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Appendix B

Parameterization of Holland and Powell (1992) plagioclase activity calculations for the
revised plagioclase-liquid hygrometer

In order to calculate the activities of the anorthite and albite components in plagioclase
for inputs into the plagioclase hygrometer without using a virtual basic for applications (VBA)
script, the equations developed by Holland and Powell (1992) were parameterized and described
in this appendix.

An initial dataset of plagioclase that ranged in composition from An;s to Angyg were
assembled from the data repositories of Crabtree and Lange (2010), Waters and Lange (2013),
and Waters et al.,(in review)(Table B1). The plagioclase compositions listed in Table B1 were
input into the Holland and Powel (1992) plagioclase activity model with constant pressure (1000
bars) and outputs of activities of anorthite and albite (aa, and aap, respectively) were generated
for temperatures ranging from 600 to 1350°C (Fig. B1). Individual temperature series were fitted
with a fourth order polynomial equation to define how ax, and aap, changed as a function of the
mole fraction of anorthite and albite (Xa, and Xap, respectively) in plagioclase at a given
temperature. Each temperature series is defined by a fourth order polynomial so that all R*

values were >0.98 (shown in equation B1).

aawab = ax’ + bx> + ex” +dx + e (equation B1)

In equation B1, a, b, ¢, d, and e are fitted terms from the polynomial regressions (Fig.B1), and x is
either Xa, or Xap. The values of the fitted terms (a, b, ¢, d, and ¢) used in the calculations of ax,
and ayy, are plotted as a function of temperature in Fig. B2. The values of the fitted terms (a, b,

¢, d, and e) are defined as a function of temperature with polynomial equations. Temperature is a
required input for the hygrometer, and therefore it is useful to have the fitted terms (a, b, ¢, d, and
e) for the calculation of ax, and aap defined as a function of temperature.

The results of this parameterization are compared to those of Holland and Powell (1992)
in Fig. B3 with a plot of X, v. aan(Fig. B3a) and Xap v. aap (Fig. B3b) for 750, 900, and 1200°C.
The results of this parameterization are also compared to those of Holland and Powell (1992) in
Fig. B3c-d with a 1:1 correspondence line. There is no major deviation of this parameterization
from the activity calculations of Holland and Powell (1992). Lastly, the residuals of the
calculations of as, and aup, from this parameterization are shown in Fig. B3e-f. The average

residual on both the aa, and aay, calculation is ~0.01
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Table Bl: Plagioclase compositions used in the parameterization of Holland and Powell (1992)
An89 An88 An87 An86 An85 An84 An83 An82 An81 An80 An79 An78 An77 An76 An75 An74 An73 An72 An71 An70 An69 An68 An67 An66

SiO, 46.6 459 46.6 46.6 465 438 471 476 475 484 479 487 477 483 485 489 491 503 49.6 50.7 508 513 506 514
TiO, 0.05 0.03 0.05 000 0.01 0.03 000 000 0.06 000 002 001 006 004 003 003 001 005 007 000 0.01 0.02 007 0.02
ALO; 346 335 346 343 345 371 335 345 337 332 331 327 328 328 333 321 319 315 321 312 319 313 312 30.7
CaO 17.8 1785 17.8 18.07 17.81 16.32 17.07 16.62 1694 165 16.12 1628 1586 1586 149 15.0 1529 14.84 1432 1428 13.82 14.01 14.01 13.35
Na,O 1.45 128 145 1.6 168 168 191 197 214 22 231 251 257 279 273 281 3.08 3.18 324 342 337 358 374 371
K,O 0.02 0.06 0.02 003 0.11 0.07 003 003 0.08 006 005 003 012 005 0.03 0.09 004 0.03 004 002 0.09 0.09 0.06 0.1
Total 100.5 98.6 100.5 100.7 100.5 99.0 99.6 100.8 100.3 1004 994 1003 99.1 99.8 994 989 995 999 994 99.6 100.0 1003 99.7 993

Xan 089 088 0.87 086 08 084 083 082 0.81 0.8 079 078 077 076 0.75 074 073 0.72 0.71 0.7 0.69 0.68 0.67 0.66
Xab 0.11 0.12 0.13 0.4 0.15 0.16 0.17 0.18 0.19 02 021 022 023 024 025 026 027 028 0.29 03 031 032 033 034

An65 An64 An63 An62 An6l An59 An58 An57 An56 An55 An54 An53 An52 An51 An50 An49 And48 And47 And6 And45 And44 And3 And2 Andl

Si0, 51.0 526 523 530 532 534 534 531 536 539 545 544 544 559 558 560 565 551 560 566 570 562 580 583
TiO, 0.01 0.03 0.05 008 0.04 0.04 002 007 0.04 003 001 0.01 001 002 0.01 001 002 003 004 002 006 0.02 000 0.05
ALO; 308 30.1 306 298 29.8 298 296 294 295 292 276 279 286 271 270 272 271 266 264 265 265 270 261 264
CaO 13.26 1293 12.81 12.56 12.49 12.15 12.08 1191 11.26 11.27 11.18 10.74 10.59 10.58 10.44 1041 988 9.67 938 936 937 884 872 856
Na,O 388 393 4.06 418 432 455 474 488 476 499 506 507 526 536 549 567 564 575 588 606 619 6.12 639 6.46
K,O0 0.07 0.09 02 0.13 02 023 011 014 015 014 025 031 022 039 038 042 034 038 044 041 05 046 042 049
Total 99.0 99.7 100.0 99.8 100.1 100.1 999 995 992 995 98.6 984 99.1 994 99.1 99.7 994 976 98.1 99.0 99.7 98.6 99.7 100.2

Xan 065 064 063 062 061 059 058 057 056 055 054 053 052 051 05 049 048 047 046 045 044 043 042 041
Xab 035 036 037 038 039 041 042 043 044 045 046 047 048 0.49 0.5 051 052 053 054 055 056 0.57 058 0.59

And40 An39 An38 An37 An36 An35 An34 An33 An32 An31 An30 An29 An28 An27 An26 An25 An24 An23 An22 An2l1 An20 Anl8.5

Si0, 593 583 588 589 599 60.0 601 598 603 623 6l1.6 62.1 620 622 62.7 628 628 639 649 646 643 648
TiO, 0.02 0.03 0.00 0.04 002 005 004 000 0.01 002 004 002 0.05 003 003 0.04 001 002 0.06 002 001 0.06
ALO; 264 262 250 256 249 254 245 239 243 240 245 241 246 245 241 233 237 236 234 228 227 227
CaO 822 791 772 786 754 7.12 7.04 644 649 6.27 6 583 57 552 525 512 47 452 446 431 395 3.65
Na,O 6.47 6.5 6.6 694 7.04 696 7.1 672 719 743 723 7.6l 77 171 71.73 8 7.73 791 828 832 8.14 835
K,0 051 0.62 0.64 054 06 0.63 078 071 0.77 046 06 048 046 0.63 0.66 0.6 0.7 0.68 064 068 086 0.82
Total 100.9 99.5 98.7 99.9 100.0 1002 99.6 97.6 99.0 100.4 100.0 100.2 100.5 100.6 100.5 99.9 99.7 100.7 101.7 100.7 100.0 100.4

Xan 04 039 038 037 036 035 034 033 032 031 03 029 028 027 026 025 024 023 022 021 02 0.19
Xab 06 0.61 062 063 0.64 065 066 0.67 0.68 0.69 07 071 072 073 0.74 075 0.76 0.77 0.78 0.79 0.8 0.81




aAn (Holland and Powell, 1992)

aAb (Holland and Powell, 1992)
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Figure B1
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Holland and Powell Calculations of
Activity of Anorthite
(P=1000 bars)

First
Term
a (x¥)

m600 y= 3.4968x* -
*750 y= 28952x* -
0800 y= 2.7428 x* -
4850 y= 24133x* -
X900 y= 2.0984x* -
*950 y= 1.9089x* -

1000 y= 1.5491 x* -
+1050 y= 1.1614x* -
—1100 y= 08641 x* -
—1200 y= 0.5752x* -
¢ 1250 y= 02450x* -

1350 y= -0.1501 x* +

Second
Term
b (x3)

5.9565 x?

5.4096 x3

52366 x3

4.6939 x*

41872 x3

39410%3

32412 %3

25373 x3

1.9186 x3

13773 x?

0.6902 x*3

0.1288 x* -

+ o+ T

Third Fourth

Term Term Constant
c(x?) d(x) e
2.0578 x>+ 1.4340x - 0.0078
24805 x>+ 1.0387x + 0.0035
25384 x> + 0.9558x + 0.0057
23479 x> + 0.9290x + 0.0062
21754 x> + 0.9007x + 0.0079
2.1610x*> + 0.8522x + 0.0086
1.7826 x> + 0.8860x + 0.0098
14335x>+ 09173x + 0.0080
1.0718 x2 + 0.9607x + 0.0076
0.8094 x2+ 0.9658 x + 0.0068
03967 x> + 1.0275x + 0.0055

0.0965 x> + 1.1010x + 0.0020

04

0.5
XAn

0.6 0.7

0.8 0.9

1

Holland and Powell Calculations of

Activity of Albite
(P=1000 bars)

First Second Third Fourth
Term Term Term Term Constant
a (x) b (x3) c(x?) d(x) e
@600 y=-3.5001x*+92916x3- 79803 x> +3.2131x - 0.0209
*750 y=-29162x*+74271 x3 - 6.0868 x> +2.5805x - 0.0068
800 y=-2.6964x*+6.7679 x> - 54531 x> +23791x - 0.0021
4850 y=-2.3633x* +59374x3-4.7700x> +2.1889x + 0.0016
X900 y=-2.0998x* +52671 x*- 4.2022x> +2.0219x + 0.0070
%950 y=-18036x* +4.5145%x%- 3.5757x> +1.8506x + 0.0073
1000 y=-1.4383 x* +3.7083 x*- 29978 x> + 1.7091x + 0.0114
+1050 y=-1.0759 x* +2.8410x3- 2.3123 x> +1.5207x + 0.0186
- 1100 y=-1.0432x* +2.7186 x*- 2.1762 x> + 1.4706x + 0.0214
—1200 y=-0.5331x* +1.6097 x*- 14052 x> +1.3037x + 0.0179
¢ 1250 y= -0.1578 x* + 0.8460 x>- 0.9280x> +1.2217x + 0.0132
1350 y= 04775x* - 04777 x3- 0.0594 x> +1.0397x + 0.0170
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
XAb
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Figure B2 . .
Calculations for Anorthite Terms
4 -
An First Term (ax*) 2 | AnSecond Term (bx’) 4 | AnThird Term (ex?) 2 AnFourth Term (dx)
| | 15
" : g ? \W—C"‘
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5 10 Calculations for Albite Terms
|AbFirst Term (ax?) 4 AbSecond Term (bx’) | | Ab Third Term (ex?) 4 Ab Fourth Term (dx)
0 6 27 39
1 o
— = =
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Anorthite: Equations for fitted terms (a, b, ¢, d, and e)
a = -1.069600 - 10" - T* + 4.945054 - 10 - T3 - 8.207491 - 107 - T>+ 5.275448 - 10> - T - 7.914622
b = 2.194410 - 10" - T°> - 1.062980-10° - T* +2.003170 - 10° - T>- 1.827160 - 103 - T>+0.811309 - T*> - 146.951
c = -2443527 - 10" - T® + 1.318528 - 102 - T° - 2.899588 - 10° - T* +3.337718 - 10° - T?- 2.140832- 103 - T?> + 0.734541 - T - 104.25573
d = 9.642821 - 107 - T® - 5.482202- 10" - T° +1.280331 - 10° - T*- 1.576130 - 10° - T? + 1.084872- 103 -
e = -6.798238 - 10°'® - T® + 4.008407 - 10 - T°> - 9724370 - 10" - T*+ 1.242399 - 107 - T?® - 8.824071 - 107 -

Albite Equations for fitted terms (a, b, ¢, d, and e)

a = 3.118520 - 10" - T*- 1.241560 - 107 - T* + 1.816640 -
b = -6.683324 - 10" - T*+2.646820 - 107 - T° - 3.813719-
c = 4556072 - 10" - T* - 1.790463 - 107 - T3 + 2.520315 -
d = -1.038026 - 10" - T*+4.046137 - 10® - T° - 5510837 -
e = 3.664241 - 1077 - T® -2.106807 - 10" - T° +4.975989

10+
10+
10
10°

. 10-10

- T2-0.110128 - T + 19.960
- T24+2230349 - T - 35.75847
- T2-1.390206 - T + 1747942
- T2 +2.766904 - 102 - T -94.65208

- T* -6.178773 - 107 -
+4.252932 - 10+

T3
-T? -0.1537074 - T +22.74359



Residual
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