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Abstract. The temperature-dependent thermal expansivi-
ties of glasses and liquids in the ternary albite-anorthite-
diopside have been determined using a combination of
calorimetry, dilatometry and Pt and Ir double bob Ar-
chimedean densitometry. Supercooled liquid volumes
and molar thermal expansivities were determined across
the glass transition using a combination of scanning ca-
lorimetry and dilatometry, based upon the equivalence
of relaxation of volume and enthalpy in the vicinity of
the glass transition. Superliquidus volumes were deter-
mined using double Pt bob Archimedean densitometry
at temperatures up to 1,650 °C and double Ir bob densit-
ometry at 1,800 °C. Experimental access to liquid vol-
umes near the glass transition temperatures (680-920 °C)
and at superliquidus temperatures (1,400-1,800 °C) for
these compositions results in the observation of a non-
linear temperature dependence of molar volume, ie.,
temperature-dependent thermal expansivities. The diop-
side composition exhibits the largest temperature depen-
dence of thermal expansivity, decreasing by ~50% be-
tween 800 and 1,500 °C. Linear extrapolation of the
high-temperature volume data of diopside to 810°C
would result in a 3% overestimation of the molar vol-
ume. The temperature dependence of the molar volume
of anorthite is approximately linear. The thermal expan-
sivities of the liquids in the albite-anorthite-diopside sys-
tem appear to converge at high temperature. This study
uses a combination of methods that allows interpolation
rather than extrapolation of the extant melt-volume data
into the petrologically meaningful (subliquidus) tempera-
ture range.

Introduction

A general equation of state for silicate melts is the ulti-
mate goal of many experimentalists working on the me-
chanical and thermal properties of silicate liquids and
glasses. Silicate melts are perhaps the key phase of matter
In the chemical and physical evolution of the Earth and

other terrestrial planets. Extensive investigations of the
composition-dependence of silicate melt densities at su-
perliquidus temperatures have yielded quantitative mod-
els for the prediction of melt volume at high temperature
and 1 bar pressure (Bottinga and Weill 1970; Bottinga
et al. 1983; Lange and Carmichael 1990). The tempera-
ture-dependence of melt volume, the expansivity, is much
less well known (Bottinga et al. 1983). Thus, despite the
abundant high-temperature volume data, the extrapola-
tion of these data to magmatic temperatures is hampered
by this lack of knowledge of thermal expansion for these
liquids. The temperature range over which thermal ex-
pansion in silicate melts can be determined using tradi-
tional techniques is illustrated in Fig. 1. There is, in the
example of Fig. 1,a ~700 °C gap between the glass tran-
sition temperature and the temperatures at which Archi-
medean densitometry measurements can be performed.
Thermal-expansion data of sufficient precision would
permit the extrapolation of these high-temperature de-
terminations of volume from the experimentally accessi-
ble range (superliquidus) to the geologically relevant
range, sometimes as much as 600 °C lower, where calcu-
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Fig. 1. Temperature range of molar thermal expansivity determina-
tions by dilatometry and high temperature densitometry
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lations of the physics of crystal-liquid fractionation, ther-
mally and mechanically induced convection, and magma
ascent are carried out. In order to test the predictive
capabilities of volume models in temperature space, a
set of volume and expansivity data obtained at magmatic
temperatures is required. This implies, for most geologi-
cal compositions, the determination of the properties of
metastable liquids (i.e., above the glass transition and
below the liquidus).

If the conditions of cooling are appropriate, many
silicate melts avoid crystallization upon cooling to sub-
solidus temperatures and form glasses. The physical
properties of these frozen liquids can be investigated,
just above the glass transition, as true supercooled lig-
uids (i.e., in metastable or local equilibrium) at tempera-
tures and timescales that preclude significant crystalliza-
tion or liquid-liquid unmixing. Use of these low-tempera-
ture metastable liquid data in combination with superli-
quidus liquid data for individual melt properties pro-
vides a wide temperature range over which the liquid
behavior can be described.

The compositions used in this investigation lie in the
ternary albite (NaAlSi;Og) — anorthite (CaAl,Si,Og) —
diopside (CaMgSi,Og). This system has been applied as
a model for basalt petrogenesis (e.g., phase equilibria;
Bowen 1915; Osborn and Tait 1952; Schairer and Yoder
1960; Kushiro 1973: thermochemistry; Weill et al. 1980;
Navrotsky et al. 1980, 1989; viscosity; Scarfe et al. 1983;
Scarfe and Cronin 1986; Tauber and Arndt 1987: ultra-
sonic wave velocities; Rivers and Carmichael 1987:
shock wave equation of state; Rigden et al. 1988, 1989).
The results of our determinations of thermal expansivity
for the anorthite-diopside system have already been pre-
sented (Knoche et al. 1992a). Here we present data for
the albite-anorthite and albite-diopside binaries as well
as several compositions in the albite-anorthite-diopside
ternary.

Methods

The glasses were obtained from M. Rosenhauer, Universitit Got-
tingen. Their method of preparation is described by Tauber (1987).
Microprobe analyses of these glasses are provided in Table 1. The
theoretical compositions are also included in Table 1 for compari-
son. Viscosity data have been obtained on these samples over a
wide temperature range by Tauber (1987) using the micropenetra-
tion method. A reconnaissance investigation of the glass transition
temperature of these melts has been performed by Knoche (1990).

Calorimetry

The dilatometric and calorimetric investigations were performed
on glass cylinders (25 mm long x 8 mm diameter) using methods
described by Webb et al. (1992). The calorimetry was performed
in continuous scanning mode using a Setaram® HTC instrument.
The heat flow was recorded during heating runs of 5 °C/min on
glasses that previously had been cooled at cooling rates of 1, 2,
5 and 10 °C/min. The calorimeter is calibrated regularly against
a geometrically identical cylinder of sapphire, using the heat capaci-
ty data of Robie et al. (1979). The heat capacity data for the 5 °C
min~!/5 °C min~! (cooling-rate/heating-rate) runs for all 24 com-
positions of the present study, together with the 5 compositions
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Fig. 2. a The calorimetry trace for Ab,,An,,Di;, for a cooling
rate of 5 °C min~! and a heating rate of 5 °C min~'. b The dilato-
metry trace for Ab,,An,,Di,, for a cooling rate of 5°C min™*
and a heating rate of 5 °C min~!. ¢ The method of normalization
of the dilatometry and calorimetry traces for Ab,,An,;Di;,

of Knoche et al. (1992a), are presented in Table 2. The heat capaci-
ties are estimated to have a precision of +2.5% at 1o, based on
the 4 runs performed for each sample. The measured heat capacities
for the albite, anorthite and diopside glasses are within error of
those determined by Stebbins et al. (1982, 1983) and Richet and
Bottinga (1984a, b). A typical calorimetric trace, that obtained for
Aby,An,,; Dij, (5 °C min~*/5 °C min ™) is illustrated in Fig. 2a.



Table 1. Chemical composition of glasses (wt%)

Sio, Al,0, Na,O CaO MgO FeO K,O Z
Abyo0(B) 69.0 18.9 12.3 0.01 0.007 0.01 0.007 100.2
Ab,00(GM) 69.2 19.6 11.3 0.04 0.008 0.03 0.02 100.2
Theor. 68.7 194 11.8
AbgsAngs(GM) 68.5 19.9 10.8 1.10 0.01 0.02 0.02 1004
Theor. 67.4 204 11.2 1.07
AbgoAn,o(GM) 62.3 234 9.48 4.56 0.04 0.03 0.02 99.8
Theor. 63.4 23.1 9.34 423
AbsoAnso(GM) 54.5 28.1 5.76 10.7 0.07 0.04 0.03 99.2
Theor. 55.6 28.3 5.73 104
AbsoAn;o(B) 50.2 309 3.37 14.7 0.08 0.01 0.007 99.3
Theor. 50.5 31.7 3.40 14.4
Anyoo(B) 43.0 35.1 0.01 20.5 0.10 0.02 0.005 98.7
Anyo(GM) 429 35.1 0.18 20.7 0.08 0.07 0.02 99.1
Theor. 432 36.7 20.2
AngoDi;(B) 44.6 324 0.04 20.5 143 0.02 0.009 99.0
Theor. 442 337 20.6 1.48
An,Dizo(GM) 46.3 26.5 0.14 21.3 4.77 0.09 0.05 99.2
Theor. 46.3 275 21.6 4.66
AnsoDiso (GM) 473 19.9 0.12 25.0 6.88 0.08 0.02 99.3
’ Theor. 48.6 20.6 22.7 8.15
Any,Disg (GM) 49.6 17.2 0.12 227 9.75 0.08 0.05 99.5
Theor. 49.6 17.7 23.1 9.64
An,oDigo(GM) 52.3 8.70 0.08 24.3 14.1 0.09 0.06 99.6
Theor. 52.5 8.91 24.5 14.1
An;oDigg(B) 55.6 447 0.09 24.7 14.6 0.01 0.002 99.5
Theor. 54.0 458 25.2 16.3
Di, 90(B) 56.2 0.19 0.16 259 173 0.02 0.007 99.8
Di, 90(GM) 55.0 0.22 0.05 25.6 18.5 0.09 0.06 99.5
Theor. 55.5 259 18.6
Ab;,Di,o(B) 60.1 6.54 4.08 173 11.6 0.007 0.01 99.6
Theor. 60.0 6.64 4.04 171 123
AbsoDiso(GM) 62.6 10.5 6.49 11.5 8.42 0.05 0.03 99.6
Theor. 62.8 10.7 6.47 11.7 8.42
Ab,,Diy o (B) 65.9 139 8.65 6.90 462 0.02 0.008 100.0
Theor. 65.3 144 8.73 6.77 4.87
Abg,Di, o (GM) 66.5 16.0 9.77 444 3.24 0.03 0.02 100.0
Theor. 66.5 16.1 9.80 443 3.18
Aby; Dige (GM) 68.2 17.8 10.7 191 146 0.04 0.02 100.1
Theor. 67.7 18.0 109 1.96 141
AbysDiys(GM) 67.8 18.5 11.6 1.13 0.81 0.03 0.03 99.9
Theor. 68.2 18.6 11.3 1.08 0.78
Abg, 1Angs ;Dig4 ,(N) 66.3 17.5 9.79 3.93 2.05 0.01 0.02 99.6
Theor. 66.1 17.8 9.93 392 223
Abgg gAnge (Diyy  (N) 63.5 17.1 8.22 6.75 334 0.01 0.009 99.0
Theor. 63.8 17.7 8.51 6.67 3.35
Abgg gAngg (Diyy . +As(N) 63.7 17.2 8.02 6.66 3.31 0.01 0.009 98.8
Theor. 63.8 17.7 8.51 6.67 3.35
Abss ¢An, s 4Diyg o(N) 60.4 16.8 6.81 9.93 4.53 0.01 0.01 98.6
Theor. 61.1 17.5 6.85 9.90 4.65
Aby, oAn,, 1 Dise 5(N) 58.0 16.7 5.15 13.2 5.87 0.01 0.004 98.9
) Theor. 58.5 17.3 524 13.1 597
Ab,g 1Anye sDigs 4 (N) 55.3 16.2 3.54 16.5 729 0.01 0.008 98.9
Theor. 55.8 16.8 3.54 164 745
Ab, 5 sAny, ;Dis, ¢(N) 52.8 16.0 1.98 19.5 8.54 0.01 0.007 98.9
Theor. 533 16.5 1.98 19.5 8.75

Analysis by electron microprobe, Bayerisches Geoinstitut, operat-
Ing conditions 15 kV accelerating voltage, 15 nA current on brass,
20 s count times using a 10 ym defocussed beam, standards wollas-
tonite (Ca), diopside (Mg), albite (Si, Na), orthoclase (K), Fe,0,

(Fe), spinel (Al)

Theor. stoichiometric compositions.

B, N research grade chemicals
GM technical grade chemicals



Table 2a. Measured c, (Jg~! °C ™) data for glasses and liquids. Cooling rate 5 °C min~'; heating rate 5 °C min~!

System Ab-An

T (°C) Ab,o0(B) Ab,00(GM) AbgsAngs AbgoAn,, AbsoAns, AbzoAn,, |
300 0.9977 1.0754 1.0581 0.9988 1.1149

310 1.0021 1.0819 1.0646 1.0039 1.1253

320 1.0100 1.0901 1.0718 1.0112 1.1361

330 1.0194 1.0992 1.0785 1.0183 1.1495

340 1.0181 1.0981 1.0767 1.0160 1.1575

350 1.0191 1.1017 1.0790 1.0201 1.1664 1.0776
360 1.0237 1.1048 1.0852 1.0252 1.1738 1.0833
370 1.0327 1.1097 1.0927 1.0322 1.1804 1.0857
380 1.0389 1.1164 1.1005 1.0402 1.1833 1.0896
390 1.0456 1.1248 1.1050 1.0445 1.1965 1.0972
400 1.0552 1.1309 1.1124 1.0526 1.2053 1.1108
410 1.0586 1.1325 1.1186 1.0616 1.2074 1.1104
420 1.0611 1.1358 1.1214 1.0652 1.2161 1.1154
430 1.0662 1.1386 1.1235 1.0667 1.2242 1.1240
440 1.0722 1.1440 1.1311 1.0700 1.2313 1.1278
450 1.0766 1.1528 1.1380 1.0770 1.2390 1.1342
460 1.0796 1.1565 1.1397 1.0796 1.2452 1.1425
470 1.0827 1.1649 1.1388 1.0813 1.2553 1.1489
480 1.0866 1.1736 1.1434 1.0877 1.2622 1.1552
490 1.0918 1.1712 1.1495 1.0932 1.2706 1.1631
500 1.0974 1.1716 1.1524 1.0945 1.2782 1.1666
510 1.1020 1.1767 1.1589 1.1031 1.2827 1.1718
520 1.1013 1.1817 1.1607 1.1057 1.2916 1.1830
530 1.1088 1.1894 1.1666 1.1154 1.3056 1.1925
540 1.1196 1.2021 1.1803 1.1164 1.3134 1.2000
550 1.1220 1.2086 1.1847 1.1165 1.3186 1.2048
560 1.1206 1.2048 1.1813 1.1150 1.3291 1.2156
570 1.1236 1.2101 1.1814 1.1249 1.3370 1.2206
580 1.1288 1.2178 1.1902 1.1338 1.3434 1.2278
590 1.1317 1.2214 1.1940 1.1372 1.3501 1.2370
600 1.1401 1.2306 1.1993 1.1409 1.3570 1.2439
610 1.1465 1.2389 1.2047 1.1514 1.3644 1.2499
620 1.1482 1.2364 1.2028 1.1478 1.3711 1.2506
630 1.1487 1.2464 1.1979 1.1383 1.3792 1.2586
640 1.1577 1.2611 1.2023 1.1397 1.3845 1.2614
650 1.1759 1.2669 1.2139 1.1466 1.3918 1.2655
660 1.1928 1.2623 1.2205 1.1502 1.3959 1.2751
670 1.2206 1.2675 1.2222 1.1513 1.4043 1.2796
680 1.2516 1.2607 1.2201 1.1482 14114 1.2834
690 1.2845 1.2706 1.2203 1.1469 1.4182 1.2942
700 1.3134 1.2799 1.2229 1.1494 1.4258 1.3113
710 1.3245 1.2914 1.2190 1.1617 14313 1.2977
720 1.3157 1.3087 1.2227 1.1719 1.4384 1.2981
730 1.3009 1.3202 1.2305 1.1713 1.4484 1.3067
740 1.2928 1.3309 1.2420 1.1783 1.4605 1.3167
750 1.2845 1.3467 1.2517 1.1946 1.4763 1.3253
760 1.2762 1.3762 1.2741 1.2308 1.5054 1.3404
770 1.2707 1.4354 1.3027 1.2833 1.5487 1.3568
780 1.2685 1.4595 1.3362 1.3428 1.6073 1.3845
790 1.2650 1.4771 1.3687 1.3766 1.7038 1.4373
800 1.2673 1.4966 1.3957 1.3641 1.8028 1.5137
810 1.5071 1.3987 1.3356 1.8398 1.6195
820 1:4816 1.3670 1.3104 1.8090 1.7296
830 1.4611 1.3181 1.2925 1.7780 1.7562
840 1.4566 1.3063 1.2525 1.7695 1.7156
850 1.4539 1.3123 1.2614 1.7698 1.6910
860 1.4319 1.2979 1.2499 1.7706 1.6829
870 1.4270 1.2986 1.2444 1.7752 1.6825
880 1.4242 1.3101 1.2522 1.7790 1.6731
890 1.6673
900 1.6661
910

920

930

940

950

Peak temperature 705 °C 803 °C 801 °C 790 °C 805 °C 824 °C




Table 2b. Measured ¢, (J g~ °C™!) data for glasses and liquids. Cooling rate 5 °C min~*; heating rate 5 °C min ™!
System An—Di

T (°C) An;oo(B) An;oo(GM) AngoDi;o, An,oDizo AnsoDisq An,,Disg An,oDigy An;oDigy Dijgo(B) Dijgo(GM)
300 1.0279 1.0117 0.9727 0.9971 1.0043  1.0008
310 1.0338 1.0147 0.9795 1.0033 1.0105  1.0048
10 1.0378 1.0180 0.9876 1.0054 1.0148  1.0121
330 1.0380 1.0216 0.9921 1.0098 1.0208  1.0127
340 1.0487 1.0273 0.9960 1.0163 1.0230  1.0140
350 0.9477 1.0608 1.0351 0.9978 1.0195 1.0241 1.0251  1.0120
360 0.9485 1.0651 1.0383 1.0084 1.0270 1.0332 1.0321  1.0091
370 0.9502 1.0696 1.0437 1.0167 1.0328 1.0422 1.0374  1.0169
180 0.9546 1.0750 1.0515 1.0229 1.0365 1.0449 1.0403  1.0240
390 0.9609 1.0813 1.0559 1.0244 1.0432 1.0472 1.0402  1.0263
400 1.0243 1.0304 0.9687 1.0862 1.0609 1.0250 1.0479 1.0569 1.0460  1.0333
410 1.0225 1.0339 0.9686 1.0885 1.0658 1.0280 1.0486 1.0602 1.0559  1.0324
420 1.0249 1.0410 0.9752 1.0902 1.0673 1.0304 1.0487 1.0644 1.0716  1.0331
430 1.0293 1.0456 0.9820 1.0931 1.0705 1.0353 1.0536 1.0733 1.0800  1.0413
440 1.0310  1.0508 0.9879 1.1012 1.0757 1.0389 1.0607 1.0769 10604  1.0436
450 1.0350  1.0539 0.9915 1.1058 1.0830 1.0440 1.0617 1.0841 1.0309  1.0457
460 1.0377 1.0560 0.9937 1.1063 1.0842 1.0544 1.0674 1.0972 1.0457  1.0504
470 1.0445 1.0591 1.0030 1.1135 1.0897 1.0600 1.0702 1.0992 1.0745  1.0535
480 1.0390  1.0638 1.0022 1.1178 1.0944 1.0672 1.0749 1.1030 1.0947  1.0493
490 1.0437 1.0702 1.0049 1.1209 1.0928 1.0718 1.0821 1.1036 1.1048  1.0563
500 1.0498 1.0774 1.0150 1.1253 1.0970 1.0746 1.0878 1.1020 1.1170  1.0611
510 1.0633 1.0871 1.0196 1.1269 1.0969 1.0801 1.0951 1.1159 1.1263  1.0678
520 1.0617 1.0844 1.0248 1.1274 1.1038 1.0783 1.0953 1.1240 1.1409  1.0741
530 1.0538 1.0859 1.0238 1.1390 11111 1.0805 1.0988 1.1259 1.1469  1.0715
540 1.0535 1.0888 1.0300 1.1427 1.1102 1.0878 1.1055 1.1367 1.1460  1.0749
550 1.0662 1.0945 1.0385 1.1476 1.1153 1.0932 1.1093 1.1452 1.1601  1.0836
560 1.0759 1.0964 1.0391 1.1512 1.1214 1.1036 1.1195 1.1528 1.1619  1.0914
570 1.0769 1.1002 1.0468 1.1562 1.1241 1.1067 1.1235 1.1645 1.1681  1.0953
580 1.0919 1.1050 1.0483 1.1635 1.1312 1.1093 1.1290 1.1737 1.1862  1.1091
590 1.0901 1.1082 1.0552 1.1679 1.1331 1.1176 1.1346 1.1799 1.1857  1.1084
600 1.0885 1.1140 1.0711 1.1740 1.1408 1.1185 1.1350 1.1732 1.1856  1.1130
610 1.0946  1.1234 1.0757 1.1758 1.1471 1.1258 1.1390 1.1852 L1911  1.1162
620 1.1014  1.1258 1.0871 1.1778 1.1490 1.1350 1.1467 1.1949 12027 11172
630 1.1101 1.1258 1.0799 1.1818 1.1552 1.1422 1.1494 1.2044 12023 1.1252
640 1.1114 1.1293 1.0832 1.1874 1.1577 1.1524 1.1576 1.2103 11775 1.1267
650 1.1068 1.1312 1.0937 1.1934 1.1610 1.1505 1.1551 1.2097 1.1804  1.1243
660 1.1085 1.1357 1.1003 1.1958 1.1612 1.1551 1.1553 1.2217 1.1980  1.1293
670 1.1208 1.1393 1.1032 1.2007 1.1687 1.1689 1.1652 1.2410 12341 1.1325
680 1.1273 1.1417 1.1179 1.2029 1.1700 1.1767 1.1734 1.2557 12676  1.1515
690 1.1256 1.1444 1.1198 12213 1.1909 1.1899 1.1917 1.2795 12969  1.1681
700 1.1239 1.1494 1.1153 1.2254 1.1972 1.2118 1.2295 1.3324 13646  1.2046
710 1.1386  1.1537 1.1276 1.2307 1.2102 1.2379 1.2933 1.4180 14856  1.2748
720 1.1340 1.1581 1.1264 1.2328 1.2297 1.2874 1.4125 1.5485 1.6536  1.3941
730 1.1290  1.1617 1.1322 1.2412 1.2679 1.3691 1.5781 1.7184 17955  1.5771
740 11352 1.1663 1.1451 1.2603 1.3482 1.5164 1.6653 1.7623 1.7860  1.6580
750 1.1308 1.1703 1.1444 1.2889 1.4675 1.6515 1.6214 1.7110 1.7402  1.6017
760 1.1271 1.1706 1.1515 1.3473 1.6078 1.6568 1.5824 1.6855 1.7085  1.5675
770 1.1373 1.1761 1.1544 1.4491 1.6494 1.6078 1.5622 1.6776 1.6929  1.5537
780 1.1428 1.1856 1.1588 1.5768 1.6060 1.5853 1.5550 1.6656 1.6821  1.5404
790 1.1441 1.1924 1.1792 1.6727 1.5735 1.5696 1.5502 1.6636 1.6749  1.5289
800 1.1480  1.2073 1.2120 1.6637 1.5546 1.5636 1.6633 1.6782  1.5343
810 1.1716 1.2323 1.2602 1.6322 1.5476 1.5609

820 1.1979 1.2614 1.3454 1.6058 1.5468

830 12224 1.3107 14711 1.5981

840 1.2880 1.4001 1.5984 1.5970

850 1.3931 1.5334 1.6271 1.6022

860 1.5135 1.6685 1.5779

870 1.6108 1.6728 1.5494

880 1.5905 1.6172 1.5352

890 1.5457 1.5830 1.5267

900 15235 15770 1.5231

910 1.5155 1.5737

920 1.5104  1.5684

930 1.5068  1.5666

940 1.5041

950 1.5148

E}( temperature 868 °C 863 °C 844 °C 792 °C 769 °C 752 °C 740 °C 734 °C 732°C  736°C




Table 2¢. Measured ¢, (J g™ °C™") data for glasses and liquids. Cooling rate 5 °C min~*; heating rate 5 °C min~*

System Di— Ab

T (°C) Ab,,Di,q Ab,Dis, Ab.(Dis, AbgoDi, Abg,Dige AB,sDi,,
300 1.0191 1.0082 0.9791 1.0325 1.0703
310 1.0289 1.0135 0.9870 1.0388 1.0773
320 1.0395 1.0208 0.9927 1.0472 1.0859
330 1.0456 1.0313 1.0015 1.0564 1.0972
340 1.0471 1.0287 1.0032 1.0547 1.0968
350 1.0505 1.0317 1.0086 1.0561 1.1000
360 1.0611 1.0385 1.0160 1.0647 1.1073
370 1.0709 1.0462 1.0243 1.0722 1.1161
380 1.0827 1.0552 1.0328 1.0787 1.1252
390 1.0830 1.0624 1.0391 1.0851 1.1337
400 1.0845 1.0742 1.0542 1.0954 1,1437
410 1.0889 1.0790 1.0573 1.1024 1.1502
420 1.1027 1.0810 1.0564 1.1054 1.1530
430 1.0791 1.0842 1.0611 1.1106 1.1564
440 1.0512 1.0911 1.0681 1.1166 1.1703
450 1.0886 1.0983 1.0794 1.1235 1.1767
460 1.1321 1.0704 1.1042 1.0827 1.1287 1.1755
470 1.1633 1.0722 1.1078 1.0869 1.1344 1.1789
480 1.1753 1.0798 1.1163 1.0933 1.1415 1.1846
490 1.1775 1.0877 1.1235 1.1053 1.1461 1.1932
500 1.1820 1.0901 1.1270 1.1080 1.1502 1.2014
510 1.1877 1.0947 1.1373 1.1137 1.1591 1.2093
520 1.1946 1.0863 1.1411 1.1165 1.1617 1.2135
530 1.2007 1.0957 1.1449 1.1264 1.1700 1.2221
540 1.2153 1.1190 1.1555 1.1372 1.1816 1.2330
550 1.2176 1.1243 1.1732 1.1405 1.1877 1.2379
560 1.2126 1.1274 1.1758 1.1395 1.1901 1.2393
570 1.2139 1.1355 1.1663 1.1466 1.1948 1.2446
580 1.2193 1.1328 1.1659 1.1661 1.2016 1.2529
590 1.2155 1.1307 1.1766 1.1656 1.2052 1.2563
600 1.2338 1.1404 1.1905 1.1648 1.2128 1.2604
610 1.2769 1.1503 1.1996 1.1781 1.2241 1.2685
620 1.3068 1.1553 1.2108 1.1840 1.2287 1.2727
630 1.3217 1.1687 1.2245 1.1891 1.2310 1.2724
640 1.3619 1.2088 1.2561 1.2150 1.2430 1.2837
650 1.3655 1.2722 1.3141 1.2526 1.2621 1.2978
660 1.3969 1.3585 1.3900 1.3002 1.2837 1.3029
670 1.5195 1.4793 1.4789 1.3661 1.3203 1.3121
680 1.6895 1.5693 1.5409 1.4363 1.3422 1.3264
690 1.7524 1.5653 1.5425 1.4747 1.3771 1.3440
700 1.6945 1.5312 1.5186 1.4648 1.4188 1.3731
710 1.6361 1.5118 1.5030 1.4442 1.4546 1.4091
720 1.6255 1.5044 1.4990 1.4335 1.4781 1.4521
730 1.6360 1.4962 1.4947 1.4312 1.4739 1.4872
740 1.6555 1.4926 1.4907 1.4300 1.4605 1.5108
750 1.6597 1.4889 1.4887 1.4248 1.4517 1.5034
760 1.6542 1.4913 1.4910 1.4226 1.4453 1.4897
770 1.4901 1.4202 1.4425 1.4859
780 1.4238 1.4560 1.4879
790 1.4608 1.4817
800 1.4543 1.4769
810 1.4801
820

830

840

850

860

870

880

890

900

910

920

930

940

950

Peak temperature 686 °C 680 °C 680 °C 687 °C 718 °C 738 °C




Table 2d. Measured ¢, (J g~! °C™!) data for glasses and liquids. Cooling rate 5 °C min~'; heating rate 5 °C min "
Sistem Ab— An—Di: ternary samples

T (°C) Abg,Ang, AbsoAng, Ab;oAnge AbseAn, s Ab,,Any; Ab,gAn,, Ab,sAn;,
Di,, Di,, Di;; (+As) Di,q Dis, Digs Dis;
300 1.0187 0.9911 1.0402 1.0293 0.9969 0.9986 0.9636
310 1.0263 0.9981 1.0465 1.0345 1.0059 1.0046 0.9657
320 1.0302 1.0010 1.0506 1.0375 1.0116 1.0105 0.9746
340 1.0414 1.0137 1.0648 1.0488 1.0159 1.0128 0.9791
344) 1.0507 1.0197 1.0723 1.0561 1.0226 1.0145 0.9802
350 1.0552 1.0245 1.0776 1.0588 1.0278 1.0150 09818
360 1.0555 1.0239 1.0746 1.0618 1.0319 1.0225 0.9862
370 1.0578 1.0284 1.0791 1.0678 1.0356 1.0248 0.9895
380 1.0696 1.0346 1.0910 1.0744 1.0411 1.0274 0.9912
390 1.0758 1.0398 1.0966 1.0803 1.0472 1.0347 0.9979
400 1.0733 1.0440 1.0974 1.0817 1.0555 1.0417 1.0040
410 1.0801 1.0499 1.1034 1.0882 1.0613 1.0413 1.0032
420 1.0891 1.0561 1.1096 1.0972 1.0637 1.0472 1.0079
430 1.0940 1.0627 1.1144 1.1029 1.0685 1.0579 1.0163
440 1.0963 1.0664 1.1156 1.1086 1.0748 1.0576 1.0172
450 1.1034 1.0715 1.1231 1.1133 1.0801 1.0582 1.0194
460 1.1103 1.0805 1.1319 1.1159 1.0855 1.0656 1.0273
470 1.1147 1.0837 1.1337 1.1202 1.0895 1.0690 1.0282
480 1.1212 1.0849 1.1400 1.1259 1.0935 1.0725 1.0295
490 1.1255 1.0917 1.1452 1.1287 1.1001 1.0758 1.0343
500 1.1300 1.0997 1.1513 1.1359 1.1065 1.0817 1.0394
510 1.1355 1.1062 1.1583 1.1452 1.1129 1.0851 1.0440
520 1.1479 1.1129 1.1704 1.1494 1.1236 1.0914 1.0507
530 1.1507 1.1169 1.1719 1.1519 1.1200 1.0940 1.0536
540 1.1494 1.1176 1.1700 1.1526 1.1264 1.0967 1.0583
550 1.1589 1.1217 1.1765 1.1601 1.1278 1.1009 1.0598
560 1.1625 1.1259 1.1805 1.1625 1.1325 1.1088 1.0629
570 1.1704 1.1363 1.1892 1.1708 1.1406 1.1119 1.0695
580 1.1721 1.1543 1.1908 1.1755 1.1452 1.1105 1.0708
590 1.1743 1.1558 1.1954 1.1783 1.1487 1.1162 1.0724
600 1.1776 1.1388 1.1958 1.1814 1.1557 1.1223 1.0770
610 1.1798 1.1423 1.1983 1.1819 1.1416 1.1100 1.0639
620 1.1836 1.1441 1.1959 1.1829 1.1487 1.1139 1.0676
630 1.1907 1.1466 1.2003 1.1870 1.1647 1.1264 1.0782
640 1.2153 1.1710 1.2230 1.2147 11774 1.1350 1.0945
650 1.2362 1.1879 1.2337 1.2329 1.1879 1.1380 1.0883
660 1.2493 1.1947 1.2371 1.2415 1.2047 1.1465 1.0975
670 1.2662 1.2229 1.2624 1.2809 1.2342 1.1687 1.1079
680 1.3266 1.2716 1.3033 1.3531 1.2857 1.2122 1.1282
690 1.3945 1.3470 1.3713 1.4560 1.3712 1.2563 1.1515
700 1.4357 1.4289 1.4474 1.5291 1.4864 1.3602 1.2177
710 1.4489 1.4658 1.5031 1.5261 1.5636 1.4936 1.33711
720 1.4350 1.4485 1.4987 1.4943 1.5497 1.5577 14752
730 1.4184 1.4223 1.4707 1.4745 1.5169 1.5328 1.5280
740 1.4033 1.4035 1.4415 1.4552 1.5015 1.5051 1.4894
750 1.4094 1.3993 1.4400 1.4507 1.4943 1.4827 1.4561
760 1.3965 1.3846 1.4225 1.4324 1.4864 1.4571 1.4347
770 1.3943 1.3786 1.4213 1.4286 1.4917 1.4609 1.4257
780 1.3974 1.3846 1.4233 1.4323 1.4897 1.4593 1.4211
;(9)‘() 1.3938 1.3783 1.4217 1.4904 1.4765 1.4175
)
810
820
830
840
856
860
876
880
890
900
910
920
930
940
950

P\eak temperature 701 °C 706 °C 710 °C 700 °C 709 °C 716 °C 725°C
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Dilatometry

The dilatometry was performed using a Netzsch® TMA 402 quartz-
rod dilatometer. The samples, their thermal history and the scan-
ning rates were those used in the calorimetry measurements. This
instrument has been calibrated against sapphire (NBS sheet 732)
and the molar expansivities have an accuracy of +3% at 1g, calcu-
lated from the errors in the measurements of the thermal expansi-

Table 3. Molar volume (cm?) of glasses as a function of temperature
and density (g cm~3) at room temperature (21.3°C). V(cm?
mole™Y)=a+bx10"* T+c x 10”7 T? with T=temperature in °C

a b c T Density
Ab,0(B) 10926 2583 008 20-610 2399
Ab;0(GM) 11011 2104 3.04 20-690  2.381
AbgsAngs 108.87 2202 218 20-700 2415
AbgoAn,, 108.59 2090 4.03 20-700 2.443
Ab.oAns, 10534 1851 212 20-710  2.564
Ab;oAn,, 10437 1638 264 20-730 2619
An, 0 (B) 10287 1500 294 20-780  2.704
An, 0(GM) 10247 1518 462 20-770 2714
AngoDiyq 10046 1522 305 20-750  2.707
An.oDis, 9494 1472 450 20-710 2735
AngDisq 88.83  16.53 357 20-680  2.784
An,,Disg 87.21 16.09 3.88 20-670 2.779
An,oDig, 8101 1554 507 20-660  2.824
An,oDigo 7900 1513 597 20-660  2.818
Di, 00(B) 7593 1425 875  20-660  2.851
Di, 00(GM) 7561 1689 503  20-670  2.863
Abs,Diyg 8509 1579 810 20620  2.705
Abs,Dis, 91.96 1836 563 20-610  2.602
Ab,Dijq 99.01 1887 579 20-610  2.509
AbgoDi,q 102.11 2072 490 20-600 2477
Abg,;Digg 10635 22.76 314  20-600 2426
AbgsDigs 10750 2528 067 20-620 2417
Abg,Angy,Di, 104.15 22.06 2.31 20-610 2.460
Ab,oAng,Di;, 10134 1978 347  20-620  2.506
Ab,oAng,Di,; 10143 2036 258 20-620  2.504
(+As)
AbseAn,sDi,,  98.04 1948 339  20-610  2.564
Ab,,An, Diy, 9494 1712 495  20-620 2617
Ab,gAn,,Di,s 91.74 1547 615 20-630 2677
Ab, sAn;,Dis; 8878 1746 359 20-650 2738

Cooling/heating rate: 5/5 (°C min~!); density is +0.2% at 1o

vity of the standard and the sample. The molar volumes, calculated
from the room-temperature density data combined with the dilato-
metric data for the glasses, are presented in Table 3. The dilato-
metry trace for Ab,,An,,;Dis, (5 °C min~!/5 °C min ™ ?) is illustrat-
ed in Fig. 2b.

Pt and Ir double bob densitometry

The high-temperature Pt double bob Archimedean densitometry
was performed using the apparatus described by Dingwell et al,
(1988). The determination of liquid albite density was performed
at 1,800 °C using iridium crucible and bobs and a ZrO,-based
very high temperature furnace. The method is described by
Dingwell (1991). High-temperature densities obtained using these
methods have a precision of +0.2% and +0.3%, respectively for
the Pt and Ir-based systems and reproduce the best value for molten
NacCl within this precision at lower temperatures (Janz 1980). For
the case of albite melt, investigated at 1,800 °C, the melt composi-
tion was reanalyzed after Ir double bob determinations. The analy-
ses of the melt before and after these measurements indicated a
Na loss of ~0.5%. The final composition is stoichiometric albite.
Room-temperature densities of the glass cylinders were measured
using Archimedean buoyancy in toluene and have a precision of
+0.2%. The measured glass and liquid densities, together with
the calculated molar volumes are presented in Table 4.

Theory

The derivation of liquid expansivity and volume data from calori-
metric and dilatometric data is based on the principle of structural
relaxation in silicate melts. The more general aspects of structural
relaxation in silicate melts, their influence on diffusion, viscosity,
heat capacity and density, have been discussed previously (e.g. Ri-
chet and Bottinga 1986; Dingwell 1990; Dingwell and Webb 1989,
1990). The theory of our procedure for obtaining relaxed-liquid
molar expansivity data from a combination of scanning calorimetry
and dilatometry has been presented in full by Webb et al. (1992).
The physical properties of a silicate melt depend upon the ambi-
ent temperature T and the configuration or structure of the melt.
The configuration of silicate glasses quenched from liquids can
be approximated to the equilibrium structure of the liquid at some
fictive temperature, T,. The temperature-derivatives of glass prop-
erties can be used to describe the temperature-derivative of the
fictive temperature. To do this, the temperature-derivative of any
property in the glass transition interval is normalized with respect

Table 4. Molar weight (g), glass and liquid densities (g cm ~3) and observed molar liquid volumes (cm*® mole ™)

Temperature (°C) 21.3 1422 1522 1572 1622 1800 Molar weight
Densities
Ab;40(B) 2.399 - - - - 2.2594 262.225
Anyo0(B) 2.704 - - 2.6033 2.5954 - 278.211
Di;0(B) 2.851 2.6340 2.6178 - 2.6010 - 216.553
Molar liquid volumes
Abyo0(B) 111.181 - - - - 116.060

(780 °C)
Anyo0(B) 104.466 - - 106.869 107.194 -

(920 °C)
Di;o0(B) 71.504 82.215 82.723 - 83.258 —

(810°C)

All volumes are +0.2% at 10
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Fig. 3. a Coefficient of thermal expansion for the albite-anorthite-
diopside binary systems for the glasses at 300 °C and 600 °C, and

to the temperature-derivative of the liquid and glassy properties.
The temperature-derivative of the fictive temperature T; at a tem-
perature T" is related to the temperature dependence of a macros-
copic property @ by;

dT;| _ [(0®/0T)—(0/0T)]ls-
dT|r [(0®/0T).—(0®/0T)]Ir,

)

where the subsripts e and g are for the liquid (equilibrium) and
the glassy values of the property (Moynihan et al. 1976). In order
to describe the physical properties of a melt in the glass transition
region it is necessary to devise an algorithm for the temperature
dependence of the fictive temperature.

In the present study, enthalpy H, and volume V take the place
of the general property @ in Eq. 1. Assuming the equivalence of
volume and enthalpy relaxation behavior in the glass transition
region (cf., Webb 1992), Eq. 1 can then be rewritten as (Webb et al.
1992; Knoche et al. 1992a);

dv(T) _dV(T)
dTy| _ ep(T)—c(T) _ dT  dT
ATl cpe(Tp)—cpe(Ty)  dVe(T) _dV(T)

T dT

T

@

Ts

In the above equation relating ¢, and thermal expansivity dV/dT,
the only unknown parameter is the thermal expansivity of the re-
laxed liquid at temperature T’ above the glass transition tempera-
ture. The relaxed value of thermal expansivity now can be generated
from the peak and extrapolated glassy values of the normalized
heat capacity and thermal-expansion curves. The volume and coef-
ficient of volume thermal expansion o, [1/V-(dV/dT)] of the melt
can also be calculated.

It should be emphasized that the above method only can be
applied to calorimetric and dilatometric data obtained on the same
sample using identical experimental conditions and thermal histo-
ties. It is only this internal consistency that permits the use of
the assumption of the equivalence of the enthalpy and volume-
relaxation behavior because small changes in composition or fictive
temperature of the melt can strongly influence relaxation behavior.

the melts at 900 °C. b Coefficient of thermal expansion for melts
in the albite-anorthite-diopside ternary system at 900 °C

Results

A typical set of calorimetric and dilatometric data is
presented in Fig.2a, b for the composition
Ab,,An,,Diy;. The effect of viscous deformation in the
liquid region of the dilatometric trace is clearly visible
as a sharp drop in the expansivity above the peak value.
The normalized comparison of relaxation in the dilato-
metric and calorimetric traces is illustrated in Fig. 2c.
The thermal expansivity data for the glasses have been
fitted to first order polynomials, with the resulting molar
volume equations being presented in Table 3 and the
coefficient of volume expansion for the glasses at 300 °C
and 600 °C being illustrated in Fig. 3a. Expansivities of
the supercooled liquids derived from the normalization
procedure above, are presented in Table 5 together with
the molar volumes at these temperatures. The coefficients
of volume thermal expansion for the supercooled liquids
at 900 °C are illustrated in Fig. 3a b.

For albite, anorthite and diopside compositions, su-
perliquidus density and volume data are presented in
Table 4. The molar volumes of these three samples at
low and high temperatures together with the low-tem-
perature thermal expansivity (dV/dT) have been com-
bined and regressed against temperature using first and
second order polynomials. The results of the least-
squares regressions are reproduced in Table 6 (see also
Fig. 4), together with the root-mean-squared deviations.
The value of the supercooled dV/dT obtained from the
dilatometry/calorimetry comparison is used to constrain
the low-temperature slope of the curve fitted to the vol-
ume data. The inclusion of a temperature-derivative for
the molar expansivity of albite and diopside liquid re-
duces the RMSD to within the error estimates of the
volume data. In contrast, the anorthite volume data are
described within error by a constant value of molar ex-
pansivity. The relaxed-liquid volume data from dilato-
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Table 5. Measured values of dV/dT, a, [1/

V-(dV/dT)] and molar volume for the su- 14
percooled liquids a7 %y v T
10"* cm®* mole~* °C ™! 10-¢°C™! cm? °C
Ab,00(B) 60.340.5 543405 111.1840.10 780
Ab, 40(GM) 564432 50.3+2.8 112.144005 880
AbgsAngs 538417 48.5% 1.5 110914009 880
AbgoAn,, 59.4+1.3 537412 110.59+001 860
AbsoAns, 62.6+1.3 58.4+1.2 107.09+002 860
Ab,oAns, 62.0+1.7 58.5+ 1.6 106031002 880
Any o0 (B) 544121 520120 104474001 920
An;00(GM) 546412 524412 104204005 920
AngoDi, o 535408 524108 102014005 900
An,Dij;, 65.0+1.7 674+1.8 96.44+0.05 860
An,Disg 70.5+3.9 78.0+4.3 904441002 830
An,,Disg 76.6+2.8 86.313.1 88.80+003 820
An,oDig, 87.8+23 106.2+2.8 82631004 810
An,,Dig, 93.0+1.2 1153+1.5 80.64 +0.03 810
Di; g0(B) 96.9+1.9 125.1+2.6 77.50+0.22 810
Di, 00(GM) 933%4.1 120.7£5.2 77294003 810
Ab,oDiy, 89.7+3.0 103.4+3.4 86.75£003 770
Abs,Dis, 83.1+1.2 88.7+1.3 93.65+0.02 760
Ab,(Di;q 732432 72.7+3.2 100.74+0.05 770
AbgDisg 68.4+3.2 65.8+3.1 103.89£0.03 780
Abs, Digo 65.6+3.8 60.6+3.5 10821£0.04 790
ABy;Digs 63.1+2.7 57.8+2.6 109.25+0.25 810
Abg,AneDi;,  69.8+19 659+ 18 10595£0.08 760
Ab,oAngsDi,, 672+ 1.1 65.1+1.1 103.08+0.02 770
Ab;0AngDi,, 64.8+1.3 62.84+1.3 103.15+0.01 770
(+As)
AbsgAn, sDiy, 69.5+1.0 69.8+1.0 99.66+0.09 760
Ab,,An,,Di;, 80.04+0.7 82.8+0.8 96.59 +0.02 770
Ab,3An,,Di,s 784+1.2 839+13 93.36 +0.02 780
Ab, ;An,,Di,, 78.6+1.2 869+ 1.4 9041002 800
Table 6. Molar liquid volumes ¥V (cm® mole ™ *)=a+b x 1073 T+c¢ x 10~ ¢ T? with T=temperature in °C
a b c 3 (residual)?
Ab,40(B) 105.73(0.05) 7.95(0.09) —1.23(0.03) 0.0001
107.43(0.09) 4.81(0.08) 00252
An,(0(B) 100.36(1.52) 4.93(2.56) —0.47(1.01) 0.0172
101.07(0.05) 3.74(0.05) 0.0176
Di, g0(B) 67.79(0.15) 14.47(0.28) —3.05(0.12) 0.0016
71.72(0.09) 7.23(0.09) 0.0988

metry/calorimetry and the superliquidus volume data for
diopside, anorthite and albite are presented in Fig. 4
along with the polynomial fits to the data.

Discussion

The present room-temperature glass densities, 2.399 (B)
and 2.381 (GM) +0.003 g cm 3 for albite, 2.704 (B) and
2.714 (GM) +0.003 g cm ™3 for anorthite and 2.851 (B)
and 2.863 (GM) +0.003 g cm~? for diopside, are within
the range of those previously obtained for albite [2.363 g
c¢m ™3 (Day and Rindone 1962), 2.376 g cm 3 (Hayward
1976), and  2.385g cm~3 (Kushiro 1978)]; anorthite
[2.700 g cm ~ 3 (Berman et al. 1942), 2.64 g cm ~ 3 (Cukier-
man and Uhlmann 1973), 2701 g cm~3 (Arndt and

Hiberle 1973), 2.66 g cm ™3 (Seifert et al. 1982), and
2704 g cm~3 (Taniguchi 1989)]; and for diopside
[2.846 g cm ™3 (Berman et al. 1942); 2.870 g cm ™3 (Tani-
guchi 1989)]. The densities of glasses are dependent on
thermal history and this, combined with slight composi-
tional variations precludes a closer comparison of the
glass data.

The superliquidus density of albite liquid is the first
determination of liquid density for this composition.
Stein et al. (1986) have determined the densities of peral-
kaline liquids in the Na,O—Al,0;—SiO, system and
provide partial molar volumes for Na,O, Al,0; and
SiO, in the temperature range of 1,100 °C to 1,550 °C.
These partial molar volumes, extrapolated in composi-
tion to albite, reproduce our direct determinations within
the uncertainties involved. The present determination of
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temperature indicate the measured low-temperature thermal expan-
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the glass transition temperature of albite is also of inter-
est. Although the two glasses investigated have a compo-
sition difference of only 1 wt% Na,0, there is a 100 °C
difference in glass transition temperature — determined
using the same method and the same definition of the
glass transition temperature. In the case of the anorthite
and diopside compositions, no variation in glass transi-
tion temperature is observed. Despite this variation in
the glass transition temperature of the two albite compo-
sitions, the thermal expansivities for the two melts are,
within error, the same. Richet and Bottinga (1984b) in
their calorimetric study of albite glasses also found the
glass transition temperature to be sensitive to composi-
tion variations, but the heat capacity of the melts re-
mained unaffected by slight variations in composition.

The superliquidus density of diopside liquid has been
investigated by Licko and Danek (1982) using the falling
sphere method and by Lange and Carmichael (1987) and
Taniguchi (1989) using the double Pt bob method. As
noted by Knoche et al. (1992a) the results of Lange and
Carmichael (1987) and Taniguchi (1989) agree well with
our diopside density data while those of Licko and Dan-
ek (1982) are 1% lower. The density of melts on the
anorthite-diopside join has been investigated by Tanigu-
chi (1989). Our anorthite density at 1,580°C
(2.6007+0.0121 g cm~2) is higher than that determined
by Taniguchi (1989) (2.538 g cm~3) and that calculated
from the scheme of Lange and Carmichael (1990)
(2.5649 g cm~3). The reasons for this discrepancy for
anorthite melt are not clear.

The thermal expansivity of supercooled liquids in the
anorthite-diopside system has been investigated pre-
Viously using dilatometric techniques. Taniguchi (1989)
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Fig. 5. dV/dTfor albite; anorthite; and diopside from room temper-
ature up to superliquidus temperatures

used the transient peak values of thermal expansivity
(the maximum in the dV/dT curve) for the supercooled
liquid. This resulted in thermal expansivities that were
consistently too high to reproduce the high-temperature
volumes of this liquids. His Fig. 5 illustrates the contrast
between the coefficient of thermal expansion (240
x 108 °C~ 1) determined at the maximum in the dV/dT
curve and the coefficient of thermal expansion (125
x 10® °C 1) obtained from a polynomial fit to high- and
low-temperature liquid density data, for diopside. A sim-
ilar procedure was used by Arndt and Héberle (1973)
to determine the thermal expansion of anorthite liquid
in the vicinity of the glass transition temperature.

In the present study our measured thermal expansivi-
ties near T, are consistent with the values obtained from
our volume fits as seen in Table 5 and 6. Our measured
and fitted (2nd order polynomial) values of the coefficient
of thermal expansion for diopside at 810 °C are 125
x107%°C~! and 123x107¢°C~! respectively. This
agreement removes the discrepancy posed by the Tani-
guchi (1989) data and improves considerably confidence
in the prediction of low-temperature melt densities.

An inspection of Fig. 4 indicates that extrapolation
of diopside volume data either up or down temperature
from the segments of the volume curve covered by either
method, will result in serious overestimates of liquid vol-
ume. The extrapolation of high-temperature volumes
and expansivity to low temperature yields a 3% error.
This discrepancy lies outside the accuracy of multicom-
ponent calculation schemes presently available (e.g.,
Lange and Carmichael 1990). Clearly, a much more com-
plete investigation of the temperature-dependence of liq-
uid expansivity is required to incorporate this correction
in such schemes.

Conclusion

The method developed by Webb et al. (1992) for extrapo-
lation of liquid expansivity based on the concept of the
equivalence of volume and enthalpy relaxation has been
demonstrated to yield volume and thermal expansivity
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data consistent with the available high-temperature den-
sity data for silicate melts. The combination of corrected
low-temperature density/expansivity data and high-tem-
perature density/expansivity data allows us to interpo-
late melt density through the experimentally inaccessible
temperature interval below the liquidus that is so impor-
tant for igneous petrogenesis. The gap in data as a func-
tion of temperature observed in Fig. 1 is essentially re-
moved with the use of the present technique, as seen
in Fig, 5.

The resulting improvement in the precision of thermal
expansivity data allows the detection of temperature-
dependent thermal expansion for some melt composi-
tions. In principle the determination of liquid expansivi-
ties at low temperature allows the temperature correc-
tion of liquid volume data obtained at varying glass tran-
sition temperatures for varying composition. Thus the
partial molar volumes of melt components that are ex-
perimentally inaccessible at high temperature can be de-
rived at lower temperatures. One example of this is the
case of volatile elements (e.g., P,O5, F, B,0,) in high
viscosity melts such as haplogranites, determined at
magmatic temperatures (cf., Knoche et al. 1992b).
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