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Appendix 1. Calculations done by PTMAFIC (2.0) in the "Activitites" menu

Amphibole:
Molar Fractions:
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B Holland and Richardson (1979), Trzcienski, Carmichael, and Helmstaedt (1984), Triboulet and Audren (1988),
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B Kohn and Spear (1989, 1990)
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Amphibole-equilibria distribution coefficients
B Holland and Richardson (1979)
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B Triboulet and Audren (1988)
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Garnet
Molar Fractions:
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End-member activities

note: all the garnet activity models are calculated only  if T≠0ºC.
B Ganguly and Perkins (1974)
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B Perkins (1979)
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B Hodges and Spear (1982)
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B Newton and Perkins (1982)
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B Saxena and Erikson (1983), modificated by Paria, Bhattacharya, and Sen (1988)
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B Ganguly and Saxena (1984), modificated by Perkins and Chipera (1985a, 1985b)
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B Ganguly and Saxena (1984), modficated by Moecher, Essene, and Anovitz (1988)
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Ilmenite:
Molar Fractions
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End-member activities
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Olivine:
Molar Fractions
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End-member activities
B Engi (1980)
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note: this model is valid only for T<727ºC

B O'Neill and Wood (1979)
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note: this model is calculated only if  T≠ 0ºC.
B Wood and Kleppa (1981), modificated by Ghiorso and others (1983)
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note: this model is calculated only if  T≠ 0ºC.
Plagioclase
Molar Fractions:
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End-member activities

note: Pl-activities in where T in considered, are calculated only when T≠0ºC.
B Orville (1972)
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B Kerrick and Darken (1975)
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note: ideal activities in this model.

B Newton, Charlu, and Kleppa (1980)
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B Newton (1983), modificated by Perkins and Chipera (1985a, 1985b)
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B Hodges and Royden (1984)
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B Newton (1983), modificated by Paria, Bhattacharya, and Sen (1988) for T>700ºC
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Pyroxenes (Ortho- and Clino-):
Molar Fractions
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Pyroxene end-members (in %)
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End-member activities
BWood and Banno (1973)
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BHerzberg and Chapman (1976)
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B Holland (1979, 1980, 1983)
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B Gasparik and Newton (1984)
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B Chatterjee and Terhart (1985)
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note: if  T= 0ºC or P=0 kbar then T=600ºC and P= 5 kbar.

B Moecher, Essene, and Anovitz (1988)
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B El-Shazly, Coleman, and Liou (1990)
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Spinel:
Molar Fractions
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End-member activities
B Herzberg and Chapman (1976)
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B Chatterjee and Terhart (1985)
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note: if  T= 0ºC then T=900ºC.

Appendix 2. Calculations done by PTMAFIC (2.0) in the "Geothermometers" menu

Amphibole-Garnet
B Graham and Powell (1984)
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B Perchuk and others (1985)
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Amphibole-Plagioclase
B Spear (1980)


 INCRUSTAR Word.Picture.8  




(graphical solution)

B Plyusnina (1982)
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(graphical solution)

B Blundy and Holland (1990)
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• if XAb < 0 then:
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• if XAb ≥ 0 then:
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B Fershtater (1991)
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(graphical solution)

Clinopyroxene-Garnet
B Mysen and Heier (1972)
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B Råheim and Green (1974)
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B Mori and Green (1978)
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B Ellis and Green (1979)
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B Ganguly (1979)
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B Dahl (1980)
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B Powell (1985)
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B Krogh (1988)
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B Pattison and Newton (1989)
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note: A, B, C, D, AP, BP, CP, and DP are constant values as a function of the XGrs of the garnet (see paper for values).

B Sengupta and others (1989)
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Clinopyroxene-Olivine

B Powell and Powell (1974)
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Clinopyroxene-Olivine-Spinel
B Herzberg and Chapman (1976)
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• for P=12 kbar
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• for P= 16 kbar
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Clinopyroxene-Orthopyroxene
B Wood and Banno (1973)
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B Nehru and Wyllie (1974)
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at 30 kbar

B Herzberg and Chapman (1976)
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at 12 kbar
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at 16 kbar

B Wells (1977)
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B Bertrand and Mercier (1985/86)


• Single Clinopyroxene thermometer
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• Two pyroxenes thermometer
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B Brey and Köhler (1990)


• for Ca-partitioning:
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• for Na-partitioning:
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note: if Na-in clinopyroxene is minor than 0.0 then the T in this calibration is set equal to zero.

Garnet-Ilmenite:
B Kress, Bohlen, and Lindsley (1985)
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(graphical solution)

B Pownceby, Wall, and O'Neill (1987a, 1987b)
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B Pownceby, Wall, and O'Neill (1991)
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Garnet-Muscovite:
B Krogh and Råheim (1978)
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B Green and Hellman (1982)


• for pelitic composition:


with MgMs# < 0.6 (low-Ca system)
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with MgMs# ≥ 0.6 (high-Ca system)
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• for basaltic composition:
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B Hynes and Forest (1988)
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• considering ideal mixing
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• non-ideal mixing behaviour: Garnet-model of Hodges and Spear (1982)
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• non-ideal mixing behaviour: Garnet-model of Ganguly and Saxena (1984)
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• non-ideal mixing behaviour: Garnet-model of Hoinkes (1986)
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Garnet-Orthopyroxene:
B Wood and Banno (1973)
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note: V is a constant value as a function of the %AlM1vi of the pyroxene (see paper for values). This eq. is derived from eq. (17) of this paper (p. 114, op. cit.).

B Dahl (1980)
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B Harley (1984)
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 Sen and Bhattacharya (1984)


 INCRUSTAR Word.Picture.8  

 

Olivine-Spinel:
B Fabriès (1979)


 INCRUSTAR Word.Picture.8  



 INCRUSTAR Word.Picture.8  




B Roeder, Campbell, and Jamieson (1979)
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B Ballhaus, Berry, and Green. (1991a, 1991b)


 INCRUSTAR Word.Picture.8  



 INCRUSTAR Word.Picture.8  


Orthopyroxene:
B Brey and Köhler (1990)
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note: this calibration is calculated only when CaOpxtot ≠ 0

B Eickschen and Seck (1991)
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Orthopyroxene-Olivine:
B Berger and Vannier (1978)
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B Povdin (1988)
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• maximum temperature:
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• minimum temperature:
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note: both calibrations are calculated only when the Ni-content in the Olivine and Orthopyroxene are not zero.

Orthopyroxene-Olivine-Spinel:
B Fujii (1976)
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B Gasparik and Newton (1984)
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B Witt-Eickschen and Seck (1991)
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note: this calibration is calculated only when MgAl-Spl≠0.

Appendix 3. Calculations done by PTMAFIC (2.0) in the "Geobarometers" menu

Al-content in Amphibole

B Hammarstrom and Zen (1986)
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B Hollister and others (1987)
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B Johnson and Ruhterford (1989)
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• Minimum pressure:
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• Maximum pressure:
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Amphibole-Epidote-Plagioclase-Chlorite
B Maruyama, Wo, and Liou (1986)
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(graphical solution)

Amphibole-Garnet-Plagioclase-Quartz
B Kohn and Spear (1989)


• Amphibole model 1-
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• Amphibole model 2-
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B Kohn and Spear (1990)
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note: the activity models for garnet are from Hodges and Spear (1982), and for anorthite is from Hodges and Royden (1984).

Clinopyroxene-Plagioclase-Quartz
B Ellis (1980)
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notes: this geobarometer is calculated only when aCa-Ts≠0. The activity model for Anorthite is from Newton, Charlu, and Kleppa (1980).

Garnet-Clinopyroxene-Orthopyroxene-Plagioclase-Quartz
B Paria, Bhattacharya, and Sen (1988)


• Fe-end member reaction
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• Mg-end member reaction
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notes: this geobarometer is calculated only when aCa-Ts≠0 or aFs-Opx≠0. The activity model for Anorthite and garnet are from Paria, Bhattacharya, and Sen (1988).

Garnet-Clinopyroxene-Plagioclase-Quartz
B Perkins and Newton (1981) and Newton and Perkins (1982)
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note: the activity models for garnet are from Newton and Perkins (1982), and for anorthite is from Newton, Charlu, and Kleppa (1980)

B Moecher, Essene, and Anovitz (1988)
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vs.

 INCRUSTAR Word.Picture.8  


(graphical solution)

note: the activity models for garnet are from Ganguly and Saxena (1984, modification of Moecher, Essene, and Anovitz, 1988), and for anorthite is from Newton, Charlu, and Kleppa (1980)

B Powell and Holland (1988)


 INCRUSTAR Word.Picture.8  



 INCRUSTAR Word.Picture.8  


note: the activity models for garnet are from Ganguly and Saxena (1984, modification of Moecher, Essene, and Anovitz, 1988), and for anorthite is from Newton, Charlu, and Kleppa (1980)

B Eckert, Newton, and Kleppa (1991)
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note: the activity models for garnet are from Newton and Perkins (1982), and for anorthite is from Kerrik and Darken (1975).

Garnet-Olivine-Plagioclase
B Bohlen, Wall, and Boettcher (1983)
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(graphical solution)

note: the activity models for garnet are from Perkins (1979), and for anorthite is from Newton, Charlu, and Kleppa (1980). cf. also experimental results by Green and Hibberton (1970).

Garnet-Orthopyroxene
note: all the calibrations of this geobarometer are calculated only when AlM1≠0.

B Nickel and Green (1985)
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• if 
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 then 
 INCRUSTAR Word.Picture.8  

 else 
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B Brey, Nickel, and Kogarko (1986)
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B Brey and Köhler (1990)
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Garnet-Orthopyroxene-Plagioclase-Quartz
B Perkins and Newton (1981) and Newton and Perkins (1982)
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note: the activity models for garnet are from Newton and Perkins (1982), and for anorthite is from Newton, Charlu, and Kleppa (1980).

B Bohlen, Wall, and Boettcher (1983)
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(graphical solution)

note: the activity models for garnet are from Perkins (1979), and for anorthite is from Newton, Charlu, and Kleppa (1980).

B Perkins and Chipera (1985)


• Mg-end member reaction
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• Fe-end member reaction
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note: the activity models for garnet are from Ganguly and Saxena (1984; modificated by  Perkins and Chipera, 1985), and for anorthite is from Newton (1983).

B Moecher, Essene, and Anovitz (1988)
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(graphical solution)

note: the activity models for garnet are from Ganguly and Saxena (1984; modificated by  Moecher, Essene, and Anovitz, 1988), and for anorthite is from Newton, Charlu, and Kleppa (1980).

B Powell and Holland (1988)
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B Eckert, Newton, and Kleppa (1991)
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note: the activity models for garnet are from Newton and Perkins (1982), and for anorthite is from Newton, Charlu, and Kleppa (1980).

Garnet-Rutile-Plagioclase-Ilmenite
B Bohlen and Liotta (1986)
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(graphical solution)

note: the activity models for garnet are from Ganguly and Saxena (1984; modificated by Moecher, Essene, and Anovitz, 1988), and for anorthite is from Newton, Charlu, and Kleppa (1980).

Jd-content in Clinopyroxene
B Holland (1979, 1980, 1983)
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for 100% mole content in Jd


• Ordered clinopyroxene
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• Disordered two-site solution clinopyroxene
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Si-content of phengite
B Massone and Schreyer (1987)





note: this formula has been deduced from the graphical solution of this geobarometer given by these authors (cf. Fig. 3, op. cit.). Approximate numerical solution. In any case, stoichiometric formula of muscovite must be done with 10 Ox.

B Massone and Schreyer (1989)


• assemblages with coesite:
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• assemblages with quartz:
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