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Takahiro Yamamoto (2014) The pyroclastic density currents generated by the September 27, 2014 phreatic
eruption of Ontake Volcano, Japan. Bull. Geol. Surv. Japan, vol. 65 (9/10), p. 117-127, 5 figs, 1 table.

Abstract: A phreatic eruption occurred on September 27, 2014 at Ontake Volcano, and was accompanied
with pyroclastic density currents. This currents shot by the Chubu Regional Development Bureau’s
camera at Takigoshi had the following characteristics. 1) Pyroclastic density currents occurred in two
places (Jigokudani and western-flank) at the beginning of phreatic eruption. 2) The eruption column
collapse height of the pyroclastic density currents did not exceed 300 m above the vents. 3) The front of
the pyroclastic density currents traveling down the southern valleys moved at a speed of 8 to 20 m/s and
reached 2 km from the vents. 4) Conspicuous secondary plume was observed rising from the current to
ca. 2 km above the valleys; this suggests that the density currents possessed sufficient heat for the ash
cloud to have risen due to its buoyancy. 5) However, no charring of trees was observed by helicopter
observations. The Heim coefficient for the energy cone slope for the density currents is 0.45 to 0.55, when

the column collapse height is 200 m.

Keywords: Ontake Volcano, 2014, phreatic eruption, pyroclastic density current, Takigoshi
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WERAE S R 1A <, 300 mA KE LA D Z &g o7,
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LLTERG O JR 7S OPFTEERIZ 2213 T, ALV 5 BN
B E ISR T3 (Fig. 15 FEIEA, 2014).
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Fig. 1 Topographic map of the summit region
of Ontake Volcano. Red solid lines,
orange arrows and blue dotted lines
show the 2014 vents (Nakano et al.,
2014), flow direction of the density
currents (PDC) and outline of the area
covered by the PDC deposits. Pink
stars are assumed vents for calculations
using the energy cone model in Fig.
5. WV = western-flank vent; JV =
Jigokudani vent; SV = southern-

et A flank vent. Topographic map is taken

\zs _ O Vent of the 2014 eruption|

*
»

Assumed vent for ‘

simulations

Flow direction of the

2014 PDC

Outline of the area
_ - covered by the 2014

PDC deposit

from GSI Maps of the Geospatial
Information Authority of Japan.
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T & W) H O RIS 20 & HR e 2 3R T %6

it A 5 9 DA 52 L TUr B (N,
&7z, KA S KR

1979).

13, =KE520004F-8 H 29

HOW AR M2k BEBE20144-8 A3 H DM AT 34
LTkD, LAV VIEKIZMES & D LD & ARAEXE
KIZHES B3 OB IE .
DOWUGEH 5 S RO KIEROFHE % LT 2L DTH 5.
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KD 5 DWERIPERTE ANEIZH D E DD, WY
H®9H 27 HIZIZREE 2500 mAl#: 12K % & DD Ik
20, INTEHEEN T KRIE, EKBHIER 1
%0 11:53:00 ISTAH & MURCTHERE T &, KIFWIZTES
JKZED B A5 15 73 FERE 5 L TRtk < T 3 (Fig. 2).
ZOHEZ, PTD4DODT 2 — X3 TF B3I EMNTE
5.

2-1. 7x—2X1 (11:51:45 ~ 11:54:54 JST)

[P IXILTHO RS ZE U 7=l REE 1l 143 b i
REFHARKELL 72 115257 # KB & LCn 5. JE
BOMIYE T, 11:51:45 IST2 5, INTENEDREGIRDE
OH» 5 HEBEOEMNRHTH2IZ F— 4 FIZIRE LB DI
AT A SR TV (Fig 3-1). Zhik, MER
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Fig. 2 Photographs captured from the Chubu Regional Development Bureau’s camera at Takigoshi. (1) The pyroclastic density

currents cascading down at 11:54:30 JST; Phase 1. (2) Secondary plume uprising from the pyroclastic density currents
at 11:56:10 JST; Phase 2. (3) Downburst from the secondary plume at 12:01:35 JST; Phase 3. (4) Laterally moving ash-

cloud at 12:05:25 JST; Phase 4.

PEWPN LSO 70—, INHO RN 6 84 L
EDETu—-WEINXR(Fig 1). 7u—13, T
BRAWIOIZ 11:53:00ISTIZE IR A 5 B, Z OLmA S
OIS 2250 mfhE & THEA 728, BUROICEIICH T
20— TLEMRAROBUMEIZIEEST 50— 7125
PRTHEFLTWA (Figs. 1 & 3-1). MlZ#AZT—T
DT B EIZH > T, 11:54:38 JSTIZIXIS 12 F)5E
L, FEEIEL T3, #HomiuIkmicEns 4o
O, BEEETHIZIAND BB RN, KPERENEROIE
EIRT TS, JBMRAERDBL 729 — 7S FEIELNZI8 I
FEHR LA THIEL TH B K572, midERo#Ic
EOBYRTIIER TS ZEnTELN. —f, 7u—W
EAEREE OH O T L1211:43:08 ISTICZE[M 2 6 Blh, #k
B O SRhm &2 fHi B e h 3 2 & <i3m -

IZEDE LTV 3. BTV OO NLE 1 11:54:15 ISTD
W3ILTEMTEDSD, ZOHRIITIT—IOHHRIZAS
72OMSCHERTE AL 5 b, MF TN ENSFFETE 2
B ORLE & R A 6 K8 72 KFFE el o g 1,
Ta— I8 ~20m/s, 7T — WH9~ 12 m/s& HEEd
5N 3 (Table 1). ZOHEL» LW TS E, 7a— 1k
HWIRANO K25, 70— WITH ER#FEmO K, 5
B2 TERBRIIEIERIICRE L2 L TR
K, ZOWRERT T T — J& I S 72 KI5 5 OIENE
WWREIROZED FEISEL TH 6§, Azt xue-
FRERDORYED S 300 mE KESHBA ThAnEHEE
ENB. INTEHIZ 22 5EZO AL < #EL LGS 5
DI, KWERFESD 11:52:20 ISTUIFETH 5.
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Diagram showing the movement of the pyroclastic density currents (PDC). The contours represent the
outline of ash-clouds shot by the Takigoshi camera with 5-second-intervals. (1) Phase 1 (11:51:45 to
11:54:54 JST). (2) Phase 2 (11:54:54 to 11:59:40 JST). (3) Phase 3 (11:59:40 to 12:01:46 JST). (4) Phase
4 (since 12:01:46 JST). Kn = Kengamine; Mm = Mamahaha-dake. J1, J2, W3, etc. are shown in Fig. 1.
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Ik APRROBEREZ &g, M1, 12, W3S IRIIREh T g,
Table 1.  Arrival times and speeds of the pyroclastic density currents. J1, J2, W3, etc. are shown in Fig. 1.

Point Arival time Lap time Horizontal distance Vertical drop Velocity
(JST) (s) (m) (m) (m/s)

J1 11:53:04 0 - - -
J2 11:53:42 39 275 140 8
J3 11:53:53 11 135 50 13
J4 11:54.03 10 195 50 20
J5 11:54:38 35 405 175 13
J6 11:53:54 0 - - -
J7 11:54:16 22 315 90 15
J8 11:54:38 22 290 180 16
Wi 11:53:08 0 = = =
w2 11:53:51 43 305 225

W3 11:54:15 24 225 175 12

2-2. 71—X2 (11:54:54 ~ 11:59:40 JST)

RILIIE % 2517 U TR T - 72 KRR O S 21T
1EU721% 8, ZOEHRDOIKEIZBIZIAND 2855 aiEd
ez, EHICE» > TEERL, SEFE A R
#K3 % (Fig. 3-2). . KMEEO E5A#EE I 10 m/s55 T
7a—JOJIED» bR B WK LA EKY, ZDIH
BRI 11:56:00 JSTHEIZ (NTHE & &8 4, T2 E5 &K
T3, EAIC K 2O UG IRE) I3 11:58:00 JSTiE
XFETHL DT, ERME»SHIW L T2 km¥ 22 E T
ELZE0EALNS, D, METREAETOED
B TEEB O K O A & LA U BN 72 2 OF < I OEIE &)
MRTH5ZLMNTEL. JBTOREL -4 —TI12I
WIS A o h 2 ILTEL SIS s a—iF, Zhb
D _DODEMDEDLE 5728 DICHETEEDEALRN
5. BHO 720 6 OWYETHERR X iz kiR &k 5 HE
TP (FPERE A, 2014) DS B, D & MG THERT
BB DEDIEIDT = — X2 TEKRI AT
5.

2-3. 7 1—X3 (11:59:40 ~ 12:01:46 JST)

FAILHE 2 FEN T o 7o KRGO RSO FA255F D
B &< H, 11:59:40 ISTA* 513 EZ2DWEME D —
AR LIED 5 (Fig. 3-3). FREREIIEEDO 9 —T125h
PNTHY, J4LT7ENE 10 m/s5DOMETET T 5
D Ly T 2 — T3DIRITHERS &N T 5 KR,
MU CTHERES 2 Z & 1d T &E A,

2-4. 7 1—X4 (12:01:46 JSTLIFE)
TREFROE T HIES A & B B> 22 IRE SRS NS IA

20, FHElOSE 2 EWETE B2 & MV ICHED 5 R
HRWDIZ® 5 < DiEW B2 > Tn< (Fig. 3-4). B4 5
JKEE, WUETFRT, ThbB MFICIENSEZ kL, X
ICEAETORANFEN TS, ZDZEIZ, ZOKEOMHE)
D KIEDOPERIZR XN TN Z LA RBLTHED, K
ZHRIZESOET T XN F -2 IFEAER STNZT
LAEBHRLTWS, BHO %, 6 DEHETIE, KEM
WHOEMRFHAIIZ L A EHERMIIHEE T X v, R
TORY L — & — TIiF 121520 27 5l #£ 12 IHTEEB 2> 5 7000
mEFTLEFLHEIZZLZVCLS I -DARREZLENTVWS
2, ZORERE TITIEKIEA 5 O R ERHIHE L 7=
LOLHWrENnLS.

3. X

3-1. KRR DOHFH
SRIOKEROFIMAEE L2 L, DLTOMWMD TH 5.
1) AW, WK BRAAI O 11 1K 52 43 B2 LU TE R 00 5k
Ao EEBaha & I LTEO P4 O 2 & AT 2> 5 IZIF R
H U7z 2) KRR AE R ORI S 13K <, 300 m% kK
EMABZ Ed a7z 3) BBV ETRN T 5 K5
FIIROMEIZ8 ~ 20 m/sTH 5. 4) B EHN T - 7=
KRG & 1 Z A 22 R A 1222 kmF2lE & € RS- L
72(72—=X2). ZOZEFZKIERN D HFEEOEE %
FioRhTh 722 L E2RBLTHED, IKENAT LR
HLCFhEB-e0LETcE %, 2770, LALE
TR B TmRe E N, K5 5%ICIE PR A AL
SR (7 2—2X3), ZTOHKMEWLA (T 2 —24). 5 F
KBHDIFED EZ225 6 OGE (21 REIEA, 2014)
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T, WO HR AR H RE U 72 KA RO
TR 2R AR & > 72 0 — TIRO R (3R ©
o, KIFEE I T B OHER A < U &
BoTd. 6) KidiiiA i U 7= i Tl A O 115
RKK, RAGLERD 51T, KEEAE RISBIAR & f 33

IZEOWE TR r -7 L &b (BEIEA, 2014).

KPR 5 O RO _EHEFEIZ DWW TIE, Wood
and Kienle (1994)® 199040 7 5 Z #1 Redoubt’X LI D fiftfl
BWBEICED. $Thbb, “REIEE SO
BELEAE WY —2LE LT LEAT28DTHD, %
DOLFABXEY - LOREOE L &> Tn5b, IS
=L OYIIRE £ 100 CREE T2 L, —vIH
X2 km¥ E T EFT 57291213 10°) B O BEVE 2 2
7 Z L HWood and Kienle (1994)DFig. 10-bA* & ft AL
N3, SO AR O R A G 5 BREE -
722 F1%200 mOBRIK (RRE3 X 10'm’) & L, BEE KK &
AU 1.2 kg/m®, H#EEKZEKEFT2.0X10° kg KET
3L ZOEEIMFEENS 10T &z TOT, KR
FRDER O HLIE A3 100 CHIH T b UL 5 R0 R |
FIZIERTRE CH 7z AEh &S,

3-2. KFESIME K DIEEZE)
SRIOWEKIE, U 22 KILKRER I O A 6, &
B~ ~vWE % & EWKRAKREKEHawmIT ohi
(ErRIEA, 2014). KK OREEOR 713504 B S Fr A 4
HD0 %Ll L& N8, H¥E-Z2 ) A MNTA )Ty
v A WL BOE - B Ao 454
b 7 EDOEOKGEM S EDb NS, TS DRSNS R
BRI K 2ZEMEMATRELTED, 454 bOARE
JE1E 200 CFAELL ETH B, FAE L 22 KBTI SR 54
5, 2Ok BAEKEKOREEKM Lz DEEZ
bh3.
KRAERMEKIE~ 75 6 OFUZ K D EE - TIIE & h 7z
IRTETPHZE L T2 FARAY, SRIEIS RO ERIIZ XL
L CHb RIS K BIR T h 5. G AR s Eok
0 AR JGERE A M T B EEOS A2 5 50, &l
D~ 7~ ERITIERIZ L - TR - e ha Z &idn
V. OREUK & RS IS EEREEIZ 5 5 & D0, EEuK
DIENPEFFEEERELBA 720, IWEOEFIZ L D #H
7= BAITEIIL A SR X =380, INEOK O s —
TUTHERE U CRERIBRICN 28D EZ SN TS
(WJi ¥ Hedenquist and Henley, 1985 ; &1, 1996). WkIT
IZPECBEVR SR ZESICEE T2 7 7 v & 2 BXIE, #
BARIIKDOANE 55 Z L, ROE»DOMETKEREAIE
BOPHICH 5 2 &, W THOBEREVE DL L
TUTDLIITRE NS,
X=(Cw+Cr/R)(Tw-Tv)/L

722U, CwidKDERIE( = 42X 10’ J/kg K), Crid
KK D EEE( = 1.2 X 10° J/kg K), LixxAbE( = 2.3

X 10°J/kg K), RIIAKBEE U2 REE OB R, TwidH
CHZE L 728 B0k O E, TvidK&IE N TOKD
Thd. vl K BMEATRIRES RO FAIZAET
2 I KEEIHE SRS OZ22f R L IREHR IR & <REFL,
RBRNPRKENE EEINEEG TR & TS ORI
INEL B, £z, v EHALZORWMEIRE AR
B LY, BUKHRRIIEK & T3 5A IS IEERT
3 B O WIE P BRI (R R S R A 75 )D& &
725§ 720, W TH SHNERILROZBERENFH L <
T3 % HCPAZESER 2346 2 34T L Ty % (Hedenquist
and Henley, 1985). HCPHZE L 7= BAGEIEN DT 154
WZERL, Mo M) H—I2kh Zhpn 208 pik
N7BRII ARSI & 5 2 TREME DR & W,

Fig. 4-1137KZE AR FE DR YY) (Bok & 858 L 7= RS O
BEY) O 1RETONIL 7B %, WK E Z ORES
DRBEELEZFEZR L7728 D THh 5 (Yamamoto et
al., 1999). WEIK L RESOWREEZ, 150, 200, 300 C#%
HE LTS, WO SIL 2 B, EEUK O 2
FVIEENE L, pOMBOK RERA A/ NN E
KEL 5B, —F, 77v¥ 2 BE @BV REESIRA
EREOHBERD D, RAWBT/NEWTEKRTIET T v
va#ENR10&KD, 100 CUED T A LEEYIE K5,
RAITIRBENRKRENEE T T v v 2B BMEL &Y, 1E
OO KDEAEEMT 5. LA Lkrs, i
MIOWHOAKDE LD &, WS h-REEDORD AN
o BRI 728, FBRIZT 7 9 v 28R KEN
I EWEHMIOD I 2 EE N K E L AEANBNS.

Fig. 4213 K ZEXVUBEFE O P A [F C < 1RETK
KEMDAATTE ZHIED /N 7 FEEERL TN D
(Yamamoto ef al., 1999). WEH P23 mEJHFE & U CTRE L
T LR 27201213, EEIZHD A 7= KK D
BTk L TRRP CERENAERTILENH 5. L
L, m?%ﬁﬁwﬁmmwﬁiiﬁkﬁwtb B
L 72 A D < % 7201213 K Z 2RI A fEAET 5 (1
5t2mn.¢&b%,ﬁﬂﬂﬂmﬁﬁm<wmcuhx
POMEK S REERA S REL vl (EHNc & %
NBKMEN T ED), WL 6 AKEHDAATY
RETIBEFEOWIE NN 2155 Z 213 b D320, W
MM L L DRI E EODBRIZE, 75y v aERn10s
0, KBTI LU TEERT, AiiE 2D 030
B AL 8 2 W 3 364 L R4 (Yamamoto ef al.,
1999).

RRED X 5 2 AKFESURIE OVERE D — AR B A W E &
% &, SRORETEKEUTOX I ICHHATE S, §
KbH, SHIOEKIZ 1979 EREK & 132 % 2 57T Tl %
Ty, FHICKEPER I TS, 65T, B
TGRS A i & BOK  RERRA AV & <, K # F82k
X ERGT WML Th - 72, KRB ERIZT] 2 Hi<
W 2% 7000 mFERE F T EH U2AY, T O LA

— 123 —



WEBANR 20144 Z65% 9/10 %

(1)

Density (kg/m3)
16 s

H 4K MM U 22 ARZE S - K- BV RES O
BYOEE. NEG T ARDOIRE Z 150,

14
12

10

=150°C

Wet (100°C)

Temperature of aquifer Fig. 4

200, 300C #{{7E LT3, XidA%
XANDT 7y v a2 BHEOBEEIE
2500 kg/m® & L7z, (2) AKZESUIE K OV
M & RSURA RO RIZYIY
WD KBRS DIRA . KK
DEIZX20C & LT %, Yamamoto et
al. (19992 &k 5.

(1) Density of the ejected mixture of

steam, water and rock fragments with the
aquifer temperature at 150, 200 and 300°C.

=i = X is the fraction of steam produced. The

density of the rock fragments is 2500 kg/
m’. (2) Relationship between the density
of the phreatic plume and the mixed
air fraction. R is the initial mass ration

of water/rock fragments in the ejected

----------- mixture. The temperature of the ambient

air is 20°C. After Yamamoto ef al. (1999).

00.01 0.1 1.0 -1-0 -------- 160
@ R = (mass of water / mass of rock)
Density (kg/m3)

3 TR

R=0.1+ \5 *._200°C; R=0.1
. ‘?‘/‘/150"0; R=0.1

. Collapse

0 0.2 0.4 0.6 0.8
Air fraction

WEEDT, A2 SIIIKREC D DM TEZ. Z
DT &lF, MEOKBEESRGIAKRE L 1D, B
WINE LS Teolzty, 7979y aBBE/NEL ko2 8%
ML Tk,

3-3. KESBROKERICH T 5K _ EOZEREIF
G-EVERZ AL TW5 T+ Y —a—YEF L (htp://
volcano.g-everl.org/vhazard/Hazard Assessment/) % F > C
KRB EIR O Bl 55 & 47 > 72 (Fig. 5). Wi R,
[LITE P R O FEE 2800 m (WV), M5k D& 2700 m
MR V), KEINTHRE O 2800 m (SV) T 5 (Fig. 1).
TR AR T 1L, 200 mARE LT b, JVA 5 R
L7z7 a— JOFGERIZ, R0 OBERGRKL0.45

1.0

~ 0.50 CRMREHEH & OB R <, J67 518 & kit
DERAFEDIBA 2858 R BB I T3 (Fig. 5-1).
F72, WV 634 L7779 — WoItl a0 R5E
FAIE, 20 OBEIFEEEREA30.50 ~ 0.55 T SLHiFH &
O—FNEL, RHERO 2L AT & fis 345 2
EPHLSHBE IR TWS, ZThs i kiime LT
AkEW, TAbBEHRBTEDKNEDTH 5 (Fig. 5-2).
SVIZOWTIZEBIZIEBEIIL T EWEDD, WVh5H
WAL ENHOER FI2d 0, BAOERIEDSH D
B7-GThd 5. & LI O TEADEX T, fhikH
FRIZTEE 200 mCHEMERE B L 22 &3 % &, KbRIET B
ATz 2240 2 F =GN E BB BIUED b 5 AR %1
RIZIEM 5 T2 Z 1274 5 (Fig. 5-3).
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B y/L=0,35-0.3

1) PDS from JV

[ km)

Google earth
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2) PDS from WV
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Google earth
8
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Google earth
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$5X

IFY—a—VEFNICK BT ELE
BOFHRAE R, A S 13200 m &
K5 LT\, HeimfR¥ (H/L)1%0.3 ~ 0.6
THEE LA ()RS AOEE1IROIV)
26 ORI, FEBRO KR ENE R &
1%, H/LA045~050TC—3¥+5%. W
HEAD (BB 1KIOWY) 2 6 O KR, #
e oD KW B WL PH & 13, H/LAY0.50 ~
055T—3¥ 5. )l
DSV) 7 5 O KGR, AR DF R I
AU EWTE ERORmiTHROL, Ak
WAERE B ZEA IS, RILEOER
OB % &L IR 29K 4 2 Bhp
5. KRHNTIET A ZEZIRT. Kn=4l »
g, HE &R IZI1EGoogle BarthZ L 7-.

Fig. 5

The results of calculations using the energy
cone model for the pyroclastic density currents
(PDC), when the eruption column collapse
height is 200 m. The Heim coefficient (H/
L) varies from 0.3 to 0.6. (1) PDC from the
Jigokudani vent (JV in Fig. 1). The distribution
of the actual PDC in the southern valley
matches the area of 0.45-0.50 in H/L. (2)
PDC from the western-flank vent (WV in Fig.
1). The distribution of the actual PDC in the
northwestern valley matches the area of 0.50-
0.55 in H/L. (3) PDC from the southern-flank
vent (SV in Fig. 1). If the eruption crater line
had expanded in an eastward direction, erupted
on the southern slopes of the Otaki-Chojo
and generated a pyroclastic flow, then there
is a possibility that such a flow would have
impacted a wide area on the mountain’s eastern
slopes including several mountain trails. Arrows
indicate the north direction. Kn = Kengamine.
Topographic images are made by Google Earth.
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L RIOEZRAK LA TIE, FElH X 712308 X ik
WIS IS AT N 2B I I W - 72, KSR
FIPES KIS~ 7 ER G s vz, BAD
RALZRZ FIEEDEROFTNATIE A, LArLEAS
BERAK L 1888 £ D K ZE U K TIRILTEA 5 6 kmit T L
= KIS & > TRRMBHE R KB OB % & ORK 9
ERFE L T B (Sekiya and Kikuchi, 1890). 7z, &
K R AKILN1900 - D AR ZE M A T, A2 5 Adn
W2 22 gL R AR ITRICE DIV & 5 5 72 b E A
ZRI T (EEPPIFAES, 1901). KRAEZIE KD K
Wi Tdh > T, KIEHER KRR EDRAAEZIZ 0
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BLTHED, KRENKREBELTCENEEZEDOLEM
fRCcx%. 7270, BHOLZEH» 5 ORI & 5 & AR
TIZ K B BIADRILZ E I3 Eh T, ShlofH
AL O KT, KO LTES 6 R R iEih 72 il T
B 72728, FEE L 2KRIZEILE DWW EHTI R &
EHRNTD, BEEOKFEZEL5LTHEN, LAl
N5, KEREATIE, ZOEMOBE» S, Shok
Bl & 51 KITIBI IR K A F8 4 X g 5 <, B L
BAMCENTEREHRTH 5.
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