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( Received August 8, 1994)

The 1988—1989 eruptions of Tokachi-dake Volcano were exceptionally explosive, ac-
companying pyroclastic surges and small-scale pyroclastic flows. Obsidian-like glassy rocks
found in the pyroclastic flow deposit were very unusual and were characterized by much
higher Si0,, Al,O; and TiO, content. Because Al,O; exceeds the sum of metal oxides on a
molar basis, the method for calculating the viscosity of magma (Bottinga and Weill (1972),
Shaw (1972)) are out of application. Then, we measured the viscosity of high-alumina glassy
rocks in molten states. For the convenience of comparison we also measured the viscosity
of essential rocks ejected at the 1988 —1989 eruptions and the 1962 scoriae.

The experimental results showed that the glassy rocks have about 1.5~2 order higher
viscosity than other samples, mainly due to high SiO, content. The glassy rocks with high
viscosity must play an important role for the explosive eruptions in 1988 —1989.

We propose extended Shaw’s method to be able to calculate the viscosity of high-alumina
magma through the present viscosity data of the glassy rocks. We considered the excess
alumina as an independent oxide and experimentally determined the contribution of the
excess alumina to the viscosity. Adding the contribution to Table 1 of Shaw (1972), we
calculated the viscosity of synthesized high alumina melt. The calculated value well agreed
with the measured one.

I. ¥ A A &

e E R R AET 5 HEEIE 1988 42 12 H 16 BHIZ, 26 FxsDIcEAL, BFE3H5HZF T
DIz 23 MO A & BRI D B L 72 (Katsui et al., 1990), B (1989) 2k s, =0
—HE DK 1926 47, 1962 9F & B LN CIE B B 23 TIRERIT, NETIE B B 05K BE



12 i TR KRB UL - AmE FRH

- b KRR EEFET B OPHEHBIZ - 2. ZOKBREORICE, BEOLREEL ST <
N IGETEE L ERDEML TELL BN I AEEVE(EEN Tz, Z0E
BTN THBHTEL, FILREICEN, SHO—ENR AT HHE L LI REIT,
IO BRIt L BHKE L TCEDFEBRR 2R T 2 LESH 5 L BHITRERHEL T
w5,

AR E L 52 5= 20PhIkEr#E T o N s, HlRn~ 7~ 0kEEREIT 2 01k
SR HLETE TR B 2 EHNTITTEETH B (Bottinga and Weill, 1972 ; Shaw, 1972). L#»
L&D 7 ZEEIT NI FXTn VL CGRECHFEL, §HEIC L » ORERE % ke
5z LR, 2, BRI TV T OIS A5RS, i FE TERNICITEIES
NTELT, FFEOHERANEZIN TN HTH S, FZTERBICTHYI AEER B,
HERBOBEZ AT -2, /2, AEEHWE & O 1962 FME HHnkEERIE b4 TT %W,
WHEDE %174 > 72, & 512, BREFOT IV FORHEICHT 2R 2 EEICEHE L, Shaw
(1972) DHBEENET N I HHE 72 ~DIRE T ET 5.

II. BHRURAERZE

KRS 2 WE L 7230k 1988 — 1989 SF AR MMM 318 (LT AHHEWA~ C L XB), F
T REE A (77 AEEA~D), 1962 ERIZ 3 T 648 (62 FEMBMA~F) OFt 13M
THH, FAEELWA L 40 cmX50 cm FBENRDHIGL 2256 N0—8, KON DTN E
FEHEMORRER L 2R ERO—IT, BRIEEAIRS TTESICUERERL, Ci3#
BTREICE cm DBGBH A L7z, 62 FRIBHIZ Ty KD 5 ABAD R 2 Y THRAL
W, ANEEEM L) ROICRIEY L W, I AEERBETCRRELEL, TOREICER
HELONDNTNL AR TAREE»BH LNz, ERBOCEMKE Table 1IRT. SHridks

Table 1. Chemical composition of the used samples by XRF analysis. Total
irons are represented as Fe,O;. Major elements are normalized to 100wt. 9,
volatile free basis.

essential rocks 62 scoriae glassy rocks

A B C A B C D E F A B C D
Si0, | 54.02 53.78 53.71| 5380 53.71 5350 53.34 53.69 5263 6559 67.70 65.65 64.27
TiO, 1.08 107 110 108 111 1.09 111 112 140 120 117 115 121
Al,O,| 17.63 1774 1749 | 17.67 1758 17.82 1762 17.55 14.92| 1938 19.84 1881 1823
Fe,0,f 961 9.71  9.96 9.85 10.04 988 10.19 1022 1431 828 534 617 87
MnO 018 018 018 018 018 018 018 017 0.20 0.03 0.010 0.04 0.03
MgO 451 450 456 450 451 454 456 448 4.03 032 019 114 087
CaO 8.89 9.5 9.00 9.00 900 905 888 867 925 1.05 050 234 188
Na,O| 278 273 274 268 265 271 285 280 273 144 121 220 1.29
K.0 130 125 126 123 123 122 127 130 052 271 4.04 249 347
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HWAREIERN T 7 AN DV T, JERERERME WS E O XRF S EE * v TT
otz, EREEBMOCEMKIE, FOERDECICEILTIIEALRLTH 5, 62 FEE LY
DL F & B TEB R coZI3/ & <, B (1963) 4 iriciziz—Es 5 & ERkC,
AEMEPOMBLE b KEL v, 77 RAEEOFEMIL, S0, & ALO S\ Z & &, S &
LEKHETORELDEDIKREWZ LD TH 5.

ZNHDOFE F RS ESHEBRIC AN, FNICTH 7 2EE13 1600°0C T, fitoafiz 1450 °C
THRL7 S 3 2EBERAFL (bt RIBOBREZ 3D 52, TOBMART L ENTHRE
SHEBE 7T AL, MEREEIE I 7,

MUEREOWER, BEMEMTOAERERELNL CElE P 2BA5 & EiF: Blz
Murase and McBirney, 1973) TAT- 7. HIE T AEEEH 34 102~ 10°poise TH 5. HE# AL
HEMBOERIZ S0 mm, EX i 60mm T, ZOHCEIH LM mm DFB/LZHEELZ. 4%
BKEZNIZOLDLHSHOBERITZNFN 8 mm, 0.5mm T»h 5. D KE I LRHEDEE
L DB ERHIET 720, 1BHA 7 A NBS 710 DR EEB 2 RIET A2 kit k- T, HEOB
E#iTh -7, BLNBRIEREHWT, NBST710 & DRSO # T 2 (Little, 1929) & &bt
777 A (Bockris et al., 1955) O¥EMEAEERIEL, XBOEE L 72 (Fig. 1), #hFn
4 BT ZREDRKRIT TN LN T — 7 L R —EL 72,

ZODKEENRY, 62 EEEWE, RUTT AEEA, BicowTid, Hik, BE, FiEolE
FT, E2&FERELREL 20 bMERETEEL 2. 72, 62 FHEHA~EICDOWTIZ
1400°C, #77 2EEC, DIZDWTid 1540°C £ T, 2N FN—EBHIEL 21, BE, AEONERF
T, FERRICBIZEERATE - 72,

_—
W
25.0¢ - published data
) ] 4 O measured value
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Laof i ]
Bockris et al(1955,
3.0} Litle(1929) 4 c@ v (1953 |
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Fig.1. Comparison of the measured viscosity of two artifical
glasses. Open circles show the newly measured viscosity

by our experiment and crosses represent ones measured by

Bockris et al.

(1955) and Little (1929).
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m, A = & 2

LRERER % Table 2 IORT., BEDEANIC, MERENOBALIL poise (log A7 —IL) TH
5. ERTRTHEIGAT e bNRNEICENLN TS, FUIEEHIRR) EI N T 58451, B
ISR 2HE RO E R A 2SI BEBORES T b2 2R L TWwb, T84
IIXEHEREE DD Lo, ZORBICELZEL 2R 2 B8 L C, HIEZ B L 2Rl 2 R L 72 (B
B0 49). FORR, FEORBICHE S Ml OMIITES b 1Lz, KRB TG 7 - T\ 53
i, ZOBRETOWUEET L1200, FEICEIIL k-2 2 L %#8WRT 5, Znidsd
CEER—EOS & EFICNT 2 ARROBEIREIZ—E ThH 20T L, EdEpTELL
ez kot b, £hb, BETRLEFLITLWHEERIBLN G2 E0bh b, T
FHIARRIC BB E % O FIR R SE 72 - 7o,

RO SR ERR L ARE Y, 62 FHHEY, 77 ABan=2icat Tt (Fig.
2). AHEVEHPORERBUCIZ, 1250°C LIETIR, BB TEELERBOLNL 12, —F
INLNECIBE T, S CEcEZrAasn s EEEC, BUEBOR LIERE TOREREC
b, FRFRFEBRROM RO U, 62 FEBEHTIE, F2B L LBEIRERRE THRER
BICHAREIOZEL 2 <, BB L REROWEMC DBEVEALNL Y, 77 2EEIARET
MEDEIRECT ED bbb, 2, CEDRINFNEWEE I —FROEREZM I IICR
250X, Ak BT, KR CRIEMEDIITLDNTW S,

V. % =

1. {€:B18 To¥atEsEmm

BARRED 2 7o 7 2 Tl, WMEREONBUIMEHRE OB L TERICHNT 5
Z &S LT B (Arrhenius OBIR). Fig. 255, 62 EEEMWA~E & 75 2 EEC, DI,
44KI21313 Arrhenius DBIR 272 L TWw 3 Z E25hh 5. —HAEE LY, 62 EHEWF, &
U772 BaA, BTR, BREFIRICBWTERS D ERSENIC TS, MEERF &SRS
BBfR % 2 720, —Bl & L T 62 SEBEIM F IR B & MR o BIR 2 BIBRE R O REER 2 XA L
TAd(Fig.3). Zol» 5, KETRAERFOMEREDBREBRNDZNL VB L bh 5,
ZOMEIEIE, 77 REED & T, KR TRIRR & RIRREOBICEZL TR ERHCHEL T 5.

IR TOMMEEMORR & LT, REPTCORBBEORHEIEL LN, BROGHIEI S L,
FIUCHE ) DB ERRRTIC L 29 AR Y g v OMENID, =7~k RIS
BB EE3 N T3 (#2103 Pinkerton and Stevensen, 1992),

KD BB OERE TN CRROBE L2 50 b, BAEREE (BATRH I Bfr
RIS TE BN LRERRERREE (K& LHHE OREOBEERE) (3ICIBEEOREKE
LTEz2b6N, TNbLDE—7 X bRER, BREREEREMGHFTFEEMNCH S, -5
IBREY» HIREL2 TIFCELHARENS L R THRBEENBVWIEEBZ @8 T 5 HERN
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Table 2. Results of viscosity measurement. The nuits of temperature and
viscosity are °C and poise (in log scale), respectively. The sequences of data
correspond to the measurement program. Durations of the same temperature
mean the repeating measurement on the temperature. Values in parenthesis
indicate the time (in minute) after reaching the set temperature when the
measurement was started. No values are written in the columns when the
measurements were unsuccessful.
essential rocks glassy rocks
A B C A B C D
temp. viscosity | temp. iviscosity | temp. | viscosity | temp. | viscosity | temp. iviscosity | temp. iviscosity | temp. iviscosity
1200 352]1200; 3501210 1 3.38(15)| 1410 4.09| 1480} 3971540  3.04) 1540 ¢  2.99
1260 0 298/ 1260 0 299/ 1210 3.34(60)| 1470 |  3.40| 1520  3.61| 1480 :  3.38) 1480 | 3.4
13200 2.64] 1320  2.65] 1210 | 3.35(120)| 1530 ! 3.08/1560 0 3.390 1420  3.69| 1420 356
1380 0 2.34|1380 0  2.34|1210 :3.38(180)| 1590 i  2.83| 1540 |  3.49|1360 !  4.05[ 1360\  3.90
1440 2.00| 1440 0 2.11| 1210 i 3.42(240)| 1550 i 3.02 1500  3.68| 1300 |  4.45/ 1300  4.29
1200} 3.30(1260;  2.97|1240 3.16 1490 ; 326/ 1460 : 3921270  4.66( 1270 ;  4.49
1170 35112001  3.37) 1300 | 2.74| 1430 ; 3591440}  4.10]1330¢ 4241330} 412
1130 {3.83(12)| 1175 |  355[1360 i  2.46[1370 :  3.95/1400 1  4.78{1390 | 3.90|1390; 3.76
1130 §3.90(32) | 1145 | 1420} 2.18| 1340 4.18(20)] 1600} 3.21|1450 |  3.56| 1450 | 340
1130 § 1100 1300 2.74| 1340 | 4.22(40) : 1510 321|1510; 3.9
1090 { 4.27(12)] 1145 | 1210 ¢ 3.28| 1340 | 4.36(60) 1570 ¢ 2.88/ 1570 2580
1090 | 4.33(37){ 1200 11805  3.44| 1340 i 4.41(70) i ;
1090 § 4.44(62)| 1240 | 3.54| 1150 | 3.69| 1340 i 4.50(80)
= : 1100 | 4.13(28)| 1340 | 4.52(90)
1100 ¢ 4.18(60)| 1340 : 4.50(100)
1100 § 4.23(90)] 1340 | 4.56(110)
1100 1340 | 4.72(120)
1100 ; 1420 | 4.27(20)
1210 | 3.57(24)| 1420 i 4.33(50)
1210 | 3.58(56)| 1450 | 3.72
1210 | 3.55(68)| 1510 i  3.21
: 1570 | 2.92
62 scoriae
A B C D E F
temp. | viscosity | temp. : viscosity | temp. ! viscosity | temp. ! viscosity | temp. } viscosity | temp. : viscosity
14000 224 14001  225] 1400 224 1400 218 1400 225| 1200%  3.36
13401 254 | 13400 247 1340 254 | 1320 ; 255 | 1320 262 | 1250 2.88
1280 283| 1280%  282| 1280 284 1240 303 1240 3.06| 13001 248
12200 322| 1220 321| 1250  3.03| 1200i  335| 1160f  359| 1350  2.25
1160 361 1160}  362| 1220 3.25| 1160 ; 358 | 1100 : 411 1400  2.03
11000 4.13] 1100 414 1160 364 | 1200 1130 391 1425 1.93
1070 | 11301 3881 1100F  4.13| 1240 1200F  3.42| 1375% 212
1130 ¢ 1190 347 1160} 12800 280 1280  2.83| 1325¢ 232
1220 324 12507  3.02| 1220 1440  2.01| 1360 242 1275}  2.59
12500 3.03| 1310  2.78| 1250 3.00 = 1440 209 | 1225 1.87
1360 2411 1385 230 13100 272 5 1175 § 3.16(20)
14307 218 1430% 209 1430: 211 1175 | 3.16(40)
= = ; 1175 ¢ 3.19(60)
1175 ¢ 3.20(80)
1175 §3.29(110)
1175 §3.34(200)
1200 3.30
1250 1 2.89
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Fig. 2. Temperature dependence of

data are already shown in Table 1.

viscosity in poise (in log scale).

10000/T(/ K)

the viscosity. Original
Ordinate shows the
Lower abscissa shows

reciprocal absolute temperature while upper abscissa shows

temperature in °C.
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62-F
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Fig. 3. An example of the effect of thermal history during the
experiment. Data are from Table 1, 62—F.

IR D Towv, 2L UREN A, SIEE S Y 288 IRRERVEA T b 3R
B3R BICHERBREEDRVEEBICAL D, 22 TRAELHBIRIES 5.

Fi8, MG, FROERF TR T bz A E MY, 62 FHIEME, RUT 7 REEA,
B i3, FBEOMERBIZEEENZIUCERTEYv, ZUd—REHNFRIZ DWW T EERIC
B o 2 BB R OBEIBEICEET 28T, ZEBOFRIRIC DOV TIEE DRICKIE THEE N
DUEFAT e b 1B T, RERDBAZIRETR* REM> T GRAT 5726, AERICIZS
BOKEIEBL Tz b EBIRTE 5,

2720, AEBRTREBENENMDIEL2rhUT L O RKKTidhr - lzlzd, KB TORKSR
BRZEZFALBETOLDHAMB TR > T2 THENY S 5. 72, KR THRHERE ORI
T 28 % R EBR TR & R BUT M LR, #E0&EH 5 BRI HeTw»
RZENFEZLND, INLDT EHL, BOENIEIZZDRETOMEREEREL WD &
BEFTLLZ 2%\, BT T3 Arrhenius DBFR 27 T REBOA SR TER L ED D,
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2. MEORSKREY

Fig. 412, Arrhenius OBF» SN2 S 2 R TEBERRZTRT. B L, Z 20K G,
WO 62 FEHMA~EIC DV, & THOREBEERE— v RATRL 2, £z, AEEHY
AL 62 EEBHF {4 % L 12 Bottinga and Weill (1972) & Shaw (1972) D FEETH
BL2ELRL 72, % B Bottinga and Weill (1972) D HF & TIE 50°C T & DEHIEH I N LN T,
Z#% Arrhenius DX T74 v T4 7 LTRLE.

SEOAEERWE 62 EMEMOADLER, 3L A CRUMEREZHOZ b5, 2
i3, SEORBOHEMERATNILAFFEL THBHZ Lz T2 (Tablel), TRFEMEED
—HLRIFTH B, —7F 62 FHEHWF OrEREUI Mo 5k & DK, 1bRR % i 3 &,
62 FEEMMF O FHREGELW L D Fe,0,12E 4, Si0,, ALOs;IicZ L \». Bottinga and Weill

(1972) NEH» LHMTE L, INLDFFDECITWTNOREZ TIF2 KB E, EBHE
&b & BT 5, MBEBOHERBOBE N IZCFHERNEL KBL T2 EEZ L5,

Won s 7 ZVEEDHHEREIZ-TAL, REERYRC 62 FEBMEL N 1. 5MUER],
BHICB TR 2BV 2HIC RS —i&kic, =7 <DMllko ) bR LEE 252 5001
SI0, T, FNAHWIT MR F & 5. 7T AEENLEME R A 5 & Si0, &3 65% ik

1600 1500 1400 1300 1200 1100(°C)
Om T T T T T
®
'§ 4.5} .
_gﬁ 4.0 g .
+/
3.5F 7 +  essential rocks
= essontial
s.0] S
: Dﬁ - -::::z(ﬂum
O 62AE
| F
2.5 --?--gr(a.-w.)
......... 62 F(Shaw)
| a glassy-A
2.0 S
A  glassyC
1.5 1 -t | a1 o glassy-D
5 5.5 6 6.5 7 7.5

10000/T(/ K)

Fig.4. Comparison of the temperature denpendence of the
viscosity for all samples, excluding some data which were
out from Arrhenius relation. The calculated viscosity of
essential rock— A and 62—F from the method of Bottinga
and Weill (1972) and Shaw (1972) is also indicated.
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LHORE LN 0% EE L, BIRENBEVB TR FORITITUURICLL L, T AHED
WEFIEFEICE DL, T2 SIOBHENWI EICLBEEZ LN,

FBEED T T ZEERT VI FHT A ISkt U CREI L 72RO FEOBRN L ), *
PR B LM% b L L2 et B 5 RKH B2 LI TEL VG, 22 CHEENEITow, Zh
LD D OREIEARE E KD, L LA LIRS HIET 2 2 L 3r Lo T LLE
BT, 2 TKEICRT & 512, Shaw (1972) DHEEIIRL, BTV 3 HEEOMER
BOHBEL T T 52 & 2 Ra7,

3. B LI FEEOMMERBEEE

72T SIORAEVERE L 2MEBEXIE-> TE ), MEBENTKENEEIC L - TH%E
PEAET B LFZ LN T3, SiONBERMIZ 2K HE Si-O-SiEE» L TETNE2D, 2D
HEIBD CTE, 2278 ) 2BBRILWS 53Ty 2 BEBRRII M b b &
ENLTHWEBEDRICA-THEE -2, H2VIEBCEBHEVHICASL Z & TZNMY
DS TI %8, I T EEZLNTW S,

SiO, Rz ALO; 22 5 EXEIRRAT 505, TIA ) DEEIZL - Tt T A5 128
EEIE AR OEEIL ALOsEMZ 5 bR B s, 23 7TaaNick-> UL N5EH S
N7z Si-O-Si A% Al b L »ToO% &, BUHEEBE2BRT L ZHEFEZLNE, &
DEFAIRZT AN BRENZ LT L THEOHMMICHEET 2 LE 2 5115 0T, KAIO,,
NaAlO,, CaALO,, MgALO.k&D “HFF" #NET 5 &, Al XM T B3R % AT 5
FTHEVE ST L v (Bottinga and Weill, 1972).

—RDKIWETIX, THAIFRETNAAVIRL CAENT, ZoORTILVE e THERRE
It e LT 3N Twb, N7 Bottinga and Weill (1972) DFEHETIIT L I+ Ok
BT 2ERIE “OT7 A RIZ TR E L TELINTE Y, “9F" EhEicBHEHs 0
T FEBBEAICODWTIZZDORRIZFHH E LTV,

Shaw (1972) Iz &k 2 &, VoA b AN+ OREREL, BEOBHKE L TRORTRHSZ
EHHED,

Inp=5(10*/T—1.50)—6.40 (1)

7 MRS (poise), T | #ErHEE (K)
ZITC, SIFEMBL LROKXNTEZ L s,
S=Xsi02/(1 ~ Xsioz2) X ZX; + s,° 2)

Xsioz - SIO,NDENFE, X, I BT i DENLFE, s,° BHiicH5 2 snzelk

{BL, Fe 0512 FeO iz, ALO I RAMIZ AlOic, ZDER FNFNIBEL Tw5, F s, ik
Bottinga and Weill (1972) DHEERTKD 72 D ROMMREF T — 7 ~N—RE LTEKDS
nTwa, fBL sl 2T, AlO,ik SiO. A B BBt & L @< & LT, SiO,
RORREAEMEEZ D L I2KD LN T 5,



20 W kKB Wb - EE RM
4E, BEBRKBICEL TV FE—D20B{tHE LTHRY, SLICHETVI HEEOMED

(1), @R TEMTEZ EFHEL, LTORETERZ TV F OIS 2505 % FH4E L 2.

1. AIlO, % Bottinga and Weill (1972) (zft\v» CaO, Na,O & r#HuUftir, WME*ERT 545 &

BT 5885 L1043t 2 (LUTEFE S % AlO*TERT).

2. AlIOAUN DBt MnELGEL Y, QOREHWTSE2XKD2 (xS, & T3).

3. I ABEOERBERERZQORT74 v T4 7L, SERDE (ZNESwET5).

4, SntSDEMUSETH) % Xsoe/(1—Xsioa) THIY, FDMEE AlO*D & N5GE X0z b

b, BE LTIV S OREHEC KT 23R % TS S EH S aoex" %KD B,

S oz W—ENEE L B ED O D, TOERDEED L, § a0’ =580KH LMz, ZHfE
1% Shaw (1972) 27 )L 2 HIZx L TEH- 272 s 02" =6.7L B /hE W P2 DNBHEI BRI OW
T, T3 25K 5 b#BE 2R T BEITIZRERD 5 po"=6.7, IBH§ 2B I3 210K
725 a02x" =582 AV 5 Z & T, T OMMEBREOHBIWRRIC U B EEZLNE, TN L&
BY Bih, TAIFHTALNEHL TR LA, COMEREZIE L HEHE
Kl L7z (Fig.6). 22, #€%ko Shaw (1972) nF#k2ZznF F®AL, T Fe&ficrL
T s a0’ =672 F\W725HEMED Fig 6 278 L 72, RElfbM % Table 31273, Z DM,
T B B R REORBELANMNREE (WERAR, 1962) & LicTit

9." 1.0

@&
»e
~ ®
AN

2
e L
|
% 0.5r
()
o.o A i A a1 A . i 1 N Y i
0 0.05 0.1 0.15

X%mg

Fig.5. Relationship between A4S(1— Xsi02)/Xsi02 and  Xaozs.
The constant slope, 5.8, corresponds to the value of s aoex”.
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Fig. 6. Comparison between measured and calculated viscosity
of artifical high-alumina sample. The value s a2"=5.8
was taken for the calculations for excess alumina. Viscos-
ity calculated by using s awz«"=6.7 for all alumina is also
indicated.

P2 7258 HE L, Xaoxi$ 0.104 TH 5. Table 3. Chemical composition of the
. it e c . artifical high-alumina sample which was
AHETROIMEEMEME L (BT 52 used to test extended Shaw’s method.

Lk, kD Shaw D HFETHEL #25A&IEE Si0, 66.36
BEVENMERENRT B 2, KHE TiO, 0.21
DFHMED TR b 1L T 5. oo 1o
7T REEDERES O W AR TR BIC MnO 0.05
b b, s e DI Th o 1, = o 5
DD b, SERSD SN S o’ DIEIARD Na.0 292
MBHE OB T L 3 FEEOMMERSE I iﬁ 1£$

MHLTHLBERTE 2REEIF. HLAER
T >R E1270C L ECBELN TV S L, BEOHELTF LIRS L v, SHEFEFNLD
R, Sao DENZLBHEIZ DL, SHIZHKE 2L TREIT A0E?H 5,

V. & & &

TR 1988—1989 FEAE ALY, 77 AEa, RO 62 FEEMICOWT, MR HlE



22 HEE Bk KB Oh - EHHE O FA

AT 72, Z0FR, UTOZEPWLPIZL -T2,

1.1250°C LLETid, AEEL & 62 ER{IBYORIEREUL, 62 FEEMHN—DERVWT L —
Y5,

2. 1250°C LUF T3, 2 &Y SROGEND 5L TREREDTE - 26l D o 3k
TRON, ZofEm, FEREOREBICEHETH 5,

3. HETIIKRD 6 N h - 727 7 REEOKEMREUL, AEE B 62 FEEH LD 1.5~ 2
Higd - 72,

4, Shaw (1972) o Table LiZBF LT I T3 2488 S aioex"=58% M2 52 & T, &T
ST EEOKERE R FEIC L > TRO LN B WREMEY D 5.

BEF AWRZATE ) B, BEINBRILONBRBIRICIL, MEREONEE » &
L THHW:, bR F AR oFHFRFEHSEIR, RPItilEt, REXBRBXE, A
E—HBICRBROSTICELETEZ 30> CTHW ., EEERK, ST RIEREN M
FHRHK, FRBCREK, AFEERANOKMILIEIEICIL, REHRROBBHEEIC L -2, Kk
WHEL > y—nH/UERELICE, AP — P77 2%28H8% 1L CHWE, 2L, Z#
NEERLET.
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