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X1 : PHE . BAROKLE KOS & KHEE KRS AR ZHE0H Y
5 (BARZEWRHHAME FiRoghm 19%9%5 (201449 A))
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&R —18
[ IR B D A4 32 432 % OVBR BART D BRIK D RRSZHERRRHZ DWW T

HRERFT 3 FIFICBI 2RIKFOMENEE (REIMOMTERERKR U
WDEHME) 1Tk LT, LS DOFBIZOWTIE, FRFFEESD 1.0 ZBIED S
HIFIZBWT, BREA% 6 HME TIIREFIIDPLOXEZ TN L OX
BEtEZ ED, FHEBHET 5, £, XBEEZITHETO 7 BEIZOWTT,
REFF ARG 33 £FE THOER L LT 7 BRI OIEE ARMERR
HOREIZH L TEY, BREHhET I~ OB 2 L CERESMR TE 5, £
DBITIE D b OBREHM T A~ DR BT ORIKE Eia L, JME
BOZEEITIZLT, ML CERZHEMETHZLLELTWEE, 1L D
XBEEZTANDT=DICHREAFTORIK, KOFTHOREHERL — MRS LE
ThiHI iDL, ZTNHLDORRMEIZ YN THRFZIT- 7,

1. BABARTOREIKERE
HEEFORMITL, SRCERINTERY, XERL OBREHIZRIRN
SHEDOHEARE CTHEDNTEY, BTAHMIZLDEEIZITICIS 2o

T3,
(72, ERRBIIBR E~DT 7 EANRARETHY, SHEIZIL U TRKATA]
ﬁ’éﬁ&)éo

BIARBOBTFIZET AN FETEZ ENEZOND N, RFEREEED
L, BRI A Licky, BELERMTX S,

F1X BAPART (ERZEER)
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2. BREHERR L — b DERIK

BREHEAG /L — B ORERIZOWTIE, BHINICEREFHBE TH 5 20cm DRE Tk
BB L2 HAICRB T, o7 e — U R R 0mEEZBEL, &
BESFRTET 2> O BRI BT S £ COREHE /L — b OBRIKARIERT 21T > 72,0

(1) BRIKFEOBME

% 2 IR T ARESFE T D ABHE BT AE £ OB /L — MR &
b o 2R & YHFTE DR A — Lo —F TEBH~R LT 5, 0B, RESFHET
P> DIREHBATIIAE £ TOREMERB L — F 2R T 7B A — b (Efl) £ T
FmEITH> 2L T D,

- s
© KEHRERDHRL—- O - k¥
B e

FE2X BRKAL— b

6 & (K1) BRI 1-4 2 18-2



(2) Pl

a. [T K& H

- HEFE & : 20cm, B : 1. 5g/cm’

b. A —a—XDOHEE
R LH LATREER : 4.5 t

(% EE)

(P EWERRELY 4.5t MLHE D Z L 2R %»)

« Ny Mg : 337cm

- EITHEE (1) : 8 10km/h, % 10km/h

c. BRIKERH

- REXSREEOEZENL— b : 3. 4km
- WEXIREEOEZENL— b : 2. 3km

d. BRIREFRE OB E

BA =N —ERET K2 BRI LESEREZ 1M 7 r e L
T, DA =N —FORIKENN D, BRIKEEZFEHL, REHEHEL— b
a7 72— (EfE) 2Fo0RKEMEZEHT 5,

¥, KERMRER 24 55x DV— F&2IATLTRIKT 5,

(3) BHER
EENE 55
D RA—num—FD1H% A7 1Y x. 50 B EWMERBRIC LV ERE
0 ORKFELUH LAREER P
® KA —nn—FOBEMNEIY: i il G KA —na—F OO
D ORI AT RE B & TAEHOERMEIZL Y BE
® | 1A ZVTRIKTX %Rl 4 (m) O/ Q&<
@ | 1A 7 V479 ORRIKEFR 0.75 (min) |FE 128
® | 19 A 7 V470 ORIKERE 0.32 (km/h) | ®,/@
® | 77 AL— kDR - (4) ITTi#Hk
@ | 7 7 &2 N— kN DORRIKER — (4) ([ZCi#

H1: 1Y A7 NVORIKEREOE 25
1 EOEITEE (A1 10km/h, %iE
10km/h) D) 5. Okm/h (FHE), 5.0km/h (1) TEXZEWT S &K

* 1Y A 7 80 OFEERRIL,

ELT

A:HLHL (D—»®—®) : (4n+ 5m) +5.0km/h=6.5F= 7%

B: X7k : 3%
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: %1 (®—0) : 10m+5. 0km/h=7.2 Fb= 8§

X TR 3F

19 A4 704720 oE¥EREE (A+B+C+D+E+F+G+H)
=7TH+3B+7TH+30+11 B+ 3+ 8B+ 38=45F

C : % (—>0—®@) : (5n+ 4m) +5. 0kn/h=6.5 = 7
D:X78%: 3%

E:#LHL (@®—-0—-®) : (4n+10m) +5. 0kn/h=10.1 =11
F:X789%: 3%

G

H

4) 77vAN—F (EW) SEOERKRSIMERTER
BRIRVESEICBE T D ERDOBRIKEF# 258 1 RERUE 2 RITTT, BlBOLE
D#) 7 R TERRIKDNATRETH D Z & 2R L 72,

1R KEMNREAOI X D RIKEFHEHE

B R (9 m) i REARE B HE (km/h) PTERFH (43) #AH (5)
- 360 B 4.0 6 6
@-@ 260 R K R % 0. 30 52 58
a—-© 260 HEEE 10.0 2 60
@-6 480 R K R % 0. 30 96 156
6@ 150 HEEE 10.0 1 157
@—-® 340 R K B 0. 30 68 225
(Od®) 490 ERBE) 10.0 3 228
@—-® 210 [EPREES 0. 30 42 270
@—-® 250 ERBE) 10.0 2 272
®-0© 560 [EPREES 0. 30 112 384
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2% KEMNREROI X D FRIKEFHFM

X [# HEE (9 m) [ REARE B FHE (km/h) FrEEief (49) #HE (4))
O—-@ 160 R R e = 0.30 32 32
@—-0 160 EBEE) 10.0 1 33
O-@ 300 R R e = 0.30 60 93
-0 50 HREH 10.0 1 94
B-® 520 R SR B 0. 30 104 198
®—-® 50 HRE® 10.0 1 199
B0 30 R SR B 0. 30 6 205
0-® 210 HRE® 10.0 2 207
G-0 430 R SR B 0. 30 86 293
-0 50 HRBE 10.0 1 294
-0 30 R B 0.30 6 300
B 50 HRBE 10.0 1 301
O—-® 270 R B 0.30 54 355

LA
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FEER—19
BT KT X B BRI DRI OV T

BT AIE~ T~ BIRETHKILUTT R, GfERAICTHERRINS D
DTHY, BETDIKZEY, ERFERPERDZ LD, HEEHR3
FCHRETHKILOEMTHEREZEHRL, BT X DEECREORE
WZDOWTHER L7,

1. BT KEEORER
(1) KA Z =2

BT KO ERDTHHKILUT T R, T FIEROERBED~ 7~ 3
KEERKPICEHIND Z LICL28HRBE - AL > THE&bTET
WZHEREN LoD TH D, MBEDOEERT 7T DKIUTT ADERSH
w1 RITRT,

FE1R MHEDOT 77 DKIUH T ADERSHE (%) *' FREILER)

7% it M sicy | Tioy | AL ] FeD* MeD MgO Ca0 NaO | KO | N EHR r.'?“‘; ik :
Ke-Hb | @EilEaemI (o | 780 04 | 120 16 01 0.3 15 43 B |les |0 |w |8 K‘C E E%{'E%jj)[/jd 2
M (pa) 782 | o3 |ne] 15 o1 03 15 ad | @Sz |0 | w|W Spfa-1 @ =Z3 7112
 (pih) [LE 03 | na 15 (i3] 03 14 13 a2 o|wl|as T ik
| g (i) 781 | o4 | 1z 15 0l 03 14 12 7] | o |wlas Toya . {IEJ:E‘IS jj o
| WAty (it TR 04 | 121 16 i1 ns 15 87 18 g | O | W a
| 1) 8 pa | 123 15 0l 03 15 4.1 Tl 0| WwW| 9
i SIS (pfl) TH3 04 | 120 15 0l 03 14 4.2 Tl ®| 0| W 4
| “FET T84 04 | 121 15 0l 03 15 35 8] %8| 0| W 9
| 3 ety TRT A 12.1 15 0 na 14 as 16 22 O W g
Ke-Sr i%tri:‘.‘?ﬂél'ﬁlll ()] 7R3 03 | 121 14 00 03 16 40 tj22|0|Ww| 8
| A (pf) 183 D | o122 14 0l na 16 38 1|l o r
| BA 03 2.3 Id ol 03 1.7 3.6 20 0 (4]
(eSS (] 7R3 0.3 120 14 [i§] 1] 15 42 q | O
TYPE TH5 03 | 121 13 W 03 13 37 24 0| A
MR9S-K04, PC2, § 784 03 | 120 14 a1 0.3 14 35 | st | oA
MR8 03, PC-1,4 7148 0a | 126 130 03 1437 25| 35 | A
MRO9-K04, PC3, 1 790 0a 1.7 1.4 00 02 14 35 p | 20 | A |
Spla-1 | MLELET THA p2 | 125 15 0 02 1 a7 3 )
( TBA 0.2 123 14 ol 0.2 Bl 3.8 'y i
Spla-1 784 0z 123 1.5 a1 0z 15 38 W |10
ira 0.2 13.1 14 an {2 14 35 B 8
THE 0z | 125 1.4 a1 0l 12 44 w |13
T80 02 125 L5 Ql 0l 13 a8 W |13
785 0.1 124 L7 {1 02 1.3 a6 W |15
T84 b2 122 L5 1 0.2 13 35 w |18
TTA 0z 128 1.6 1 0.2 14 X w |15
T ot | 120 16 ] 0.1 13 36 w |15
783 0.1 123 15 1 0l 13 aT W |13
T4 02 12. 14 i1 0.1 1.3 ah W | 1a
Tova T892 0l 125 1.0 01 0.0 04 4.3 w B
763 an 125 09 ol 0.0 04 43 W 5
782 | ot | 125] os ot 00 04 46 W |5
785 0.0 125 1.0 0l 0.0 0.4 .0 w 5}
TRY ol | 125] o8 01 00 04 45 W |5
788 | 01 ] 18 o0 00 04 1.2 W | B
| 783 0l 125 0.9 0l 0.0 04 &k w &
783 o1 | 125 m 0l 04 51 W | &
745 0.1 128 Lo il 00 0.4 4T W L
769 0.1 127 1o al 0.0 [IX] $.2 w 5
740 (K] 1 1o i iR na L2 W B
s T 793 0.1 127 Lo 0l 0.1 04 4.0 W 5
RRET T84 01 | 128 1.0 0l 00 0.4 43 W | &
EHETN LS T44 01 Li27] o9 01 00 04 39 W | '8
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BEDEERT 7 7D KIUHT T ADOERSMAIE, Si0, 2358 78~80%,
AL0; 2357 12~13%, KO 23511 ~3 %EBEOTHMBEATHIZ L 2R LT,

(2) IEER

SWFESR X, HHTFER O~ S~ Prx lhA S5 BR CRab LcEs
g Thb, EEOEERT 7 72T 2HMMAITE 2RITTRT L O
[, (F5 - B Ha, ARAREEN WD I L 2R L,

72, HREFOET KHORETIE, ERFHE L THTELGROAR
A ZHER LT,

Fok ABEDT 77 OXEREW™ (R, FFILER)

koW X o2 opx ho,cum | ; - .
T 47 o t n? LR
I {opx) pen, bw 1.455-1408 | 1.758-L76 | | Tl TSR,
| (1.456-1.407)
T lops, e p L4B4-1458 | LTI1-L76L LEM-1,684 I, eulite 124 8
1.458) imodal
(1.758-1.761
LTI-L129)
pf apx, cpx. ho: gt B L501-L506 | 1.729-L735 L6288~ |60 | B i )
(1.502-L.308)
Spfa. (hol pm, by 1.501-1.503 LES4-1.688 WILHRYE
Spla OpX, CPX pm 1602~ L60G | LIZ-L781 | ST L
(1,503~ L5040 |
Ke-Hb | (opx} bw 1507-1508 | L7D6-1.711 | Lk BT
Ho-Hb | o, (epx, b 1.501-1.504 Ak (BT 7w
Ke-Hb x, epx b 1502-1504 | 105-1T00 | | ST, AR
Ke-8r | opx.cpx pmBhw 502-1505 | L707-L710 FIHATIERS
| (1.603-1504) | (1708-1.709)
Ke=1 apx, cpx., (o L509-1 504 | L907-1L700 M EF+ v w4 NL R
1.707-1. 7097
Re-2-3 | opxoepx 1508-L508 | L707-L710 | EEE
1.606-1.508)
| Ke pX, Cp bw, p 1502 LEOR | L707-L710 | oo, A
| (1502-1505 | (1.708-1.704) |&E

g s Rk ¢ FL
< opx : FHFRER
* cpx ; HARHRLA

s qt : gk
» ho : BNA

2. BT DOHEZONT

(1) EEfE

(& T K P IZBRE T V2 =0 AOFMEPFET 5 WREME IR D TRV
(WA —12R), —F, BROEBIRTARMOBEEDOKELZT D
Zinh, MREFT CTHET DT KW OB OV THERR 2 i LT,

a. KU 7 R

KIWH T ZAOBEIZOWTIE, BREBRETEKTIZBIT B KLUTT X IZo0
THEZ2EBLTEBY, F3IRITTRTETREMAM (S0, : #73%, AL0;: K9
14%, K0 : 83 %) OKIUFTTFRIFEARIITRTLICE—RABES THD

Tl aHERB LT,

ZAVTALHERE D FEERT 7 T OKILUH T ADFERRERR (S10,: 5 78~80%,
Al0s : $912~13%, KO0 : 91 ~3 %EHE) LUBL THREREEN LN
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S, HREFTCHEETAKILUTT ADET—RAFEELREICSBRELE X

b,
FIR KIUH T AOERIMMK FRETBERE) *
Chemical compesition (wt%) Mineral ccmEonent (wt9)
Si0, AlLO;| CaO MgO FeO, TiO, NaO =KEO P.0; MnO igloss Total Volcanic glass Crystals

72.73 13.69 | 1.44

0.23 1.82 0.18 3.46 3.42| 0.01 0.06 3.16 100.2

78,55 21.45

b. gLkEs A

AR KIUTT7 A0S (FREULER)

| Shirasu glass | Crystallized glass*
No. 1 No. 2 No. 3 No. 4 No.1 No. 2 No. 3 No. 4

Sperific s
gravity 227 277 2.1 2.7 2.9 2.78 2.719 2.78
Hardness

(mchrs) 3 5 5 5 8 8 8 g
Softening over

L over
point(T) 873 868 875 870 1200 1170 1180 1200

+Heat treatment condition No. 8

BEDOEERT 7 TR 530 e O ERT B PN K OVECHEJE 2 0 HUE
HEOEEN ORI NIESSEWIX, 7, (BF - B i) &6, ARG TH
5, BEETIHOET—ABEIIES, 6 RIIRT LBV THY, HRAEITHED
E—RABEET7TH D,
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HBOXR EEILMOEES (GREHIBRE, ANREFTHEE)

T
i £ (EH) L% MR EPERL w el kE % (k4 '[&ﬁ T 4 A |1-! &‘ B &
FHE#3 0 (andradte 3 7 : - 4
syt o d W Bl b | & EET (uscovite-2) [ & [RATAB:0.) 01, 7 ’Esisﬁ 23
B2 OAPS DB lnarnvts) | % | CaCnlsiod, 8 £5&i} (plogopite-IM) 2| RMgsl A0 (OH ) 2~25 | 28~30
# 8e3 ¥ (aircon) T | 78, 75 47 2407 o7 @REEO—K cinoctiose) | B | Mgy (M, ADa (S ADOW(OH), 2~3 | 23~29
4 4 W tsibimanite) B | AL0MSI00 7 L 7 ¥ ¥t {prehnite} B | CapAl (AISIH00) (OH) 6~65 20
:m:;m! x :ﬁm 4‘:'?5_ :E | 21 2 b SAT (eristobalite) iE | Si0, 65 23
- &1 = 3 -~ [ o ' - s
796 () I | (e, ) A0 (S ADORMOR), | 7~75 | 37~38 h'} : :‘,‘0’ 7 23
+ /8 (ropar) £ | ALSIOJF. OHl, 8 ‘25 pgacts) ] 0: P |
8T WER Wake) | | CITIOMI0) 55 | 35 =23 (evesite} | si0; 75 3
= b (gehienits) | CaAISIAKY) 13 3 #184 {opal) 9 |8i0qaHA0 G5 21
P [erroaninite) = | CopFeAl S0 (1) 7 3 TEET (orthecinse) B EASL0, 6 26
1= G lawsonite) B | CaAlS,01] (OH HO ] a1 =74 ¥ lsanidine) 3| (K, M) AIS10s 5 s
BEE (hemimorphits) B | Z0dSa0 OH) 550 455 25 44957 (microctine) ey ¥
M2 L 5 (clnsaoite) | CaulSi0) (520,001 3 23 xR = |KAISL0, L] 26
ML > (apidnen) 1 | CaFe ALSi0) (540 OTH) B | u WRE lgw-albite} = | NaAlSi0 § 26
£ L % 5 (plemanting) ¥ | CoMa™ ALLSIOS (51,0, OO} 1 ] PR lanorthite) ‘E CaAlSh0, 6 | 28
B L > (zoiaite) B | CapA(Si0.) (504 QIO (1 33 A 37 (nepheline) 0 1 (Na, K)AISI0, E5~6 | 26~27
4171[5(«1;\01:“(& IE |Cosl Fo Mg WSIOJJSLOMOK .0y | 5~85 | B4 EUST (L) (eucite) ‘ T | KAISEH0, 556 246
LTS [bary! A | Baghli S0 4 27 . o8 . -
e S FlE | w7 | enwson as|
SEELE (schorl) B | NaFe,ALBOY),SiORIOH, 1, 95 | ar tites is5in) O 4,0 4 23
Kb i osumilite) # | Nl (Fe. Ml (AL FO{ LS00 B0 7 26 B (hewlandite) ‘! (Ca. Nan, Kobos [ALSE)OR 21O | 88~a | 20-23
RAME (enstatine) B | MzibiaDe 55 32 ¥ = ¥ #0 (natrelite) | B | NaplALS)010-BR0 | 55 23 |
AT (diopside) # |CaMeSi0, 6 33 R RS
A7 8UE (sedenbesgive) i | CaFe®sis0 L] 3%
B | (Co Mg Fo, AL TS, ADO, [ 558 [] 32~26
=3 [ madaate I N=ABRD, T 3%
231 2B Lae girine) B | NaFeSiOy | & 1
14 B (vvaliastoniie-14) = | cusity 15 29
#2302 b 208 loummingtonite)] 81 | (Mg, Fe) 30408}, 6 5
LD (anthophylite) | (Mg Fel-Su0A0H], 6 al
EEPY T (eninolite) i | CadMp. Fe)sSi0=AOH): 6 a1
FEAE (oreblcade B | CadMe, Fel Al MO O, [ 5-€ ] 30~35
T T B | Mg ALSHO=A0H) 3 a
2444 b (haolluies) = | ALSHOWOH), ~z | 2
FeFT T b AR i) 8 | Mg 5,008, 254 | 24-28
W28 (pyrophyllite-14) - =] ALSHLOWOHY, 15 L]
B {rale) I - = | Mg, S5 Cul OH 1 27

UEDZ L6, AREFR CHET 5B T K DE — A REE DR KMEIX 7
BETHD, iz, —BH2ITRE, B, ERESERS™ ELTRY,
WOE—ABELRENRKKCTTRECTHLZ LD, RIE~DOEEIIW L
RI%ETHDEE XD,

(2) mhAz
B T K RICER LS U U LA OGP TEET 5 "IREMEIIRR O TE W ORA

gE—1238), —F, BROXEBIRTARYMOBMROEELZITH &n
b, {BFRERTCHRIET 5T KM DOBARIZ O\ THERR &2 M L 72,

a. KIUHTZ =R

KIWWAZ ADBFEIZHONTIE, BREBBREATICBIT S ALUT TR0
THWP2ERLTRBY, B 3RITTRTETLHEMAK (Si0, : $I73%, : ALD, :
$14%, K0 :#3%) DOKILUF T RIIH T00CH 6407 AREHB L, BLE
BIXE4RITRT L OIZ868~875CTHD Z L AR ON, ZhiddtisE
WBHEOEERT 7T OKIUH T ZADOERAHAL (Si02 : # 78~80%, A1203 :
$912~13%,K20: %91 ~ 3 %f2E) L L TH RERERNR LN b,
AREFT CRET 5 KIUT T A DOELIBEIXFERIZHK 860~880°CRE & & %
BB, Lo TKIUTTZ ADORMEEEIX80CLLETHS LHEINS,
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b. FES T
BORER XK ORI TH D L b, KA (w7 ~) OfA L
FHELEZOND, KREDPHRITEE6RD LBV 850~1200C* TH 5
TLamER LT,

6K ERSNI-GEAEORE LAMEMRET (RITE, WREH &K

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 FAYA 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)* LM (Fe, TiBE) | 13% 0
* R B,

UEDZ E0G, HRERT THRET A T X ORRIL 80CLL ETH S
LEZ NS, KIUKOMBOEEZONT, T4 —ELREEEED Y
A PHLHEH SN A HER T ABERK 5000CTH Y, V) X NOE&RBEEST
WIET U U FHEAKRERER b GHIAERBODRICE VHHIINATNS
TEEBEZDE, KLURIIMRIIELRNEEZD,

. G

(2% 3CHk]

X1 : BTHEE - FHEKR, i KILKT v 2 [BARFIE L FOEA] , R K
HiIRZ, 2011, P160-171, P283-284 (BIFREEI— 1)

X2 fERMEZ - HEH= - REIGE VT X2 EERE T ARRILT T R, B¥
waEk 84[6], 1976, P32-40 (BIREE— 2)

X3 HEMER, BN KA & 91 i, SRk 30 4, P668

¥4 /NHEE - BALEIZ), BRIFORIK - RSB0 B T 2B RIE
TREICET A, & ER, 19-2, 1971, P7 (BIEEE— 3)
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BATER— 1
B T Kk O E LRI BRI ONT

T kB O ETTFRMARIZ OV T, BB (Si0,, Al0s;, K0%) OEEY
ELTRENTWVWAZ ENEW, ZNOHDETEMRBRITTEEIZONT, BL
ToOmERzZEEH LT,

1. BTk OMKIZET 2RAE
Xz kB L, v F~Ic X B kA E oL 2EMESY (FE1XSR) %
RLTEBY, GPMOZIBITAI =LA ) UV AERZSTLFEHKEZRL
TW5, ZNHIEL T 7 ~OREBH2RIEFMEK B 2RSHR) 277 LTH
D, XTI, AT LS REHLIH S,

- KL OHRIIBEH O TR LENLD EWVWa T, BRFIZEBWTELY ORIt
MBPLTLHLEFDEEDRETASTWNE I LEEBERLTWA DI TIXARV,
7, KK (7<) ITBWTHLE 2 DOBBIEMNRFDOEEAVIRL - TIiIV 2
AN
BEM DI TR LT=DIE, 1o AR D0 ER EOFIK N6 L 2EEMNRLOT
»H5B,

BLIR KEEZE O DERIBIY OREH™

s | B W £ | t & # %
155 3 | Si0,
) IR
| Sils
-t :3‘-:.’5'-E|-I Cay oNay.1Aly. 1Siy. 104
w1
s 2 D6 | €K, Na) AISiOs
WRTE | 27U | NaaISiO,
- SR} | K (Mg Fe)s (A1Si0w) (OH)s
! | B | KAL{AISiOw0 (OH)s
T
s SR | NaCas (Mg, Fé®*, AD (S, ADO=(0H),
e ] (Mg, Fe™)Si0
BT winE st
HEWGL | (Ca, Mg, Fe™*)SiO,
X{BZER | ZAwr 74y | FehALSHO:
B A A """""J i AT | (Mg, Fe**)4Si0,
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FoR ~r~ (KEAE) ONRERREMER (BALIIEREY) ™

L ) LSEE ST M

I

P 15 [}
H:O 1.16 7 3.5
F_ 1 §isa 0 1

EoT, BTFARMOETERRICBO T, BILF LI =25, BILHY
o NERERY% L L TR o L EBHICH B, Th bR L LCEET
BT EERTHDTIXARVY,

2. kMHEDT 7 Tkt AAE

BT KEENICESE E LT, BIETAI =T A0 ) U LAREET D
AIREME # FERR B 7%, UHAREZ FEhE L7,

KR 0, MEOT 7 T HHERT B X8I, A%, (B - B #Ea,
ARAETHY, BRTIEDHPIC, BIETAVI=TULKUEBED Y 7 LADHEY
MOGFEIIHEREN -7 BIRER— 1 28),

o, HRBEFOKE T ARMORETIIERTEHE LR HEL, ARG
BLTBY, BETAI=ULRUOE(EY ) U LAOHFMHEITFER I N1 o7,

3. ¥£&®
B KR O EFTFMEKIT OV TIE, B (Si0, Al0;, K0%) OERE%
ELTRENTNAZ ERZVR, ZNHDOELEFREARNRIETTREEIZOWVNT
B LI R Z L TITRT,
‘BT KB ORS % R T BT, BRTREZBEHOERS L L TRTIE
DB TH DA, BIEMOTYHOFEEZRTHOTIERWI L 2R LT,
-dLEDT 7 T ERE LR, BT APICESEE LT, BT =
U ARCEEE S ) U ARFET D AREEIIBD TRWZ L b, BRSSO
EEBLRD TNENEEZBND,
B E
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BE R

BTHPE - HiHBER, Fim KWK b7 2 [BARFIG L ZORED] , BIRKFH

W%, 2011, P160-171, P283-284

3.5 dLimERS

L TP B TR R LR N o £
L, ERicF 7 3 &8 LAkl (1) 35,
po ¥ 7, WAAZHEBEONRD LT3 KILEE
(@ 7 Fro, BAEDOLTZEHEOKA A
#5:kUE (3 BrELEESEROKLTH:
Jarhd, ECR () & (@) cHETEFT
siE<amL, ARG AED,

REEEMBET IS F 7 SWFMPTEh TR
f, BafE (1) » Q) hEbrsantszs
# (2) oigETERilisharaclh, &5
AT Che o UBRED 7 7 7 55
WExhTEHLAY FlLTholighsoF7 5
EBRVE-TERENHL 7 7 sEEMNTEL LR
Lot 25 LARBOGHERITAE
fir7sEFLVbOrSEITFE L, Bhija(Ta
-a), B4 & ce (Ko-co) GEHIC &4770), BIERL
8 (B-Tm) (i), Biic (Ta-c).
i d (Ta-d), &Il (Ng), #EEa (En-a) (»
FhOEHEI&AHT5), HEE 1 (Spfa-1),
24 ¥ 3H1 (Ki-1), S#EIN (Z-M), #
o #3586 (Kt-6), #Hif (Tova). # v F+0D
¥ (Ke-Sr), # +F » 2 FR (Ke-Hb) 4 &
EHIDiEE. chom5h Ki-1 {$BE% Spfa?
EENTVWARLO, FHZ-MEEEHOBTHT
KLTVEAkOLSHEHL, BE - HHETEs
3775, TLTRc-Sr¢&Kc-Hb R ¥ v F #
apnFSEFROENEThAERN T V=757
S & coignimbrite ¥ 7 5 TH L., TOEMCH
45 75 (Aso-4) REBERECE® S R,
Toya £ £ bicEH o7 7 sHFEL ool
LA TS,

JEEE I S - EEEOWRESUMY A
EF 7y, ChE THEEY - BN
OEEHZOR, F7 7R TEERERS LTIl
D EFshTEh, 57 IMKMNERBE~N

BEER—1

FLTRoMrEE L TABES~oEEPA
Mosito LettRasI ), SRoF7 50
KICHETHAS., cOBHE AT, 17
HHEE R AR & FEE BN onkchd
COMOMEOMEc BRELHEMLRHE LTV A,
HEHOEEERRE s BREOWER 77020
/o d—ombbikEh, HELBEFTIL,
+BREE L ik Rk ity S B TF T AE N
Byl sMEBREd, F7es0 /09 —%F
BFERELTHEXxH, SEFLoHPFRELD
B> LT EREMMA RS F2kiEo B
g s sEAEO kIOl F 7340
BlfflccwT o (b LLHHShTE LI,
fFEOF 7 S ADF 720s 0/ 0P
—DFHFTHOY™, {(HLLWHRKMHEATE
k. EiRF7 s HBoRERine . tRTR
PYehads2d2077 5 (1 MpkMESEN)
BEB2HA, d-EMihba=y (EELEH
—EHOES) THH ATV EHMEWL, K
EELCRLADRES L= FTREL,
+HoERK TR s ioT20F 2 SRE
LML $3, tiplioEfFtoF 73T, L
Heidhir7 sREoRUMERTHVEANS
3, COZEREAHETOLOMNEVEYLDE
Lafkng, Fnidepbcid, EEoZLvk
WiomRkE, Lidi- TEHE Y oBlkiibiins
EHEDLHhLRE LT,

M
1) Arai et ol (1986), 20 8 (1891), 3) Fhl- 5F Q974),
4 /NEF- BN (1a73), ) HESEROE (199B). &) MiEEde
(15333, 7) §ik@d# (19336), B) i EiE4e (1935, 2) #
Eldde (1538), 100 794« §id (20000, 11) okfhidds (2000),
12) diidd (20008, b), 130 HIEh (2002), 140 FN-
iy (1959),
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0] EEFE

#3151
®lh 7738 2 O | 5/ WEhiE | ERESeEE | 9% - R AV | B [!#lt-ﬂw)ﬁﬁ:]
WrEat Ko-a AD1S28 H pla, pfl ESE 25 km
o fic'™® Ko-c, | ADIES H pfa, pf ENE =10 km Pk O
By Eeitt Ko-g; | ADIBS4  FAW [ pfa pA ENE=30km 4 357 |NERETO [Ma-a,
@ a6-1 Me-a]"™ =
BrEd™ Ko-d ADIB40 H afa, pfa, pfl NW =120 km 4 5 | HE-SEECCLRER
B 351 FN=F MA™, 2=
» rEH.
=R o B-Tm 10 i afa AW W|3A-4. 3528
5
Brgad Ko-¢ =17 C* | afa pfa =37 R
BrEl® Ko-f 6.3 C¥ | pfa, pfi ESE =30 kkm 3
e Ko-g |€8B~70; C¥ |pfapfl ENE >350km 3 M OTEBHE T 24k
6.5 cm MR B S i XFFH TOETS
Rickbbha™,
JBNED Ng 15 C,8T |ps-afa.pfa,pdl | E =160 km 4 56 |2=+r®H [(Ng-c~
(MIS 2 it [ 854 Ng-21", &7 7 2 WH
#1) FTRBRFHEERE
nw,
i hesm Koh 17 C* | pfa, afa, pfl ES, W,N =15 km =27 [Koh,®
Sy g iy Kori =32 cr pia, pfl EN.ES. W 4 §7 | [BE]W, [Ko-hg®
W =260 km
HRERFHNDE
FEI bR
W AEI Z-M =45 ST.C | pfa, pfl E =250 km 4 6 | [BRMmFRDA LA™,
(MIS 37} 354 [B&]"™, (419 4 ¥
#ll a—5a ¥RE
8 4% Aso-4 85~13) afa FwRA-TEW
e M1 pla ByEAR,
R Toya 1z~115 pfa, afa AT - H35-2 BEL

) W (1058, 2) ekt (19700, 3 BEE - BNl Qs61). 4 BHEs (1686), 5) Wi (1960), 8) BTFae (73], 7) WAES

EHIZ 4 (1901a),
(1992,

160 / 1

18) AyiEizde (1985),
7)) mE - 3| (Eo),

HEDTr 79E%
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LB} BB (1961), 18) QUM - WO (1sed), m) #



£ il ¥ 3 R opx ha, cum

£ = E S IR M DR

F47 n T ng
foa opX, CpX pm 1LE00-1.502 | 1709-L714 I AERT AR
(1L.710-1.713)
Kot OpX. LPX pm 1L500-1.5038 | 1708-L714 ICRS
Korc: | Op%, £pX pm 1501-1.5058 | L700-1.712 [CE S
Ko-d 0px, Cpx pm 1.502-1.510 | 1710-L.714 [
(1.712)
B-Tm |af pm 1.500-1.522 af 1.522-1624, FbIQET
Keo-e & opx. cpx pm 1L512-1.515 | 1.707-L.712 1ATE-1.680 HAE
& ho, opx, epx CL0%)
Ko-f OpX, CPX pm 1.516-1520 | 1L.706@-1712 AT A
Ko-g OpX, CpX pm 1.613-1516 | 1.707-L71D SR RLAR
Ng ho, opx pm 15031508 | 1.708-1.713 1670-1.6T5 SHGA plakpAizot
(710 TOERER: Ng-ch &

Ng-a ~ WREE & iR
HIER. FOE@EERLK
R Ng-a D& @,

Ko-n OpX, LPX pra(4eEH) 1L5I5-1520 | 1L708-1711 FEREy A%
Ko-i OpX, EpX pm LEO9-1.518 | 1.708-1.711 EFErEENED
(1510}
M 5 ha. cum, (opx) 1.662-1 675 P#HEpd, ETFoa=y b
gl (cum 1.662- | CilSHEETZE,
1665 1670~
LETE)
F& ho.opx ; (gt) L712-1.728 1.670-1.680 ELE
Ast—4 (ha) b LEOT-1.510 (1.887) Pl g =< P
Mt ho, opx. epx 1.685-1 680 i iugin T
{1.686-1.688)
Toya pm 1.481-1,455 | | 758-1.760 1674-1.584 BULETAHEN|, ETERTAR S
", FEST

(1957), §) |MRE (10800, 9 K& - bk (10543, 10) MU (19800, 210 il (18s1), 1) GBS (1980), 13) F00- N (1874), )
(8m). 31) SIS (1987). I ok T (1908). 29 MRS (1099). 24) EhbRd (202). B) WE - N (1097, 26) WMEEL

1 BAESEOERSEET 75 S 161
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AT 79 ¥ 3

F3.5-2
Kili- 77 0% | B % |ER OWEHE | SERIIEN | 9H-8R A V| 2. (- togwm
e Us-b AD 1663 pfa, afa, ps E(S) >#W00km 34 & |[Us¢i®
afa (witric) B35
REAIFEIE S B-Tm |10 {2 of X -Fid-436280
HEWL Sph 40~45 CHATH, RS - R35-3 80
et fL Kt-1 245 O | pta pit, pa EN)>300km 4 6 | [Kpfi-I&Kbs-H]Y, [Ki-p
a5+ & al™®, [Npf-1 &1, Nu]%
[Spra2]'™, Bo 55 gk
M A M =45 ST, C*|pfa | # A5 #m
BRI Nj-Os pia E(ES) >0km 3 4-5 | [G-P]®
M 353
FaubSEE Ki-2 pia NW 2100 km 4 5 | [Kecl®, [NUs-cI2 @8
(N, Lis—¢) | (3 54 A,
2 o F S Ki-Tk | % = # 2004 Ry VR B sfa W, [Kbe-111%, [Rpfa-11%, [Ke-d]¥, [Spfa-3]I0,
i1 '
DL FSET K3 =AT~51 C*= | pfa,afa, ps pA |E(N) =180km 4 6 | [Kpfa-H, Kbs-l LKpA-1]8
[#13.5-4 [Kt-f £ «]™®_ [Rpfa-Ma &
RpfA-11%, [Spia-3 £ 419,
Shifies s 235234
KEEHALFIHL0ET
et TH
7oy P IR Kt-Hy pla, psafa, pft | E 460 km 34 45
EREES T Kt-4 pfa, ps, pf E? 34 56 | [Kpla-W]¥, [Ki-k]7,
L [Rpfa-Tb & RpA-0]"
[RP-T1", [OP-21=,
[Mpfa-2a]1?
#wF W Kt-5 pa E? 44 45 | [Kpfa-11%, [Mpia-2b)"
YauhSEP Ki-B T5~85 ST pfa, ps, pfi ENE =200 kmn 4 & | [Kt-i]", [Rpf-m]®,
MIS fa a5-4 [Kt-iU & iL]%; [Mpfa-3]"",
[0p-3]®, [RP-IV]W
o ¥ STV Kt-7 pfa, pfl E? 34 & |[Kt-/T™ [Kt-jg)”, [Rpnt-m
Pz 4 Aso-4 | 85~00 afa(vitrie) X -ZA-HER,
& s SMAY Ki-8 pfa, afa, ps. pfi | E? 4 6 |[Rpf-VI¥, ¥ PEFmsL
T [NUs<] SNERLT
LWEEDEHEEN,
RET Toya 112~1160L FT, afalpp), pf, afa| conc. >600km & 7 | AXEHE, [Aaf22]'®,
ST.TL pll IENW, W [Kpfa]™, [HPIV]™,
B0 km [Hnewa]®, [&w»2]™,
[ 24-4 [(WT]2, [YP1®
£Znm Crar 120~125 ST pia, afa, pfi LB (R, MIS5e?)
B ot P o T8

1) LEE (as), 2 K3 (1965), 3) b lafmEetd (1999), O @lEs (19800, & (L (19%4), € Katswi (19813, 7) WEFEH
(1988), 18) QB -SEI| (1974, 16D Acraiorol (3968), 17) HPIEA (10672), 10) FEEFad (1909), 19) AL (ws), =) b9 (wmE),

(1985),

162/ 1l BEoF778&E
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* th H B = opx ho :
3| 22 H |0 n T ™ i i
4
Us-b {opx, cpx, ho: qt) pm 1497-143% | 1735-1.741 15331 685 BEmdoHiF
{1.498)
p-Tm af pm 1.508-1.522 af 15221624, Hharhils
Spdl apx, tpx, he pm. bw 1500-1503 | 1.731-1.733 LGHE- 1691 [[E
Ki-1 opx, o at pm 145851504 | LT19-1.720 BERES, KA FAn i
(1.502-1504) | (1L.720-1.723) §) iLX &,
M i, opx, cum P 1.505-1518 | L.7I7-0.724 BaTmE
Wj-Os | ho,opx pm 1,501-1.310 | 1.7O07-171L 1565-1.670 {EEEEA, Ky sznlE
(1.502-1.506) | 8 kL3,
Ke-2 opx, opx, (ho) prm 1505-1515 |1.712-1.718 1.678-1.684 TR
(N,Us—<} {1507-1.510) | {L713~1.716)
Ki-Tk | cpx.opx. ol HEERYl
|
Ki-3 OpE. CpX pim 1510-1514 | 1.713-1.725 BRI S o — S, kil
SAnias) RLE,
Ki-Hy | opx.cpx. (ho) 1711-1.726 BlE, opxr(256) Kk,
(1.715-1.724)
Ki-4 opx. cpx, (ol} pm 1508-1.510 | 1.916-1.729 FE
(L.720-1.722)
E Kt-5 opx, CpX pm 1511-1514 | 1.320-1.726 [k
] (1L512-1513) | (L722-1724)
| Ki-6 OpX, CPX g L507-1.509 | 1.723-1.72% S
(KT | opxicps, L509-1512 | 1.721-1.730 fEarEl
Aso-4 | (he) 1.507-1.510 1686-1 638 Hhafm . Eaka®

ETE

1.507-1510 | L713-1.718 1678-1.684 .k
(1.508-1.500) | {1715}

Ki-E opx, cpx, (ho)

Taya {opx, cpx, ho, gt) pm, bw 1494-1.458 | 1.711-1.781 1LETE-1.684 i FEf, eulite o &2
' (1.496) bimodal
(1758~ 1.761,
LT12-1.728)
Qs opx. cpx, (ha) pm L503-1.608 | L.717-1.729 R

(1567), #) EEEAE (19000, 9 (85 (1983), 10) 0 (1968L), 11) WO (1980), 12) BEMFEL (1853, 15) (16§ (1990, 14) BIFRE
I jakEd (1av0), I HCEHFEEEERY -7 (196, 2 HBEE (2. 4) &8 0%, ) DEes (1w, %) NEar

3 BEFHOBNREHET 7> /163
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(81 X% - F# - k- T

#3.5-3
hili- #7358 i2 5§ | Fi0 ®EHsk | EEESLEE | S - R AV |- (WK - BOER
mialt Taa |ADIT8  H | pfa, pA, pia EEN>=270km 4 § |#@®ETHESH, [Mas
H35-1 &3\ idMe-a) H o
BELTR. 7142
.
L Ta~b ADIG6T H.A |pfa pfi E(N) =170km 4 5 | 7+ 2Z(LME
B35
HEh Us-b AD1EES M pla, afa i #F
SRRl 4 B-Tm 10 [B42 afa A -FI4-4 1528
L TR Ta-c 25~3 C*. A |sfapfa E(N) =80 km 4 5
B 35-2
E2 LT Ta-d B~ C* | pfasfa E =200 km 34 &
& 55-2
Lt E A En-a 16~g] CHIHEEY pig E 201 kery 4 § |[@EEsklie)? 8B
(IS 2) [ 353 A L 7 4 A
=| T & X F T0ka LIRGSES T £ T8 Vo afa, pla SRl - 8650 Mo pi 20, ZZ7EERMETE
L73M (Yo-l.2.3) 377,
R Yol =18 C.Q |sfa pia.sfa E{N) =85 km i 45 |KMEEOTFCHSE
B 459 Yo-2{5} ¢ Dl h o
WBEEE. [Yo F5-11V
WE Tn'® AT 28~30 afa (E{L) X -H3-3ER
o 20 Yo-2 2527 C* | pla-sfa T 4 |ATET
e 3l Yo-3 40 ST pfa, sfa, pfa, efa| E >80 km 4 | [Yo Ps-31". A %)
Hi5-3 a—1i= ?M.
HHE b n,En-b | =2 = pfa N =45 km 4| 7 Tk,
353
¢ 13 Spfi pfl conc 50 km -
~45 ot [[24-2 AT
Spfa-1 pia ESE >i00km 5 7
[E24-3
SusSE] Ki-1 =43 ¢ pfa [Spfa-21"%, ETHE
Wil onToi B
A5-28M 4 wFE )
—a YR
B CHEN | Z-M =45 pla (F&1 RP-1I", [BR
Hpfa] ™ Fas-| &6
A v#)a—vaoiig
I ET Kt-3 pia [Spfa-4]%, [Op-17=%
(Za=y k) Has-2ER 4 ¥&Y
a—ia PR
E1-T g Spla-3 pfa E =400 km 4 5 |deHYa—erR
i®
EERGY Spfa-6 pfa E =200 km 34 5 |Spfa-5 &0 Ki-Hy
HY, Ay z=n
YRR
184 / Il HADF 7385
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k W #F 7 = Opx ho, cum N
g% A A ] 4 o 3 ot WAoo
Ta-a DEX, CPX pm 1497-1508 | L713-L.717 TR A
(1.498-1501) | (1.716-1.716)
Ta-b opx, ¢px pm 1500-1.509 | 1.712-1.716 Il E
(L1718
Us-b opx, cpx, ho; gt pm 1498 PMsiey
B-Tm | af | pm 1511-1.522 af 1522-1.524, Hehec,
Ta¢ opx, epx, (ol) pm 1.502-1511 | L.708-1.716 Ty, MCR(bE
(1.710-1.712) EHTENE.
Tad opx, cpx, (ol) prn 1.533-1537 | 1.701-1.706 AL ETFellcRR L
|
| En-a OpX, CPX pm 1507-1508 | 1L.710-1715 HE hodZEEy,
| (L713-1.715)
Yol opx, CPX 17H4-1.718 REITAGE. (LEMHE, R
L 205 TE
|
AT {opx) bw 1.450-1.501 [ELE, (LR
Yeo-2 hes, apx pm 1556-1.560 | 1.T03-1.708 L B90-1.655 .k, (LSEE
Yo-d OpX.CDX pm 1525-1.532 | L702-1.707 RLE ifsEH
nEn-b | opx,cpx pn 1510-1514 | LT11-1.715 BEhER
Spal opx, ho, (cpx) ;qt pm, bw 1L500-1.509 | L7I0-1.739 1.688- 1681 T4
Spfa-1 | opx, cpx, ho:gt pm LBO1-1605 | L.720-1.735 1.688-1.601 Rl E
(1.602-1.5083
Ki-) OpX, cpX; gt prm 1.502-1.504 | 1.723-1.726 ok L T
|
Z-M ha, opx, cum, bi; gt Li3-L724 1670-1.675 rHETEE. (KREITEE
cum 1661-1.664
Kt-2 apx, epx, ho pm L609-1.513 | 1708-1725 R REATH
Spla-5 L715-1.718 CEA
{1.716-L71T)
Spla-§ 1710-1717 RS
(1.711-1718)

3 BAEHOEBWMEY 75 /166
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dili- 7724 e 5 | U mEE | MRS R | S - AR AV | & D ogg
EHHI~10T  [Sen KM | ol of 2-3 ;
w0 ™ | (BHa=sr) 8

§play || (MIS4H) pla ENE? >150km 4 [Ssfal”, —@D 575
~10 (Tla=, )| B354 [TBSI, %0 I (R
B ko3 gLy
U
Ji Srb 70 ST | pta,pt FERE S, pla: [(Mpfa-1]'", [Yo-Mk ],
(Kt-4 @ L) E 100 km FRR, RIERE Ly,
1UBY 2=t s g
ERTL) T Kt-6  |75~85 pta [Mpta-3]'%, [K-M]™,
[RP-IV]¥, [Op-3]a]

#IF-2EM,
P g Aso-4 | ES~a) afa W -R-SBR
). i - B Aafal afa HPU]®, B35 » 535,
b=l Tova 112~115 afa [Aafa2]'™, [ LAY Kp
fa]'®, &3 - M35-2 %
m- :
4 4F yOREW Ko-Hb | 115=~120 afa [Aafas]™, &3 - Fas- |

| bEE,
M g Aatad | ala ST RWE L 6y
: A,

1) A Cse), o MR (1075, 3 ERXlkeETAS (079), 4 ailas (19%), 5 05 - &l (1980, &) Ede (L), 7
1) Yamagata (1985 MS), 15) WA (587, 16 Faias (1960), 170 Aral o ol (1985), 18) ATEIE S (1965). 19) BIEEL (108Mh),
e (1996), 22) (LEF (194), 29) B (p004),

4] B9 - dEdk

L E35-4
| -
Kili- #2358 | B B | EU MESE BRI EE | 9% 4R A Y B [FHi- ok
ARBEE@ Y | Re-HL | 107 5T | sfa 2§ | PiERLEFE (ESR
o FE TR R A it
et SR L = oly,
A ¥ E o= 2R
HRT v/ @ AW | ReoWn | (MIS 240 pla. sfa E B0 km 34§ | FIEBRNEO&ER SR
il T iz Spfa-1 (fa=wF) |E356 ™, A v#9a—¥3
BN MENNEE
mll}_
I Spla-l © FTREHM L2 (Sipfa-),2) L1 5 2400 pfa 2 RTFIEEN =54 ShHHIE E SR,
AR m Ds-0Oh | 30 C*1% | pfa, pfl N 20 kkm, E(N) (Rels Y o3
140 km ? W],
FE® 1 Spia-1 | d0~45 pla AW - HAS-IEM
f T L Aso-4 | E5~a0 afa (vitric) A - 3 31-5 8L
RSB E Rs-Kb | Aso-4 @ F{liz 2 | pfa.sfa ENE Spfa-1 & F{L
M. thnic i1y
BB T+ 5 0128 Re-Ac | Ke-Hb @ k{T pla ¥ 5 | se~<vEimasT
# 3 F yufi] Ke-Hb afa Bk

1) W8 Y A~ 134 (1966),

(1866), ) =M (1996}, 15) Mo (2000),

166 / T HAEDF 7548
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: # L & 5 = opx ho
: e .
g ] F L E W s47 = = " @A o
. st 4px, CpX L711-1.715 [=E-2 ikimill]
Aspfa7 | opx epx L713-1.718 Bjemga
Bico10 71 |
S5rn ho. opx gL pm 1.500-13504 | L716-1.720 1.680- 1685 AR Mpfa-1 (2800
; HFR=K
| Ki-6 OpPX, CPX pm 1.508-1515 | L723-1.729 [ EATE R
(1.510-1514)
| Aot | (o} bw 1505-1.509 1.666-1.688 [d b, sy,
Anfal DRX. CPX pm LS09-1511 | L.714-1.721 &k
(1.716-1.7200) |
| Toya {opx) pm, bw 1485-1.498 | 1.758-1.761 mE
(1.456-1.497)
Ke-Ho | (opx) bw 1507-1.508 | 1.706-1.711 | FL.E
Aafad pm LAY7-1.498 E

B (uss, &) BE (el 9 A - Rl Garad, 100 Safee (974 1) BEas (e, 12) &8 G, 13 fadtas (9.

) iif@d (1961), ) LESEHEY (1972), =) B (19613, 23) @I (1983), 24) A (1887), 26) M@ (194).

=) 4l (1998), 27)

. b ¥ 3 = opx ho .

2 7 T UOE W s 47 B 5 ot W = T o
Rs-Ht |ol BEHNTren, BRELY,
Rs-Wn | ho, (opx, cpx) pm 1.517-1.522+ | LESI-1586 FlL BULHEFE *15)

(BikEaan) (Efla=u b | RIUYS 2t Re-Wn ik
iREELE Hizs bo,
1.684-1.609)
Ds-Oh | opx, cpx, (ha) 1505-1516 | 1.706-1.710 1ETZ-15677 NGRS KR, KE
. (1,507-1,509) |
Spfa-1 | Cho) pm., bw 1L.501-1.503 1.684-1 688 B L
Aso-4 b 1.508-1512 Bl
Rs-Kb EREE. BRetd
Re-Ac | (opx) 1.700-1.708 BRE[ 7 F ¥ 0
Ke-Hb | opx, (epx. ho} bw 1.501- 1504 Eil
Fas (1o1), 8 Bk (1%8), 9 Amderal (1886), 100 Miura (13663, 100 =ib- BN (eed), 12 cE - JEH) (a000). 1) RIS

6 4= (kL) -BIFs 1-H 2 19-17

3 HAEgMOBNmMEET 75 /16T



5] 8

168 / 11 B&o7 7348

6 4= (k1) -BIFR 1-# 2 19-18

155
K- #75% | ® 5 | B OWESE | SRESLEE| A% -BR 0 AV |- E-sezy
10 a? Ta-a | ADITS aa (M s M(a)-a)9, (b
P Me-aJ48, [
o [V]==, ﬁﬂ‘ﬁ-sg‘f
LI
B et Ko-ts afa [M{a)-al®, [Me- a.]w
[F=2ol]*® g5 :
| BE
HE L& - I (BT | Mu Ma-lIc82 0 Ma-b oL R SERMEBHO 57 98, BAObOM Ma-j izis2 1 Ma_[
THHE MOERNEDHOT 75, MafBECLER (WA427Y) ReEbhzay
(bo,de) LEFEEELNSZIM (LELHEAU) £33, 7750 - %mtslﬂ,
hizd (HE). |
B b Mabh | <I0HE ST | plaafapfa | N>B0km 34 5 |BEsaq4xTUAD,
(Baza b)) |56 FHIN ;
~, t#pa= ]
+ 1k E (. |
ERLLS B-Tm | 10fHE A I, 3608
B COTHK Tacic
mitahdlrael™
e Ra-2 |14 C | pfapf E “>60 km, 4 | Ma-bOFiL
B A L,
356
W e Ma-f B P, pfa conc. 100 km (MR8 T Mpf )™ Y,
GE B 35-6. PFREEL KR v¥sBEK C0
T.3~R 2 Lh] &m'f' 7 5&;( ‘5} 4 B J:{ﬂl\: Kﬂ'ﬂ“'\. '
e,
R e jRAE Ma-g~j afa, pfa - afa, | ESE >100 km pA (Ma-f) 4RIz
pla (F@a= [[E156 TV=T>F73F, IO
+ *) S 65Ma-k Ma-gd
\ pla #1544k, :
SR A0 Ma-k | =1 afa LR g hias EFFILET ANy
Bgh? = v 7 JERE™, ]
SRy Ma-i =1 | afa, pfa NE-SE=>80km 4 5
Ea5-6
R M (o —a)® [Fyr~Ayo—A]0W LEE ENEENLUED [Ma-a~Ms-h]® -n
—H#, SHDefaplae Gl E - PR ¥ 2— s ~HIR
TrHRTYIV Anp >12 c* |pA YaFemhn Ml Ch & omiBlg
FIM F, :
iy (EBe Ch [FMALEE]T cHESL, £2 BT (B0 pla-afe (Cha~d) 280G, WTFR
LM -2 7 roEFLEGBNE, 4 v Y- s YOBLOMEERRNF LY,
7 5 F v o BEHEY | Ken-T pia NE >80 km 3 4
HRR A 4 2 Ns-Hk |MIS2 pla B a5-7 3 4 |Flzkebs-0n™, £ ¥
FHYa—a Rl
il E# (#A W Nu Ke-1HE ChlcIohEs 73T, BRAEBTRNS-TI- @134 1588 00 pfa,
sfa, afa £H0. KBS RN @ENESL) KLFELE7 o FrollUERL oo, Ns
“Ty & Ne-T, oBlc#ig s Bhn g afa [Nu-m] M5 3. [805]9,
AR 119 Me-T: pfa,afa - pfa | ES? =60 km 45 | [Nu-1 (1-5))9, lﬂfﬁ_ )
HasT Faom)ze o—&



i ! R uox ho .
. 5 x & K % PR » i 5 B - £ o
| Tama {opx. cpx) pm L500-1.505 | 1.713-1.715 BTRETREH, BTN
i MR F ™,
] Koz {opx, cpx) P LE1-1.506 | L70S-1.Ti3 AL s =,
Au hERHTEES
Ma-b {opx, cpx) P 1501~ 1504 bl ]
B-Tm | af (ny=15231) pm, bw 1508-1.519 BTENRGR
Ra-2 FOARTMIAT, £HTH
Ma-f OpX, CpX prn 1.516-1.520 | L7OT-0.71¢ B ET
(LT0B-1.709)
Ma-g~] | opx, cpx 1,706-1.710 il E
(1L.708)
Ma-k {opx, cpx) pm 1.506-1.510 BTREETERR
Ma-i OpX. opY L705-1.710 ERETE
(LT06-1.708]
Ml R S
Anp opx, cpx pm 1.505-1.508 | 1.704-1.708 AR
Ch SUREAT R R
Kon-T | opx, cpx, ol 1,705-1.710 AT AR RTRETE R
Ne-Hk | opx, cpx 1.708-1.71Z fel &
Nu BT RSk E
Ns-T, OpPX, CPX pm 150-1.622 | L.715-1.720 BliEaTRT}

3 pARshoRUmMEer 75 /169

6 4= (kL) -BIFR 1-# 2 19-19



kil 7754 ® 9 | ER R | SRt EE | 96 - S AV | E- MHE-hozg
TR} 219 Ns-Ty pla. afa E 60 km 3 45 |[Nu-n (LDIS (kp
] 8.5-7 ZRE Y o,
FEBE 3 Ns-Ty | >80 C | afa,pis,sia E(S) =60 km 3 45 |[Nup (-89 [mm
B 85-1 ERIE® o
itk 1 Ksl pfa Ak - SR Ng-Ti—a & @ M5
g (K pfal1)®),
L Ne-¥m |Ke-l@k afa, pfa EN? 34 57 | BEALMERERRS
357 AvH)a—vgrER
i
ST (M) NI Ke-4@ F{, Ke-l §TESRU. E(EHCISERr 7 SERTREOL 32, Spla-,
Aso-4, Toya 28 L, s-FroBERAREITESLL.
& o F » OEEY Ke-Sr ) — % Wi afa ES? =1000km &
45~40 € 246 T | FXBHE (N-a)¥, (K
HaFeo ™ Ke1 afa, pfi conc. 70 km 4 P, fiow-1)%
% 2.4-8

=HE 1 Spfa-i | dD~45 pfa 17y 2= o widik
2L HISIEWM,

il 2 Ks2 MIS 4 pfa Ak - BUERE 3 4 | (K plall]l™® A »#y
a—ira RN

il A 4 Ks3 MIS Sa~MIS4 | afa, pfa mE 9 4 | (K pfam]® W
HY a=ira 7, Flm
E.E.

HoFy02.- 3 Ke-2-9 | B5~00 pf, (afa).pl | N-NNE3ikm 3 6 |[K P fAow-T&E]™,
TR EzT—lleg
théh. [NI-a7]®

o)Xl Aso-d | B5~00 afa(vitric) Ke-2-3@M Flca 3.
# - A5 @R

hmm Shr MISSe & Lt pfa AR BEME 3 & | A v EFEYa—ba kR
o

Hig= Toya 118~115 afalvitric) AX - HI5F-2BE

A Kasd MISEd S L pfa. afa i BIEMIE 9 42 | K plalvI™, 4 a4t
2=y R

A B K= MISSd S L pla BE 3 42 | (K plavl® 4wy
2= g i

7z FyORE" Ke-Hb ala ES? >1000 ken, 5

el — PR AR W 500 ks
115~120 ST, FT #24-10 7
FaFeO N Ko afa - pfa,pft | conc. 70 ko 1 FXER [P fiow-
5 24-10 W™ & [K.8]9, [thia
N g L
G F o I:Iﬁ.ﬂr??ﬂ)k
oF7 Y HBREE
(WIS be DFERE) £
BHEI.

kR va® Kimp |Ke-4#F afa(vitric) MIBESEE B 5

L

U A (1), 2 EWEe (188, 3) (UE (1951), 4) (LE (soE). 5 B (0s2), §) ¥iHIL (e, 7) @7 (158b), §) Fewu
(1965), 15) WE (1961), 16) M (1962), 1T) @Mlass (1sen), 18) 08 (1958), 13) Amietal (1906). 20) BJF - (&8 (1963). 20D F

(2000),

170/ Il BED77238M

) = (1988, 200 AMEs (1096}, 80) WH (198s), 31) KEEA (198,

) ®E (1996),

6 4= (k1) -BIFR 1-# 2 19-20

B3 oy < RN (a0g).



S g oy % = opx ho
1 i
© B X ou B % 347 % i - ALz
Ns-T: | opxcpx Pl 1519-1522 | L706-1.710 PlisHTHER
Ns-Tz | cPE 0PX pm 1.517-1.520 | L706-1.710 AE
Kal OPX, CBX pm 1512-1516 | LT06-L710 AN AT R
Ns-Ym | cpx, opx P 1.502-1.504 | 1.702-1.710 FE
Nl iRy il
Ke-5r OpX, CpX pmEbw 1502-1 5056 | L707-1L.710 =1 T
(1.508-1.504) | (1.708-1.708)
Kel apx, cpx, {ol) 2] 1a2-1504 | L707=-L710 REML k44 LK
(1, 707-1.704}
Spfa-] | opx, epx pm 1502-1.505 | 1.729-1.731 FAERNLE
{15036~ 1.504)
Ks? opx, cpx, ho pm 1505-1518 | 1.707-1.710 #F|adit 40 g
[ (1.708-1.708)
{
Ksd opx, cpx, ol | pan L515-1.518 | L707-1.711 18 b oAy

[L516~1.518) | (1.708-1T10}

Kc-2-3 | opx, cpx pm 15031508 | L307-1.710 LR S
(1.505-1 50)

Aso-4 | opx, (ho) hw 1.509-1512 | 1.700-1.702 (1687} [6] &, Sl EAT g

Shr OpX, CPX pm 1611-1514 | 17041708 | FEERTHE

Toya pm, bw 1.456-1 458 Rk EgE®

Ksd apx, Cpx 1401-1710 AN A BT EF

Ksh opx, cpx LI07-L710 Lk

Ke-Hb | opx. cpx bw 1.502-1.504 | LI05-1.709 | SERATEN], MMETRER

K4 | ook cpx bw, pin L502-1506 | 1.707-1.710 |k e BT
(1.503-1505) | {LTOBE-1.7049) ¥

Kimp {opx, cpx, ha) e 1.502-1.505 Wi+ w2+ N EiE K
| FRATRAE

(1983), 9) G (963, 10) Eltte (1064, 11) Katms el (1078), 12) MtbE@de (1965), 13) SN - 40 Q1963), 140 Mk - MIRE
B (1885). ) ArEGAe {1587a), 28) WTEd (186T), 24) WORIAH Q196T), ) Wb Owsd), v mE (el ) EiEas

3 HEfKMofiEmkr > /17

[FRBR B AR 351 2 BB 3 B B BT & 73

6 Z= (k1) -BUES 1-# 2 19-21



218 Yogyo.Kyokai.Shi 84 [6] 1976

BAER— 2

S. TSUNEMATSU et al. 32

8) K. Shirssuka and G. Y hi, YogyoKyokai- 12) (UofSes, ARRET, «2 Ly 22 § 96557 (1971).

Shi 83, 603-05 (1975). 13) ke, $EN, BERCF, Kk 18, 10-22 (1985).
9) AM. Alper, R.N. McNally, P.G. Rible and R.C. 14) SEES, ®kdy 14, 39 (1972).

Doman, J. Am. Ceram. Soc. 45, 263-68 (1962). 15) S.M. Zubakov and AL. Dyukov, Ogneupory No.
10) A.M. Alper, RN. McNally, R.C. Doman and F.G. 9,54-60 (1972).

Keihn, J. Am. Ceram. Soc. 41, 30-3 (1964). 16) M.E. Fine, Am. Ceram. Soc, Bull. 1, 510-15
11) B. Phillips, S. Somiya and A. Muan, J. Am. (1972).

Ceram. Soc, 84, 167-69 (1961). (W25/1975 %)

VSREERBETEIH/BEATS R

ERE_-HEIM=Z-BRADTHE
(ARG

Crystallized Glasses Produced by the Use of a Voleanic
Ash “Shirasu”

By
Shuji TSUNEMATSU, Kazo INOUE and Osaku MATSUDA
(National Ind of Kyushu)

sl B a4 T,

“Shirasu” is a sort of voleanic ash broadly deposited in southern Kyushu and consists
mostly of glassy alumino-silicate.

In this paper, the authors describe the erystallizing behavior of some glasses produced by
using “Shirasu” as a raw material 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" clmndd!fmmmm n{ the crystals of diopside, hardystonite-5-
wollastonite and diopside-hardy 1 ively. An und crystal was
Mmunhddmtdlufdnapmm Mltbecrywhsrew[rumﬁrmrhnemﬂu
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 incrensed from 5 to 8.

3. 'I‘hesl.noutnd‘aem “Shirasu-CaO-MgO" and “Shirasu-CaO-MgO-Zn0", in which
di pre: 1 on h did not show an incresse in strength by any crystallization
pmcedure.whumﬂnnmm of the glasses in the system “Shirasu-CaO-Zn0" heat-treated
for 2 hours were 2 to 3 times as 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 appearance of crystal grain boundary,
ete.

[Received September 29, 1975]
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Table 2. Chemical compsitions of Shirasu glasses

(wi%6).
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v T o 1w 0
2 ] = o 1w
3 m™m = o 5
4 T o ] 5
Table 3. Heat treatment conditions for glass
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ZIahle.l. Chemical composition and mineral component of the Shirsss,

Chemical composition (wt%)

Mineral component (wi%)
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Fig. 3. Photo-micrographs of erystallized glasass.
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[2-5] 1 sample 2, heat-treatment condition § [%5] : smmple 3, heat-treatment condition 5

Fig. 4. Photo-mictographs of erystallised glasses
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Fig. 5. Photo-micrographs of erystallized glasses.
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Fig. 6.

X-ray diffraction patterns of the heat-
treated glasses.
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[2-2] Heat treatment condition No. 2
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Fig. 7. X-ray diffraction patterns of the heat-treated glass sample No. 2.
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[3-5] Heat treament condition No. §

. (3-7)
w W g 2"'"'
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4ghr
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28
£3-7] Heat treatment condition Neo. 7
Crystalline phases

W: #-wollastonite, #-CaO - Si0,
H ¢ hardystonite, 2Ca0 - Zn0 « 250,
Fig. 8. X-ray diffraction pamerns of the heat-
treated glass sample No, 3.

Table 4. Properties of crystallized gluss and Shirasu
sl

Shirasu glass Crystallized glass*
No.1 No. 2 No. 3 No.4 No. 1 No. 2 No. 3 No 4

Specific 0 ggr 25 a7 298 2 a1 Am

Padww 5 5 5 5 8 8 8 8

Suﬂuny‘ over over
point(T 673 B68 & M0 10 1MW 180 iX0

“Hent trestment condition No. 8

WRIBR0E M [6] 1076 285

Bemistg  wirergih [ Agrost §

L} 2 L] 1 “e ¥ L] - -
Timw | hr)

“Heat treatment condition for gliss samples (Table 3)

Fig. 9. Bending strength of the heat-troated
glasses.
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RIRITAKKRBED 5 b, KKEFEARFOEOFEM TSRO L HAEEN
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FARSTBEIS U7 S D E
R BE S LT K KPR S ae B VK KBRS — TN ERBT 2 EhEh DX
KX UT KK KB LT 1 ODHEKRETHAETOHEEIE, UTITRTEED,
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