal 169929
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Fig. 3. TIsopach map of the S-24-1 scoria fall deposit. The numeri-
cal value by centimeters indicates of thickness.

SR RHA RO E Gh, FRIKOZa) TR 6N 5.
RUEFEYE, bAZ - Al (1987) AR$ S-24-2 7 7 T2
FND KR S, HE - (2002), i -
fts (2003) #STEIR B KB HERE Y (TkzPfl-B) & L 72 %
DIZHLT 525, FEEIRT LI ICS-24-2D Rz
LREHOKRFS2BRONEZE LY, KBEZEIRBI
KWt (TkzPfl-B1) &34, S-24-20FTFAa) 7 L
IRB 1 KBBROMICIE, WM HER 2R3 R IR 2 &%
Ze\, KRR HERE ) O TEBIC MR O KILAD & AR E L
MRS AR D S TRIEDN T & A EZLE§, —ZE IS
W RRIEAR Z &Gk —VEPERONSG, Z0 BT
&, BIEIRAA4~5m 2% 5 KO EC KTE R S
N5 (Fig.2). #HIRB1 KR OY — TV @H 5 /AL 72 %
b L7t A X 1,1,550+60 yrs BP (Beta-160142 ; cal
AD 400-AD 640), 1, 700450 yrs BP (Beta-160141 ; cal AD
230-AD 430), Hiri 12 TERELL 7z AR X9 1,970+90
yrs BP (Beta-160140 ; cal BC 190-AD 240) @ cal AD 40
~cal AD530 DEA R S N7z (Table 1, Fig.2). 4% - i
(1987) 13 7] K B3 i HE A& W & 1 1.5~1.9ka (1,560+
80, 1,680+ 120, 1,730+ 120, 1,900 + 100, 1, 890 + 100 yBP)
ZNTAELERTBY, (Lo - il (2005) b FEAL & E 2
SN L HEREY A 5 12 1F A CHEPAO A EHE 2 HF TV 5.
o pi 9 TIRIRAFIRIED R VM D jAL AR 2> 5 cal AD
530 EHDAEMMBEE G722 & X ) IR B 1 K I cal AD
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500 B ICHERE L7282 55, IR B 1 KFERO IR
FroOFEMRMEIIES D EARE VT E LT, @B 1 K
A, ALHEE O —HOTEE O WM ITFEE L 72 KR TH
STl EREETLE, BEREIHFEL TVMAL S
ERATHT L7ZWEEMEAEZ NS, ERB1 KFHTD
L <13 S-24-2 28545 4 DAt QLB IX, Ak & lE
TERNFEESTAHEIEFIND L) RBEETH - 72 et
WEW., KFEIZBWTHS 22 2% - /2R B 1 kRO
A, FEE 3,000 m AT A S FEE 1,250 m ik E T &
oTwh (Fig.4). iR B 1 KD & HEFEY) O
JE 20 & 5 T 7 [N X ] % 47 v 500 m 48 |23 TH S &
W UHERG = 2 B L 72 R, Bl A SO A0 O
#2.4X10°m* & 7 o 7z, WEIRB 1 KW O3 T Hi#E X5
~TkmBBETH Y, KBROHEIRT S ERIEHEH/L
W N 3 H/L=0.25~0.27TEL 2 5. &
OEIZEMEBETRE L2 KRR L IZIZFABETH
(H/L=0.21~0.45, 4 - $fH,1992), #EEIx$ 5 H
JSLAZDOWTOHYEMO KR E FEETH L. B, it -
b (2003) 13 MR AHIE & 0 EIR B 1 KR O HERE IR
% 500C MLEEHEE L Twa, @R B 1 KO E S
L AHEREH RN ORER, ZOA T HEIL1.80g/cm’
k&ofi.ﬁh

2-4 &R B2 KEER

FEFHE O TG O R )1 & B-E N D /N O il o i s
11 (Fig.1) i2iE, S-24-2 ® LALICIRKEIE 6m 127 % K
Ve s A S b (Fig. 2). AREREWIE, & TEEOM

5km

4
Fig.4.

IR B 1 KB HERT ) D 534
Distribution of the Takizawa B 1 pyroclastic flow deposit.
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W~HAb 26 % A E 20 cm DK — VR L, 0L
DIKREIED 6~Tm KILAKRF %% < & HMKLFI2Z L <
FIAE 10~30 cm D H AL % 5 e R0 R I Ik O VN KR 12
SUIHNL. KPERETORE SR ERR%E L Twa A
BEPEVDDO LR L AT ) THLELEENE.
¥/, 7o—2=v bOREFICE, EFE2mIET S
KEEHERBEDOT VIV —F 42— FOEWRDPALND
(Fig.5). REIZHERB LK E %) RRRBEO R W
23 THEL, BRIROAT) 7hAEEN L, #IRBI
KRR BNICE EFNAIAEROFEAV A O N W
EIMNBRLE L NS, WIRB L KR & 55 EIRB 2
KFEFE (TkzPfl-B2) & L7z, IR B1 KReHt & @Ik B2
KT, S-24-2 7 75D OB THHZ L L)
F—fgHe & 7 525, WHEDBERIZOVWTIEHL M ThR W,
S-24-2 LR B 2 KB OB T 1E, JBAL KK AN IZ &
AETE SN TV, @R B2 KIICE 5 RIbA
F DR e F A DFF R, 1, 790£40 yrs BP (Beta—
170314, cal AD 130—AD 350) @ cal AD 240 G % 15-7=
(Table 1, Fig.2). &R B 2 K ORSE R & 2 HfEH o
BT EEEHAOAER 1.59 g/em® & %2 o 72,

2-5 S-24-3-S-24-4-S-24—5

M7 10 (Fig. 1) Tid, ®WIRB 1AW LA ICEE

5 #4011 TOMEIR B 2 KT O HERHEE.
Cha. . AibtARH

Fig.5. Depositional structure of Takizawa B 2 pyroclastic flow

deposit at Loc. 11.
Cha. : Charcoal.

10cm BEDORIFIK LD ER O SN E T /v— )
HeFEW % B AJBIE 2 cm OFET A 2 THEREW AL S5
(Fig.2). AP DO AT 7 ORAEISmm U T TH Y,
A3 T OIAEDE L H T APHERICH O S, 2ok
ALICiE 2 em O ALK ILKRE % HARETE 1~2 cm ORET A
oy THBEWSARONS (Fig.2). AW ORA ) 70
KIS mmUTTHY, 23 TORMERSL AT A
ARBHERICM D, 2O EA7ICHE 2 cm O JRALKILIKRE %
AT AT THEY SR SN S (Fig.2). KHEFEW O
A3 TORZETIem THY AR >R ETAHDD
B, THO2BOBETAaY) 7THEWIIEH2S, S
-24-3,8-24-4 (E# - f8,1987) kb s b, F72, k
MORET A 7HEREW I S-24-5 (145 - 1B, 1987) 124}
lEsns,

2-6 &R A1 KEER

8 (Fig.1) TldS-24-5® EALIZ, JEIE 4 cm O &
LIRS % e, BIEAT1.5~2m DIk E I
B OKLT- 2 HRERR S 5 KIERHERE 25 & 1 5 (Fig. 2).
RKTHERE D Z, DO 6~7 OETIRBEL KK
20m 2% 5. KERHEREY O B IR mmIbos 4 o,
T RIERA DS & TN L. ARPFHEREY (X H
B -t (2002), i - fll (2003) ISR E N TV EEIRA
KEERHERE M O TERB 24725, AFEOKE, BIRA
KR AL KK ZIXE) S % 3 D DOHER A & HERL
ENTWAEZEPHLNE R 572, Lo THE - i1(2002)
DI A KR O T TEE % IR A 1 KI5 (TkzPfl-A 1)
EHER L. B (1998) dbtE BN OREES
DA S-24-5 7 7 T & Bb N B K & s L Tw
BH, KM OKBRE —HT AP AHTH B, S-24-5
EHEIRA 1T KO I ESL XK E 25 H S g —E
W L o TR SN EZEZ 6N A, HIRAL K
it & IR B 1 KR E R —HS TR O N D GEDS
s, IR A 1 KR ORI B T AE TR
BAREAD) THEENDLIENI, HEEROZ Y 7B X
OCHRBDOFREDAT) THREETNS LW TH L. &
WA LKRBRICE TN ALK (HT6, 8) DFLH
E D HE H1,640+140 yrs BP (Beta-161356 ; cal AD 340-
530) @ cal AD 400 tH & 1,560+70 yrs BP (Beta-158786 ;
cal AD 370-640) @ cal AD 500 EHOEAEDTG H N7z, &
RB1 KW E S-24-5 B X EIRAL KIEROMIZIZ T
N=VOREFRIZR SN LD TIEOFZII LR {, BFE~%
TEREOE I OMICHER L/ ZE2 55, il - il
(2003) (X MR SIIE & 0 Z OHEFREIREE % 580°C Ll I &
LTEY, WMIRALKBRIEEBEAFOIMAZ Y AA 7T B
WAd ol & afHL7.

2-7 &R A2 KEER

W8 (Fig.1) TlE, IR A1 KFERD EALIZEE 8 em
DFEAL L 72 KILNIKIE % e, 5% HAE LIBIE 10 em~ Rk
Bom (2% B KWEER AR 5N 5 (Fig.2). A KGR
HEREWD I, WEIR A1 KBETE L B )Rt KIBEEZ 1T & A
EEET, WIRT I A”» ORI L - BEORE AT &
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IR A 1-A 3 KA HER) O 59
Distribution of the Takizawa A 1-A 3 pyroclastic flow de-

L, WRAL KRGS ORICESLKILIKRE % $d 2
X VEIR AL KRERO AL OO KRR & % 2 5
N, RMITBW TR A2 K (TkzPfl-A2) L EFET
5.

2-8 EIRA3KER

58 (Fig.1) T, TkzPfl-A2 @ EALIZ 2 cm O JEAL
KILKRE % 3 AEIE 40 cm~ %% m OBk O F K He
WHRSNE (Fig.2). RAEGERD OHIZIE, BRA
1 KRR EIR A2 KIERICR SN WS ) 757 —RD
KINBEADSH S N S O KW & I3 R D, RIS
BWTHEIR A3 AR (TkePfl-A3) EEFET S, HIRA
2 KW & IR A 3 KFEGEO B 0 BAL KK D 56E 13 A
BChY, HREMEELEVEEZONS, BRAL K
T~ IR A3 KWt E, FASIIARHTH 5 AR 1,200
mfEEFTHR LTS Z EDERTE 72 (Fig.6).

2-9 S-24-6

Hri8 (Fig.1) Ti3, WIRA3 KWK EAIC5 em #2
DRALKILKE % A EIE 5 em DT A 2 ) 7 HEEW A
RoNnsd (Fig.2). MBI O AT 7 OREIE 1 em 2
FETHY, A3 TIIFIMEDLTE AT ADSHHER AR O
R RS R A 2 e S, §-24-6 (bAs - A1, 1987)
R E NS, EIRMGE DR 1,750 m O 5 1213
HE (1968) 12X o THlf & SNz ke (NEG KL,
Bak) 2B B, ARHAEMN AR & ) B L 22T A
a9 THREMASR SN (Fig.2), A3 7T OEEIE L
H T AHHRHEIRIB 72D DA% A B S-24-6 12T lE &

261

AL

NS Y%
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2-10 /NERBAFER

Hii5 (Fig.1) T, S-24-6 O _EALIZIHIKAE C [FE
DA T o %bKEmEED PR OsN S (Fig.2). K
Wi 213 S-24-6 L [RIEAL L HEE SN D S-24-6 D LT D
KRG T s ST W AaEWnE & X ), NEE KR
(KtbPfl) & 5%EFe L 72, KtbPfl 13 Z D/NFEAT KR T2 12
DI B T & o B/NEARG K 25 & L7240 T/
BB KRR TH 2 LB BN,

2-11 &R AREETR

L5 1,600m DHL A 6 (Fig.1) TIE, S-24-6 @ EALIC
lem BEOEALRE % A, 2K LBIE2.5~3m ik
B UKD FEN KPR ORI A3 A S 15 (Fig. 2). KFfi
WREMICEINAZT) TIZIEZREDL SR, K
TR BRI ISR LR S oD, Z oI
Wix, & FEBICEIE 3 em ORFE0.1~0.2 cm O SR H
Sl Rt E e k- VB R RN, 20 EEIC
FAEES~10ecm OFIEEDENZA T ) T2 GABIE2.5m
27 AR IR KB s i o b, KEEE ki, 2
70~80ecm BEDT Vv —F +— FOEMFROND. it
¥, S$-24-6 O EALZ I KIRHERE W IR SN TB 5T,
RIRIZB VTR A (TkzPfl-A") & EF%T 5. S-24
-6 LR AKBE O M X KNG o HfE D L o % Lo
RS H > 722 5N b, MR AKX IZH A6
i T O RIER S NZEDEFRGITHS N TIE RV, EIRA
KR TFERD K — VR IZH &5 N B RO ALK 2
5 1,480+ 150 yrs BP (Beta-169929 ; cal AD 240-880) O cal
AD 650 EHDECAE % 1572 (Table 1, Fig. 2). iR A"KWEHT
DG ER & 2 WREBE T O R, ZOHRDITEHEIX
1.74 g/cm: S: Hol

2-12 {EREINE KB

FEIRMRIE O #& B WA S 2,000~2, 300 m DA R /INE A
(Hb 7 15, Fig. 1) fFm 2 &% HA LT (Mt 16, Fig. 1) 12
P THEET 2 KRR AR SN D . KT
WcEEFhs2a) 73R E S IZIZFAEOS O LIE
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DEHETR-A KRS, ELIEEE (2003) & AFRATAE R XD VR,

Fig.7. Distribution of scoria cones and ramparts on the northeast slope of Fuji volcano.
Dark lines are scoria cones younger AD. Yk sp. . Yakeyama scoria cones, Ko sp. . Kotakibashi scoria cone, Yg-A sp. . Yoshidaguchi-A sco-

ria cones, Yg-B sp. . Yoshidaguchi-B scoria cones, Yg-C sp. . Yoshidaguchi-C scoria cones, Yg-D sp. . Yoshidaguchi-D scoria cones,
Tz-A sp. : Tsubakurosawa-A scoria cone, Tz-B sp. . Tsubakurosawa-B scoria cone, Yn-A sp. . Yoshidanamesawa-A scoria cones. Com-

piled Geographical Survey Institute (2003) and this study.
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DL EEN, K& OKRTHERWE T O A0 EHEOIK
WEETRa) 7 E R L MEEZRY. WIRB 2 KWR,
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DT TIV—=FF— MaWrEINns. $72, ®IRB1 AR
i, AR TRRCEROR RO Ziis. o
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8 B KINALHBHIEIRA T B 5 KR DOFEL (Tajima et al ., 2003 & —HFeL) .
A) FWESETTHEADIRE Y, KR a0 2R EICHERE LK DR S 5. B) ALE L 72K BIRL, KFiA
FEET 5.

Fig.8. Generation of pyroclastic flow at north east flank of Fuji volcano (after Tajima et al ., 2003).
A) First the eruption began at high elevation area. Hot material was accumulated on steep slope. Pyroclastic cone and ramparts grew gradu-
ally. B) Unstable pyroclastic cone (ramparts) on steep slope collapsed and the pyroclastic flow flowed down.
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9 IR B 1 AKRERO Mde-op X (HIE - fib, 2002 % — k).
H IS Walker (1983) 12 & - TR S L7z,

Fig.9. Md@-go plotted Takizawa B 1 pyloclastic flow (after Tajima et al ., 2002) .
Each field lines were shown by Walker (1983).
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5.
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3 20% BEEL 2> Twa (Fig.10). 2O &b AKikR
DEELI-LEEAIE2°~30" BELEZ LN, ZhE
DIERN 72 B E AL URESBE LR T b L
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e RER O KR e BESE WG E LT, K%
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Fig.10. Frequency of maximum slope angle on pyroclastic cones
in Fuji Volcano.
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