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It has been known the viscosity of magmatic silicate melts increases with time during
viscosity measurements at low temperatures, although neither crystallization nor oxidation
is detected. Present study reveals that the rate of viscosity increase depends strongly on the
thermal hysteresis of a sample: when the sample is synthesized at a lower temperature, the
increase rate becomes higher than that of the samples synthesized at relatively higher
temperatures. This result is interpreted by the effect of the difference in cluster size
distribution in silicate melts. The radii of clusters grown in the low temperature melts are
larger than the critical radius for nucleation at a temperature set to make viscosity
measurement. These large clusters may grow during viscosity measurements and resultant-
ly heighten the viscosity by suspension effect and change of the chemical composition in
residual liquid phase. However, the cluster size may be exceedingly small because we could
not find any crystals within the samples even when the viscosity increases over one order of
magnitude.
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KUPEMBE D BRI A )V b OERE ZEE THET 28, BE2—FicF-FETL 2N
EA R & & DM 2BEH LITLITEES N % (Neuville et al, 1993; Richet et al,,
1996). ZOBZRIIHTREEESAL T L BET LK, £Huc & 2x5Mma 1 #H2L ki &
A5, EREREE 4OV b ORSTERBUIIRE S LM T E 5 & —HICiZE 2 b, WEREEEHET
32E 7 (2| Bottinga and Weill, 1972; Shaw, 1972; Giordano and Dingwell, 2003) T3
B LA D AD SHERED S 2 5N T3, L L EEREZ D RE A 5 5 Tkt
nE, FoORELZY - TEDRETONMBEREZRESLE2HPBRT, S HICZ20RAICE -
T, BECHNL OEEZ—BICE52 5 Z L BERERS T WAREEL S 5. 2ok Jic, R
MOBER%RHET 22 Lid, KB TOMBRELRET 2 L TEETH 5.

Neuville et al. (1993) (% 1002 K T 24 BEEIRFR L 22 L ICEHMBO A L b 3kIc, BE&E 1004
RBEOAERL /oo —N2RWIFLLon, &K 56 EKBOE;R 28, FORE

Ik MM EEEL L, R VIS ik gkoibic & 2SN E £ERL, /et a—n1o
AR E U CHEE S oS fibil, BLRROBRIEMICEE 2\ L7z, —7 Richet et al.
(1996) 12 1073 K T 100 BRI LL_EAREF L 22 R IEHRL D £ v Flzxd LTI i 247w, SEBRET
BTFe*/Fe M3 L A EZLL Twiews (1.84 = 1.83) Z k2R 72, ZHic & axEighni
RIADLTAZ b, LS H 22 THRMDBERICEZ D, ZHUC L » THEMERIED
52 & THMEDEIMT 5 & FRL7, BRI RL 272D CIZHRTEL WL DD, WHED
MEAEWICMEREET 50T, okl #Fidbe b, 1ML 2 2Rz 3H 3

[y 5 el > =101 {2

T2 ILBE D OREREEROBE T, FEMMOES I EBRHR % Ei L 2IREIcH K
HTHZELERWIEL L, AW TIEZ ORI L TRANFNLEZ LT, MmO RE
T 2H AT NRRET L. T BART T, WHEREABICHEEEBTLIZL0H 5.

II. £ & 7 &

EBRFINEOWRE % Fig. 1128 d. A 2 8UH3 -+ 1988 —1989 EAVE MY (Table 1) T,
BRI TR L 2D L, BEIDITAETO/AL CEHEFNTHERM L. —EBOKREK
PEEITEML 20b, BERKARSELEMIFICRL, DEEOANV I PBEMBENL ET—

HOEELR VB L, LAY TELICHIT 2 ETENICHEL2OBEI) L, AR
A7 A e EA - 3lE LITAZ iz X NMERICIIT L 72, Z0%@E RS CHRL, Mk
B AN—F—TCHRBMEEEREIED, ERAP L L7 ZodABoBREsOERIIB L Z
0.4~0.8mm, R F20mmyET#E TH 5. RFHERICH 2 SIRP DR EIT 1400C F 7213
1600C T, ZDZEIC L DKM ORRFITE A L 72,

FEHEGRECRIE I 13 4 7 AMMED | & i L (72 & 2 Taniguchi, 1992) # 72, Z DHETIE,
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Fig. 1. Schematic diagram of experimental procedures.

Table 1. Chemical composition of the used sample, normalized to 100 wt%.

Si0, TiO, Al,O, Fe, 05 totas MnO MgO CaO Na,O K,0

53.78 1.07 17.74 9.71 0.18 4.50 9.05 2.73 1.25

Table 2. Experimental condition of viscosity measurements using no-annealed samples.

measurement temperature(’C) 650 675 700

melting temperature(°C) 1,400 1,600 1,400 1,600 1,400 1,600
sample diameter(mm) 044 067 060 0.78 046 0.70 054 0.72 052 0.70 056 086
sample length(mm) 18.15 18.32 18.22 22.12 19.50 19.14 18.60 19.28 17.98 18.72 20.83 19.16
load(g) 89 869 869 869 176 499 357 357 94 176 94 175
stress(*10°Pa) 560.1 2415 301.2 178.2 103.8 127.1 152.8 859 43.6 448 376 295

ARHIIMZ & N & D USEEDBIRY HRGMERE » 23KDH 5 1, £ DEIZHE m, EHHNHE
Ee SBBRBORIBIVYEERZENFNIE r, DUBEZ dI/dt L L TRATEZ LN
5.

n=mgl/ (3 dl/dtzr?) (1)

ERFIZIILORE FIRICRFSNRETHIRES NS, ZORRABHIFIMNCH ) i 2T %
W, FRUMEREICEL2H ETEETHICRATA F3, Jucd ) BRHERD» TS 1
3, BREFENREIRERELEL (Lo ZTATHELN2T, WELRAML . HiEnE
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HICEEL TS, BB OMER E Z et ) BERSHIRMES N T 5, EB&MA % Table 2 oY,
IR BN 650°C, 675°C, 700°CT, 1400C & 1600C THEm L 22E K2 2N EFN 2 AT DOH
Wiz, AREBEEHCH L TY) X SRBEERFEHCIIKD LN TR, LrLELHEDEZH
Wiz EBEIZ A (1994) DIKKSIE BIFEIC L SMERIE T, 1240CIT Clakifflic k5 & 8
N OKHEDEMHIBD N, 1260CLLETRENNRBDLNL o722 &0 6, EEAHDY
X AREIL 1250CHIREEZ 6N b, 8- T, AERTHEBLBRL ZRER) X V2L B
&% 150C F£7213 350CH <, MEEREL ZIREIR) X7 R L0 B L Z550CH 5 600CHEK-,

Im %2 8% # R

RERIC X 2R R BN 2 L % Fig. 2R Y. BRERE & b, MIEREOMMES W IZRH
EEHICHC T B b DOBFARREE 2. KRS ZRAT 2R F T > AN EE N T
IR bE 59, MM 1R I RARE, W URMERE TS E, MERBER O
MREITERIEEICRFEY, ZOROMEEMEIIBEREENERCEBDIIT ) k& o7,
ERIREE DT U SR ORI GIC, SRS DE VIS L 2EZEEDSLNT, ZALDESEVHHL
PICREHERIILE TRES N TN B Z &b 5.

R B ERER THARZSE, REREITE T ERMEMIEEI K E (, 2 OERIBED
BT L ENFARESCL S (Fig.3)., L LAar bRENEHNTIE, MiEDSE, T4bbE
CRp Tl L 22354, @i THIE L 2 MEHYRR COREMBEZ B 5 Z i3 hh -7z,

ARBTG5 A, B IS 2RI ML & MREHIC AT § 2RI D E L b b,
T b bMEEEHIC L), Red LESrMmT a2 &3F 2505 (72 & 2 Murase,
1962). L#4*L Webb and Dingwell (1990 a, b) OREMEE T NI L 5 &, MRS 10 Pas
DEATHRFEER L 40 BT & T, RERTEREINRH L DIZ 2228, F M ERE E
Bl CRETT ~ 3Wef, HEZ2T TITmL 238 (Table3) 2AV254, RO 1
~ 3WR S & DB &~ L (Fig. 4), MMEHMAFEICH§ MMM EORR TII L v E
HMITE S, o TC, WEIITONZBEICHRIFEIND Z & THESBINL 22 &, 2 6icEm

Table 3. Experimental condition of viscosity measurements at
700°C using annealed samples.

melting temperature(’C) 1,400 1,600

annealing time(hr) 1 2 3 1 2 3
sample diameter(mm) 069 075 069 076 076 0.74
sample length(mm) 17.78 22.73 19.64 18.60 18.88 18.78
load(g) 176 176 176 109 176 176

stress(*10°Pa) 46.1 390 461 236 380 401
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Fig. 2. Experimental results for each measurement temperatures. (a): 650C, (b):
675C, (c): 700°C. Sample names are expressed by the combination of manu-

facturing temperature and applied stress. See Table 2.
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Fig. 3. Comparison of viscosity change with time for each
measurement temperatures.
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Fig. 4. Viscosity changes of the samples annealed before viscos-
ity measurements. Their viscosities are superimposed on
no-annealed sample viscosities with shifting the annealing
time. Sample names are expressed by the combination of
manufacturing temperature, applied stress and annealing
time. See Table 3.
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1. #EkDETLOHKE

Neuville et al. (1993)i2, FHFHOEHIEILT S Z Lic L DEI NI 2 ¢ ERLA, L
ZDEZHFIEL VLS, ARDBRMIBEIC L > TRMEBNOBEEFRL 3 kv ) FEBRRIL,
KB OBIGEES SR 2 B L 2EBETHRO LN TV I L 2 FIKT 5. Fe*t/Fe** 3MK 7 2
LT 4—, BE, R TR LN S 2 EH 5 (Kilnic et al, 1983), HIEBEIRL TH
iE, BEHIHT 2 Fert/Fert R4 I3 B0 BRNEEICEKFE L v, #- TEBbEEICE
DL B ETIUE, L LD ThoE, T4b biERREIC & ) MERSER D Fet/Fe*t i
BAYELleH e FEZ 605, L LIERBROMES—BT 52 L2 5, 2R Fett/
Fer" [T L v M d I, ToRIcEEELAEEREZHETE v, 3 52t Richet et al.
(1996) »*EBATT4 T Fett/Fert 513 L A YL L TV v (1.84 > 1.83) Z X 2 RLTHY, &
DB TIIREHEREN %2 B TE 2\,

Richet et al. (1996) i3 &8 AbiC & » CTHMBAZE DL 2 Z & THtELmMT 2 & F|L 2, 72
WD D LB TFOT A g ot AEENMLENFI NS, L LETHEEESB L
UYEEBEMEIC & 2 BB CEBREOFRB RIS RIZRD 509, X 5IChR X REHTICL > ThH
BB E— 73RO LN T2 s, BRDHFAITEENDL, 202 h b, RERT
RO kR % ARSI THAT 5 2 I3 TE LW,

ZD & JIT, WMERMMORREE L TERE 2 5N T 2B bRl & v 2BRTIE, ARE
BRCHEINL VLRI BRI % HH TE v, —F T, MERNoOBTH HREERIE
BIeE KT LTwaZ i, ZORERNE2EZ 2L TRELEREL D, ZOZ L 2HEIC, #
TR T W, MWERIMOFERIC N 2872 232 KICRET 5.

2. REEORE L BNFNBRNICE S CHZLETI

RED W - 2 BIBEIC & > T) X ALUT Co%ER R 58005, LREG ANV EHAVE
SIEER THREIN TS, Sato (1995) i3 FFEKE 1986 EHEA THRIBE N2 kWU (1) %52
BE1190TC) 2 HW T, EREHMEVIC & 2RAEEENEL 2T, 1180, 1190, 1200C
TG L 20 b&8IZ 1100C £ TFWF, 1RME 220 13 B L ORI 3 w2628,
FEO DR GEFE R RFRE OBV L T 1HREL2ZbL kb » 20l k L, 20CH
BRIBEENEIZL > T4 ~5HOEWHEL 2, ZOEBEFKERZ, 1100C THBERPEL ) KE
7R —H, RIRTHEMLERIC L) ZCHEEL Th 72D EENTW B, EFEOMIRT,
FEBRTRLNIMEORBICNT 28ME, Z0ERMBERTESHRETE 2.

AN BRTREFVFECHEERFBENETIE T, BEFOESRTH L 7 T R 57— TERE
ICHAET 5. F0Y A4 X571 Boltzman 5375 12 RE v,
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N,=N,exp(—4G,/RT) (2)
N, BB S i N s Er 075 25—, N, BMAEETORETE, 4G, 2 r 7
FRE—DHBEZANYX—, R FAHKEL T WHHEE
T8 2 L 3d (BT Kirkpatrick, 1981). 727 L 22 T2 97X 7 —3BkRTH 3 & fEL 72,
AGATERMBHEZ AN X — L {LHEEHZANLX - L LY,

4G, =4 zric+4 nr® 4G,/3 (3)

o BUE#SH ) OREEHHZANVX —, 4G, | BikfEH 72 ) Db EHBET A V¥ —~
TEEIND, HDRE T TNAG,I, MEOEREIH, Mut TLeLT

4G, =—AH/(T:—T)/T. (@)

Eh b, T >TiTlIAGATEICIEL DT, AGhT 7 TR CHBACEMT 5. iz KE L7 T
2= ELZRNKE WAL ETHDIEEZTHRL, FDLOBEN T 7 A7 —EECHE
T5ZLidhw, Ll T<T, T,

r*=20 T./4dHT.—T) (5)

THLZOLNDMAPELORELEELZ DI TAI—E, IV KRELLBIETHHI AL
X—hRNE %720, HRTHZ LU (KT 5.

7 7 AF— A XG5AORERFEIZQ), B), WRick-TH2ZLN, BLXZFigbnkiic
LT 5. T4 bbb, KEBRTHHENEZIT- 72 650~700C THRETE 2 REENT T 25—,

A
v
é AG
= -
=N X
.§ N, =N, exp(—=5)
= T< 'I'L
=
2 .-
£ | N
g
[
2 -
é Tow T_ .
high T— T>T,
e 20Ty cluster radius (r)
AHL (T, -T)

Fig. 5. Schematic diagram of cluster size distribution change
with temperature.
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A2 AR L 72 1400C R P 1600C THIAET 5. TN HHRET 5 2 & T, BAEMBRHZE L &
ANy P g Y ORPRIC & WREDTREIM L 22 W RE D B, 27 LEBRBOREPICHERESRD L
NLnwZ bbb, TOREIEFREE L TEBEINDIITIEICIEIRESLWEEZ LD,

COETIACHED &, BEEICHS DAY, BRIREKCRABDIT ) 5KkEr o172
BELABEMICHBETE S, T4bb, 1400C & 1600C D £ L+ THARLEA, 650~700C ThH
BRREELVKREL 7722 —1F, BIEIC L) SCHET D, 20V A4 X505 FEIN TR &
WL VREES N, BHREFICE Y EL DI TR —DRET B2 & T, 1400CHEIOR M
MEEDKRELS o7 EEZ L5,

FME B R AR C R RIS T AREORINEI N ol 2 b, 7T A5 —BENE
THWEBEHITH D, 77 A —RET HICE, FNEEKRT 2RED0MBIIERIC & - Tt
BENLVEYH D, TR D 12k% Boltzman 5E# & L T Stokes-Einstein 7 B{&

D=kT/3 nry (6)

10 & o TREE AR BUCKE UM DI 515 (72 & 21 Dowty, 1980). & & ICHMIREUTIEEDT
D% ERBICE B2, WBREUTBEETICNL CEL BT 2. 2o KE THR
EIZE 7 T A S —DWREHREITES %), MMERIEE L SR CORGEIC N TED - 72 SR
2N 5.

V. & & &

DX FRBEL DL 2R COMBEREICB VT, RIS L T8mT 5 Z £
B M1 L T2 hs, Z OB BB & ER L ZBEIIKTET 22 EaF it RwirEnrs,
ZOEEFIERDETINTIIHATE o ds, BNEMITRENDE 7T A7 — A X5/ DIRE
WHEE, ZORETORELEZ 52 L TABWICHBHTE L, 7725 —DlE ERICIE
BELTCWW FORMEEH 2, BESTRIOETNVCTFETLEBRFRIRLN LV,

X 3
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