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Phreatomagmatic explosions : basic problems of dynamic interactions between magma
and water

Abstract

[J_[f:%}j;* Phreatomagmatic explosions are caused by generation of
high-pressurized steam due to rapid heat transfer from magma
to groundwater. In general, magma must break up into small

Takahiro Yamamoto* particles during self-sustained mixing of magma and water for
the rapid heat transfer. However, quenched crusts and vapor
films shield fluidal interiors of magma from violent mixing,

1993%10}5! 1 Hgﬁ' because the initial contact temperature between magma and
199%%%1;@? EQE@%K water is lower than the glass transition one of magma and
Geology Department, Geological Survey of higher than the homogeneous nucleation one of water. In fact,
Japan, 1-1-3 Higashi, Tsukuba, 305 Japan no self-triggering explosion occurs without entrapments of

water close to magma, when lava flows enter the sea. Within
volcanic conduits there are several friggering precesses as
follow ; (1)fragmentation of low-permeable host rocks around
intruding magma due to explosive expansion of heated pore
water, (2) unstable intrusion of magma into wet unconsolidated
sediments filling the conduits, resulting in entrapments of
groundwater, (3) capture of groundwater from the conduit wall
caused by explosive ascent of mixtures of volcanic gases and
fragmented magma particles, and (4)water inflow caused by
decrease of magmatic pressure below the hydrostatic pressure
of the surrounding aquifer and fracturing of the conduit wall.
These processes are quite different from unstable collapse of
vapor films leading to industrial vapor explosions between
molten fuels and vaporizable coolants ; the behavior of heated
groundwater is highly controlled by porosity, permeability, and
tensile strength of host rocks, especially in the first process.
The second process promotes hydrodynamic mixing of magma
and wet sediments resulting in the rapid heat transfer, when the
viscosity of intruding magma is lower than the one of
unconsolidated sediments. Volatile fragmentation of magma
increases greatly the contact area between magma and
groundwater, however, the hot volcanic gases inhibit
liquid-liquid-contact to encourage much more energy release in
the third process. Geological data suggests that strong
phreatomagmatic explosions are triggered at greater depth of
the vents than weak ones ; this is mainly because the strong
explosions are required at higher confining pressure to

suppress degassing of magma. The fourth process occasionally
takes place with rapid withdrawal of fluid magma or the end of
Plinian eruptions.

Key words : phreatomagmatic explosion, vapor explosion, eruption
mechanism, review.
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KO, <7 < ORE - ERERS R - iEa LT TRET /= TH > Th, Bkl 2 TR ERN
LORMERE, <7< s s oMEERK L 2 ANER KRULSE B Lt L » THRNRIEAKEE b T HA
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ZVEAEDT, TOAH=RALEWRT 2 & BBAKEY
o LcEETHA S, BARNSEAHF ORETZM>TI
g6 (1989) & LTAFELLY, AW TRZOROHILE DL
KL Ea—%2fTR0, W 2hOMBESERHT 5.

v 7w EARKE DBERWIRING, BITETESILAD
EXUEF (vapor explosion) HE %G L 7 Sheridan and
Wohletz (1981 ; 1983) Iz & % hydrovolcanism DIRIELIE,
Koz oEEESRUEICER SN TE 2. HicEkX
Bk~ < EKOBREBHICIEKET % & % Wohletz
and McQueen (1984) OFEERRIZEK B D TH -7z, L
L, EBOBKERITBWT Y /< EARKORIGENE T
T, ORI LTRE 300, ThE TORRICBL TS
FTLHFLMICEINTOEDbFTIRAY, f/, 55 KL
KSR D &< 7w KERIERTH 5 s &
LTh, INREARARKOELET B THEKMIIE 722
EEREWRT BT, BT L bR /e LkE ORKIER
EEHRLUEV, KRTR< < EARKORIEEZ VL DhD
=R, EORBRIBBEKRICEI DB 0N EE
A5, BKETERT 2 YEE BN REL TV S
7%, BWHRNE Ry -V TORIBEBBICOVWTERT AT
ERIEHCEE T ETH B, UL, @BEICREELLEK
HPERECKRAT A Elcky, RADHEIEE F— S L&
LTHHATE R LS BEFNVAEEZ 2 L 3BBETH S
WEETH A 5.

AHITERK S FIc< /w7 —E v s eI+ —TRELL
NAZ S IR L7, 72, SERL S - 4 EESGR AR
BRATIE (B) BXUBRREB O (REE | ALK
B Bl 5P TOWEEEES LTELNALARE, A
2FLDDEIZATERTH 7. BREDH 2 IBET 5.

2. BAKE%

RIREHR AR A & RE S T AR AR D HEB AT I, (B
AR DZRFERBE PR & < EIHEMEE M owikbcoE
JHEFEE GHE) X0 dREXBEAIE, RRUER (vapor
explosion) &BRIH Z2BRGRIGHEC 5 (HABMES,
1989, p. 330-334). I KRBOEIIMEEI N A HIC
3, BREDSERE~ZBICEADSBET 2 I EBMET,
W LTEEDEERAR b oSN 50008 OHR MR
TEHREL->TVD, FHRKEKEROBEZEAT X)),
BfmERE h (W/mK), EMimEE A (n») &35, Ml
BEOEBEE Q (J/s) Wk TEIN 5.

Q=hAAT (1)
QAKRELWBILDITIE, AThhbh ABEAKTEI LN
METHB, Lhrl, ATHAKET XS & KB ER &
SUEDRERS N, hPBEINES B3 &8s R
TWw5 (Board et al, 1971). #- T Q WRERICHEKRT 2
fedIciE, MRS REVEEETRIKPFEES WiK-K
B 2 C & &, BRESHRA L L CEAEmRE SN d
BLEBRERTHEDEEZSNTWVWS BIZITKE, 1978
s BRH - =R, 1988). FEEE, SRR OMKILIED 5w 3T
DESERTHRINTED (Bradley and Witte, 1972 ;
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Fig. 1. Conceptual picture of a vapor explosion.

Dullforce et al., 1976 ; Wohletz, 1983 ; ZimanowsKi, et al.,
1991), #R{LHEE (fragmentation) FZEKUER DK X 104G
Mo—>ThH 5 (Fig. 1). UL, KEEESESERGRE
T3Hicid, PlEofFON, EEKDICSEESS R
LTOVAERTIEEA LRI (2 e—L v i) ERER
HL, BOUEHERESEEIEE2ZEBLTTINEE ST,
B ekszithd 2 £ 5 BRANREFVIEFEREINTVR
W,

ELDBROUEROBEREFNVE L TIERKRD 2 >BRENT
HoH, EBELERNICHERSN TV b TRV,

D BEREEGERE TV BREEOBE I X 0 SRk I ER
WHSELD sA F 1 (liquid entraiment), 2 #& O REIEE KR
RO BRERIEE A 2581, BEENEREEL
BAEMBERELMPALERBCRET ZE VI EF N
(Fauske, 1973). T hic & 3 & kO R miEE S B IREER
BEICE LR WEEPLROES LR O oD RIS
NABAICRATBERIE LRV LTS B,

2) BWIFNRx—va YEFL: ([ ohDFERTEL EH
BN, SR OB & - X 2 AR R EL
HBIL, 2OERHFEEMREE L 2 0 RIEREORRE%:
L3, OB LK NI 2V F - DR A
HRL, RIERMERETZEVWS>EFV (Board et al,
1975). TOEF TR, 2EBRKIE I BREER ST
LbMEEEZ S, Mkbic & 2RO THAIFRE
K[EENGZOENBEShTWS, §E-T, BREERKE
FUTERSERBECORVEENLEHETD, P&
LTEVWENBEMARSEEZBETNIL, BRUBRERE
FTBHEIEIRLKD.

HEMT &SRR (FERS ORER~OE TEEKRE
bET, DS ELESUBERDIEC 5 DI N 4 BFEDH
BT EMEEINTVS (BlAE Corradini, 1981). 3 75b
B, OQBEERMNS ORELS BB LIRS LicsiRi s
{EEHE ORIRSERE (coare intermixture), @ EZRHIE 72
BRAE D 5 DFES v 2T &k 0 BKESHE N 2 HELREAD
Fo T BAMFEERME (trigger), @ SRFAOHIKILE LS B
BB OB (propagation), @ BHEKEIDIERE
B% (expansion) T® 3. EHOBEKRZHW TRIEDE
BAEMRL-RHE» (1987) OERIEVHEH00D, E
HEERA — 57— O/NEIRIED, L oic L TERTFFRNLH
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Table 1. Values of parameters for basalt lava.

Basalt Lava

density o, kg/m? 2.6x10° Hall, 1987
dynamic viscosity 7, Pas 102—10*  ditto
specific heat ¢, J/kg K 1.2Xx10® Turcotte and Schubert, 1982

thermal diffusivity D, m?/s

5% 1077 Williams and McBirney, 1979

102 T T T T T T
No crust regime

Crust regime

Dimensionless solidification time

100 102 104
Extrusion rate (m3/s)

102

Fig. 2. Values of the dimensionless solidification time,
which is the ratio of solidification and advective time
scales, for submarine basalts erupted at 1150°C as a
function of extrusion rate and melt viscosity for radial
spreading from a point source (after Griffiths and Fink,
1992).

RATHRET 2 RKHFERIBICRET 2003 H0IcERs h
TWEHIFTIERAV, F, BTFEONHTE, KIGEER
BOBEBENDRAREL TV AEAMNE L, 2 B3
Bt — FCLILOAEMPBOLT 20 E I b L Do
TV,

3. BEIKHERRK

TR/ SHIRICEE LTk E LTI 318E
EHIFIK E DRISIC > W TR 5. HiRmHEROBEEDE
B, LFEHEBRIEDRELTE, v ¥245P09 A2
1000°CHIZD & DALV, LEREBHREICHOVWTIRZ O
% Table 1 I &7, ¥Eic>WTiRv Y §F2FHED
BEZICHET I00CEEDREETTY 4A~5 1 LFT
3,

RED Ty OLREEE & Tw OIKD 2 B A E M L/
L EORERE T RFERCZEREHVTRRD LS ics
2 o605 (Fauske, 1973).

T.lkocl, 2+ T, [kocl,

i~ [kocl, "2+ [kopcl, " (2)
722U, k EBMREE, o 3FE, c 1HEE, BE. B3KkE,
RIBEEEZZNEND5bT. Tu % 1,200 Ty % 10°CEF
NE T BH 720C, To % 1,0000C & LT h T 125 600°C &
%5, INOoDOREEE R, KKHETOKD BFRIGEKERE

DERMETH 5 3125CTERECBATV S, T, BE-
KBTI, BIESBES O 2 KOMERES TS i
RERBRRIBB VB Licin s, 12KL, MEIE
503 DRTOMAREPEBEOKILER TESITEI Y
B2OMEIDTH 5.
LREBREDEBHI~NDRMADHEFBINTAD=YF0 7T -
F59z7HAKUT, BEIBEEINLTVWS (Moore et al,
1973 ; Peterson, 1976 ; Tribble, 1991), T D5 H, 1868 HD
AR ATKER I KL @3 (littoral explosion) %
foo L, B nEsER D 5185 KBRS TOMRER I
&Nl s Tws (Fisher, 1968). Lo L, &
OHRBHOREICLATTHY, »~71DOAKBERI
IEBHINIRG TV ¥ TR L BB 0 h B EERIICZ W
(Peterson, 1976). I FVIIIESFRMSHEK SBT3 LD T
G ORI A5 RBRREEL 10T, BEIZEROE
BAERENBERIEBERZBETLILEERLTVS
(Colgate and Sigurgeirsson, 1973). HiiAlC, ZDEE&ED
BEOEREE R A 5 A EREE LRAERE T, LRE0BA
1 730°CTH % (Ryan and Sammis, 1981), 45 REHZED
SEBIERIBFESROTVEC S FELBIEL, KEOXR
BRSO ORBREHE B ORiMT 5720 LiId LT
WESDFERE LT (Moore, 1975), Griffiths and Fink
(1992) 12 & 3 L IFETR ORI ILEE OEREH & fE
Kol TRs s ionE (@~ 7 vED TRESH,
DS 102 Pa s OKIEBEROHA, REEN 10° m?/s %
WA 2R EMIRCEL BVIRY RREVERTELDNE L
2753 (Fig. 2). FE§ (1984) 3iARNS ¢°- /KR O HFEEKUR
&M S LIT=FE 1983 A D < 7 v RLERE B
U7, 3+ F0ORIAIH 232°CEKOERBAREEL L S
&L, =< & BBEARPNICRESRL - TV 5,
LRGBS MK E DRTIBEFR OBERIIE, Tepley and
Moore (1974) ® ¥ 5 & = 7 k111 1972 FEAKIA ST O BIKET
FME TR A C EMTE S, T OBEIZFIRAS O ERRE
HELZILDTHBH, FOHICBBEFO Y A4 =R
AR VY= —DY » 7 REEICESR L BRI s 08
HU, HPEES N AZERSEREINATVS, $8bE
TDT &R, ABPLED Y H =itk > TH I REREHIE
Hah, HKBATICAEASNR I NEBE- KROEDE
REBECOB/BBVILEBRL TS, AL FEsv =70
BE DFRKUEF T, Peterson (1976 ; Fig. 8) lc bidftah T
W3, i3 EDBEET 2 — THICKESRILAA P ES
WHEIERAEZ L DO TH B, TOLHEHER, K
B LB EO KB E OEY & OWEE, 37805 AKA
HORERER T ICREBRE TN+ 5 7SN TEHE L
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and weak phreatomagmatic ex-
plosions. Intensity of phreatomagma-
tic explosions depends on an
ambient pressure when ascending
magma is initially mixed with wet
sediments : the strong explosion is
triggered within the vent deeper
than the volatile fragmentation
depth of the magma.

L9 B RHf# (Fisher, 1968 ; A1, 1982) & &—%d 5.
RER EHFKE O ZIRIERIAKE T TIREL, S
FEIEZOBIHBERICBVWTHEIVES, 4, IBEROK
WOES 6 (m) HEMICASOBILHMRID 121 cikE 3
&9 % & (Colgate and Sigurgeirsson, 1973),
6= (DO (3)

E X Im ORI T 2 7291135 23 H OBRE t A8%E
BT it d, KEOBEER TRERAOHIEIN » THuk
SHRRDFES 570 T EHEMCBHIBSED DI TIRE
VDS, BEWEERSTERITHBEIT 3 O OB HE» 2
ZEihbhiREBV. REOZKOKE K (1779 4) <idd
HILED 58 & TR ARBOBEEROGETICHEA LIS, B
BTk, 2480 ERGE LT bRERIEBE c ZIRIBR O X,
BRI L3 KEE S5 Lic EXTHHFEES, 1918, LiE
p. 192-195 ; T D & & D AKIBET DA & ZIRIEFRO KD
DOALE 3L - /N (1981) I RS ATV 3), MEEHED &
HEE S N AZKIERROE S 13 100m 2% T, Bk
HERBR SN TOBRMRETH > L LRI TH
3. BROBEHED M) F-BHTH->ehRBELLTREL
2, COEOTRKEBRIFROBAIIBOTHTHIERS L
BZRETHH . FARETZKIERE, BLoREEEEL
FBEVWEER (Hodges, 1978) o kimHEREY (Moyer and
Swanson, 1987) THHISNTHEYD, EHLBIEREK b
T v PENTIKOBRMETILTRE TV 3,

4, T IKETEROEY

REEPEERO X 5 ICBE R T KNEAT 2 EEHT
BB G, HTKE <7 BRIG L THERED <
FRBEKED GBRUBEKES ST EFHAONLTY
%, OO, <7 wKkESIER (phreatomagmatic
explosion) &FREH, <7 <OHiR~D ERED SHEKDOK
TREZ—BHOBEKORD1 72 —XE LTHRET S, 20
B REaB s~ /< HEAPEENRSBOKERT

o TV LERTRBORFES—RIED 50 W2
Fisher and Schmincke, 1984, p. 234-246), = 7 <= #34}3k7K
EEMLIZ EERBLTWS, L LS, i 0BER
o2 EARKE DBEURIGOTSNEDEETH -
RDPERE S LD RYHEOBAZIZEALTbhTwi
VWODBEIRTH B, 2D, HREREShIz< /v /KERGHEA
Tho>Td, TOEKPEFELIERTORSESR, TH5bb
KRR O FESIENEE D B PO HEAEE & 0 bR &SR
HTH>1eDOhED PEEBNICHED B 2 EEENEEL W
BBEV. BB 5L, BKOBEKH, L < /v kKERER
EREINILEKTH>Th, BT LGEKBERO oL R
W& » TEE XV F - HRINGER = % L F — it EHfsh
IEREABRVDTH B. :
ChETicHBI N 7 < KBTBEROBKEN L, &
KOTEE (EEFEEC KBS — Y OREEM) oFVLLDS
W LT oD v 4 FicHiF on s (Fig 3). 1Lt
(1989) T, W& 1 FDRFEE LT Surtsey Kilj 1963-
1967 4k (Thorarinsson et al., 1964 ; Moore, 1985) %,
g7 4 7OREE LT Taal KL 1965 48K (dff, 1965
: Moore et al, 1966) %H( v B, BEKDEBESARIKE D
BRSSO B FEICRES A Al feEE e L /o,
[ElRkic, @EO< 7/ KRKJUERO X OHEIC SEER (2
TR oy vy vsEEEN 25 BE) oy va-vo
ZoD i A4 FREVEEN, TmEOEWVIEKDOREGE K
LizbotahTtwd (Wohletz and Sheridan, 1983 ;
Lorenz, 1986 ; Verwoerd and Chevallier, 1987 ; Lorenz @
YI) USRI ITDY 7 a— VIcHNST3). 5L, 2h
5 OFZE Tl Wohletz and McQueen (1984) DORSKUEFRE
BiEREAZ0T T 7 0 — U FICHEA LT, BWKOBEIIBA
MiSOEEEE, Thbbv /v ERET 2KOBIKET
HEFEENTWVWAS, L L, Surstey & Taal DEKDEE
ORI ORI, 25T LLKOBESGERLEDE VT
BiTE 3 b Tldzsy (Kokelaar, 1986 ; (Lo, 1989).
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1. Schematic cross section showing a fracture network filled by a hydrothermal fluid within a volcano.

The fluid cools by vapor loss as it approaches the surface resulting in deposition of silica, calcite, and other

minerals.

Deposition serves to decrease the permeability in the upper part of the network. 2. Pressure versus

depth curves showing the extent of a gas cap necessary for pressures at a sealed fracture to equal (profile a) or

exceed (profile b) the lithostatic pressure.
the compressed gas.
hydraulic fracturing or seismicity.

v /e LT ROBMOAHIT XD, < 7w kBIUER
i, DEVWKERCE M) BTLRL Tl /< dMT
IKNKIGL TR 354 7&, 2) BRIREOBEHIPKEIC
HTFABHRAL TR S5 4 7022 KE{ AT ETEH
T& 5 (lon, 1989). 1) 0BH & L TR, HZEHNE 1973~
1974 4EBEK UMK, 1974), =55 1983 MK Gtk - B,
1984 ; mBEIZ A, 1984), fEFER]Z 5 1986 FEIE K VMR,
1986), Tarawera:K 1118864 M 'k (Nairn, 1979),
Capelinhos :K1i 1957 ZE&k  (Machado et al, 1962 ;
Waters and Fisher, 1971), Surtsey :Ki[j 1963~67 FERE K
(Thorarinsson et al., 1964 ; Moore, 1985), Taal ‘K|[1 1965
Mgk (Rt 1966 ; Moore et al., 1966), Ukinrek ‘Kl
1977 4EMEK (Self et al, 1980) 7S &8H 5. £7z, 2) DE
& L TId, Vesvius kil 79 ZEME Kk (Sheridan et al,, 1981 ;
Barberi etal, 1989), Kilauea KIlj19704E, 19244
(Decker and Chistiansen, 1984 ; McPhie et al.,, 1990) 3%
5. A 1989 4E K T IZ7KERKY 100m DHEIE TR X
DX, COEKBETEA LK< 7 < 0RBRIICKE
BPELTEZ/22) D51 7 Th 3 T LLBBYOMET
S hic&En T3 (Yamamoto et al, 1991). _EEEDZHEHF)
Pz s, FwEHHOKONKEONKSEHAL, KODHZE
2875 LR, BEEMEEIC S KESBER S
Blisgnoncwad FIA XKL 19799 A 6 HOES -
/INEF I Ay, 1982 ; White B 1976-1982 &1 :K @ Houghton
and Nairn, 1991 72 &),

5, VU TKEKBROXN=X L,

v e KERERERENICEF T 5D, 9
KILANEBOKERBL & KUK D 574 F 3w 7 2D 2 DH
FEEACHERE MR TR SR, 20342 T, KEOED

The pressure at the local seal is transmitted from the fluid reservoir by
Following sealing the gas pressure increases with time until the eruption is initiated by
(After Hedenquist and Henley, 1985)

HETEDRDRED~ /e SHITKEEMT 20mE 0D
SRR 20T D 5. Hic, MITKEEM - BEEST
BHEREO< 7w ORIER, <7~ ORI & B HIERIBRED
T BHTFEE  (volatite fragmentation depth ; Fisher,
1984) IIREL TV B, Z20HDEEDKILEATIE, B
HAOH F AR E < 7/ <~ OWE (FiclERERSE) O
SZRITHEG ERM L cBE - FOFDEL S, B
2, REEOWIAR< 7 < LHEBKICELE - 1o RS & o8t
T F&, MR b Lice S <hFET I SLBEMBHE
Bt s ofEme— FEABRES & LERVIBEL SN
3, L LSS, < 7w /kERKQUERE AT 2 YiEae,
FIiOKERFEOM TKOEE), Bai~ /<L oREEEE
D, 2/ OREHEEHERIC O VTR, BRI FomEEs
NTVBEREZRV., 2T TREFIMEIT Y > TOHEK
KSR ZETET 5 LT 3,

KB DI TR DEEH)

v s TowKEIc LR LT 3&, EHEOS bic
MBS Wi cRIRIFOFRERRIC X b HBRESE A3
3, COBERERREORBRICSU-EETHEENT
WY A, HIFERAHEOWKBN T RGBT DRBRAFH ORI
BET soit+nR<rv~BEARXBEALANERFETE 2
(Delaney, 1982). ¥, 1990 fFicih & » R EMGBHEE A
BEITH->le &k DL, <7 <BEKITHITT 5 KEKESR
(phreatic explosion) 3#iciE L WHE TId7 W (Barberi
et al,, 1992). RABEKDGALI I T U 3 /K EKUER 3R AN
W= 7w EHMUF KO- REMAELES LIdwd, BEALK
2 S OREMAETRELABAICRBE-REE< < &
DREES10TEAMH S, HlZF, Soufriere kil 1979
EEK T~ 7w KRESEBERIT L 0 ILTEXKOBIR® 1971-
1972 1A% F — AR I RIS S NI 08, T OBRIZBELRT
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Triggering enents of _
phreatomagmatic explosion

Initial stage}:

:basement

MM MMM

Magma :

\) ielete

Fig. 5. Diagrammatic illustration of
the triggering processes showing
entrapments of wet sediments close
to ascending magma and water
inflow into a conduit during
withdrawal of magma.

R
oo
gw

DOFE N — s FaE L BTN OBOK P78 < 7
<DBEAIcE&RILL, BEEF— s %KERR: (hydraulic
fracturing) 93 & TEREL T ENEHYOTE,» S5
LI ENTWVWS (Shepherd and Sigurdsson, 1982).

< /< BAR & 30 KE T OEERER 2720 K]
DI BIEHEENEY, <7<l ERIRET 5 X5 BEUK
TR GHEELME, KU FEE LB S, JORIERT
i3, EBRT ABUKOIELEVKIRY CARPHEAIE) D
EHE SS9, BETH2HNEHPILBEORERNE
LET T 2 HCH%EMEA (selfsealing) A THEITL T
W3 (Hedenquist and Henley, 1985). BEfZE L 72881 137K
REVEREL, BELLUTHEROETEER L TWVL
(Fig. 4). 512, FEHBROBERE 22 /080 HE
LZOFEETHERSBEN S &, MEKEZEINEHL T
hydrothermal explosion &R 2 KEKURAEIE DG
%, TOEOEKIZ, Yellowstone % Taupo 75 & DIEFI
mEHR T~ /S 2iEE & FEBRIC LI LEREL TV S L
(Muffler et al., 1971 ; Nairn and Wiradiradja, 1980), #wk
Ricw V< BEALESIC & 20EMEVE LIRS OER
UTRETETHAD.

< = iig - R OMERS

BEIE T O RERSHREYCABKICE A 2 KBRS K<
Wl s hicKERA A< /<8 ERT 2BICE, wERm
ZDHDHRITLAEREET, =/ <OHENc & DB 2HER
EBUBREMFET ELOEINREZIANLLONLTVS
(Fig. 5 ; Kokelaar, 1983 ; [Li7t, 1989). i<, HERHR®
v e KEKRFROKED LA™ » o LIELISEE S
fg (fingering) Lic= 7/ <oRARWE SN, RAEERO
REFBICLBBEEBEELCEAREBLTVS (Lo, 1987
: Leat and Thompson, 1988 ; White, 1991). EERDE KT
DOHEBARLEN TR TS 50 d L 5 570D, D7l
& BIIRDH A= 7<= DBARFCIE C 5 RIAER OREZE
BY 4 RHNRT 4 Y H ) v T ELBYE, RAD a BEOHE
KARZEA T VS (Pollard et al, 1975).

_ 27 (ps—ttw)
At " (4

2L, A 3BAHEOW S EORE, 1 ZREOMME, 1.3
< <Ok, Vnide/<oBAEETHS. XpSHS
DEESWSEPRET S HDICIBEAL L 7 <Okt
BREEDZENE D SELBFNER ST, 74 34 b ORI
AEOEME /v TRIOBORLERS £ D IARFTER
V. EFDkIRREE L < /v DAY THEERES SR
EITT 30013, SHRESLILTOBEND B,
< PO EKBEYI DB UiAD M ud, FLBEKDS
ELE(bT 2BET, MEOEBNES RSN, Zo
R, KBOBEKREPELES. HECLVEULES
HORESRENMIZ 5580, PIA—-ELTHVESN
BAMARIIESBEES AN, PIA-LXVIELRS
bDODOERSIBERDREST B EBEBRLOPSHIzENLTH
% (Huh and Corradini, 1986). #f-T, KEHO—HTHE
U7 SR a T 2 B2 T8 = 7 < OFATIHE
RBRE LT ROE BT X —Ya VEF L
(Board et al,, 1975 ; Wohletz, 1986) < 7 v /KERKEFHD
EONKEEROFTERA A=A LRV A S, < 7<)
BIEI X 0 FRIETIERICERIF S N B EAICE, RHEE
sk LT A AOEHIERHOTERERLE S LT 5
KEEHOHHSBEREICE - TL 5. ZOLIBEEE P ZOM
SHEEZEAV, 4 ROEE o, KHEL FHENoZHV
o = —N=H We TERIN 5.
We=p,AV'L/o (5)

We 238 0 1TE W & 2T IRBRICIEWV A, We 2SR E WL
12 BT O NEFEHMRE 12 DA ISR BT 5 (F
ZITTEHL, 1989). Kb S LI &L S TR NE VIR E
WIHIIRET, WX D EEFELT O We BEF >
NTOBESHEESN DS, ER RIUBRERTEEINAH
PERI T RIERICHRL (63um LITF) Th b, HEPREASA
DA RIEREORITHiZ . (Wohletz, 1983). FEREDREMIL
7KK B EBOBHY» S b RVWEZshTEBD, w7 <-
K OFURIIEN R A R T EESITM E RS sh T 3
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(Wohletz, 1983 ; L7z, 1987). 7272L, &2 TO < 7 <w/K&ER
BRB OO KIKEEEL TV EbIYTIREL, Tay
7 ROFRED KINK A ERE L I Eflo BB EEFIIZE W
(Heiken, 1972 ; Heiken and Wohletz, 1985).

< 7= DI & ARIKDERS.

BEICXOBER LSRR/~ LRICIERELT
W B, [ENOH ZDOFNE = 7 < OAIDENZESZE
BEOIRENRE 2 A AT S ORI 3 2 it
% (Sparks, 1978). <= 7' < ORERMIC X 2 BRABHRZ <
T2 2EORIETEOMINE b7 572, W REEOHEEL
TR TREP AR LIBA LS Wit 3 2B =EE b 1o
ST LfFE NS, FlAR, KREDOERKILUKEET KHHR
DUKBICHRA LT, KEER ZRIEFR A T U BilhsHEREY
D ORI N T WS (Walker, 1979). [EHA S EMEI FEED K
BETERICBVTS, £0.2-05mm O FEIC & 27
FOROKNTFIC L 2TE0h Bl s IET Y, EABKICE
AR ER ML VR T A NS hIRERTVS
(Takamasa, 1986). BEABBIFIc & 2 RGFER, K-HHE
filic X 2AEKUBR L IR RBZHETH B, KLUBEKTOR
FERBZOFEFICB O TEBERRIEE > TWE b LNE
Wy,

KERTT TR TR EE > o~ /< EHITFKED
RIGEEZZ 58581, bl o< 7 <hiT E R XL
H 2 & 15 BB BB DR - 7 REESE VAT NS

Fig. 6. Phreatomagmatic deposits caused by water
inflow into a conduit during withdrawal of magma,
the Y2 Member of 1zu- Oshima volcano at the 1986 B2
crater northeast of Miharayama. The exposed Y2
Member consists of alternation of crossbedded
pyroclastic surge and scoria fall deposits.

LOBBE - FAEZEZ RN TREBLEY, TOXHINRE
f#¥7 L = Dobran and Papale (1993) ik 3 &, w7 < &H
NAE NFARKORIEA/NE VI EROEZEBIC ER
T3, ARKEDOLDFLEBICERLTLEY, =7~
ko (BED-HKEMIZREASEIDZE TRV, £77,
T L - T 7 o OB L I IERHEIE S X DFRANDRA
BESUEFREZHET 2 HRICERT 5 2 0 ERD» High
nTWw3 (Zimanowski, et al, 1991). T O&ER T~ 7/ <-K
HUNDESIER LR AN TEBY, FREHEES X DEA
PRSI X 0 RET BREE, BB X 2 8-k
WEINBDIC#EIBEEL SN TV (Corradini,
1981), HREED L X WEEEHA TRV, CO,IKEL
72 TREKERUIHISIER S PR O RS 0 5.,

< 7 OREWHEE X, FRABEHRZLOWEREE< S
2 EEEL, KEW00mEBRE LRI LEAERL
(Fisher, 1984). $¢- T, K&~ 7 < DHE, HEH 2MPa
BEOEELVEVE CATRIEBHMAEINEZHE I DT,
< I KRRIEROBEMENRIE 2 T EBFHEIN S, EE,
WF DR KFH| O KERE 25T L/ Lorenz  (1986) 1Tk
5 &, B S kRBLUERIZEWKE (diatreme) 2FH
T 2500m), HITFHWV v 7 2 KEKURIE D KE 13 <
BEASHEMETERSSEETVES LY (Fig. 3), T
&3, HIRFAETY /S kRRBRIHREIN T I
DOREA R & 0 - X 2 RRUERKIGRIE s 1 3
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B, FERPRE & » R TR s M ERIG IR B O
FICHEITT 2 E S EVWBZ LN S, Thicxl, </ <»E
RERSCBCRNEEOEE R, FEEBETERE B KE
1,000m Z#A 5 2 &ML, BRBRRIBICL S <0
B x VF—OEH T R VE - ~OENEEHIIS % 0 il
HTERY, WMEEEE~ /'~ DKER T ) = — B ISR K
IR EREIHEET 3 Ewbh Tz h (Self and Sparks,
1978), SHEREWIN MR @ ik < 3 3R IRE O HIM & K
E8L, TORMEIBESNIRETH 5 (Hayakawa,
1985) .

KBTI & BHEFKOFEA

BEORYI TN L DI I~ Tl s iz KBTI D
HTKERASHOETMESN/IREICH B, £, K
FOv 72 FHERERA R LT UEZIEE OBESBEINL, H5E
PSR & 5 218150, #- T, TRED & 5 IR {EkEHE~
7= ORI D KEN O SR RT3, KB O & Askik
DRKE~NDRAZZE EZ W (Fig. 5). #lZ i, BEHE LM
1989 FEMIEM KT, 7TH 1l Bl L Fa#asrRFEA
13 HO = 7 < /KEKBFR TR ERT S 07208, 2 OEHEYR
MBI L/l - 7B (BAEIKE) LHHEIER Lo
REZREDAHP S, IERMREED < 7 < AR 3 HIA I
WHELdDEEFZ 5tz (Yamamoto et al, 1991). 373
HH, T OMEEKIZINES NS & T K KER OB
Hi L DR - BEINWEEKESAELTEE DTS
5. TOMEDOBEAR, AKBHBIRED v /<K EITES
WEAOT <7 <BEBHI LELEREL T 3,
Kilauea ‘K (111924 fE o [ TEME K 13 % 0 HBYC, |LIHDEE
DTV GBI HITT RS A L T = 7 < K EREIETEH
FtHE LT % - (Decker and Christiansen, 1984). % -, 5
REKLTS 19874 11 A 16-18 Hic=F W LjEXKAT= 7
< OEFRICPE S /MBS < 7w KRG TE T4 L, 1986 4F
BETilc SN TORUBEKCH 2 SR OBSER s
GEREED, 1988). &5z, KEKILITIZ 100-200 MR T
L& B RFUEL = 7 < K 0K & ILTER T < 7w k&R
RO L, |IEHIcKBOBIKE &7 5 L2 &KL
KB DM, S LIt s TWS (Nakamura, 1964)
HWTE TR I NS DBRICE 3 Ky —VOEFI b H -1 &
5T, ZRILHLVEE O 1986 4E B2 K ORI I3 K Py — DHERS
MEBTRaY 7THEBEHOHRED S5 Y2HE (1684-
1690 4) @ % 72— v olESEHELTWE (Fig.6; LT,
RAK). Ky — Y OBRAKBEEMSEOBETH 720
PRE-FD LAVY, AMARER-ZRAOMEbLTDH 2
km THOEEIT L » TRKBEY - Db 38h b
%. Vesuvius K|l AD79 K DE X 15 Pompei OIEE] S
CAHEEDRLASE 7Y =Kk oKX v <
KREGERICE A KB —VO b LzbDTHD
(Sheridan et al, 1981), = 7 <#%BIID KE~DHIFKD
WA RRRRSEAK K EE S5 LES

6. £ & &

JT

#

Ik

Pl =7 < KkEGKEROREIC>VWTOHELRL .
FEHNE, v/ EEBEKICEDRE L DoRE LR
HD YA —Ic & DEN 3 BETHT X V¥ — MRS hg
KR DD I KESEBRTH S, BROI Y& L
TR < LB - S L ORMBRBRAOREE, w7 <D
MR, KEROREIC X 2 KEEORBENEZ SN 3,
KIEKIZ B 5= 7 < EARKOHE T~ FIZZHTH
D, SREOERE~NOE THEER2BMICSHTES S
DTREBY, Fi, ERic< /< EHTKBRIGLTWAE
TOREORBELEKRKREDEWHE, skkEORIGIZH
B EE PR OREEOEEN L RE O oK IfTh
vV, SRIEKLIRE OB E - F TOEBRPOIENT %
ESREH TV MBEDRD A S,

X ik
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