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(km) (m'/s) (h)
Pinatubo 1991 (7 4 U E ) 35 250, 000 9
Bezvmianny 1956 (Ch L4 ) a6 230, 000 0.5
Santa Maria 1902 (¥ 75~ 5) 31 17, 000-38, 000 24-36
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figkil 1977-1 (deildn) 12 3,375 2
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gl 1983A-E ({FF60) 6 570 1.5
Heimaey 1973 (744 A5 F) 2-3 50 8. 45
Ngauruhoe 1971 (=a—3"—F 7 F) 1.5-3.7 10 14
[Wilson et al. (1978), Cas & Wright (1987), sifiZ/~(1986), %I (1991b), Pyle(2000)
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i'T_ur:. {opx) pm, bw | TALE [T e
Toya (opx, cpx, ho, gL} pm, bw LET#-1:684 ST LR, eulite 12437
Spfa-1 | opx,cpx.hoigt B 1501-1506 | 1.720-1.735 LEES-1 B0t | Bk TR &
1.502-1.500
Spf {ho) P, 1.500-1 503 LBE4- 1588 LIRS
| Spfi OpX, Cp: Fm L502-LE0G | L.728-1.78] FERRT | E
(1,503~ 1.5M)
Ee-Hb | {opx bw 1607-1.608 | LT0&-1.711 | | Bk L =5
Ke-Hb | opx, 1 bw 1,501 1504 [ b [ T 7 F )
Ke-HI OPE, CPX bw 1502~ 1504 | 1.706-1.708 | | FwaTn, MERIEE
Ke apx, cp: prEhw 1502-1.505 | 1.707-L710 EINTIER
[ (1501504 | (1.708-1.709)
| K1 apx. cpx. {ol) om L50¢- 1504 | LT07-L710 Pdcdid v n+1)ILERH
! f1L707-1.7091
Ke-2-3 |opx.epx pm 1508-1E608 | LTO7-LYI0 | | Bt
(1506~ 1 508) |
Ke-4 X, CEK bw, pm 1.502- 1508 | 1.707-L710 | W, R, DA
(1502-1508) | (1.708-1.709) HE

Ak o FL
- opx R H TR sqt : Ak
« cpx ; HFHRG v ho ; B

2. BT DOEEZDONT

(1) Bk
[T K I BRIE T )V X = U DO PEFET 5 ATRENE IR D T
(BATER— 128), —F, BEROZEBIIRET XM OEEDOKEEZZ T D
Tinb, ABREFTTHRET S8 T KM OISOV THERR 2 FEHE LT,

a. KIUATZ7 A
KIWH 7 AOBEEIZO>VWTIE, BREBREAKTICET S KLY T X220
THE* 2 ZERML THY, X3 IR TETFHMAL (S10,: %7 73%, A1,0,: 59 14%,
K0 : H13%) DKIUFTT RAFIRAICTRTEIICE—RAEES THDHZ LR
Lz,
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ZHITILEE D FERT 7 T O KIUAT T A D FRGHAR (S10,: %9 78~80%,
AlOs: $912~13%, K:0: 891 ~ 3 %RE) LU L THREREENRN &
NS, MREFTCHETAKLUITITF AOE—RABELREEIC 5 BELEZS

ns,
#£3 KWHTAOERMSMER GREITETL) *2
Chernical composition (wt%) Mineral component (wt{)
e =
Si0, ALO;| CaO MgO Fe0, TiO, NaO | KO P.0; MnO ig.loss Total Volcanic glass Crystals
72.73 13.69| 1.44 0.23 1.82 0.8 3.46 | 3.42| 0.01  0.06 3.16  100.2 78.55 21.45
#£4 KUHTT7 Z2OFE*? (FREETER)
| Shirasu glass | Crystallized glass*
No. 1 No. 2 No. 3 No. 4 No.1 No. 2 No, 3 No, 4
gf:ﬁg“ 270 2.7 2.5 2.7 2.85 2.78 2.79 2.78
I'?m’gﬁ;s"g 5 5 5 5 8 8 8 8
Softening over aver
point(C) 873 868 875 870 1200 1170 1190 1200
+Heat treatment condition No, 8
b. SEWkESR A

LMEEDEERT 7 T % R R O ERT BN K OB R 0 O
B DR DHER S NISESHMIL, BHE, (B - B e, ARETH
%, BERIYDE—RABEIIRS, 6IT7-TLBYTHY, RXEITREDE

‘_‘ZEE 7 -65):50
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£5 EEIEYOBEES (FRHHTERE, HREHTHRE)

T
i & (28 A% AR @x &E & (k) i#&:’é bl e |t! zz‘ ki
ehoidenssiis M B ey K- EER muscovite-214,) [ & [KaL(A8:0 GT. 2535 20
EA AT Oftnaete) | % |Carrgtsing, a5~7 | 1m 5% (plilogopite-14) B EMg: (A0 01 F)y 2=a5‘ 23~30
# 3 ¥ (aircon) T | 2e80, 75 47 90707 BREO—K cinockiore) | B | Mgy (M, AD (Sic ADOW(OH], 2~3 | 23~28
4 B (silimanite) B | ALOEI0) 7 82 | F ¥ iyt (pretinite) B | Can Al (AISHO0) 01D, 6~65| 29
FLEE (andalusite) B | ALDXHD T a3 | # U A} ST (erisinbalite) i |50, &5 23
= B (leyantic) 2 | ARDISI0) 4=—TE" a ! W4 4 B (tridymite) & |si0, 7 2%
7 (szauralie) I | (Ee, Mg) ol 0l (56 ADOJAOI) s | 7~75 | 3733 il
#82 fopas) E | MiSIOJE. OH), 8| as s | Bt |5i0; i) er
FEYI R e | B | GOS0 55 5 =A% (coesite) B | 5i0; 75 3
¥ b 3 [ gelidenite) F | CagAiCSiAK 55 3 # 1% {apal) o |s0aH0 65 21
EIEE erroaxinite) = | CagFealdBS00 0H) 7 3 F &R (artheclse) B | EASLO, & 6
= 2 (awsanite) B | oS04 (OH)e HO # L =74 ¥ {sanidin 3 3
RER (nemimorphite) 1| 205,00 (OW 10 45-5 38 mﬂ;ﬂm;ﬂ wjir:: X {K'vt:i]muo, 4 a6
M3 L/ (clnpznisite) ¥ | CAniSi0.) (52010 (01D 6 | = | KAISO, 6 26
ML B (apidons) | Calie AL, (504 OO | m WEE (low-albite} = | NaAlSi0; 6 | 2
£ E (plemantite) # | Coda™ AL{SIO) (540, O 1OR} 5 a4 FEE lanocthite) ‘E CaAlSiz0y 6 l 28
B T (aolsite) B | CouAbSi0.) (5,01 OOR) o | 83 B A 35 (nephetine) | (Na, 1) AISIC, B5~6 | 26~27
«u{am;mm; I |Codl Fe Mg pSIDJSSLONOK F.0y | 5~65 | 34 EIEE R (leucie) T | KRS0, 556 246
BT (heryd | Baghly5i0 s 75 T i % W ¥ .
s | PlE | v ™| s o
BT {achorl) B | NaFuALDO;) S0 0K, F) 75 a1 ; 125! O 4H,0 4 3
KB (osumite) # | G Nal (Fe Mg (AL PO AS D B0 7 26 S (hewlandite) ‘ill (Ca, Nag, Kobos (ALSI- 10240 | 38~ | 21~23
A (enstatite) B | Mz 55 52 ¥~ ¥ W0 (natrolite) & | Nyl ALSIO10-2H0 35 23 |
EME (diopside) # |cadeesion 6 3 3 == T
7 8 (hedenbeegiie) | CaFe S0, 6 365
# | (Co Mg Fo, AL TS, AN, [ 556 ] 3226
TARE i) i | vaAsi0, 7 43
231 » B (acgirine) B | NaFuSigly 6 s
44 S Covcliastonite-1A) = | cusity 15 29
&2 P4k P (commingtonited] 82 | (M el S0 OH)y L] 15
ELRA (amthophyllite) | (Mg Fe)sSDoA 0 B 31
EEPYE (petinolite) B | CadM. FesSi0=01); 5 a1
R (b B |CuiMeFedAllasos) onl, [ 5-€ || s0~38
M T T T B | e ALSHC={OH) B al
A4944 b (haluiee] = | ALSHOWOH), ~2 | 2
Ted T7f b (R (oligurit) | 8 | Mye81,0,00H), 254 [ Zd—23
008 (pyrophylliie-14) - =] ALSLOWOH), 15 29
BT 2ale) B = Mg SOl OH 1 27

UEDZ Lhb, BREFTCRET 5B T AR OET— RBEE DR KMEIL 7
BETHD, £, BOLWITRE EAE EREL IR L LTEY,
WOE—RABEELAENEKRKT 7T BETHLHZ L1b, RIE~DOEEIIW L
RI%ETHDEE XD,

(2) mhfz
B T K HICER LS U 7 L OGFEPTFEET 5 "REMEIINR O TE W ORAF

BE— 128), —F, MEOEEBIBET KOOSO ELZTHZ LM
5, AREBEFCTHEET DT K OBIRIZ OV THERZ Eii L7,

a. KILWHZ R

KIWWAZ ADORFEIZHONTIE, BRBREKTICBITSAKLUT T R0
T 2EERL THRY, R3ITRTETEMK (SO, : £ 73%, : ALO; : K
14%, K0 : %9 3%) DKILUH T RIFZHKI T00°ChHH 7 A0NEEB L, S{LIREIXE
4 |TRTEDHIT 868~8T5CTH B Z &N@BO Lz, ZhiddtimE s o+
EHRT 77 DOKIUH T ADERSHAL (S102: §9 78~80%, A1203 : ¥ 12~13%,
K20 : #11 ~3 %E) LB L THLRERERN LNV LD, AREFT
BET DKW T 2 OEHILBEIXFRIZH 860~880CRRELEXbND, X
STKILA T ZADOMRIREIL860CULTH S LHESNS,
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b. SLMFESE R

WFER A T KA DRI TH D Z L2 b, KA (v 7~<) OBR L

RELEZ2 N5, KEORAIZE 6 DLBVH 850~12000C* TH5H =
LR LT,

F£6 FEHSHIEEOMRE LRMERET (RPMTER, SR EFT 2Rk

D ) — ! ﬂ
X t "ok i el (‘t:r)E log*:;(PEs)
) 1940 TR 1000 5
SR (P ERE) 1950 » 950~1 100 5~6
v 1951 7 1150~1 200 2
3 1946 #ZIlE 856~1 000 6~8
B EE - 1970 # 1090 —
IFIHT L 1945 FAYFA b (EEEILE) 900~1 000 8~10
HNyz54 1045~46 | TREAEINE 1070 4~5
Tk 1957 ERE 1110~1120 3
# 1971 # 1050~1 100 1~2
= & = | 1959 NAHFA b 1180 2
b4t a=bd 1950 TR 950~1 100 2~3
FTUIT($TVIT AF) 1959 2 1120~1190 =
# (vhF7e) 1965 ” 1135 2
» (EVUTH) 1955 # 1100 2~3
AMoiEsE (em) (7o 113)* Lk (Fe, TiliH) 1305 0
* RSB,

UEDZ E06, HRERTCTHRET 2B T A ORRIL 850CLLETH S
LEZOLND, KIUROMBOEEZHONWT, T4 —ELREREED Y
AL HEH SN A HER T A BERKI 5000CTH Y, v ) A NOE&BEEFT
WIET U U FHEAKRERER h GHEIAERBOBRICE VHBHISA TS
TlEBEZDE, KURIIBBIZELRWEEZD,

g E
BTN
X1 : HTHYE - FiHER, Fitm KILRT F 7 2 [BAFIE L ZOEZD] , REKFE

HR£, 2011, P160-171, P283-284 (BIREEI— 1)

ERE - FHEB= - RERME YT A2 ERE L T 2RI T R, BE
&gk 84[6], 1976, P32-40 (BIFREE— 2)

HAER, B R ER 2 91 fit, SEak 30 4F, P668

/NHER - BAEIZ D, WHLF O - B O + B THERIEEICRIE

TREICET A%, + & AR 19-2, 1971, P7 (BIRER—3)

DI

%3
%4
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wATER— 1
T kRt O ETTEMRI T T RE IO T

M F KB D E TR OV TIE, BE® (Si0,, Al0;, KO0%) OER%
ELTRENTVAZ EREN, T HDETEMRBRITTEEIZOWVT, BL
ToOwmRZEK L,

L. BT OMARICEE T A
XER* & D L, v Il KD AE RO DEBRBHEY (X 128) 2R
LTBEY, SWDOEBTAI=T LN ) UL E2ELFMEKEZRL T
W, TRHIEAL T 7 ~DRKREFMKR (R22H) 2RLTEY,
XTI, UTD XS RE®rdH 5,

KB DOMBIIERIE O TR LENSL LW o T, BAaPICBWTHE % D2k
MBPLTLHLEFDEEDRETASOTNEZ LEZEHRL TWADIT Tidiv,
F7-, KK (7<) BV THE % DBRIEINFDEEAVIRL - TiIW i
v,

B DO TR LT=DIX, T2 AL B0 EMT EO#lIF N6 < 2EEHRLDT
H5H,

£1 KkUEEOL 2ERREHIM OREH™

Rt H | g & ft & H ®
T3 Si0),

) A R | v
» 1) 7 & | SiOs

= ! |
. ERE Cay-oNas 1 Als_iSi;-404
BT i : R
' 7 ) RE | (K, Na) AISLO,

B EFEY T I | NaAlsiO,

i A il SRR b

1L 'j"-:.-’ﬂi:‘ _ff-‘.\!u‘ Fe)1(Al5i0:) (OH)
R R} | KA (AISIOw) (OH )2

Ay X1 EHHNE | NaCas (Mg, F&**, Al (S, ADO=(OH),
677 (Mg, Fe*) 8i0;

T idevi R ECTIN0
HEB T | (Ca, Mg, Fe'' )Si0s

$LBER | 7AREF4r | FéHALSHO:

MASLER | A G AT | (Mg, Fe™).Si0,
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£2 <7< (kEE) OREHRCFMEER (BAITEEY) *!

" 1.18 e 0.63 )51

L oT, BTk OETEMBIZBNTIE, B{ETAI=0U L, BB{LAHY
DAEEZERDE L TRTIEDEFTHIN, ZNODEWHEE LTHEET
5 L ERTHDTIXARVY,

2. JkMHEDT 7 T I\ZxT HHE

BT KBNICEEMEE LT, B{ETAI =T A0 b0 ) U ABFEET D
AIREME 2 TR B 720, SUBARE %2 Ei L 7=,

XERF2 0, dLHRE DT 7 T BHERT D R, AEE, (B5 - BHi) #Ea,
ARAETHY, BT DI, BIETAI=ULRUEBES ) 7 LO0YM
HOFEEIIRER SN o= BIRER— 131R),

T, HREFORE T ARDORECIIEREYH E LR HELG, ARG
BLTEY, BETAI =T ARUEBEA ) U LAOSMHITHER SR P o7,

3 £k
M T KB O ETTBMRIZ OV T, BBk (Si0,, Al KO0%) OEE%
ELTRENTWVDZENRZVD, ZbDETRMRE RIETEEIZONT
R LR REUTIORT,
BT KRB ORSY ERTHEIIL, BRTREBIEYWOERX L L TURTIE
DEHITHDP, BIEHOTYHOGFEEZRTHOTII W L2MER LT,
AEEDT 7 T ERELERER, BT RICHEYHEE LT, BT =
T LRERAE S U U ABFEET B AREMEIIED TIRWZ &0 D, BERESCHAED
EELBODTNIWNWEEZLND,
g E
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E=3CN
X1 : BAEFR, ~7 vHFE~OREH, EER, 2001, P28-30 (BIHREE—4)
X2 : BTHPF « FIHER FR KILKT 72 [BARFIEEZ0FI] , B
KEFHRIRE, 2011, P160-171, P283-284 (BIEREHRI— 1)
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BT E— 1
2E TR
BTHYE - FHBR, Fim KIWLWKT b7 2 [BARFIS EZORFD] , BRKFEH
fR£, 2011, P160-171, P283-284

3.5 AtimERRR

b T S P R = T T AR A oA B
L, [Elgic 7 7 7 20 Lok, (1) &%,
7o ¥ 3, MMEEHEMoXD LT 7 KLE,
D oy Fen, BREDOLT ZIEROKH A
77k LB (3) B EL SRR KL
Ehns, 4R (1) & (2) CHhET2F7
s AL, ElbKE D,

ERRENEI T 7 SWENHREh TS
o, BOE (1) » (8) b bhksahtsyrs
# (2) oiETeliiahak elin, &5
ARG T & Ch o oK LEREOF 7 5 A
FrhTaWY LTihoigbso573
EHBVESTRENN T 7 SHENTELLESI
a2 5 LEREOENLRETHE
HF73E2HLVbOLSHEIFLL, BHija(Ta
-a), B4 & cx (Ko-co) GEBC 4375), BIEAL
Yo (B-Tm) (1B 4), #ilc (Ta-c),
i d (Ta-d), &Il (Ng), EEEa (En-a) (W
FhoEBk &a%hd D), X5HE 1 (Spla-1),
#u ¥ 3 1 (K-1), @il (2-M), 2
w #3586 (Kt-6), /@i (Toya), 7 +F+0
e (Ke-Sr), 2+ 7+ oFR (Ke-Hb) 4 &
£¥ic0iEs, chbo b Kt-1 ik Spfa2
EERTVWAELD, FhZ-M EMEHOIEL
KLToakOmofliHL, B -z oes
27577, TELTKe-Sr& Ke-Hbi2? o F &
OhLFIEFOThEThAREL T ) =T 77
% & coignimbrite ¥ 7 5 TH L, T DEMICW
#4775 (Aso-4) RLBENIEY S h,
Toya & & bickM o7 7 R & C oHiKOR
FEERTHHTVS,

Jbific (TEE - FHROWE L UMY HH
577 3HE ARV, ChE THEEEY - Bk
DEMLEMS DI, F7F7RECHERERE L TH
h EFShTERY, F7 3Kk ERBRE~

F L ATRD ST &8 L T AR E~oEe A
Moo Lbitmae s &2, SBo72 50
KEBEBETHAH, CORE bllTr, 17
UETE ST Eiic GRS DS 3 ] DR
COMOMBEOMR I RS EMERELL TV 3,
S okl S BRI, T7020
/e -0 biEREh, RREBEFTRE
+EREEFL Lok B A L ST S AR
M ssFRREDL, F7eses/ad—%F
RERE LTHREN, SRE(LEHERELD
MFIC oW TERIGEA S, g hkiioB
Mk i 2B okFOMfHEF 75 L0
BiFicowTH{ b LA WAShTE LY,
dtifFED F 7 SR IIBADF 702000
—OFRITTHLY, (bLVHFRMHEATSE
o, ECIEF 7 I WHORERMN, LETH
Yohavsod3&07F75 (1 BAMIEHET)
BbELHA, bodilibia=y b GEELER
—SHOES) THHEATVLAI EMEL, &
KBEELTRLAORES Lka=y b TlREL,
tHioER TR SN0 EoS20F 7 5 £
LMLt 74, tifEoEFERF 75 TR, L
HWehiy 7 sREORINMERETHVEEGHS
5, COTEEEMNFMETOLOME YR
Lhaknad, BhadsbTid, lEoZ Luk
WoEE, Lo T & ofldine
ElEnfzdinhd LR,

z
1) Araiet ol (1986), 2) #1921, 3) F)I - S Q974),
Ay NEF RN 975, B HBENE O978), 6) M kEe
(15a3a), 7) #ikid4 (15330), B) M kA (1995), 9) M
Elgge (1568), 10) 4 - @ (20000, 110 debhidde (2000),
12) FWiEA (20008, b), 13) Mepidde (2002), 14) TN -
kg (1900,

3 HEEMoRYMNEF 75 /159
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0l EEEE

#3571
Kili» 77358 TR | R BN | MRESEE | 0% - R A V| - (R o
Wfia® Ko-a |AD1928 H pia pfl ESE 225 km
Koy i Ko-¢, | AD18S6§ H pfa, pfl ENE 10 km ik Otk
By & ety Ko-cz | AD16%  HAW | pfa. pfl ENE >350km 4 5% |MESETO [Ma-a,
mas-1 Me-a]"® @—g
Bygdy Ko-d ADI640 H afe, pfa, pfi NW =120 km 45 | B BENEUM RS
B 451 FN=T MK, 2o
» FEHL
SECTITRN . B-Tm | 102 afa AW RI4-4,36-28
L
BrEe Ko >17 Cc* | afa. pfa =32 ST
BrEre Ko-f 6.3 C® | pfa, pfi ESE =30 km 3
WyEe® Ko-& EE~70; C® | pla,pfl ENE >3f0km 3 Mo D TR H T 226y
6.5 ™ MR B 3 1A+ H, TOETS
HEeBbBbha=,
& Ng 15 C, ST |ps-afa pfa,pfl | E >160 km 4 56 |a=yFEHK [Ng-c~
(MI5 2 i [ 8.5-4 Ng-al”. &¥ 7 9 @E
H M) FTREREEERTR
#H®.
i b Ko-h 17 C* | pia, afa, pfl ES, W.N =15 km =27 [Ko-h,}®
Sy g i Ko et c* | ptaptt EN,ES, W; 4 57 | (M), (Ko-ho)®
W =250 km
EEERAYOR
AHG I b AR
S AEIn M 45 ST.C | pfa. pfl E =260 km 4 6 | [SMFEDA, [LBEnm,
(MIS 3 #n) B a8 [EH)™, (]9, o
F ) a—a 4R
B 4 Aso—4 | B5~090 aia Aok -#II-58HE
' ML pfa BTN,
BN Toya 112~115 pfa, afa A - BAS-Z2EM

1) JaB (16585, 2) fskadk (e7o), 3) B -GN Qs81). 4 BHah (1688), 5) BHFEDS (1900), 8) BTFab (1973), 7) WHHES

EriEde (1901a),
(1992},

18) F7Eizde (1088),
BT} - 3R (2002),

160 / 11 HEDT 7288

6 & (K1) -BI¥s 1-4# 19-10

16) Asaierel (1985), 17) EJEES (18872, 18) % (1861), 180 Q1% - MA@ (1mes), o) &4



g gnwn |SENE i hocum | w0

F4 7T n T Ny
Ko-a DPX, CPX pm 1.500-1.502 | 17091714 MERRAT B
CLTM-1713)
Koc Op%, CPX pm 1.500-1508 | 1.709-1.714 Flk
Koo opX, CpX pm 1501-1.508 | 1700-1.713 [& &
Ko-d opX, ¢pX pm 1.502-1510 | 1710-1.714 FRET ERY
(Lnz)
B-Tm |af pm 1.509-1.522 af 1.522-1.624, YhIRET
Koo L&l opx, epx pm 1512-1.518 | 1.707-1.712 1 672-1.680 [ER
F&L ho, opx, cpx (1.709)
Ko-f OpX, CpX pm 1.516-1.520 | 1708-1.712 AT A
Ko-g OpX, CPX pm 1.513-1516 | 1.707-1.710 Faugst g
Ng ho, opx pm 1.603-1.508 | 1.,T08-1.713 1670+ 1678 LA, plakpAizown
{L711) TORGEM: Ng-chi

Ng-a ~WEEH e & Wi
HIE® SoM@EdBLk
' AL Ng-a 0 b D,

Ko-h OpX, CPX pm(EPRW)1.515-1520 | L708-1.511 A R
Ko-i opx, Cpx pm 1.508-1.511 | L70B-1711 EAEREIIED
(1510}
M -8 ho, cum, (opx) ; 1.662-1676 FIEphgE, EToa=y bk
qt (cum 1.662- TR %,
1665 ; 1670
1.B78)
T8 ho, opx ; (gt} LT12-1.725 1,670~ 1 680 Bk
Aso4 | (ho) bw LEOT-1.510 (1.687) J LR HEn|
Mt ha, apx, ep% 1,685 1680 HABTRTH
{1,586~ 688
Taya pm 1491-1,495 | |.758-1.760 1ET4-1.684 LB, EITEET
iR, TR

(1852), 8) (Wi (1088), 63 B&0| - Mok (10e4), 100 @0l (2980), 11D il (1061}, 12) EEFFds (1960). 13) - FF (1074), 14)
(1889),  21) HMEd (1897), 22 Wk T (1596).  23) ESFEA (199D, 24) WA (2002), 25) WE - R (1897), 26) MBEL

1 BFBROEFRNES 75 /161
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2T 7 v 73

#F3.5-2
K- r794 52 %5 | EM MELE | ERHRIEN | 2% - R AW - [ thogi]
8 B Us-b AD 1663 pfa,afa, ps E(S) >200km 34 § |[[Us<c}®
afa (witrie) &35-1
I8 L el B-Tm |10t o ¥ - B4 362 80,
EH® Spfi A~45 LRI, K3 - B35-3 88
By g BE 1P Kt-1 =43 C* | pia ph, pa E(®) >30km 4 6 | [Kpfi-0 &Kbs-M]%, [Ki-p
B354 & alt®, [Npf-1 &1, Nb)#,
[Spra2]'™, B+ 3 gk
=7 7% 1) Z-M =45 ST,C*| pla # 95-1 £FL
DR Nj-Os pfa E(ES) >i0km 3 4-5 | [G-P]®
B as-3
TuhSE® Kt-2 pfa NW =100 km 4 5 | [Kt-cl®, (NUs-c1 g
{N.Us~c) 3 54 AR,
7 » & T Kt-Tk | # = # 2 K0l Yo sfa 81, [Kbe-11%, [Rpfa-11%, [Ke-a]®, [Spfa-3]'",
(g
HabSHE Ke-3 ZAT~5l C*™ | pfa,afa, ps, pfl | E(N) >160km 4 & | [(Kpfa-H, Kbe-l & KpA-1)¢,
1% 3.5-4 [Kt-f & ¢]"®, [Rpfa-La &
Rpfl-11%, [Spfa-3 & 419,
ChEROr s 352354
A¥uFHLvFsHLOES
In &MY,
EEE RS- Ki-Hy pfa, ps ala, pil ‘ E 460 km -4 45
|
EEE AL T Kt-4 pfa, pe, pfi | E? 34 56 | [Kpla-T]Y, [Kt-h]%,
4 [Rpfa-Tb &£ RpA-0 ]
[RP-11]'®, [OP-2i™,
[Mpfa-2a]'?
2y ¥ WY Kt-5 pfa E? 3-4 4-5 | [Kpfa-1]9, [Mpfa-2b]'"
PuF IR Ki-6 T6~85 ST | pfa ps, pfi ENE>200km 4 & | (K11, [Rpn-m]»,
MIS Ba [ 3854 [K-iU &)™ (Mpfa-3]"",
[op-3]*, [RP-IV]'™
I Ki-7 pfa, pfi E? 34 6 | [Ke-J]7 [Kt-j]%, [Rpnt-m3*
P 4 Aso-4 | 85~%0 afa(vitrie) XL FII-58M
2oy ey K-8 pfa, afa, ps. pfl | E? 4 6 |[RpA-mI¥, LHIFEFMEL
BT [NUsc] ZRERLT
Wb chiz 59,
Hig™ Toya 112~11501 FT | afalpp), pfi. afa| cone. >600km & 7 | AXER [Aafa2]'®,
ST.TL pll IR NW, W [Kpfa]*, (HPIV]™,
BO km [Hr2WA]", [&w2]™,
[ 2.4-4 [WTI, [YP]
g Oer 120~126 ST pfa, afa, pfi FERI (RPERAE, MISSe?)
ko a,

1) (Ll (1s8), 25 A4 (1966), 3) Jbeaiklbcfrs SR8 (197), O AMiEd (1080), 8 (6 (184D, & Katsul (19813, 7) WEREW
(1988), 18} A0 - EN| (174D, 16} Arnierol (19861, 17) BIEEA (16&7a), L8) FEEMFu Q900), 19) ALz (1), 20) JE® (1978,

(1483),
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&k oy ¥ o3 o= opx ho .
L T o i & PO = - 4 MAe o
k-
Us-b {opx, cpx, ho: qt) pm 1457-1,49% | 1.735-1.741 1.643-1 685 BERt o b §
{1.498)
B-Tm | af pm 1.508-1.522 af 1522-1524, Gl
Spfl opx. cpx, ho pm, bw LG00-1503 | 1.731-L733 1.6HE-1.691 .k
K-l opx, cpx | qt pm 14%8-150M | 1.719-1.726 AENEE. ki3 2n ik
(1,502-1504} | (L720-1723) §) itk 3,
M ho, opx, cum pm 1.505-1.513 | LTI7-1.724 b LI
Nj-0s | ho,opx pm 1601-1510 | 1.707-1711 L6651 6T0 iEEHEN, kT an ik
(1.502-1.506> | 5) LA,
K2 opx, cpx, (ho) pm 1.505-1518 | 1.712-1.718 16781 634 L
{N,Us-c} (1.507-1510) | {L.713-1.716)
Ki-Tk | cpx.opx, ol HEET
Ki-3 DPX, Cpx pm L510-1.514 | 1.713-1.725 BRI 5 v — FHE KL
FAnRE) LS,
Ki-Hy | opx.cpx. (ho) LT11-1.726 Bt opxyidb) KkE,
{1.715-1.724)
K14 opx., cpx. (ol) pm L508-1.510 | 1.716-1.723 Il b
(1L720-1.722)
Kt-5 OpX, CPX pm 1511-1514 | 1.720-1.726 [l &
| {1.512-1513] | (1.722-1724)
Ki-6 Opx, LPX pm 1.507-1508 | 1.723-1.729% F N
Ki-7 OPX, CPX, prm 1.500-1512 | 1.721-1.730 FIER
Aso-d | (ho) bw LEOT-1.510 1.685-1 638 HagTER L. ERRAE
Ki-g apx, cpx, (ho) pm 1L.507-1510 | LT19-1.718 1678~ 1584 HLE
{1.508-1.500) | (1.715)
Toya | (opx, cpx, ho, gt) pm, bw 1404-1.488 | L.711-1,76] 1.674-1.684 friE EED. eutite I &0
(1.496) bimodal
[1.758-1.761,
1.712-1.720)
Oar opx, cpx, (ha) pm 1.503-1.608 | 1.717-1.723 o] EBEHE A

(1967), 8) BREREREE (19000, 9) (L& C1985), L0) fE06 (19880), 11) WEIHRSH (19600, 100 BEEFEEL (10590, 13) (L (19910, 14) Bt
1) k@ (1070), 20 BHEMTEWEEESE S v- 7 (089, 29 +BEE (), ) @R (1068), 5) miEs (1996 726) Has
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(81 X% - i - a1k -

®|3.5-3
Kili- #7238 i 5 | #H #ESE | EEESSEE | 99 - R AV | e (M- fhoRi
miyaty Ta-a AD1ms H pfa, pf, pfa EEN>IT0km 4 5 |#fi#&TRSH, [(Ma-a
B 8.5-1 # 5 {dMe-a]
BELTE T A AR
B
wmE Y Tarb AD1667T H.A | pfa pfi EN)>1T0km 4 5 | 74 2{bM
B 3.5-1
HE b Us-b AD1663 H pla, la F35-2 #EL
HafilE e B-Tm |10 |¥52 afa A - B3A-4, 36-2%
B et Ta-¢ 26~3 C*. A |sfapfa E(N} =8 km 4 &
Bl 352
iy 4 ¢ Ta-d B~ C* | plasia E >200 km 34 5
Eas-2
el En-a 19~2] CH.TEEE) pfy E =800 ken 4§ | GEEkE)®  a@El
(MIS 2) [ 35-3 by o AR Y
B ™ B Tka LIRSEHH 2 T80 sfa. pla S0 - 8 —flcdpidn, <2 TEMNE TR
LP-3M (Yo-1,23) 77,
w1 Yol =18 C,0 |sfa pfa,sfa E(N) =88 km i 45 | KWMEEDQOTFiECHS
B354 Vo-2(8) & OMb S @
WEGE. [Yo.PS-111
WiE Tn'® AT 28~30 afa (E{k} AKi-&Zal-38H
SR 2o Yo-2 25~47 C* | pfa - sia 5 3 4 |ATET
A 3oL Yo-3 40 ST pfa, sfa, pfa, sfa | E >80 km 3 4 | [Yo Ps-31". 4 »#Y
a5 =
WE ' nEn-b |02 C pfa N =45 km 4 4 | 77k,
Bas5-3
HH A Spifl pfl conc. 50 km a 1
dh~d5 (BN E24-3 FALERL
Spfa-1 pfa ESE 700 km T |
[E24-3
PusSE] Ki-1 =41 c pia [Spla-2]", PR THE
WegAohTOR M
35-2WM A FE) 2
—irg R,
BTN Z-M =45 pla (&1 RP-1V, [B&
Hpfa]™. #25-1 $£#,
4wt a=a o508
7933 Kt-3 pfa [Spfa-41'%, [Op-132%
(2a=ut) HASZEM A Y
a—¥a TR
F o 50 Spla-5 pia E >200 km 34 5 |4 vHYs—ba R
i
EEH Spfa-6 pia E 200 km &4 5 |Spfa-b & @fliz Ki-Hy
B0 A vd)a=icn
=2
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| % ik ¥ 5 = opx ho, cum )
g% xuxw | : : = BN - £ oM
_—
Ta-& OpX, £PX pm 1.487-1508 | LT13-1717 TllmE s
(1488-1.501) | (LT15-L716)
Ta-b OpX, CpX pm 1.500-1.508 | LT12-1.716 lE
(L715)
Us-b opx, cpx, ho | gt pm 1.498 = P
B-Tm | af pm 1511-1.522 af 1.602-1.524, Mohek, e
Ta—c opx, epx, (1) pm LE0Z-1.511 | L.708-1.716 Flhiky, SowiLEE
(1.710-1.712) Ez ks,
Ta-d apx, cpx, (ol} pn 1.533-1.637 | 1,701-1,706 FlE, BTN R b,
En-a OPX, CPX pm L807-1.508 | 1.710-1.715 |k, hotZELw,
I {1L.713-1.715)
Yo-l apx, CpK 1.714-1.719 EETACE, (LR,
@ kil s R,
AT {opx) bw 1.488-1.501 [& kIR
Yo-2 ho, opx pm 1.556-1.560 | L.T03-1.708 LE80+~1.655 (T =8
Yo-3 opX, CpX pm 1525-1532 | 1.702-1.707 Rk, gt
n En-b | opx, cpx pm 1510-1,514 | LT11-1,715 EETR
Sptl opx, ho, {(cpx) 1 qt pm, bw 1L500-1509 | L730-1.733 1.688- 1501 Filvhis+
Spfa-1 | opx, cpx, bo gt pm 1.501-1505 | 1.726~1.735 1.688-1 601 FlLE
(1.502-1.508)
Kt-1 OpX, CpX . qt pm 1.502-1.504 | 1.723-1.726 BpErara
|
Z-M ho, epx, cum, bi; gt L713-1.724 1470~ 1.6TS AL LRIEE
cum 1661-1.664
Ki-3 opx, epx, ho pm 1L609-1.513 | 1700-1.725 AT
Spla-5 LT15-1.718 At
(1L.716-LTIT)
Spfa-6 | 1710-1.717 &Lk
(1.711-1.715)
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Kili- 7724 i85 | G mEE | MEREES SR S - R AV B DL thogg)
——d
EHE T~100 0 Safi e b sfl, pfi 2-3 4
) (B2 =4 r) 6 :
spra-7 | ) (MIS28) pla ENE? >>150km [Ssfa)”, —i&D 5735
~10 (#Ha=, 1) | R4 [TBSI, %70 (g
W) k@3, 4y
q o= o Hhl |
il Srb 70 ST pla, pil Pl &, pla: [Mpfa-1]'2, [Yo-Mik]a
(Ki-d @ L) E >100 km IR, ARG Ly,
{7BYa=va vig
TS IWE Kt-6 | 75~85 pfa [Mpla-3, [K-M)™,
[RP-TV]Y, [Op-3]a a0

EI5-28F,
PR Aso-d | BS~40 afa Fu-EA-SBW,
e Aafal afa [HP )Y, 18882 5 &5,
AR Toya 112~115 afa [Aafa2]™, [ EALM Kp.
fa]', &3 - #as-2 %
ZuFyoBEY Ke-Hb | 115120 afa [Aafad]™, KX - 35~
G 2R |
PEEE 4% Aafad afa BT RNE L e
HE, _

1) (L Ca968), O WE (197D, D ALK EBAS (9T, 4 GMas (1980, 5 BE - &8 (1980), & mEEs (1981a), T
14) Yamagata (1988 MS), 19) WEFROE (1987). 16) HR N (1980), 170 Aral et ol (19853, 18) MIEIE A (1085), 10) BOEEL (1857),

R (1206),

(41 @ -l

L ®a54

=) (LEF (1924), 29) MIH (1984,

kii- 57238 B | R MBS | BRI EN | a9 R AV | e (B o &6
FRBSEE D™ | Re-HL | 107 ST |sfa 37 6| PR R (E5 )
DFEM TR A i
i S L " <la,
Tv&Ea—is 2Rl
R = @429 | Re-Wn | (MIS 280) pfa, sfa E B0 km 4§ | FIRSFEOREED M
il F iz Spfa-] (ha=vt) |BIA56 ™, £ v#Ya-va
RN MENAEE
mlll‘
WED) Spfa-1 @ FFiRBNL 2 (Sipfa-1,8) &0 5 240D pla -SSP &9, SHIE E 5.
A EPBESESA 0 Ds-0Oh | >80 C*' | pfa, pf N 20 lkm, E(N) (e o—&
140 km ? W],
EEHB 1 Spla-1 | dD~45 pla A% - HAF-3IBRL
&R 4 Aso-& | ES~9l afa (vitric) AE - FII-58RL
RloEH (g0 Rs-Kb | Aso-4 ©F itk 2| pfa.sfa ENE Spfa-1 O T,
[ AR T{AY ]
FIRT 7 » ntw Rs-Ac | Ke-Hb@ [{Y pla 7 5 |He<vEhmRaEL
2 4 F yo Bl Kc-Hb afa [ E

13 WY A~ 7R (1966),

2 e Ee (1971,
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o
f d Iy # 5 = opx ha )
::EEE ENE 3 g4 7 - - a5 A - rof
st apx, cpx | LTS FER A
| spfa-7 | opx, cpx 1.708-1.718 B 4my fira
=10 (1L715-1.117)
i 5 he, opx | gt e 1500-1504 | L716-1720 1.660-1 635 TERATEE. Mpfa-1 (2RI
b HrR=K.
| Kt-8 opX, CPX pm LEOS-1.516 | 1.723-1.720 [FRIATE %
(1.510-1.514)
Aso-d | (ho) By 1.505-1.509 1.6B6-1,688 At Emsy,
Aafal DPX, CpX pm 1.509-1611 | 1.714-L.721 [k
(1.715-1.720)
Toya {opx) pm, bw LAO5-1488 | 1.758-1.761 [R3
(1.456-1.497)
Ke-Hb | (opx) bw L.507-LE08 | 17061711 |
Aafad pan LABT-1.498 [ &
[

@i (19680, B) B (18se), 90 HFF -0 (974), 100 #OH RS (1974), 1) BEiads (1976, 12) &8 9690}, 10) Saias (1978)
o) @t (1981), 20) FEEEE (1912), 2D B (1961), ) W (1983), 24) M (1987), 26) MdK (1994), 28) h| (1989), )

k th ¥ & = opx ho .
z 5 oUW W 917 . ¥ o B o4
Re-Ht |l ' BENT 8, BEELL,
Rs-Wn | ho, (opx, cpx) pm 1.517-1.522+ L681- 1686 Flb, BELWRFE, ‘15 ©
(ke G2 0) (EfMa=s b [ Kild SR Re-Wnaffk s
F &2 AR ] "Bisum,
1.684-1 689)
| Ds-Oh | epx, cpx, (ho) prn L505-1516 | LTO6-1710 | L672-L&T7 ENErERe - KR, K
I (1.507-1.509)
Spfa-1 | (ho) pm, bw 1.501-1,503 1/684-1.688 S LH
Asa-4 bw 1.508-1.512 HEM L
Rs-Kb BRI Bhest
Re-Ac | (opx) 1.700-1.708 BRE 7 F ¥ 1
Ke-Hb | opx, (epx, ho) bw 1.501-1.504 AL

Ha (00, 8) S (88), 9 Areleal, (1288),

10) Miura (1566),

1) =i - 1 (eess),

12) ol « ) (000),

1) e
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K- 5754 i 5 | FER WENE | RO e | O B AV | iE Ei*ﬂl:-ﬂibam 3'[
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Dz s GER)Y.
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M2 E o4k _
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W, TOTHK Taci
MitEhE[Fao™
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Has-6
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saiE BI35-6 FIHEH WES VP ER 0
7.5~8 co HoF 7 FECAT 1 [ L Ko-g™, q
Fin
R g Ma-g~] afa, pfa - afa, | ESE >100 km P (Ma-f) (TSRS
pfa (EW== |E45-6 THW=T¥#73, I0
¥ }) 3 BEMa-i, Ma-g®
pla #415 < 546, :
M 1L Ma-k | =11 afa ISR T ¢ Er7opETr—-any
A %y 2 JER™, {
B s Ma-1 =1 c | afa, pfa NE-SE>80km 4 &
B35 1
M ey Mi (Mo —4]W, [Frrryo—n]?W LFEL MNEHNALED [Maa~Ma-h]® @
—Hl SHlDela,pla b G E, - EERIRS ¥# Y a— > »HTE, ;
PEERTYM Anp >12 c* |pf Py FrRhN Ml % Ch £ o i fif 8106
FEN A8,
AWM DY Ch [BAAKLEE]™ £HESEL, £0 MBS HY (B0 pla-afe (Ch-a~d) &0, LFR
LN 7o F yOEBFEBLNG, A A a— s DBEHO MR L,
# o F + o chEBHE"Y | Ken-T pla NE >80 km 1 4 :
PR 4 s Ns-Hk | MIS2 pla Ea5-7 3 4 |FiicDs-On%, o 2
HYa—=pg 7R
thfER LR8BS ™ | Nu Ke-1plk, ChBfctlohss 75T, WRMM TR Ns-T\o, @ d2: 155 0@ pla,
sfa, afa 2R0. ABZEINE @ENEEL) RIUTLR2 » FroRNERBE T30, N
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Kb o 3 o2 opx ho i
E EE N | 31 " ’ 72 AW - 2o
ITaa | (opx cpn) pm 150041505 | 1.713-1,715 SRR, BT
- i s,
Kot {opx, cpx) prn LE01-1606 | L708-1.713 Ak o s ™,
Mu hESHATE £
Ma-b | (opx,epx) pm 1.501-1.504 R
B-Tm | af (ny=1523+) pm, bw 1.508-1.51% HEEEITERR
Ra-2 FEIETMIAT, 48y
Ma-f | opx,cpx pri 1516-1520 | LTO7-1.711 BRI
{LT08-1.708)
Ma-g~j | apx, cpx 1.706-1.710 Mk
(1.708)
Ma-k (epx, epx) pm 1.505-1.610 BEERrEER
Ma-i opxX. CpX L705-1.710 ETRIET B
(1.706-1.708)
Ml BilFGEr S|
Anp opx, cpx pm L505-1.508 | 1.704-1.708 AT AATGE
Ch SUREATRIL. 28
Ken-T | opx, opx, ol 1,706-L.710 A\ BT FERE
Ne-Hle | opx, epx L708-1.712 fal k
Nu STk E
|
'Ns-T, | opx, cpx pm 1520-1522 | 1L.716-1.720 FldgarEr}
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Rili- 77354 9 | E BEEE | MEAGTE R | S - AV | i [k oz
FERE R} 219 Ne=T, pla. afa E =60 km 3 45 | [Nu-n (L)% (KB
& 3.5-7 BHEE I o1
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2] 3.5-7 BRI o
ik 1 Ksl pfa itk - S Ne-Ti—a & O 58 {5
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Fslll g Ne-¥m | Ke-1 1 afa, pfa EN? 34 52 | W ALSRIEB G
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i,
I TE (8 NI Ke-d @ B, Ke-l $ T80, E(EHch3ERr 7 sMEFRO L 5T, Spla-1,
Aso-4, Toya 2l &, 2-FyoiiBieARHETAS L
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FW - HAS-3EM.
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tiEEEz T—llon
g, [N1-d?]®
g 4 Aso-d | BS~G0 afa(vitric) Ke-2- 3Dl Fio® 5.
A - H31-5BW,
fam™ Sh MIS Be & LA pla il BB 0 47 | A Y- vRB
#ig Tova 112~115 afa(vitric) FE L2 BR
A 4 Ksd MISBd & L pfa, afa ik GEIE 8 | K plaW]®, 1 v
a=ie R
i Ks5 MISBEd & Lu pla (G 3 4 |[Kplavi® o u#1
a=%a Tl
11 o, “
5o F ¢ OFE Ke-Hb SRk ala l‘;vs;g;o‘ﬁo km, 5
115~120 ST, FT [ 24-10 d
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| : k o % = opx ho ;
|t1ﬁ EE O 247 = % 9 Iﬁ.?f{ﬂ_%:bﬂh
|Ns-T: | opx,cpx o L519-1522 | 1706-L710 DTS
Ns-Ts | cpx, opx Pm LEI7-1520 | 1.7D6-1.710 .k
Ksl OpX, CPX pm LA12-1.616 | L.706-1710 A AREREERE
Ms-Ym | cpx, opx pm 1502-1.504 | L.702-1.710 FlLE
Nl SGRT
Kc-5r | opx, cpx pmiEbw L502-1508 | L707-L710 EARHT R
(1.,606-1.504) | (1.70B-1.709)
Ke-l opx. £px, (ol) pm 1502-1504 | 1L707-1.710 MM o744 ILEK
(1,707-1.709)
spfa-1 opxX, tpx pm 1502-1505 | 1.929-1.731 BTNk
(1.508-1.504)
Kal opx, epx, ho pim La05-1515% | L707-1.710 Biehr x40 L
(1.708~1L.709)
Ksd opx, epx, ol pm 1515-1518 | 1.707-L711 Rk, ANEARTERI
(1.516-1.518) | (1.708-L710)
Kc-2-3 | opx, cpx pm 15061508 | 1.707-1.710 BaEnass
(1.506-1.508)
Aso-4 opx. Chel bw 1.508-1512 | 1.700-1.702 (1LEET) [l b, & EEET b
Shr OpX, CPX pm 1511-1514 | L.7D4-LT08 | RN E
Toya pin, bw 1.495-1 438 | [l b EReS
Ksd apx, cpx 1301-1.710 | TR RTHEIRET
Kss OpX, EpX L707-L.710 | [&.E
Ke-Hb | opx, epx bw 1.502-1504 | 1.705-1.709 | SIWUTTRN], (FRETREN
Ke-4 opx, cpx bw, pm L502-1.506 | 1.707-1LT710 BE chEuk—i. WA
(1.503-1.505) | {1.708-1.708) ]
Ktmp {opx, cpx, ho) prm 1.502-1.508 Wit v+ 1)LERE &
SR
(1060), ) GEeds (1968), 100 fEMade (1964, 11) Katsweraf (1678), 12 ks (1965), 13) 398 - Ath) (3963), 140 & - ERE
By (1086), 22) ApEas (1667a), 28) ENFIEd (L067), 24) BpEd (1967), 25) M- AL (19540, 26 b (901). ET) EMas
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Crystallized Glasses Produced by the Use of a Voleanic
Ash “Shirasu”

By
Shuji TSUNEMATSU, Koo INOUE and Osaku MATSUDA
(National Industrial Research Institute of Kyushu)

“Shirasu” is & sort of volcanic ash broadly deposited in h Kyushu and consists
mostly of glassy alumino-silicate.

In this paper, the authors describe the crystallizing bebavior of some glasses produced by
using "Shirasu” as & raw materia] without addition of any crystal nucleus and discuss the
correlations between the structures of crystallized glasses and their strengths,

The results obtained are ized as follows:

1. Heat treatments of the glasses in the systems “Shirasu-CaO-MgO”, Shirasu-CaO-Zn0” and
*Shirasu-CaO-MgO-ZnO" mnedihe fummm of the crnuln of diopside, hardystonite-4-

11 ite and diopsid 11, v An 1 crystal was
demmdlnunhofﬂmmdlddwmdm Al!thncryiuhmwfmﬂnmﬁmmun
inside of the glass specimens,

2. By the crystallization, the softening temperature of all of the glasses examined rose from
about 870°C to about 1200°C and their hardness in Mohrs increased from 5 to 8.
3 Theglum in ﬂ-el}'m “Shirasu-CaO-MgO” and “Shirasu-CaO-MgO-Zn0”, in which
prec 1 on heating, did not show an increase in strength by any crystallization
wa:adme,whﬂu;theﬁrmgd:n[ﬁ!ﬂhﬂﬂmlhemm “Shirasu-CaO-Zn0)" heat-treated
for 2 hours were 2 to 3 times es high as those of the original glasses respectively. As the
heating time was further increased, however, their once increased strengths dropped rapidly,
regaining their original values.
4, The high strengths achieved by crystallization were discussed in terms of the shape of the
formed crystals, the processes of the crystal growth, the appesrance of crystal grain boundary,
ete,

[Received September 29, 1975]
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3 ERsEsEs

LLT Au, Ag, Cu Z¥EMRAMAR Vo< —RE
WM 5 HE, Py, Ru 30 Ze0, TiO, £/v3
FEEYHRBDY.

5 abEMEL L, Zhiz CaO, MgO, ZnO % ¥
ERMLTHLNS NI AL, HBENERNERNTS
= ki ENS A BRI k- TRIS(ET 3.

2, ThooyT AR, BUACY - TERT
SHEOEE RALREEL Y L, Bohaaly
3 20 LOREICSCTRELALOTHS.

2. X B H R

2.1 #H3aEomu

HEAOEREE LTHALEYS AL, REBRSE
KNSERD ¥ 9 AR E X -2 A TH 20 BREERL
~1494 LLAELDTHS. B icT0ERIBLT
Siam e s, X7 AR LR L0 SR REER
AMRERVSIREOMBEIC L - faoRHLL
Tiz Ca0, ZoO BT MgO Efvi. CaO Z K
ORESTCBERRIA VI LEY ) o=, FEXE
+ 1100°C, ZBPMMAEL MM L. ZoO 33 & U MgO
1, WEORE—SREEY, MERRRL~ 5oy
AtEhFhAvic.

B2 icATEREME LA, F 2kg EF- I
T 30 SMRSLELOERT AL FHEMlIc AN, A
¥R —A—REITT 1400°C, 2EMinREREL, P
ERARBLTHIAES o ft. EOHT AL, W
Hus A —A—REHET 1500°C, 1 EAIHEMEREL
DH, H-Fry—ALRLARBRFTREALL.
BURYTIAET A Y2 Fh o F—TUML, »—=F
Sy AL 0B THML T Sx5x50mm DX XDH
REBREEERLE.

2.2 REMMT

# 7 ARBOREL M5 -0 BERRNE TER
FEBMTRRIC Y ) FERMTET- . RBHF L
LT e-Tai+efvi. FHEER 10C/min &L
.

2.3 patorHomaR

2.1 Jicak<rHikic X o TIERLAERY 7 A B8
fht, Fb T00°C BLU 900°C (Zh b OREREI
31 MER) CRELARAFOSMBICRE, ThE
NOME: —ERMES LR, £6i 5C/min TH
L, 1000°C 321X 1100°C T—ERMMLE & 7o
. EoBROEAES 83 iR, BadEoRk, 8%
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Table 2. Chemicsl compsitions of Shirasu glasses

(wtf6).
No. Shirasu Cad MgO Zald
- b m w ]
T = o w
3 o » L] ]
4 ki) o0 B L]
Table 3. Heat treatment conditions for glass
samples.
Ko, Halding Heating rate Holding
1 70T 0.5h 5T /min 100T 2, 6, 24, 48h
2 - 3 = - - -
3 » Dfe . 10T -
4 - 2 = - - -
5 #00C 0.5+ - 1000T -
L] - 3 = - - -
T = 05~ L 1nmT -
8 - 2 - - - -

BEORY BLESLELOERRILT T R0
AR L L.

2.4 @iram

dhiF R, PALBIOWEEMLS=AWE
ECHof. XAMERLE 3cm &L, ik @i
CTRORE S SN

a=31P[2bh*

ot T (kglom®), It % o4y (em), Pt REERT
K (kg), b: #@ (cm), h: L& (cm)

EHE (o) MBS BOTSETHS.

.5 XREH

]I kDT A EROEE, SaEREEta
SRBRBLYF AOXBET T . ZhicRES
MRS X REITHRE (CuK, # 35kV, 15mA) &
Bvie. REEERISECRTECH CZVREETRE
BLELOERVE.

2.6 mEWmn

a5 2% 9% BRKERTH L o=, F
L, HHSESERRTREL:.

2.7 RE{EHSADOHE

#HEIz L 5 H 7 ABEOTLE M5 itk
OKE, TR EURCREER<E.

#HMEFs AR, 7 ARBERI O No. 8 DRt
= 48 ESISVAS L= b o 2RV, KR 250~
4958 LLEGVOEREY, E2 /A A—FitkoTREL
fo. EEERGI i2E — AT AR . BB Y
Py b BIEARIESIC L - THELEY.

Table 1 Chemical composition and mineral component of the Shirasu.

Chemical composition (wit%)

Mineral component (wt5)

§i0, ALO, Ca0 MgO Fey TiO, Na0 KO PO, MaO  iglom

Total  Volcanic glam  Crystals

7N ne L4 o.n 1.82 0.18 3.4
——————————iDD

.01 0.06 316 100.2 7855 .45
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I T e R

31 RERAMT

—#k L TH# No. 3 opdmali@ie M1
. 708°C ORMIZY I AOEBI LS LREOND
©, 06'C DRIIHHFHIC L SRRTHS. Zhid,
910°C TEAILEI L = % 20 X EHTIC & - T S-wolla-
stonite BHFHL TS 2 L TR S h3. oy
Ao EN 5 L URE R PTHEEE GiEEl L Tk,

1.2 AEERSLUERERS

& 49 ARFOFMGER & NS X UHBic X
THELE. £0¢{2DBERE B 2~J ioxiT.

¥ o2
ﬁ 700 1000
Terel%)

Differentinl thermal analysis of the
*Shirasu”™ glass.

@ 2 123 No. 4 (B 2 2, #) 15x10x15
mm) EMAMLERYA YELFD » #—TCUNTLA
FETHY, HEESHERE, 6N TR
2 TwHHBERT. 428, M No 3 oRnsgif
3,4 7 BLUSEMR, 74T R 2 LRAUOKNSE
Sl ko

B 3~5 34 9 AMFHMAmT 5 Z 2ok D4R L
FoAERBTIIC - v T OBMIERER RO 5 h o8 802
LOERLAELOTHS. B 3~5 PT, LR
# No. 1 & % 3 iofRL-MosSE4 vamLr |
Dk, BT [1-4] ok 5.

el B9 st (4]t Teic 2rmTen
HitgAEENEETARLTEY, ZoROBMN

Fig. 1.

Sample No.4 Heating

0O 15 30 45 60 75

Heating time (min)

Fig. 2. Crystallization process from outside to inside of “Shirpsu™

klnss,

1100°C

S. TSUNEMATSU et al. 34

OEFERIC M THRAKNRIMAMCES. [4-7] K2 T
HIZEREOER RS HRERSNeTRE B
ke85, —J E4 [25] BLU [(3-5] o
i, @2 iRl LRABIcY S ARl DAL, W
Ly 2t CiapEERIc L o Ta—F ¢ S h kB
Lieanz bAEEKE VWSt [2-6] BEU (3-
5] @RA 5 ARHE» SHCE - THERICRE L8
BNERT. |5 [2-7) OB LERTS b ¥
hETOMRER SRS T REE kL, [3-7)
T+ Tic 2rM TS & IS R L iR
Weirs.

feds, BREETENRIC L 5 L EInN o ¥ 2 Riici
Wk SRR @y X RS HES & hiat, Hin
MLARBCRRD LM, EEBH TPEOF A
BEL Ty .

313 XuEn

& 415 2gEHE 900°C A6 5°C/min € 1100°C 2T
AL, 1100°C T 48 RS L. #6he@iicd
S 2O XREHTRE @ 6 (=71, _E No. 1 2 dio-
pside (CeO-MgO-28i0,) £ 26 A% 27.8° O F b

(zo@fhamiEF#), H No. 2 it bardystonite
(2 Ca0-Zn0+2 Si0,), Bt No. 3 12 A-wollastonite(3-
Ca0-8i0,), hardystonite 3% Ufinigdlh, 08 No. 4
i diopside, hardystonite 33 ) el i+ hThE@
whhf.

SFC, BRLcrIWBEEFTZ L0 > 50
No. 2 3L No. 3 Ol 7 2icovTXRET
BT, BeERN: L IRHEH OB L oMRicow T
W, EOWRE R T BLUBIKFRT. B 7 [2-2]
ki, 24 MOBMER Y - T bardystonite @l
@ARIRER . 2D LRGhS. Rk, G§ENLE
TS MO v BT R R AR L. (2-8)
DEEEA 2 A1E, 2B§MT 4 & 4 ~F iz bardystonite
OE—2BREN. 20FMA 5 48 1§02 COEH -
IMEOBREBEAE . ZORBRLEYT A KERE
FHRES shitho . [Q8 [3-5] Til, M4 20%
[ 5 6 BEEO Mz #-wollastonite, hardystonite 331X
ChRadREREL w5, [3-7] T2y +—
7t f-wollastonite HR5LEH,
RYRIOERE & RIcil - 2 i &
Cieh, ®Bic bardystonite H5EE &
LTS, ki, 4METHRR
o Peehudbdhat 48 BT
AVERRELTA.

90 14 pAeLCEaNMEoR(E

HRiddeY 7 2OHREE B 4
e, MEE No. 1 o et
DHRERMEPRLAE L 20
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(1=4] 411

ik

Gl

[1-47 : sample 1, heat-trestiment coadition 4 [4-7]1 : sample 4,bent- trestment condition 7

Plg. 3. Photo-micrographs of crystallized glasses,
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(28] [3-8]

€h

2h

4h

[2-5] ! sample 2, heat-treatment condition & [55] : smple 3, heot -treatment condition 5

Fig. 4. Photo-micrographs of crystallized glasses
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27 [»7]

th

24h

[2-77 ¢ sample 2, heat-trestment condition 7 13-7] : mamnple 3 heat-trentment conditicn ¥

Fig. 5. Photo-micrographs of erystallizcd glasses,
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D diopside, CaO - MgO+ 280,
W: s-wollastonite, #-Ca0 - SIO,
H: hardystonite, 2 CaO « ZnO - 25i0,

. X-ray diffraction patterns of the heat-

treated glasses.

(2-2)

25 30 35 40 45
28
[2-2] Heat treatment condition No. 2

S. TSUNEMATSU et al. 38

BEEEEAEMRIcSVYTEIC HE 12000 BLE
(REEBMRR 1200C) Eizof. fORHORICRED
Blh, BEEELELOTH 2. T—ANEIIVT
hoME, BRLicL-oTSMe8IEMELE.

3.5 ghifmnr

RN AohIREE B 9 i<7T. HEl No.1
BT No. 4 o inee, RoERFcLS
WEE i & v, BEE No. 2 31U No. 3 220 T
ERorhoBMMEFbEVSES (B9 @ Time0
4R odhERm e 700~800 kg/em® TH o 22 ]
AORBESEAICHE VT O, B 2B T TR
18300~2700 kglem® (i 5 —27 ERLE. Zhid,
FHBEORDOBNREFHEVYFAD 2~3 {FOI
THs. TOROPMAAFUOBBIZEv. dFaReER
SR ETOREETRTH, B¥ No. 2 (TR b 3L
B3, 4. 7T BYUSICEAHAKY? 22, —BE
1000 kglem® FREFICHEAET L 2EFU 2000 kglem?
BEFTHALE.

4 = |
ELF, #ied 7 xo@iidmgic-vwT88T5.
BtEl No. 1 ofEdhie ¥ 7 20, B3 [14] =RB5
15 LD 8RS diopside OREBNMIREL 722
b, EFhic 24 kMmLizX ) ic, ab{ohirige LIRS
FREGRHICHE SRR EUEBLEYOBRRMESE

(2-8)
H

25 30 35 40 45
20
[2-8] Heat treatment condition No. 8

Crystalline phases
H: hardystonite, 2C20 - Za0 - 280,

Fig. 7. X-ray diffraction patterns of the heat-rreated glass sample No. 2.

6 4= (kL) -5 1-4H 19-28



¥ EEE=iee

——— I A - e A
25 30 35 40 45
20
£8-5] Heat treament condition No. §

" (3-7)

2 0 40
28
371 Heat treatment condition Ne. 7
Crystalline pheses

W: #-wollastonite, 4-CaO » SiO,

H: hardystonite, 2Ca0 « Zu0 - 25i0,

X-ray diffraction patterns of the heat-
treated glass sample No, 3,

Fig. §.

Table 4. Properties of crystallized glass and Shirusu
slica

Shirssu glase Crystallived glass*
No. 1 No. 2 No. 3 No. 4 No.1 No. 2 No. 3 Mo 4

Specific 54 g9y 298 2% 288 M W o7
Hudut 5 5 5 5 8 8 8 &8

i over aver
poini(T) €78 668 675 &M %0 LM 1190 10

“Hent treatment condition No. &

“Heat treatment condition for glass symples (Table 3)

Fig. 8. Bending strength of the heat-treated
lasses.

bt bDOLELLAS.

2 No. 2 RMUAMS 1, 2,5 U6 0vTh
EBeTh, RN 2BHTREREERLE. Shb
ORSIETIAREE YRR LS, 26 TIRARE
TRELTRLT, MBRERMEIERICLTa—F
4 X ERERETHY, L Lisdhieo O P
EfFbive 9 ARmICERICH - 22, FdbLx
HoARMCRELAYR{E-TVS. ZOZLRF
M X - T, 7 ASERBCEREETEREL
B tBbh3. £, FROFETI AL D —KIE
BRSNS, coRHUMFEL VR ML, S5
EShRETRREORASHCEREHNETS L
HEXLHNDEY. LLED kS LANME &R LR
MiBrohd, WRAUERFCHTISZOL 5 2M
MR, ME No, 3 Z2wTh, MBRORMSLZE
k5. BE No. 2 O 6 ML E T REE T
TLEAS, ZhixABici, TRELAMSSIHRICR
BLTv30LMERSSS. £, H7[2-2]) R
5hD 20 20.8° ORBHROME L KICBELETL
Tv SO LREEA . PR 3, 4, 7 SR8
HWTh, 200 GBI TRERETFTLTY
S, LBMALTwS., chicovTERTSE, §E
&, MR EFTRALY S R, TOMBBELSMEA
EMTFREERTVSY. 2O EinbME No. 222
wT 6 MY o, @5 [2-7] ieRLER
Siz, GEPMMITANEE TALE L mERREEELS LlgEihe
EETFRERCEELTVEZ it LB 0R3.
*rx, GEPMLLECHEESENT SEMTR, B T (2-
8] icR&hsL O, FagBIELLT, Mlk
BEOEKERENDS VDR TR URER
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YPORSLEO Ol o,
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Mz TOEMIRERTIIE Lo ZOZERE
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