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Abstract

The heat capacities, Ci, of magnesio-anthophyllite, diopside, dolomite, synthetic enstatite,
bronzite, talc, tremolite and wollastonite have been determined to an accuracy of * 1.0
percent by differential scanning calorimetry between 350 and 1000 K. The Ci measurements
for anthophyllite were also corrected to a composition of pure Mg-anthophyllite
[MgtSi.Orr(OH)r]. These heat capacities were combined with existing low-temperature heat
capacrty, entropy, and high-temperature relative enthalpy data. and fitted by least squares to
the following equations [7, in kelvin; C] in J/(mol.K)l:

Magnesio-anthophyllite [Mgu.rFeo.rSiBO22(OH)2], (298-700 K)

C3: 3287 - 1.6287 - 1.885 x IolT-2 - 41859r-o's + 6.527 x 10-4T2

Magnesio-anthophyllite [MgrSirOr2(OH)r], (298-700 K)

C3:2713 -  0.96307 + 1.331 x l01T-2 -33473T-o '5 +2954 x lO-47^2

Diopside [CaM(SiO.)2], (298-1600 K)

c?: 470.25 - 0.09864? + 2.453 x l05T-2 - 4823T-0.5 + 2.813 x 10-572

Dolomite [CaM(CO3)r], (298-650 K)

c3: 547.9 - 0.16767^ + 2.840 x lO6T-2 - 6548T-o's + 7.708 x t0-5T2

Enstatite (synthetic MgSiO.), (298-1000 K)

C3: 35o.1 - 0.14737 + 1.679 x t06T-2 - 42967-o.s + 5.826 x 10-572

Bronzite (Mgo.rrFeo.r rSiO3), (298-1000 K)

c3 : 207.9 - 0.01489r + L92t x tO5T-2 - 2135T-0.5

Talc [MgrSinOlo(OH)2], (298-650 K)

C3: 7963 - 7.5137 + 6.505 x l01T-2 - t. l l7 x l0sf-o'5 + 3.806 x 10-3T2

I Present address: Geosciences Research and Engineering De-
partment, Battelle, Pacific Northwest Laboratories, Richland,
Washington 99352.
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Tremolite [Car Mgr Si.O,r(OH) r], (298-800 K)

c?: 613l - 4,189T' + 5.139 x lOlT-2 - 8.566 x l0aT-o's + 1.757 x lO-3?2

Wollastonite (CaSiOr), (298-1400 K)

C; : 200.8 - 0.02590T - 1.579 x 105T-2 - 1826?^-0'5 + 7.435 x 10-672

By combining our calorimetric data with a high-temperature heat-of-solution value and
ancillary thermodynamic data, we calculate LHi,.,"" and AGi,2er (based on the elements) for
enstatite as - 1549.60 * 2.50 and -1462.10+2.50 kJ/mol, respectively.

Introduction

The heat capacities for magnesio-anthophyllite, diopside,
dolomite, enstatite, bronzite, talc, tremolite and wollaston-
ite were measured between 350 and 1000 K using a difler-
ential scanning calorimeter (DSC). These minerals are im-
portant phases in the system CaO-MgO-SilO2-H2O-{O2
and equilibria for the metamorphism of ultramafic rocks
and siliceous dolomitic limestones. Diopside and enstatite
are also important constituents in some igneous rocks. Our
heat capacity, Cfl, data were combined with existing high-
temperature relative enthalpy, Hi - H"rn", data and new
low-temperature Cfl and entropy, S!nr, data from Krupka
et al. (1985) to derive high-temperature entropy and rela-
tive enthalpy values for these minerals. Prior to this study,
high-temperature Ci data and the derived thermodynamic
properties, Si and Hi - H"rn", were suspect or nonexistent
for these minerals. Reliable values for Si are of critical
importance to our understanding of metamorphic and ig-
neous equilibria.

Materials
Differential scanning calorimeter (DSC) measurements were

made on two samples of dolomite, CaMg(COr)r. One sample was
part of the material used in the experimental study of Slaughter et
al. (1975). The second sample is from Binnental, Switzerland and
was used by Stout and Robie (1963) for low-temperature heat
capacity measurements. The preparation and chemical compo-
sition of these materials are described in Slaughter et al. (1975)
and Stout and Robie (1963). Unit-cell dimensions were measured
by the procedures described in Krupka (198a). The unit-c€ll di-
mensions for the Binnental dolomite sample are a :0.48078(a)

and c : 1.6008(3) nm. The other dolomite sample had the unit-cell
dimensions a:0.4807613\ and c : 1.6005(2) nm. These cell dimen-
sions are in good agreement with the values in JCPDS pattern
11.78 and Goldsmith and Graf (1958) and compare favorably with
the results of Goldsmith et al. (1961) for ordered dolomite.

The sample of talc, Mg.Si4Oro(OH)2, from Murphy, North
Carolina, is the same material used in the low-temperature C;
measurements of Robie and Stout (1963). The chemical compo-
sition of this material is described by Robie and Stout (1963). An
X-ray pattem for this talc sample that contained a suflicient
number of d-spacings with unique indices for a refinement of the
unit-cell dimensions could not be obtained. An approxirnate value
for the c-axis of 0.936 nm was obtained from five basal reflections
in a pattern from a Guinier camera. This value is in agreernent
with the values c :0.9496 nm from Rayner and Brown (1966,
1973) and c : 0.9448 nm from Ross et al. (1968).

Tremolite, CarMgrSi.Orr(OH)r, was obtained from two
sources. One sample, from St. Gothard, Switzerland, was part of
the material used by Slaughter et al. (1975), Eggert and Kerrick

(1981) and McKinstry and Skippen (1978). The second sample,
from Falls Village, Connecticut,2 was part of the material used for
the Ci measurements of Robie and Stout (1963). The chemical
compositions of each sample are given in their respective refer-
ences. The measured cell dimensions are a : 0.9845(2),
b: 1.8055(3), c:0.52768(9) nm, and f :104"4.7'(9) for the
sample from Falls Village, Connecticut, and a:0.9838(l),
b : 1.8049(2), c :0.52775(8), and P : 1M'45.1(7) for the sample
from St. Gothard, Switzerland. These cell dimensions are in good
agreement with JCPDS files 13-437 and 20-131O and with the
tremolite data of Borg and Smith (1969).

The DSC samples of magnesio-anthophyllite, diopside, bronzite
(Mgo ,rFeo 15SiO3), synthetic enstatite (MgSiOr), and wollastonite
were aliquots of material used by Krupka et al. (1985) for low-
temperature heat capacity measurements.

Apparatus and procedures

High-temperature heat capacities were measured with a Perkin-
Elmer Model DSC-23 differential scanning calorimeter. The
measurements were made at a heating rate of 10 K/min and a
range setting of 1.25 {min (5 mcal/sec). The temp€rature intcrval
between the initial and final temperatures for each DSC heating
period was not more than 120 kelvins. An overlap of 4O kelvins
was maintained between adjacent DSC scans as a check of the
experimental precision. The masses of the DSC samples ranged
from24.9 to 34.3 mg.

A single crystal disc (30.660 mg) of Linde sapphire (a-AlrO.)
was used as the calorimetric standard. The heat capacity of
a-AlrO. was taken from Ditmars and Douglas (1971). Temper-
ature calibration of the calorimeter was monitored with measured
transition temperatures (extrapolated onset temperature) of the
inorganic compounds supplied in NBS-ICTA Standard Reference
Materials 758 and 759 (McAdie et al, 1972). The estimated uncer-
tainty for the DSC temperature measurements is ;l0.5 K.

Experimental results

The measured values of specific heat for magnesio-
anthophyllite, diopside, dolomite, bronzite, synthetic en-
statite, talc, tremolite, and wollastonite are listed in Tables
1 through 8, respectively. These data have not been cor-
rected for deviations from their ideal end-member formu-
las. The experimental C[ values are considered to be accu-

2 Sample locality incorrectly listed as New York in Robie and
Stout (1963).

3 The use of trade name is for descriptive purposes only and
does not imply endorsement by Battelle, Pacific Northwest Labo-
ratories, U.S. Geological Survey, or The Pennsylvania State Uni-
versity.
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Table 1. High-temperature, experimental specific heats of natural
anthophyllite

between the two samples of tremolite. Experimental C!
measurements for diopside, bronzite, synthetic enstatite,
and wollastonite were successfully completed over the full
high-temperature range of the Perkin-Elmer DSC-2 (350-
1000 K). Measurements for the other phases were termi-
nated at lower temperatures due to apparent mineral de-
composition reactions.

Heat capacity determinations for magnesio-anthophyllite
were completed to a maximum temperature of 700 K.
Above this temperature, the heating and isothermal sec-
tions of the DSC traces exhibited excessive and acceler-

Table 2. High-temperature, experimental specific heats of diopside

Tenp.  Spec i  f i c
heat

x  J / ( s . K )

T e m p .  S p e c i f i c  T e m p .  S p e c i f i c
heat  heat

K  U ( s . K ) K  J / ( s . K )

349 .90  0 .9084
360 .00  0 .9161
370 .00  0 ,9367
380.00 0.9430
390 .00  0 .9575
400 .00  0 .9695
410.00 0.9827
420 .00  0 .9937
430 .00  1 .0004
440 .00  1 .0155
425 .00  0 .9938

430 ,00  0 .9965
440.00 1.0084
450 .00  1 ,0197
460 .00  t . 02?0
470 .00  1 .0326
480.00 1.0393
490.00 1.0508
500 .10  r . 0566
510 .10  1 .0745
520 .10  1 .0796
344.90 0.9042

349 .90  0 .9112
359.90 0,9268
369.90 0.9404
379 .90  0 .9518
389 .90  0 .9635
399 .90  0 .9753
409.90 0.9867
419 .90  0 .9986
429.90 1.0093
439 .90  1  . 0205
419 .90  1 .0000

510 .00  1 .0758
520 .00  1 .0845
530 .00  1 .0904
540.00 t .097 7
550 .00  1 .1033
560 .00  1 .1101
570 .00  1 .1161
580.00 L. t2L9
590.00 1.1287
600 .00  1 .1352
580 .00  1 .1201

590.00 1,123?
600 .00  1 .1314
610 .00  1 .1385
620 .00  1 .1444
630 .00  1 .1483
639 .90  I . 1521
649 .90  1 .1555
659 .90  1 .1569
669 .90  1 .1615
679 .90  1 .1638

4?9 .90
439 .90
449 .90
459 .90
469.90
479,90
489.90
499 .90
509.90
519 .90
500.00

T e m p .  S p e c i f i c
heat

r  J / ( g . K )

T e m p .  S p e c i f i c  T e m p .  S p e c i f i c
Heat  Heat

K  J i ( g . K ) K  J / ( g . K )

, 012  r
.0?26
.0330
.0425
.0518
.0609
.0667
.0741
.0828
.0887
.0694

rate to + 1.0%, based upon: (1) comparison of Ci values in
the temperature range 350-380 K determined by DSC
analysis and low-temperature adiabatic calorimetry, and (2)
the discussion by Krupka et al. (1979) concerning their
DSC measurements for corundum and periclase. The
average precision of the DSC measurements for the tem-
perature range 350-1000 K is approximately 0.3o/o, but the
precision degrades significantly to 0.5-1.0% above 850 K.

The experimental C?, values for magnesio-anthophyllite
were corrected to the ideal chemical compositions:
Mgu..Feo 7Si8O22(OH)2 and MgrSirOrr(OH)r, using the
same schemes as outlined in Krupka et al. (1985) for the
low-temperature measurements on this anthophyllite. The
differences between the C[ values uncorrected and correct-
ed to the ideal compositions are 0.6%o for the Mg/Fe-
anthophyllite and 3.0o/o for the pure Mg-anthophyllite.
Heat capacity corrections for deviations from ideal chemi-
cal compositions were not applied to the data for the other
minerals in this study because the corrections were signifi-
cantly less than the uncertainty in the DSC measurements
at high temperatures.

The heat capacities are shown graphically in Figures I
through 4. For the sake of graphical clarity, approximately
50% of the Ci values were omitted from these figures.

Specific heat values for magnesio-anthophyllite, diopside,
bronzite, synthetic enstatite, and wollastonite, measured by
DSC in the ranges 350-380 K, generally differed by less
than O.4oh from the Ci values measured by low-
temperature adiabatic calorimetry (Krupka et al., 1985).
Moreover, no differences were observed in the experi-
mental Cfi values between the two samples of dolomite and

360.10 0.8608
370 .10  0 .8714
390 .10  0 .8931
4 1 0 . 1 0  0 . 9 1 2 5
430 .10  0 .9314
440 .10  0 .9416
420.00 0.9300
430 ,00  0 .9337
450 .00  0 .9536
470 .00  0 .9697
490 .00  0 .9850

510 . I 0  0 .9951
520 .10  0 .9970
500 .10  0 .9905
510 .10  0 .9993
530 .10  1 .0090
550 .10  1 .0155
570 .10  1 .0233
590.10 1.0284
600 .10  1 .0362
580 .20  1 .0288

590 .20  1 .0349
6 I0 .20  1 .0445
630 .20  1 .0487
650 .00  1 .0593
670 .20  1 .0690
680 .20  1 .0686
650 .20  1 .0681
660 .20  i . 0676
680 .20  1 .0759
700 .20  r . 0806

720.?0 1.0898
730.20 1.0967
740 .30  1 .1004
720.20 1.0903
730,20 I  .0935
750 .30  1 .0953
770,30 l -0953
790 .30  1 .0953
800 ,30  1 .1055
760 .30  1 .0949

770 .30  1 .0995
780 .30  1 .1004
800 .30  1 .1041
810 .30  1 .1050
850 .20  1 .1134
860 .10  1 .1046
869 .90  f .  i 060
889 ,70  1 .104 r
909 .40  1 .1180
919 .30  f .  i 170
899 .60  1 .1166

909 .50  1 .1  189
929.40 t.r295
939 .30  r . 1378
949 .20 1 .1401
9?9 .40  1 .1318
939 .30  r . 1378
949.20 1,1291
9 5 9 . 1 0  1 . 1 3 0 0
969 .00  1 .1443
958 .90  1 . r 39?
968 .80  1 .1323

978 .70  1 .1304
988 .60  1 .1314
998 .40  1 .1406
724 .90  1 .0796
729 .90  1 .0829
779.80 1.09?6
799 .80  1 . I 009
809 .80  1 .1018
124 ,90  1 .0829
729.90 l .0870

739 .80  1 .0912
759 ,80  1 .0935
779 .80  1 .1000
799 .80  1 .1064
809 .80  1 .1004
854 .80  1 .1143
859 .80  1 .1147
869 .80  1 .1157
889 .80  1 .1189
909 .80  L .L?67

919 .80  1 .1291
904 .80  1 .1309
909 .80  1 .1235
919 .80  1  .  1291
939 .80  1 .1434
949 .70  1 .1540
929.80 r . t327
934 .80  1 .1291
939 .80  1 .1231
949.70 1.  r  r94

959 .70  r , L22L
969.70 1.1498
960 ,00  1 . r 517
970 .00  1 .1461
980 .00  i . 1475
990 .00  1 .1411
999 .90  r . 146 r
344 .90  0 .8418
349.90 0.8464
359 .90  0 .8594

369 .90  0 .8705
379.90 0.8806
389 .90  0 .8917
399 .90  0 .9032
409 .90  0 .9116
419.90 0.9217
429.90 0.9319
439.90 0.9388
419 .90  0 .9236
429.90 0.9328
439 .90  0 ,9416

449.90 0.9467
459 .90  0 ,9554
469 .90  0 .9628
479 .90  0 .9716
489 .90  0 .9781
499 .90  0 .9845
509 .90  0 .9919
519 .90  0 .9974
500.00 0.9868
510 .00  0 .9933

520 .00  0 .9998
530 .00  i . 0071
540.00 t .0t22
550 ,00  1 .0155
s60 .00  1 .0205
570.00 1.0252
580.00 1.0284
590.00 1.0339
600.00 1.0358
580 .00  1 .0307

590 .00  1 .038 i
600 .00  1 .0418
610 .00  1 .0464
620 .00  1 .0496
630 .00  1 .0538
639 .90  1 .0579
649 .90  1 .0616
659 .90  I  . 0653
669 .90  1 .0718
679 .90  1 .0759

649 .90  t ,O6?L
659 .90  1 .0607
669 .90  1 .0704
769 .90  1 .0695
689.90 r .O732
699 .90  1 .0759
709 .90  1 .0833
7 r9 .90  1 .0815
729 .90  1 .0833
739 .90  1 .0884
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Table 3. High-temperature, experimental specific heats of
dolomite

Table 5. High-temperature, experimental
synthetic enstatite

sp€cific heats of

T e m p .  S p e c i f i c
heat

r  J /  (  g . K )

Spec i  f i  c
heat

J / ( s . K )

Temp.  Spec i  f i  c
heat

K  J / ( s . K )

T e m p .  S p e c i f i c
heat

r  J i ( s . K )

Temp. Temp. S p e c i f i c  T e m p .  S p e c i f i c
heat  heat

K  J /  ( e . K ) K  J / ( s . K )

350 .10  0 .9332
360.00 0.9446
380 .00  0 .9674
400.00 0.9967
420 .00  1 .0151
430.00 t .0276
440 .00  1 .0368
430 .00  1 .0308
440 .00  1 .0449

450 .00  1 .0525
470 .00  1 .0710
490 .00  1 .0856
509 .90  1 .1079
5 1 9 . 9 0  1 . 1 1 3 3
510 .00  1 .1008
520 ,00  1 ,1046
540 .00  1 .1230
560 .00  1 .1355

580 .00  1 .1431
590 .00  1 .1556
600.00 r . t702
349 .70  0 .9289
359.80 0.9403
379.80 0.9642
399.80 0.9902
419 .90  1 .0162
429.90 1.0260

439 .90  1 .0374
430 .00  1 .0308
440 .00  1 .0417
450 .00  1 .0515
470 .00  1 .0731
490 .00  1 .0862
509 .90  1 .1030
519 .90  r . 1722
509 .90  1 .1030

5 1 9 . 9 0  1 . 1 1 3 3
539.90 L ,1263
559 .90  1 .1491
579 .90  1  i 1599
589 .90  1 .1686
599 .90  1 .1  783
534 .80  1 . I 230
549 .70  t . 1?47
569 .70  1 .1404

589 .70  1 .1496
609 .70  1 .1708
619 .80  1 .1854
534 .80  r . 131  7
549 .70  1 . r 371
569 .70  1 .1561
589 .70  1 .1670
609 .70  1 .1762
619 .80  1 .1876

344 ,90  0 .9015
349.90_ 0.9075
359.90 0.9214
369 .90  0 .9344
379 .90  0 .9463
389 .90  0 .9583
399 .90  0 .9712
409 .90  0 .9812
419 .90  0 .9931

429.90 I  .0021
439 .90  1 .0101
419.90 0.9872
4?9 .90  0 .9981
439 .90  1 .0071
449 .90  1 .0141
459 .90  1 .0240
469 .90  1 .0320
479 .90  1 .0410

489 .90  1 .0479
499 .90  1 .0559
509 .90  1 .0639
519 .90  I  . 0698
419 .90  0 .9872
429.90 0.9971
439 .90  1 .007 r
449 ,90  1 .0141
459 .90  1 .0250

469.90 I  .0340
479.90 1.0429
489 .90  1 .0499
499 .90  1  . 0559
509 .90  1 .0639
519 .90  1 .0708
500 .00  1 .0579
510 .00  1 .0639
520 .00  1 .0698

530 .00  1 .0768
540 .00  1 .0828
550 .00  1 .0898
560 .00  1 .0957
5 7 0 . 0 0  1 . 1 0 1 7
580 .00  1 .1077
590.00 l . l l47
600 .00  1 .1196
580 .00  1 .1157

590 .00  1 .1  196
600.00 r . t246
610 .00  1 .1286
620 .00  1 .1326
630 .00  1 .1356
639 .90  l . 1426
649 .90  1 .1465
659 .90  1 ,1535
6 6 9 . 9 0  1 . r 6 1 5

679.90 1.1675
649 ,90  1 .1445
6 5 9 . 9 0  1 . 1 5 1 5
669 .90  I  . 1535
679 .90  1 .1  535
689 .90  1 .1625
699 .90  1 .1665
709 .90  1 .1734
719 .90  1 .1764

129  , 90  I  . 1834
739 .90  1 .1874
724 .90  r . 1724
729.90 I  .1764
739 .80  1 .7794
759 .80  1 . r 834
779 .80  1 .1894
799 .80  t . 1924
854.80 r .2743

859.80 1.2193
869 .80  7 .2? I?
889 .80  1 .2342
909.80 1.2382
919.80 r .2382
904 .80  1 .2511
909 .80  1 .2501
919.80 r .2521
939 .80  1 .2481

949.70 1.254r
855.00 r .230?
860 .00  1 .227?
870 .00  r . 2332
890 .00  1 .?342
910 .00  1 .24 t2
920.00 1.2432
905.00 7.2412
910 .00  r . 240?

920.00 1.2402
940 .00  1 .2481
950 .00  1 .2581
930 .00  r . 2531
935 .00  1 .2581
940 .00  1 .2581
960.00 r .2661
970 .00  1 .2800
960 .00  1 .2591

970 .00  1 .2601
980.00 1.2571
990 .00  1 .2631
999 .90  1 .2591
960.00 r .2647
970 .00  I . ?6?L
980,00 1.2511
990.00 r .2491
999 .90  1 .2601

ating curvature in the endothermic direction. These results
are consistent with the differential thermal analysis (DTA)
measurements by Rabbitt (1948) for several samples of an-
thophyllite, and the 1 bar dehydration ofanthophyllite esti-
mated from the experimental studies of Greenwood (1963)
and Chernosky and Autio (1979). Similar problems of de-

Table 4. High-temperature, experimental specific heats ofbronzite

Temp.  Spec i  f i  c
heat

K  J / ( s . K )

S p e c i f i c  T e m p .  S p e c i f i c
heat  heat

Temp.

425 .00  0 .9356
430.00 0.9404
440 .00  0 .9479
450 .00  0 ,9517
460.00 0.9640
470 .00  0 .9754
480.00 0.9839
490 .00  0 .9943
500 .10  1 .0000
5 1 0 . r 0  1 . 0 1 4 2

520 .10  1 .0209
7 2 5 . 5 0  1 . 1 1 8 4
7 3 0 . 2 0  l . l i 9 3
740 .20  1 .1203
750 .20  1 .1250
760.20 1. t279
770 .20  1 ,1298
7 8 0 . 3 0  f . i 3 7 3
790 .30  i . 1459

800 .30  1 .1478
855 .30  1 .1572
860 .30  1 .1591
870 .30  r . 1572
880 .30  1 .1610
890 .30  1 .1515
9 0 0 . 3 0  1 . 1 6 1 0
9 i0 .30  1 .1601
9 2 0 . 4 0  1 . 1 7 1 4

345 .00  0 .8457
350 .00  0 .8523
360 .00  0 .8646
370 .00  0 .8769
380 .00  0 .8873
390 .00  0 .9015
400 .00  0 .9120
410.00 0.9224
420 .00  0 .9318
430 .00  0 ,9423

440 .00  0 .9517
500 .20  r , 0019
510 . r0  1 .0095
520 .10  1 .0152
530 .10  r . 0?37
540 .20  1 .0284
550 .20  1 .0341
560 .20  1 .0417
570.20 1.0493

580 .20  1 .0540
590 .20  1 .0597
600 .20  1 .0644
580 .  l 0  1 .0540
590 .10  1 .0587
600 .10  1 .0635
610 .10  1 .0682
620.70 1.0758

630 .10  r . 0767
640.20 1.0824
650 .20  1 .0843
660 .20  1 .0919
670 .20  1 .0976
680 .20  1 .1023
650 .20  1 .0919
660 .20  I  . 0957
670.20 1.0976
680 .20  1 .0995

690.20 1.1070
700 .20  1 .1099
770,20 l .  i  203
7?0 .20  1 .1260
730-20 1. I307
740 .?0  1 .1317
900 .80  f . i 743
910 ,80  t . 1752
920 .80  1 .17 i4

930 .80  1 .178 I
940 .80  1 .1837
950 .90  1 .1961
960 .90  1 .1800
970 .90  1 .1875
980 .90  1 .1932
990.90 1.1942

t000 .80  1 .1970

Temp.  Spec i  f i  c
heat

K  J / ( e . K )

Temp.  Spec i  f i c
heat

K  J / ( s . K )

(  , l /  ( s .  K ) r  J / ( s . K ) hydration limited the high-temperature enthalpy determi-
nations for amosite (fibrous ferro-anthophyllite) to 852 K
by Bennington et al. (1978). The dolomite samples exhibi-
ted similar endothermic anomalies above 650 K. These re-
sults are in close agreement with the experimental data of
Graf and Goldsmith (1955) for the thermal decomposition
of dolomite in air.

Table 6. High-temp€rature, experimental specific heats of talc

Temp. Spec i  f i  c
heat

J / ( s . K )

349 .70  0 .9536
359 .80  0 .9697
379.80 0.9992
399 .80  1 .0227
419.90 r .0425
429.90 1.0528
439 .90  1 .0588
430.00 1.0488
440.00 1.0591
450.00 1,0665
470 .00  1 .0876

490 .00  1 .1005
509 .90  1 .1123
519 .90  1 . I 205
509 .90  1 .1147
5 1 9 . 9 0  1 . 1 1 9 5
539.90 1.1287
559 .90  1 .1506
579 .90  1 .1595
589 .90  1 .1693
599.90 t . r732
544 .90  1 .1358

559 .90  i . 1487
579 .90  1 .1580
599 .90  1 .1698
609 .90  t . t 77?
620 .00  1 .1701
564 .90  1 .1551
579 .90  1 .1619
589 .90  1 .1714
609 .90  1 ,1838
629.90 1.1914
639 .90  1 .1986



Table 7. High-temperature, experimental specifc heats of
tremolite
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Table 8. High-temperature, experimental specific heats of
wollastonite
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Iemp.  Spec i  f i  c
heat

K  J / ( e . K )

Temp.

K J /  (  s . K ) J / ( s . K )

S p e c i f i c  T e m p .  S p e c i f i c
heat  heat

Temp.  Spec i  f i  c
heat

K  J /  (  e . K )

Temp.  Spec i f i c  Tenp.  Spec i f i c
heat  heat

K  J / ( s . K ) K  J /  ( s . K )

350 .10  0 .8936
360.00 0.9037
380 .00  0 .9272
400.00 0.9549
420.00 0.9729
430.00 0.9835
440 .00  0 .9936
530.00 0.9860
440.00 0.9981
450.00 1.0063

470 .00  1 .0228
490 .00  1 .0341
509.90 1.0544
519 .90  1 .0578
510 .00  1 .0485
520 .00  1 .0533
540.00 1.0672
560.00 t .078?
580 .00  1 .0901

590.00 1.0985
600 .00  1 .1086
589.90 1.0887
599.90 1.0927
620 .00  1 .0978
640 .00  7 . t 077
660 .00  1 .1167
670,00 t . t284
680 .10  1 .1361

660.00 1. t228
670.00 t .1247
680.00 r .1247
600.00 t .1297
720 .00  1 .1417
730 .00  i . 1503
740 .00  1 .1607
350 .10  0 .9063
360 .00  0 .9180
380.00 0.9389

400.00 0,9607
420 .00  0 .9816
430 .00  0 .9887
440.00 0.9968
430.00 0.9874
440.00 0.9951
450.00 1.0058
470.00 1.0257
490 .00  1 .0388

509 .90  1 .0538
519 .90  1 .0653
509.90 1.0491
519 .90  1 .0586
539 .90  l - 0719
559 .90  1 .0859
579 .90  1 .1007
589 .90  1 .1078
5 9 9 . 9 0  1 . 1 1 1 3

589 .90  1 .1030
599 .90  1 . r 066
620 .00  1 .u46
640.00 1.1237
660 .00  1 .1303
670 .00  1 .1378
680 .10  1 .1399
660 .00  1 .1377
670 .00  1 .1392
680 .00  1 .1403

700 .00  1 .1478
720.00 1.1619
7 3 0 . 0 0  1 . 1 7 1 6
640 .00  1 .1847
714 .90  1 .1531
729 .90  1 .1605
749 .80  1 .1641
769 .80  t . t 744
779 .80  1 . t 742

789 .80  t . 177  4
799 .80  1 . I 857
7 1 4 . 9 0  1 . 1 3 3 9
729.90 1.  I  324
749 .80  1 .1291
769 .80  1 .1444
779 .80  1 .1523
789 .80  1 .1588
799 .80  1 .1820

The DSC measurements for lalc and tremolite were like-
wise limited to 650 K and E00 K, respectively. According to
the results described in Deer et al. (1971), the anomalous
thermal behavior for talc is ascribed to the loss of adsorbed
water from the fine-grained material. The maximum tem-
perature for the talc measurements is approximately 150
degrees lower than the temperature obtained by extrapo-
lating the results of Chernosky (1976) and Chernosky and
Autio (1979) (where Prro : Pro,"J to 1 bar for the de-
composition of talc. The thermal behavior of tremolite is
similar to the results observed for magnesio-anthophyllite.
The endothermic curvature in the DSC measurements on
tremotte agrees with the stability limits for tremolite by
Boyd (1959) when extrapolated to I bar.

Themodynamic functions rnd heat crpacity equations
Smoothed thermodynamic functions for magnesio-

anthophyllite, diopside, dolomite, bronzite, synthetic en-
statite, talc,- tremolite, and wollastonite were calculated
from a combination of: (l) high-temperature Cfl values
from this study; (2) low-temperature Ci data from Robie
and Stout (1963), Stout and Robie (1963), and Krupka et
al. (1985); and (3) the high-temperature relative enthalpy
(Hi - HZ'J data in Southard (1941) and White (1919).

The DSC results were combined with low-temperature
Ci data (Krupka et al., 1985) and were fit over the range of

800

Y 600

100 200 300 400 500 600
TEMPERATURE (  KELVINS }

Fig. l. Experimental high+emperature molar heat capacitics of
magnesio-anthophyllite (Mg".rFeo.rSirOrr(OH)r) and talc. The
solid curves from 0 to 298 K were taken from the rcults of
low-temperature adiabatic calorimetry. The solid curves above
298 K were obtained from least-squares fits to the DSC data. The
dashed curve represents the Ci function for pure Mg-
anthophyllite (MgrSirO.r(OH)r) derived from impurity correc-
tions to the experimental data for magnesio-anthophyllite.

349.90 0.8075
360 .00  0 .8135
370.00 0.8264
380.00 0.8376
390.00 0.8445
400.00 0,8531
410.00 0.8669
420.00 0.8738
430 .00  0 .8763
440.00 0.8884
425.00 0.8781

430.00 0.8798
440.00 0.8867
450.00 0.8961
460.00 0.9005
470 .00  0 .9065
480.00 0.9099
490.00 0.9194
500.10 0.9228
510 .10  0 .9314
520 .10  0 .9332
344.90 0.8040

349.90 0.8083
359.90 0.8195
369.90 0.8290
379 .90  0 .8385
389.90 0.8479
399 .90  0 .8565
409.90 0.8652
419 .90  0 .8755
429.90 0.8841
439.90 0.8901
419 .90  0 .8755

439.90 0,8927
449 .90  0 .9013
459.90 0.9082
469 .90  0 .9151
479.90 0.9203
489.90 0.9237
499.90 0.9297
509.90 0.9357
519 .90  0 .9401
500.00 0.9246
510.00 0.9297

520 .00  0 .9357
530 .00  0 .9418
540.00 0.9461
550.00 0.9504
560.00 0.9564
570 .00  0 .9616
580.00 0.9650
590.00 0.9693
600 .00  0 .9745
580.00 0.9624
590.00 0.9667

600.00 0.9710
610 .00  0 .9745
620 .00  0 .9779
630.00 0.9796
639 .90  0 .9814
649.90 0.9848
659.90 0.9822
669.90 0.9865
679.90 0.9943
654.90 0.9840
659.90 0.9840

669.90 0.9908
689.90 0.9969
709 .90  1 .0055
729.90 1.0081
739 .80  1 .0141
725.00 1.0132
730 .00  1 .0132
740 .00  1 .0141
760 .00  1 .01  15
780.00 1.0167
800.00 1.0330

810 .00  1 .0425
855.00 1.0485
860.00 1.0571
870 .00  1 .0571
890.00 1.0554
910 .00  1 .0520
920.00 1.0502
905.00 1.0563
910.00 1.0597
920.00 1.0640
940 .00  1 .0597

950.00 1.0545
930.00 1.0640
935.00 1.0557
940.00 1.0700
960 .00  1 .0743
970 .00  1 .0821
960 .00  1 .0778
970.00 1.0821
980.00 1.0838
990 .00  I . 0941
999 .90  1 .0761

=
- 4nn

o e

200

Mg6 3Feo ?Srsozz(0H)2
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Enstolite

Cl inoensfof i le

100 200 300 400 500 600 ioo 800 900
TEMPERATURE (  KELVINS}

Fig. 2. Experimental high+emperature molar heat capacities of
dolomite and synthetic enstatite (MgSiO.). The solid curves from
0 to 298 K were taken from the results of low-temperature adia-
batic calorimetry. The solid curves above 298 K were obtained
from least-squares fits to the DSC data.
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Fig. 4. Experimental high+emperature molar heat capacities of
tremolite and bronzite (Mgo.rrFeo r5SiO3). The solid curves from

0 to 298 K were taken from the results of low-temperature adia-

batic calorimetry, whereas those above 298 were obtained from
least-squares fits to the experimental DSC dara.

298 K to a maximal temp€rature of the data set by least
squares, to an equation of the form

c i : A  + B T +  C T - 2  +  D r - o ' s  + E T 2 ,  ( 1 )

as suggested by Haas and Fisher (1976). Only four terms of
equation (1) were used if a fifth term made no significant
contribution to the statistical fit, i.e., no significant decrease
in the root mean square percent deviation. The fitting pro-
cedure constrained the Cl at 298.15 K and the first deriva-

0rops ide

Wol  los lon i t€

200 400 600 800 1000 1200 1400
TEMPERATURE (  KELVTNS )

Fig. 3. Experimental high-temperature molar heat capacities of
diopside and wollastonite. The open squares and open circles are
the experimental DSC data for diopside and wollastonite, resp€c-
tively. The solid diamonds are Ci values for diopside derived from
the equation given by Thompson et al. (1978). The solid curves
from 0 to 298 K were taken from the results of low-temperature
adiabatic calorimetry. The solid curves above 298 K were ob-
tained from least-squares fits to the DSC data and selected drop
calorimetric measurements referred to in the text.

tive of Ci at 298.15 K to the values determined by low-
temperature adiabatic calorimetry. This procedure insured
that the high-temperature Cfi function smoothly joined
with the data from low-temperature adiabatic calorimetry.
The Cfl data determined by low-temperature adiabatic ca-
lorimetry were also weighted by a factor of two relative to
the DSC values to further constrain the polynomial fits
relative to the more accurate measurements.

The five-term Cfi equations for diopside and wollastonite
were extended to 1600 and 1,100 K, respectively, by incor-
porating the high-temperature relative enthalpy data of
White (1919) for diopside and wollastonite, and those of
Southard (1941) for wollastonite. The enthalpy data of
White and Southard wer€ recalculated to a reference tem-
perature of 298.15 K and with the 1975 atomic weights.
Their data were then combined with IIi - -Ellnr values
computed from the DSC Ci equations at temperatures at
which DSC measurements were made, and fitted by least
squares to the equation:

H 7 - H Z n " : G + A T  + ( B l 4 T 2

- cr-t + 2DTo'5 + (Ep)T3. Q)

The fitting process retained the constraint that Ci at 298.15
K had the values measured by low temperature adiabatic
calorimetry, as well as the additional constraint that
Hi - H|r": 0 at 298.15 K.

The final extended C! equations are given in Table 9.
Errors in the derived thermodynamic functions are esti-
mated to be + 1.0% in Ci and (H+ - H\dlT , and +0.5%o
in Si and -(Gi - HidlT between 298 and 1000 K.
Tabulated values of the thermodynamic functions Ci,
(H+ - HZsB)l'r, Si and -(Gi - H7n')lT, derived from the
equations in Table 9 are given in Krupka (1984).

?
_ 160

- 120
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Table 9. Molar heat caplcily equations obtained by a least-squares fit ofextended equation to experimental heat capacity data

Tenperature
range of
equat i  on

Ave rage
d e v i  a t i  o n

between da ta
a n d  e q u a t i o n

E q u a t i o n s  f o r  c !  i n  J / ( m o l . K )
I E q u a t i o n  f o r m  f r o m  H a a s  a n d  F i s h e r  ( 1 9 7 6 ) ]

M a g n e s i o - a n t h o p h y l l i t e  ( 1 t 1 9 6 . 3 F e g . 7 5 i 6 0 2 2 ( 0 H ) 2 )

(298 -  700 K)  0 .4  c?  =  3zea. t  -  1 .6275r  +  1 .8846x107T-2  -  41859T-0 '5  +  6 .5265x10-4T2

M a g n e s i o - a n t h o p h y l  l i t e a  ( l . t 9 r S i g 0 2 2 ( 0 H ) 2 )

(298 -  700 K)  0 .4  
-cg-=  

2713.2  -  0 .96304T +  1 .3306xI07T-2  -  33473T-0 '5  +  z .g545x to-4 f2

D i  o p s i d e  ( C a M g ( S i 0 3 ) 2 )

(298 -  1000 K)

( 2 9 8  -  1 6 0 0  K )

D o l o m i t e  ( C a M g ( C 0 3 ) 2 )

( 2 9 8  -  6 5 0  K )

0 .3  C3 ,  =  93 i . 07  -  0 . 46366T  +  6 .8103x106T-2

,bo=  c to . zs  -  0 . 098644T  +  2 .4535x1051 -2

0 .4  cB  =  547 .88  -  0 .16759T  +  2 .8400x I06T -2

12386T-0 ' 5  +  1 .6535x10 -4T2
- 4822.61-0'5 + 2.8129x10-512

6547.91-0 '5 + 7.7076x10-\?

4295 .7T -o ' 5  +  s . e264x to -5 t2

Enstat i te (  synthet ic  I ' l95i03)

(2e8 -  looo K) cB = 3so.os -  0.147251 + 1.6789x106T-20 . 3

B ronz i t e  (Mgg .g rFeg .155 i03 )

(298 -  1000 K) 0 , 3

Ta l c  (Ms35 ia01s (0H)2 )

(298  -  650  K )  0 .4

Tremol i  te (Ca2M95Si 6022(0H )2)
(?98  -  800  K )  0 .6

cg =  207.93  -  0 .0148881 +r .g2o7xrosr -z  -  2135.3r -0 '5

cF =  7962.7  -  7 .5132T +  6 .5047x107T-2  -  1 .1 t74x to5 t -0 '5  +  3 .806tx10-3 t2

cB  =  6131 .0  -  4 . I 890T  +  5 .1385x107 t -2  -  8 . 5osox l04 t -0 ' 5  *  1 .7568110 -3T2

l .Jol  I  astoni te (CaSi03)

(298 -  1000 K)
(2e8  -  1400  K )

^o + 2.9355x106T-2 -  5624,2r-0 '5 + 8.8565x10-5T2u . J  L F L =  4 J d . 5 5  -  U . a l 6 a J

c9"= zoo.go -  0.025898T -  t .s7sgxl05t-2 -  1826.4T-0'5 + 7.$4axr0-\2

I  Cor rec ted  fo r  impur i t ies  to  pure  end-member  compos i t ion .
D Ex tended beyond 1000 K us ing  drop-ca lo r imet r i c  reasurements .

These DSC results and the low-temperature Cl data
were also fit by least squares to the equation:

C i : A  + B T  + C T - 2 , (3)

suggested by Maier and Kelley (1932). The Maier-Kelley
Ci equations for magnesio-anthopyllite (Mg/Fe and pure
Mg compositions), diopside, dolomite, bronzite, synthetic
enstatite, talc, tremolite, and wollastonite are given in
Table 10. The results in Tables 9 and 10 indicate that the
five-term Cfl equation provides a superior fit to the data
when compared to that obtained by the Maier-Kelley
equation. When the extended Ci equation was used, the
percent deviation between the calculated and measured C;
values was less than the experimental precision. The
average percent devrations between the experimental values
and Ci values calculated from the Maier-Kelley equation,
however, are greater than the precision of the measure-

ments and are 2-5 times greater than those computed from
the extended equation.

Heat capacity and entropy values at several selected
temperatures have been calculated from the extended Ci
equations (Table 9) and compared with similar values cal-
culated from the Maier-Kelley equations (Table 10). The
comparison of these two sets of data are shown in Table
11. Note that some of the differences between the two sets
of Ci and Si values are significant. It has been shown that
the extended, five-term Ci equation (equation 1) provides a
superior fit to quantitative Ci data. However, extrapola-
tions using the extended Cfl equation beyond the temper-
ature limits used in fitting are not valid physically. On the
other hand, the Maier-Kelley equation (equation 3) can
usually be extrapolated with a fair predictability for a short
temperature range. This predictable behavior is due to the
decreasing contribution of the CT-z term as temperature
increases, thus limiting the Maier-Kelley Ci equation to
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Table 10. Molar heat capacity equations obtained by a least-squares fit of Maier-Kelley Ci equation to experimental heat capacity data

Tempe ratu re
f a n g e  o f
e q u a t i  o n

Average
d e v i a t i o n

between da ta
a n d  e q u a t i o n

Equa t i ons  t o r  C$  i n  J / (mo l .K )
IEqua t i on  f o rm  f r om Ma ie r  and  Ke l l ey  ( 1932 ) ]

M a g n e s i o - a n t h o p h y l  l i t e  ( 1 4 9 6 . 3 F e 0 . 7 S i 8 0 2 2 ( 0 H ) Z )

( 2 e 8  -  7 0 0  K )  0 . 8

[1agnes i  o -an thophy l  1  i  tea  ( t - !97s i  g022 (  0H )  2  )
( 2 9 8  -  7 0 0  K )  0 . 8

D i o p s i d e  ( C a M 9 ( S i 0 3 ) 2 )

( 2 9 8  -  1 6 0 0  K )  0 . 7 b

D o l o m i t e  ( C a M 9 ( C 0 3 ) 2 )

( 2 9 8  -  6 5 0  K )  0 . 6

E n s t a t i t e  ( s y n t h e t i c  M g S i 0 3 )

( 298  -  1000  K )

B ronz i t e  ( l . l 9O , rUFeg .  155 i03 )

cB = oqe. t  + 0.4663T -  

.1.24+xtolT-2

cB  =  ozo . s  +  0 .4711T  +  1 .3105x107T-2

cpc = aeo. t  + 0.03245T -  5.597x106T-2

cF = t+r .s + 0.1359T -  ?. l75xlo6T'2

CB  =  gO , r t  +  0 .04133T  -  1 .a l 1x l o6 t -2

cB = sg.gs + 0.04159T -  1.8oexlo6t-2

cB  =  314 .8  +  0 .2488T  -  5 .919x106T -2

cF  =  6o t . q  +  0 .4203T  -  1 .166x107T -2

c8c = toa.s + 0.01800T -  2.4o3xlo6T-2

(298 -  1000 K)

Ta l c  ( l t 4s3s i401g (0H)2 )

(2e8 -  650 K) r . 2

Trernol  i te (Car l !gUSi g022(0H)2)
(298  -  800  K )  r . e

l , Jo l l as ton i t e  (CaS i03 )

(298  -  1400  K )  0 .7b

I  Cor rec ted  fo r  impur i t ies  to  pure  enq-menber  compos i t ion .
:  D e v i a t i o n  c a l c u l a t e d  j u s t  f o r  D S C  C $  v a l u e s .
L  Ex tended beyond 1000 K us ing  drop-ch lo r imet r i c  reasurements .

essentially a linear equation. However, the slope of the Ci
equation may be significantly different from that of the
measured heat capacity data at the high-temperature limit
of the data.

Comparison with previous studies
Drop calorimetric measurements of relative enthalpy

between 273 and 1373 K have been made by White (1919)
for a sample labeled as "magnesium metasilicate in the
amphibole form." The nature of this sample cannot be
verifled because White (1919) provides no additional
characterization of the sample. However, the measurements
by White (1919) should be mentioned because they have
been the single source ofhigh-temperature Ci data for ear-
lier thermochemical studies of anthophyllite equilibria
(Day and Halbach, 1979, p.814). Three-term Maier-Kelley
C[ equations have been fit to the drop calorimetric
measurements of White (1919) and are listed in Goranson
(in Birch et al., 1942, p. 230) and Kelley (1960). Heat ca-
pacity values tabulated in Barin et al. (1977, p. 389) for

anthophyllite are based on Goranson's C[ equation. How-
ever, we could not locate the source of the value Sige:
559.0 /(mol .K) for anthophyllite given in Barin et al.
(1 977). Without additional mineralogical characterization,
the measurements of White (1919) for a "magnesium sili-
cate in the amphibole form" have limited value.

The high-temperature Cfl of diopside has been previously
determined by Thompson et al. (1978), Wagner (1932), and
White (1919). The C! equation reported by Thompson et
al. (1978) covers the temperature range 350-1000 K, and
was measured with a DSC identical to the instrument used
in this study. Heat capacity values calculated from their
equation at 50 degree intervals are shown in Figure 3. The
maximum difference between their smooth Ci values and
those determined in this study is 0.8%, which is less than
the experimental uncertainty.

Wagner (1932) and White (1919) used high-temperature
drop calorimetry to measure the relative enthalpy (heat
content) of diopside between 273 and 1573 K. Their en-
thalpy data were recomputed to values of the mean heat
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Table 11. Comparison of heat capacity and entropy values computed from the extended Ci equations (Table 9) with those calculated
from the Maier-Kelley Ci equations (Table 10).

269

Thermodynami c
Prope rty

c !  ana  S f  va l ues  i n  J / (mo l .K )

Mg-Fe-anthophy l  I  i te

Tr"* = 700 K

T a b l e  9  M K  E q . a

c3 (sso  K)  86 i t .4  863.5

cB (Tmax)  923.5  949.1

s? (550 K) 1oo7 loo4

s? (Tmax) tzz4 Lzzz

E nstat i  tgr
eyftTeEic-

Tru, = 1000 K

Tab le  9  MK  Eq .a

cE  (550  K )  109 .7  106 ,9

cB (Tmax) 127.5 729.6

s? (5so K) 125.6 124.7

s?  (Tmax )  196 .6  195 .0

Di ops i  de
Tr.*  = 1600 K

Tab le  9  MK  Eq .a

200.4 ?19.4

310 .8  269 .8

262.4 263.4

530.3 524.3

T a l c

Tr.* = 650 K

Tab le  9  MK  Eq .a

432.5 431.9

458.6 462.4

496.0 492.5

570.? 567 .1

Dol omi te

Tr.* = 650 K

Tab le  9  MK  Eq ,a

209.2 209.0

22 r . 4  224 .6

268.0 267.4

303 .9  303 .6

Trenol i te

Tru, = 800 K

Tab le  9  MK  Eq .a

876 .0  854 .1

956.0 979,5

ro23  1014

1367 1356

B ronz i  te
Tru* = 1000 K

Tab le  9  MK  Eq .a

109 .3  106 .8

125 .7  L?9 ,7

128 .1  127 .4

198 .9  197 ,8

t , lo ' l lastoni te

Tr., = 1400 K

Tab le  9  MK  Eq .a

1 1 0 . 4  1 1 0 . 3

130.2 132.5

t4?.5 142.9

255.9 256.2

a  MK Eq .  =  Va lues  ca l cu l a ted  f r on^Ma ie r -Ke l l ey  C f l  equa t i ons  i n  Tab le  l 0  and  s tgg  va lues  de tem ined
f rom low-temperature CB measurements.

capacity, (H) - Hin)l(r - 298), and the 1975 values for
the atomic weights, and plotted in Figure 5 along with
analogous values derived from the DSC Ci equation for
diopside in Table 9. Mean heat capacity values, as opposed
to IIi - Ifln. values, provide a more sensitive method for
comparing different sets of enthalpy values and measured
Ci values (Douglas and King, 1968). Wagner's values,
except for his data at 571 K, are lower than the values
derived from the DSC measurements by 1 to 2%o. The data
of White (1919) are in closer agreement with the DSC
values and differ by less than 0.5% from the values deter-
mined in this study. The two sets of drop calorimetric
measurements are only in accord above 1300 K.

Leonidov and Khitarov (1967) report heat capacity
values for talc from 373 to 1073 K determined by thermal
analysis to an accuracy of +2%. Their smooth Ci values
for the temperature range 4fi)-650 K differ from those de-
termined in this study by l.V2.2o/o. Although these differ-
en@s are within the experimental uncertainty stated by
Leonidov and Khitarov, the composition of their talc
sample differs somewhat from the ideal talc formula.

High-temperature heat contents of wollastonite have
been measured by drop calorimetry between 300 and 1500
K by von Gronow and Schwiete (1933), Roth and Bertram
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=
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Fig. 5. Plot of mean heat capacity (H+ - HZq{Jl(T - 298)
versus ? to compare DSC C; data for diopside against heat con-
tent data determined by drop calorimetry. The open squares are
values derived from the C! equation for diopside determined in
this study by DSC analysis. The solid diamonds and open trian-
gles are the drop calorimetric data of White (1919) and Wagner
(1932), respectively. The solid curve is a least-squares fit to the
DSC data and the drop calorimetric data of White (1919) above
1000 K.
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(1929), Southard (1941), Wagner (1932) and White (1919).
Except for the data of Roth and Bertram (1929), which are
lower than all other data by I to 2 percent, the drop
measurements are in good agreement with the DSC-
derived values between 350 to 1000 K. Above 1000 K, the
data of Southard (1941) and White (1919) are in accord
with each other, and are several percent higher than the
values of Roth and Bertram (1929) and Wagner (1932).

LH?,rr" and AG;,2er for enstatite

Charlu et al. (1975) determined the enthalpies of solution
at 970 K for three samples of enstatite using molten-oxide
solution calorimetry. Using the average of three LH!'ro
values for enstatite and their AHS.nro values for MgO and
SiOr, Charlu et al. (1975) obtained LHi."ro: -36.94
+0.71 kJlmol (-8.83+0.17 kcal/mol) for the reaction
MgO + SiO2 : MgSiO3. Charlu et al. (1975, Table 2) ac-
tually report LH?.nro to be -8.81+0.17 kcafmol; this
value, however, seems to be a typographical error based
upon a review ofthe reported heats ofsolution.

Because S!n, and high-temperature Ci values for en-
statite were nonexistent at the time of their study, Charlu et
al. could not compute LH?.ro" and AGi,2e, for enstatite.
Using our high-temperature Ci data, the entropy for en-
statite at 298.15 K from Krupka et al. (1985), and ancillary
data in Robie et al. (1979), we calculate LHi.rn" and
LG?.rn" (from the oxides) for enstatite as -37.38t2.27 and
-36.74+2.27 kJ/mol, respectively. Values for A.EIi.rn, and
AGi.rnr for enstatite based on the elements are
-1,549.60+2.50 and -1,462.10 + 2.50 k/mol, respec-
tively.
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