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Analysis of the eruption column formedby the 1929 eruption of
Mt. Hokkaido Komagatake by using the steady plume model
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The 1929 eruption of Mt. Hokkaido-Komagatake expelled a large amount of air-fall
pumice and a large number of pumice flows with the giant eruption column over 13000 m
above sea level. We apply a steady plume model to the eruption column, and discuss the
physical process of column formation. The initial eruption velocity for an initial gas-mass
fraction is derived from the conservation of solid particles and the mass eruption rate
estimated by Katsui et al. (1986). For eruption columns depositing Ko-a, and Ko-a, fall
units, the initial temperature and the gas-mass fraction are estimated at 800°K and 0.19 (the
initial velocity of 60 m/s), and at 600°K and 0.20 (the initial velocity of 83 m/s), respectively.
The estimated initial temperatures are low and initial gas-mass fractions are high in compari-
son with physical properties of magma deduced from petrological features of the pyroclasts.
These inadequate values suggest that the initial radius of the column is larger than that of
the crater, and that the growth of eruption columns take the influence of loss of mass and
enthalpy due to particle fallout and thermal disequilibrium due to particle size distribution.
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JbHEEED & TS A ERILPIBRETIL & % 5 A TlhEREIC BT 2 @& XIUo—D2TH B, "BAR
$%i3 1640 SEDIER & 4 & L THROED/ N KB SRR £ o TEE 252 5. 5512 1640 4,
1694 4F, 1856 85 & UF 1929 DMK SR B TR L AR A ) RBRE L EE TH - 72,
Z S DWKIBRBIO % T 1929 FOME A MEIZ S (1932) <2 Tsuya et al. (1930) & &ic &Y
ez e PAMRIIT b, BKIEEOFEM L RS I Nz, BF, T ORGSR AN
DEMLRABERRE BEEIN, BRTEAOHEBEARPHE MR, FBOROFBERL L LoHE
Sz (I, 1986).

1929 SEDME A D & 5 1 K & KU 20 5 7 5 EHR 7 BA MO s BRRIC b 72 - T
7)) == NEATHEL ZHE (7Y =7 R R EEEPL2ELREC LA T EE 7
Ja—AEABEINTWE, EH7 Y 22— L0BEREA~DBH I Wilson (1976) 12 & » ThH 5
1, Wilson et al. (1978, 1980)<> Sparks et. al(1986) 7r &Iz L 2R %## T, Woods(1988) iz &
N PRSI FH - BOVRHCHE— SN ETASREE I N, L UEERR R B CE
RHHEER EET N T A= —DFERDEEL IS, 7)) =—AEAORERELE, B
TEREDBATBNCZ L v, ALHBE TR & F 1929 DO DIT D, 1962 EN -+ (1962 4E) 3
L OEBRIL (1977 4F) 1277 =— Rk A FAEL, BE 10000m 22 2 EI BRI, 2
Lo DB KIEEINC DWW T B2 LIRS T4, EADMGR H W E S B 1 C o7 Etsk s L (&
sz, NE (1996) b nEENCHEE L, BADMEIRK E WHBEL L ET N X —
F—D1OTHLBEHEE»BML Y, THo DK TE L 72 EERL BT 2.

Z 2 TIEHAUINEERNCERILOIL PR LN TV B8 - H2HIIc, 7Y a—LETNDT—2Z
AFF4 LT, 1929 FRKTH L R NHEROMIHER Y £ 5, 2, 3OEERTo7. |

II. 1929 FErEKDH#F

1929 F O KIEENS, 6 H17T B OB 30250 50AF ), B0 18 H 03 Krlc# B L 72, Fig.
LicidBsria 2 (1986, 1987) i & 1) £ & LN TRAEOEHKAE L UBARDIAERANC,
BB EEML TR, ZOBKTED 2B TFEAE Ei: Ko-a,~Ko-asD 5 2D 7 1 —
Naz=y MRGENTW S, H7 4 ==y b DEHHEIT Ko-a, T/ E <, Ko-a,, THIEYIC
REL D7) =—REAICBATT 5, ek Ko-a;, DEHIEDL KE WD, BEEREE-
72 Ko-a, THA L , B Ko-a, TREL &5, Lo LEHENNE WV Ko-a, nEHRHZHET L 72
BHTHEY I 3 & 2 ORBEORBHERIIFEATH 5. BESEL Ko-a,, B4 Ko-a,
PSR 13000 m 2 B0 L 7228, A %24 5 Ko-a,FEIHEC 34 6000 m £ CET L 72, Rl
WL Ko-a, TRE L, 77 =—RAEAICHATL 72 Ko-a, TR L /M E V. 2 D% R ITHEIL R
FR#EB & & 412 Ko-as, Ko-a,, Ko-asDRICKEL b, BARE - TR T LZBEORY
THEEIX Ko-a,, Ko-a;, Ko-a,, ® Ko-a;icB~NTk&w, % B L TEARLYF-7 Ko
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Fig. 1. Eruption sequence of air-fall pumice and pyloclastic flow, and
variation of eruption rate, apparent density of pumice and height of
eruption column. Compiled from Katsui et al. (1986) and Kozu et al.
(1930). Sk, O, K, A and S indicate that a pumice flow travels down in
the direction of Shikabe, Sawara, Ojironai, Komagatake and Akai-
gawa, respectively.

- EHROEEREEIIRORENI L) 2hhi, ZOZAREBMINTERICIIBEREY S
DT x—NNy 7HLRDHLND,

MG &) INTEA DR HS TR Bb L, AORICIZESEY 230 m, 2 # 50 m D
FMAFEAODITH, TOEEFICIE 2 O0/KO558E L 2 B8 200 m 3B x 0O, JLEFIC
IFEEH 40 m, ¥50m D/INKOLGEL - B HAOPERSI N (BHIZd, 1975).

M. EFE Y 12—LEFIE & URBRFHEHER

FBE7 ) 2—4LTT I (woods, 1988) HEFNWIE % Fig. 2 12T, EEMAIIER s 0T 5
EXEh 14 & Gas thrust region, Convective region, Umbrella region ICEXK4 &4, FNbHDER
REEEEEIRABECE L (L2EETH L. ZNETLTHE, MEFIREBIChZ-T
EFL, kO LEBTHEM (k) 5 (KILAR) BRE—ZBETLIXRTHICERL,
EAHE FAEB L UBRDAE NI BRIZBFHCHY), EHERKEEFEL T35 LRET 5.
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Fig. 2. Schematic representation of the steady plume model and modet parameters.
The structure of the plume is subdivided into gas thrust, convective and umbrella
regions based on the dominant force that control plume motion. The boundaries
of each region are defined by the height where column density is equal to atmo-
sphere density.

F7, MEY ERATLREOKRAIIELERAS T, Umbrella region 125 ¥ % 3 TEBEMD L
EIAE (CkFedn) OMEBLIZZWEEZ 5,

DL EEEOER LR T ZEEREN, EHERFH, ANV —RENB L UCBEECYE
BRAANE,

L (BUL”)=2au.L (1)
72,0;—(,8U"L2)=g(a—,6’)L2 @)
4 (C,08UL) = C T L (BULY +-U--L (pULY) - aUL*e 3)
L {(1-n)(BUL?)} =0 )

ERIND, ZZTL, U, n, B, 0, ColdBE2IC B 2EBERENNLE, WED EFREE, BfH—
SARE R, WEREE, WERLRE, EREXRTHDE. o To CJAIABOKXRRNEE, BE,
EELBTHY, uy g3z LA XY PEESICENMEEZ TS 5,

WAL DT BIFEE B Cold, SHEEBEK L FEL, ZNEELRS & EHRERE C,
BLURe, EMOEES LUEEK#Y0, C, &LT,



ALHEIEE 4 D 1929 SFA CE U 2MERDER 7Y 2 — LTI & 28I 161

P (5)
Re=Ro+ (Rgo—Ra)( o >(1f—0no> ?
Co=Ca+(Cro— 2 Co "

& 7:,(‘ %}. 7277 L, Cpoﬂi Cpo= nng+(1— no)f‘i) 7z X\_ ﬁ) nas "ﬁtﬂﬂ?fmi”élikbﬁ, Rgo [ [gtﬂ%@uﬁ
BTN H5HBOTIRERTH 5,
72, =¥ v A A Fi#EEBu 3 Gas thrust region 35 & UF Convective region 2%} L C,

Ue™= 16 ﬁ U [Gas thrust region] (8

ue=0.09U [Convective region] (9)
ThH 5.
L2 AHTEXRDMEGEREZ o, BTEAOEEZ V, SFHRPITEE 2. & L, XOTHOMEERE
WEAEEE % Lo, #THLERE Us, FIHAEAME - SHAE R e, WENEEGET S &,

(1 — no)ﬂo Uoﬂ'L(z):Lz_pa 14 (10)

A LS VB, 1996). Zid 5 BEREEHESBM TH 53546, BEEOEEE, WLHRE,
BIHOEES L CHIHBEME - SR, 52 5 LS EHE F 5. 82 (10)R I IEE
"o d CWHEHE-SMHERILIHETE 52 L 277,

BHTIIRE 13000 m I ET A EESESBU S Nz Ko-a. 8 L O Ko-a; 2 R S & - B ERE
DBV T e » 72, MEF LA T2 AROBE L AERBERESE % 11 km, MIEIEE v 20TC,
WwRAER% 1011 hPa & L T,

To=To—6.5z2, Pazpo( T~ 7? D2 )“‘*" [2<11 km)

_ 15—6.52 3 g(z—11 )
Ta—2215, Pa P( T > Xp(R To—T71. 5) [11 km<z]

Th 272 Fig. 3IcRiBEB L OKEEDNT 7 7 A VERT. T -EEROMBERIT A TEE, &
MIKEEZREL, FHEIZiZ Table 1 ISR T HHESEE L H W72,

Table 1. List of Initial values and constants

Lo (Initial radius of plume) 115m

I (Desity of solid materiall) 2400kg/m?

Cs (Specific heat for solid materiall) 1617] Kg—K™?
Ca (Specific heat for dry air) 998] Kg'K~!
R. (Gas constant for dry air) 285] Kg'K™!
Cs (Specific heat for water vapor) 1617] Kg—'K™!

Re (Gas constant for water vapor) 462 Kg—'K—!
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Ko-a,ic 2w T HIHIE B 6 % 600, 800, 1000, 1200°K & L €, ¥ EB-AHEELn %
0.01~0.20 nEETEL 2 & &, (1025 Kd 5 N 2 WBEE % Fig. 4 IR L 72, FI8AE
Bz L 5T mHEE - SRR kKEC LB L, WHEEIRKRE (&5, Fig 5 2 wHIE
M —SAIE R ne% 0.01~0.20 DHEPH TE(L

Atomosperic Temperature(® C)

- EE R

&, &2 OFIMIEAE — FAHE E I DT (10) R
POERDLNIMMEEL 52 - L &, FREE
A0 &7 B EERTRMOBEE TH 5. WHNEE 6
% 600°K & L7z & & A0 B A — SAEE 2 not®
0.01~02 DHEE TIEEEEITEE I N L W, 6
% 800K ¥ 5 &, n=0.14 (RIEIHE 42 m/s)
THEBEREATER & WihH 5. MIHHEE Qb s { %
5 &, LN VPEIEME - SRR T B
BRI, $BERERLE( 5. B
MR EME - SHEE RO & IR EN S
MRS R T B &, IHIRENEVIT Y,
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Fig. 3. Ambient atmospheric pressure and

temperature profiles.
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Fig. 4. Initial velocity as function of initial
gas mass fraction for Ko-a, plume.
Four curves are shown for initial temper-
ature 600K, 800 K, 1000K and 1200K with
initial column radius of 115 m and mass
eruption rate of 2.4X10° kg/s.
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Fig. 5. Height of column top as function of
initial gas mass fraction for Ko-a,
plume. Marks indicate a calculated
height for initial temperature 600K, 800
K, 1000K and 1200K with initial column

radius of 1

15 m.
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Eruption velocity at vent{(m/s)

200 ‘
16000 o R 88
ko-a, 100k & :120: K I ol
e é —Observed 'Hei%ht ,, ”
4{ §1zooo 1000°K ’
100 / L. ] % ’
// T Ee o
/ /600{ s . |
50 // // £ o ko-a, II l’ II eoi °K
/ =
0 % 0 _o-oouudsim“'—"l

0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
Initial gas mass fraction Initial gas mass fraction

Fig. 6. Initial velocity as function of initial Fig. 7. Height of column top as function of
gas mass fraction for Ko-a; plume. initial gas mass fraction for Ko-as
Four curves are shown for initial temper- plume. Marks indicate a calculated
ature 600K , 800K, 1000K and 1200K with height for initial temperature 600K, 800
initial column radius of 115 m and mass K, 1000K and 1200K with initial column
eruption rate of 4.7 X10° kg/s. radius of 115 m.

BB < 72 B D13, FDHAIREE 800K, B -SAHEEI0.19 (WHALEE 60m/s) L L2s & T
H5.

Kz Ko-a, & #F6 & & 12 BRI D v T O TORMMI EE -SHE R & wEE N
%% Fig. 6 127R L 72, Ko-a ic B~ TAMMOEINES KR E (, B UAEHRE, M- SAEE
HILTHE L 2 L &, IHEEHKRE V. ZOLHAIHERE 600K T BUERED TR X 115 (Fig.
7). TORDOMBIEME - FAE R 0. 17 (WIEEE 72 m/s) TH 5. AR 800°K A & 1200°
K TR& S 1L 5 HEATRIROEEX, B UEHERE, BEH-SHEEERTRRE 1172 Ko-a,DHE
BT SR BN TR, BERTRROSESBREIC T 4 5 DU, IHHEE 600K, &
H—FAEHE R 0.2 WHLEE 83 m/s) & L2L&ETH B,

IV. BIFRRICEYT 32, 3NEE

Ko-a,8 & tr Ko-a;zic 2>\,
Ko-a, : #J#HRE 800°K, #I#iEME—SHEE0.19 (WINLEE 60 m/s)
Ko-a, : #7#HIRE 600°K, FIHABEAE - SAHEE 0.20 (W% 83 m/s)
DL EBRMEICGE SRR & 4 - 72, WEHEE, Ko-a, Ko-a;& BHiIs (1975) hi#EE
L7z 273K Bl & v S flIc B~ T, 800K 3 & 1F600°K & 200°K LL_E &\, sfic Auis g %
12000K & 952 &, MEAESEIL 16000 m BIIC 2D, BRSNLEELN LE L5, /208
BEAH-SHEELICOWTL—RiIc=7eHICE T KINT A3 EBwt TH D Z LI2BT
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D KREN,
ZOBERIZ2OEZ6NE. H1EE2AMETH 5. KA & 0 #EE L 22 MR B BEIAE
(BA) NEEMERSCEEREEICKET S, BENERE (ME1932) © 425 & HEEOIK
FIITAA ORI ED > T b & IR 5, KRR b - T N EEREOMHIEE L
T2 LRHIREAVNE ), NR EAHEMN - SAHE R, SV ENEE T L BN N nE
BEEIELNI 2L LAk,

5B 2N U 72 € TS TEERD b D EAHDBER R EAHOR RS 2 ER L T nz
ETHD, BERSLDBEMOBRIZBEANERICH L THRE T 23R 270, BEHEOBEIE
WNRAARZER YRR LRBENED & LTEC. BEDRDBERBERENRL 25T, &
NERWALEED, —F4, BHOBBEIIEERNEE KT, Eh2MNS¢5, BEMRCT
REFRATEES b 4, BAWOEFE L 2R OB EIIH 6000 m &K<, ZUIEMEDBER T
BT&%, LA LENL 7 Ko-a, Ko-asOWEERIZ D TiE, Ko-a; BRI b0 L BRI
WEFHSNTHWEDAT (Fig. 1 2MR), BEEZLBEHEOBERIE V.,

BEAHORES A b MEOREICHE L LTT., BHEONEI/NEVEAICE, EHEEENAS
N2 25T T CIRBPHIICET 272%, RESKE (L b ERGZEICENIEL, EERENEEK
THEN, EEREEL ER IR NIRIT L, ZOFEFEHOMFIIZFLC, FEFEOEEI K
2 EERSENEL (ETT22EMRENTVWS (Woods and Bursik, 1991), =
ZEHLEEORENMOBELEERT LI LT, LN EWIIEE %5 2 T Ko-a,, Ko-a;»
HESELZHETELNL LT,

ZDEIPEEREOBEIIAAPOKRERSLH T KL ENRAKRDBE L ZT 5, KETDKESR
RGO AZ N T LR T 2 LB L THEBREZRHT 2728, kY& RRICEIEE LT
AT 5, ZoORYATNEIXKERDENENIITY, BARBIKEL, KELFILEALE
ARSI S B, $/2, kEZEERADPIC-=IC) AT NEHTKIE, Riboldicer
CPHOEEFET I TUEHEEL T2, 20O ERICHTAKEZERD AL & MHEEFTHY,
BERELERTE L %% (Woods, 1993).

BB KRR E R E L TRRE ) BEAZ2EE 7)) 2 —2ETNVTHR) T EHTEL
W, Tk wREIcE LT, Carey et al.(1988) 5 & ¥ Woods and Caulfield (1992) i3 2 NE
BEBLORETL T3, 2R 5Ic & % & mass flux (24 L T momentum flux 79Kk & WA
i3, 77 =7 o REE SR R 1, momentum flux #5543 5 & FTHR* £ 5 BEROERK S
NS 5, 2 52 momentum flux 25T 5 &, BRI H I L - 7z BER OB ERH T
MEN5,

1929 £ OB TIZBHR T 7)) =7 » BIRED & FTRER % 48 ) BUEICBATL 72, A R4EL
TR TR OEES AR, MEREELREVWEEZ LNL, L LAENE (BT
H+EAF) 13HA T mass flux $ momentum flux k&<, TAZT TR THREZAEL 5H
B 5 e WITREMEA S 5, Mass flux # &2 T2 kO&E% AT % & momentum flux (33
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PETLDT, 7)) =T REER L TRALZH ) BWEANDOBATICIIRMHOBD & & bicknED
WD BTz d Ly, BARIRELLZH KT L2EA (Ko-as) DEEZRHNRE
AWICH T L 2BEROBEICIEEL, BENKELEERTH - I b s TERARY
EULh o7, ZHITHEIC mass flux 222 $I2A0FE %2813 % & momentum flux A8k
5200, AOFRICHETARYIHETLICE L2V, &5 Wiy o RE ¢k OB
L72¢E2 5 LHBEIND,

V. & & &

MR £ £ 1929 FEA TR S NABEREZERE 7Y 2 — 22 TN EHCTENR L. #
Hrich7z- T3, BTEGOBIBEE RyrTEEL L AL s 2 BoHEEHBE L BHENE
ERAEND COEME-FAE RN T 2R ELZ#EL, Nt T A—F—LLTHEZ
7.

Ko-a:7 5 Ko-a; D 5 2D 7 5 — 2=y MIRGIN5ETERAMBYD 2o h T Ko-a, 8B &
U Ko-a;% & 7256 L 725 13000 m |23 T 5 AL, 2 ZHA0EEE 800K, #IRAREE-548
BRI 0.19 (RIHHERE 60 m/s) B & UHIHHEEE 600K, FIHIEAE-SARR R 0.20 (WIS EE 83
m/s) RO RiEL bz, Bl bHEI N>/ PEL2EET 5 &, WL AHRE
K, MHBEAE-SAERLEB ARV, ZORRIZ 2 OFZ bk, 12352 72 EROKE
HFDEINTH o722 &, MIZEFICHERL 2T NSRS 5 OB (BH) OBBRSRR
DR~ EZERBL T W 2 Th 5.

WEREDEATBIL A v, 2 CEERER (KOE L) ToRHEESLIEE-FAAE R
T KETICBIT ABAOYEBE BT L) 2 CEEL T A—F—-ThHdbIl thb, H
B L EAMHDBER & 2 ZFRB L 22 TN & DHBIT S BROFETH 5. —F, BERRE
REEREE L SRV TANE L TOEBEECHEME- ST’ SIZRA R &
ThHd, ZNLDEDL» THLEEEEREBRESTEELETH D (213 Seyfried and Hort,
1999), ETNNTA—F—D 1 DOTHLENFEEZEZRUETE LI 2RADLETH A,

X [
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