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ABSTRACT

PTMAFIC (v. 2.0) is a program for compatible personal computers with minimum hardware requirements, that can be used in thermometric and barometric calculations by petrologists concerned with the determination of P-T paths in mafic and ultramafic rocks. The program creates ASCII files of normalized chemical analyses of amphiboles, garnet, epidote, ilmenite, muscovite, pyroxenes (ortho- and clinopyroxene), olivine, plagioclase and spinel. The program carries out a wide range of stoichiometric and thermodynamic calculations on these minerals, such as cation site-allocations at the different structural positions, the obtaining of molar fractions and mole percent of the end-member terms, and the application of different thermodynamic models for calculation of activity coefficients and activities. The program contains calibrations published for 13 geothermometers and 12 geobarometers applicable to mafic and ultramafic rocks that cover metamorphic conditions, ranging from granulite and eclogite facies to green-schist facies.
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INTRODUCTION

Reconstruction of the P-T-t path followed by crustal rocks during orogeny requires recognition of the mineral parageneses from which we can deduce the temperature and pressure conditions that prevailed during their growth. The P-T conditions can be calculated using different geothermometers and geobarometers, each of which usually has several experimental or empirical calibrations (e.g. compilation by Essene, 1982, 1989). The calculation of each geothermometer or geobarometer is normally a laborious process because of the length and complexity of the algebraic expressions used. Together with the numerous modifications available for the thermometers and barometers, this means that comparison between different calibrations is difficult.


A program containing the different published geothermometers and geobarometers allows the petrologist working with metamorphosed mafic and ultramafic rocks, to quickly and accurately evaluate the formation conditions of the assemblages and the agreement among the different calibrations and with his petrological observations, and therefore plan future associated lines of research. The software presented in this paper has been designed with this aim in view. PTMAFIC incorporates the geothermometers and geobarometers applicable to mafic and ultramafic systems, at conditions ranging from granulite and eclogite facies to green-schists, together with the different calibrations published up to the end of 1991. The thermodynamic and compositional calculations carried out by the program for each mineral during the geothermobarometric routines can be recovered by the operator in a specifically designed PTMAFIC option.


The version of PTMAFIC is a modification of an earlier version (Soto, 1993). The main modification is the introduction of a database containing a list of the normalized chemical analyses most frequently used by program operators. This expansion of the program reduces operation time for the user, who can now, thanks to the built chemical database, repeat any thermobarometric calculation or quickly combine different geothermometers and geobarometers in the same analyses. Other minor changes in this version are described below in the different applications of the program.

GENERAL ORGANIZATION OF THE PROGRAM

PTMAFIC version 2.0 has been developed for IBM and PC computers running under MSDOS (version 3.0 and higher) and DRDOS operating systems. It can be run with no difficulty in DOS sessions under Windows interface or OS/2 system operating. The program requires a minimum of 640 Kb RAM, CGA or higher video card (EGA; VGA, SuperVGA), color or monochrome screen, and microprocessor of the 80086 family (80286, 80386, 80486). Hard disk program installation requires at least 500 Kb free space, although it can also be run from a 3.5 in. floppy diskette.


The program was mainly written using Turbo Basic v. 1.0 (copyright © 1987 by Borland International, Inc.), with some modules developed in assemblage language.


When PTMAFIC v. 2.0 is booted, an initial screen appears with references to the program name, its main function, version number, authors and mailing address of the principal author. Pressing ENTER twice introduces the operator to a typical user interface with pull-down menus (e.g. Fig. 1), where all the program functions are available (Fig. 2). Movement around the options is by the cursor arrows (left, right, up, down) and the selected option is highlighted in inverse video. The chosen option is activated by pressing the ENTER key, and in some cases further pull-down menus appear. The ESCAPE key returns the user to the main menu.


The operator must enter the composition of the minerals by normalized chemical analyses for the program to carry out any calculation. The elements required for each mineral are collected in Table 1. Mineral data are entered using dialog boxes containing different edit lines (e.g. Fig. 3). Data introduction is concluded by pressing the "OK" button in the lower righthand part of the dialog box. The data on screen are stored for later use in the calculation routines.


The program presents the results in one or several output screens. Pushing any key twice moves to the next result screen or, when required, returns the user to the menu interface. Printouts of the results can be obtained by screen dump using the PRINT SCREEN key, although a memory resident screen grabber can also be used to store the results on disk. Figs. 4 and 5 show some examples of calculations obtained using PTMAFIC (v.2.0).


If the parameters are not correctly entered, the program will not be able to process the appropriate calculation algorithm. In these cases, a warning message appears indicating the type of error and the line on which it occurred.


One of the new features of version 2.0 of PTMAFIC is a sequential ASCII file called PTMAFIC.CFG. This file stores 20 samples of each of the 10 minerals used by the program (amphibole, clinopyroxene, epidote, garnet, ilmenite, muscovite, olivine, orthopyroxene, plagioclase, and spinel) and acts as a modifiable database. The composition defining each of the minerals stored in this database can be recalled while inside the program without having to key them in each time they are needed. The most usual minerals are thus permanently stored. These samples can be modified in two ways: by modifying the PTMAFIC.CFG file or by using the "INTRO MINERALS" option in the Main Menu (Fig. 2), in which case the changes have to be saved when leaving PTMAFIC. When the "QUIT" option is chosen from the Main Menu the program asks the user whether to save the alterations to the database. The database can also be modified by editing PTMAFIC:CFG using any text editor, as long as the structure of the file is maintained. The file consists of 200 lines (20 samples for each of the 10 minerals) grouped in blocks of minerals. Each line defines a mineral sample, should begin with an alphanumeric chain of not more than 12 characters describing the name of the sample (descriptive name), followed by the cation-contents of each mineral, according to the order shown in Table 1.

OPTIONS OF THE PROGRAM

The program consists of four basic operations (Main menu, Geothermometers, Geobarometers and Activities; Fig. 1), each of which has a pull-down menu containing the different options for that operation (Fig. 2). The options are described below, with particular attention to those including the calculation routines. A set of three appendices containing the set of formulae used by the program for the calculation of stoichiometric and thermodynamic parameters by minerals (Appendix 1) and the calibrations of the geothermometers (Appendix 2) and geobarometers (Appendix 3) used, are available on the ftp network of the magazine.

Main Menu


The five operations in this first menu of the program are:

"INTRO MINERALS": On choosing this option another pull-down menu is displayed

containing the 10 minerals used by the program (amphibole, clinopyroxene, epidote, garnet, ilmenite, muscovite, olivine, orthopyroxene, plagioclase, spinel). The option is used to store the minerals most frequently used in thermobarometric calculations. The data entered in this option can be permanently stored in the PTMAFIC.CFG file (see the "QUIT" option in the Main Menu).

"MONO SCREEN": This option modifies the program colors to simulate a black and white monitor. It is useful for users without color screens.

"COLOR SCREEN": This option provides a color configuration of the program. If the

monitor in use is monochrome, the different colors will be seen as shades of grey.

"SHELL": Allows temporary exit to the operating system. This is useful when we want to perform file management operations (copy, move, delete), enter a text editor, start up a resident program, etc. It is advisable not to abuse this option by entering very large programs during the temporary exit from PTMAFIC. Typing "exit" at the command line of the operating system and pressing INTRO returns the operator to PTMAFIC.

"QUIT": Terminates the PTMAFIC work session. Before exiting, the program inquires if this is the desired option and if the changes to the mineral database are to be saved on disc. If the answer is affirmative, the PTMAFIC.CFG file will be replaced by the updated database.

Activities menu

This menu allows the operator to obtain, for each of the eight most petrologically significant minerals used in PTMAFIC (Fig. 2), the distribution of the cations at the different sites following the proposed models of cation-site assignments, mole fractions at the different sites (Xi), mole percent of the end-members, Margules parameters (W), activity coefficients (g) and thermodynamic activities (a) according to different models of activity-composition relations for mineral solid solutions (e.g. ideal vs. non-ideal solid solutions). The algebraic expressions of all the calculations carried out by the program in this menu are given in Appendix 1. Taking the two types of pyroxenes as one, the seven minerals shown on the menu are:

Amphibole:

Using the cation content entered which can come from any normalization procedures of amphibole formulae (Robinson and others, 1982; Hawthorne, 1983), a normal cation site-distribution is carried out at the positions of tetrahedral (T1 and T2 sites) and octahedral (M1-M3, M2 and M4 sites) coordination, and at the coordination site surrounded by twelve oxygen atoms (A site) (Table 2). The calculation of the cation-site allocations is carried out following the crystal-chemical model of Holland and Richardson (1979) and Hawthorne (1983), as shown in Table 3. The calculated molar fractions are those of the glaucophane end-member and the Fe2+ and Mg contents (XGln, XFe2+ and XMg respectively). The activities of the Gln, Tr, Ed, Hbl, Prg, Fe-Prg, Fe-Act, Ts and Fe-Ts end-members (abbreviations by Kretz, 1983) are calculated following the models of Holland and Richardson (1979), Trzcienski, Carmichael, and Helnstaedt (1984), Triboulet and Audren (1988), and Kohn and Spear (1990). The distribution coefficients of the following T-and P-dependent reactions involving different amphibole end-members are calculated:

Ed+4 Qtz = Tr+Ab

25 Gln+6 Zo+7 Qtz+14 H2O = 6 Tr+50 Ab+9 Chl

(Holland and Richardson, 1979), and

25 MgHbl+13 Ab+22 H2O = 13 Ed+12 Zo+7 Chl+66 Qtz

(Triboulet and Audren, 1988).

Garnet:

Together with the molar fractions of the Alm, Grs, Pyr and Sps components, the activity coefficients and activities of these end-members are also shown, according to the models by Ganguly and Perkins (1974); Perkins (1979); Hodges and Spear (1982); Newton and Perkins (1982); Saxena and Erikson (1983) with the modifications by Paria, Bhattacharya, and Sen (1988); Ganguly and Saxena (1984) with the modifications by Perkins and Chipera (1985a, 1985b); Moecher, Essene, and Aranovitz (1988). Fig. 4 shows an output screen with the results calculated by the program for a garnet sample.

Olivine:

After calculation of the molar fractions of the Fo and Fa components, the activities and activity coefficients of both end-members are shown, according to models of ideal-mixing between both end-members (Engi, 1980) or of non-ideal solid solutions (O'Neill and Wood, 1979; Wood and Kleppa, 1981, with modifications by Ghiorso and others, 1983).

Ilmenite:

For this mineral the program calculates the molar fractions of the Ca, Fe2+, Mn and Mg cations, as well as the activity of the Fe2+-rich end-member.

Plagioclase:

Apart from obtaining the molar fractions of Ab, An and Or, the activities and activity coefficients of both plagioclase end-members are calculated using ideal-mixing in the solid solution (models of Orville, 1972; Kerrick and Darken, 1975) or non-ideal mixing behaviour (models of Newton, Charlu, and Kleppa, 1980; Newton, 1983; with the modifications by Perkins and Chipera, 1985a, 1985b, and Paria, Bhattacharya, and Sen, 1988; and Hodges and Royden, 1984).

Pyroxenes (Orthopyroxene and Clinopyroxene):

For this mineral the program requires the analysis to be normalized to 6(O) and carries out a cation site-assignment according to the procedure of Wood and Banno (1973) and Morimoto and others (1989) (Table 4), with proportional distribution of Fe2+ and Mg at the M1 and M2 octahedral sites. After the cation site-distributions, calculation is made of the molar fractions of Alvi at the M1 site, Fe2+ and Mg at the M1 and M2 sites, and also the mole percent of the pyroxene end-members (Jd, Hy, Wo; Jd, Ae, Aug; Jd, Ae, Q and Wo, En, Fs) according to the procedures of Hawthorne and Collerson (1974), Hills and Haggerty (1989), Morimoto and others (1989), El-Shazly, Coleman, and Liou (1990). Finally the program provides the user with the activity coefficients and activities of the En, Di, Fs, Hd, Jd, Ca-Ts, and Mg-Ts end-members according to the models by Wood and Banno (1973), Herzberg and Chapman (1976), Holland (1979, 1980), Gasparik and Newton (1984), Chatterjee and Terhart (1985), Moecher, Essene, and Anovitz (1988), and El-Shazly, Coleman, and Liou (1990).

Spinel:

Cation distribution is carried out at the Y octahedral positions, which are exclusively occupied by trivalent elements (Altot, Fe3+ and Cr), and at the X tetrahedral positions, occupied by divalent elements (Fe2+, Mg, Mn and Zn). This cation-assignment is used to calculate the molar fractions per elements and sites. PTMAFIC also provides the user with Margules parameters, activity coefficients and activities of magnesium-chromium spinel and magnesium-aluminium spinel, according to the models by Herzberg and Chapman (1976), and Chatterjee and Terhart (1985).

Geothermometers menu


In this pull-down menu the geothermometers included in PTMAFIC are grouped according to index minerals, in alphabetical order (Fig. 2). Each option of the submenus (e.g. Fig. 1) leads to a geothermometer with its calibrations, although in the case of the geothermometers with clinopyroxene or orthopyroxene and olivine the one option also offers the possibility of selecting a geothermometer with or without spinel (indicated by the symbol "±" in the pull-down submenu). A total of 13 geothermometers are included in this version of the program, for which up to 10 different calibrations have been entered. The results window (or windows) for each geothermometer shows the operator the different temperatures and equilibrium constants of the different computed calibrations, ordered by year of publication of the calibration. Since some calibrations require an equilibrium pressure, which the operator must enter in the data-entry menu, these result-menus also show this datum. Appendix 2 shows the set of formulae for the geothermometers included in PTMAFIC. These geothermometers are listed below in alphabetical order, together with a brief description of the calibrations included:

Amphibole-Garnet:

Based on the Fe2+-Mg exchange between the two phases, the empirical calibrations of Graham and Powell (1984) and Perchuk and others (1985) are included.

Amphibole-Plagioclase:

According to the Na Si = Ca Al exchange for instance in equilibria such as:

Ed + Qtz = Tr + Ab

NaCa2Mg5AlSi7O22(OH)2 + 4 SiO2 = Ca2Mg5Si8O22(OH)22 + NaAlSi3O8 

Ab + Ed + Cum = Tr + Gln

23 NaAlSi3O8 + 5 NaCa2Mg5AlSi7O22(OH)2 + 6 Mg7Si8O22(OH)2+ 8 H2O =

 5 Ca2Mg5Si8O22(OH)22 + 14 Na2Mg3Al2Si8O22(OH)2 

Prg + Qtz = Hbl + Ab

NaCa2Mg4Al3Si6O22(OH)2 + 4 SiO2 = Ca2Mg4Al2Si7O22(OH)22 + NaAlSi3O8 

Gln - Ca-Ts = Pl

Na2Mg3Al2Si8O22(OH)2 - Ca2Mg3Al4Si6O22(OH)2 =  2 (NaAlSi3O8 - CaAlSi3O8)
The program contains the empirical calibrations of Spear (1980) and Fershtater (1991), the experimental calibration of Plyusnina (1982), and the mixed calibration by Blundy and Holland (1990).

Clinopyroxene-Garnet:

Based on the Fe2+-Mg exchange between the two phases. The program contains the experimental calibrations by Råheim and Green (1974), Ellis and Green (1979), and Pattison and Newton (1989); the empirical calibrations by Mysen and Heier (1972), Mori and Green (1978), and Dahl (1980); the mixed calibrations by Ganguly (1979), Powell (1985), Krogh (1988) and Sengupta and others (1989).

Clinopyroxene-Olivine:

Based on the following Fe2+-Mg exchange reaction:

Ol (Fo) + Hd = Ol (Fa) + Di

2 CaMgSi2O6 + Fe2SiO4 = 2 CaFeSi2O6 + Mg2SiO4 

calibration by Powell and Powell (1974).

Clinopyroxene-Olivine-Spinel:

According to the equilibrium:

 Di + Spl = Ca-Ts + Ol (Fo)

CaMgSi2O6 + MgAl2Si2O6 = CaAl2SiO6 + Mg2SiO4 

experimentally calibrated by Herzberg and Chapman (1976) for 12 kbar and 16 kbar pressures.

Clinopyroxene-Orthopyroxene (two-pyroxenes geothermometer):

Based on the miscibility gap and the distribution of Ca and Na between both pyroxenes. PTMAFIC contains the empirical calibrations of Wood and Banno (1973), experimental calibrations by Nehru and Wyllie (1974) for 30 kbar and Herzberg and Chapman (1976) for 12 kbar and 16 kbar, and mixed calibrations by Wells (1977), Bertrand and Mercier (1985/86) and Brey and Köhler (1990).

Garnet-Ilmenite:

Based on the Fe2+-Mn exchange between the two minerals. The program includes the experimental calibrations of Kress, Bohlen, and Lindsley (1985), and Pownceby, Wall, and O'Neill (1987a, 1987b, 1991).

Alm + Pyro-phanite = Sps + Ilm

1/3 Fe3Al2Si3O12 + MnTiO3 = 1/3 Mn3Al2Si3O12 + FeTiO3 

Garnet-Muscovite:

Based on the exchange between Grt and Ms of Fe2+ and Mg. The program contains the experimental calibration of Krogh and Råheim (1978), the empirical calibration by Hynes and Forest (1988), which uses different activity models for the Grt (Hodges and spear, 1982; Ganguly and Saxena, 1984; Hoinkes, 1986) for cases of non-ideal phase mixing, and the mixed calibration by Green and Hellman (1982) for basaltic and pelitic compositions, which, in the latter case, corrects the thermometer according to the Ca content of the Grt.

Garnet-Orthopyroxene:

Based on the Fe2+-Mg exchange between both phases. The program includes the empirical calibrations of Wood and Banno (1973), Dahl (1980) and Sen and Bhattacharya (1984), and the experimental calibration by Harley (1984).

Olivine-Spinel:

Based on the Fe2+-Mg exchange between the two minerals. The program uses the empirical calibrations of Fabriès (1979) and Roeder, Campbell and Jamieson (1979), and the experimental calibration by Ballhaus, Berry and Green (1991a, 1991b).

Orthopyroxene:

Based on the solubility of Ca-Al and Cr-Al in the pyroxene. The program uses the empirical calibrations of Witt-Eickschen and Seck (1991) and the semiempirical calibration by Brey and Köhler (1990).

Orthopyroxene-Olivine:

Based on the Ni-Mg distribution between the two phases. The program includes the experimental calibrations of this exchange by Berger and Vannier (1978) and Povdin (1988).

Ol (Fo) + Ni-rich Spl = Ni-rich Ol + Spl

1/2 Mg2SiO4 + NiSiO3= 1/2 Ni2SiO4 + MgSiO3 

Orthopyroxene-Olivine-Spinel:

Based on the exchange of Mg and Al between phases in equilibrium such as:

En + Sp = Mg-Ts + Ol (Fo)

2 MgSiO3 + MgAl2O4 = MgAl2SiO6 + Mg2SiO4 

Experimentally calibrated by Fujii (1976), and empirically by Gasparik and Newton (1984) and Witt-Eickschen and Seck (1991).

Geobarometers menu


As in the geothermometer menu, this menu distributes the geobarometers according to the constituent minerals in alphabetical order (Fig. 2). This version of the program contains 12 barometers, some of which have up to 7 different calibrations. An example of a results window of one geobarometer is shown in Fig. 5. All the algebraic expressions of the different geobarometers in the program are presented in Appendix 3. The geobarometers in the program and their calibrations are briefly described below.

Al-in-Amphibole:

Based on the Al-content in amphibole. Quantification of the effect of pressure on this content was also carried out empirically by Hammarstrom and Zen (1986) and Hollister and others (1987) and experimentally by Johnson and Rutherford (1989).

Amphibole-Chlorite-Epidote-Plagioclase:

The Fe3+-Mg exchange between amphibole and epidote coexisting with chlorite and plagioclase,

Gln + Ep = Mg-Rbk + Cl-Zo

1/2 Na2Mg3Al2Si8O22(OH)2 + 1/2 Ca2Fe2AlSi3O12(OH) = 

1/2 Na2Mg3Fe2Si8O22(OH)2 + 1/2 Ca2Al3Si3O12(OH) 

has been proposed to be a fairly confident barometer and thermometer in green-schist facies metamorphism. Calibration of this thermobarometer was carried out empirically by Maruyama, Wo and Liu (1986).

Amphibole-Garnet-Plagioclase-Quartz:

Based on the empirical calibration of the reactions:

An + Ab + Fe-Act = Grs + Alm + Fe-Prg + Qtz 
(Fe-end member reactions)

6 CaAlSi3O8+ 3 NaAlSi3O8 + 3 Ca2Fe5Si8O22(OH)22 = 

3 Ca3Al2Si3O12 + Fe3Al2Si3O12+ 3 NaCa2Fe4Al3Si6O22(OH)22 + 18 SiO2 

An + Fe-Act = Grs + Alm + Fe-Ts + Qtz

6 CaAlSi3O8+ 3 Ca2Fe5Si8O22(OH)22 = 

2 Ca3Al2Si3O12 + Fe3Al2Si3O12+ 3 Ca2Fe4Al2Si7O22(OH)22 + 18 SiO2

An + Ab + Tr = Grs + Prp + Prg + Qtz 

(Mg-end member reactions)

6 CaAlSi3O8+ 3 NaAlSi3O8 + 3 Ca2Mg5Si8O22(OH)22 = 

3 Ca3Al2Si3O12 + Mg3Al2Si3O12+ 3 NaCa2Mg4Al3Si6O22(OH)22 + 18 SiO2 

An + Tr = Grs + Prp + Prg + Ts + Qtz

6 CaAlSi3O8+ 3 Ca2Mg5Si8O22(OH)22 = 

2 Ca3Al2Si3O12 + Mg3Al2Si3O12+ 3 Ca2Mg4Al2Si7O22(OH)22 + 6 SiO2

by Kohn and Spear (1989, 1990). Fig. 5 shows an example of the presentation of results from this geobarometer.

Clinopyroxene-Plagioclase-Quartz:

Based on the equilibrium:

An = Ca-Ts + Qtz

CaAlSi3O8 = CaAl2SiO6+ SiO2 

proposed as an empirical geobarometer by Ellis (1980).

Garnet-Clinopyroxene-Orthopyroxene-Plagioclase-Quartz:

Uses the empirical calibration of the reactions:

Alm + Hd + Qtz = Fs + Pl

(Fe-end member reaction)

Fe3Al2Si3O12 + CaFeSi2O6 + SiO2 = 2 Fe2Si2O6+ CaAl2Si2 O8 

Prp + Di + Qtz = En + Pl

(Mg-end member reaction)

Mg3Al2Si3O12 + CaMgSi2O6 + SiO2 =  2 Mg2Si2O6+ CaAl2Si2O8 

by Paria, Bhattacharya, and Sen (1988)

Garnet-Clinopyroxene-Plagioclase-Quartz:

Based on the equilibria:

An + Hd = Grs + Alm+ Qtz

(Fe-end member reactions)

3 CaAl2Si2O8  + 3 CaFeSi2O6 =  2 Ca3Al2Si3O12 + Fe3Al2Si3O12 + SiO 2 

An + Fs = Grs + Alm+ Qtz

3 CaAl2Si2O8  + 3 FeSiO3 =  Ca3Al2Si3O12 +  2 Fe3Al2Si3O12 + 3 SiO 2 

An + Di = Grs + Prp + Qtz

(Mg-end member reaction)

3 CaAl2Si2O8  + 3 CaMgSi2O6 =  2 Ca3Al2Si3O12 + Mg3Al2Si3O12 + SiO 2 

with empirical calibrations by Perkins and Newton (1981), Newton and Perkins (1982), Moecher, Essene, and Anovitz (1988), and Powell and Holland (1988); semiempirical calibration by Eckert, Newton, and Kleppa (1991).

Garnet-Olivine-Plagioclase:

Uses the experimental calibration of the reaction:

Ol (Fa) + Pl = Grs + Alm

Fe2SiO4 + CaAl2Si2O8 = Ca3Al2Si3O12 + Fe3Al2Si3O12  (non-balanced reaction) 

proposed by Green and Hibberson (1970), Bohlen, Wall, and Boettcher (1983).

Garnet-Orthopyroxene:

Based on the Al content, and occasionally the Cr content, of the orthopyroxene coexisting with garnet, according to the equilibrium:

En + Mg-Ts molecule in Opx = Prp

Mg2Si2O6  + MgAl2SiO6 =  Mg3Al2Si3O12 

empirically calibrated by Nickel and Green (1985) and Brey, Nickel, and Kogarko (1986); and semiempirically calibrated by Brey and Köhler (1990).

Garnet-Orthopyroxene-Plagioclase-Quartz:

According to the reactions:

An + Fs = Grs + Alm + Qtz

(Fe-end member reaction)

3 CaAl2Si2O8  + 3 Fe2Si2O6 =  Ca3Al2Si3O12 + 2 Fe3Al2Si3O12 + 3 SiO 2 

An + En = Grs + Pyr + Qtz

(Mg-end member reaction)

3 CaAl2Si2O8  + 3 Mg2Si2O6 =  Ca3Al2Si3O12 + 2 Mg3Al2Si3O12 + 3 SiO 2 

with empirical calibrations by Perkins and Newton (1981), Newton and Perkins (1982), and Powell and Holland (1988); experimental calibration by Bohlen, Wall, and Boettcher (1983); semiempirical calibrations by Perkins and Chipera (1985a, 1985b), Moecher, Essene, and Anovitz (1988), and Eckert, Newton, and Kleppa (1991).

Garnet-Rutile-Ilmenite-Quartz:

Uses the equilibrium:

Grt (Alm2 Grs1) + Rt = Ilm + An + Qtz

CaFe2Al2Si3O12  + 2 TiO2 =  2 FeTiO3 + CaAl2Si2O8 + SiO 2 

(also known as GRIPS), experimental calibration of Bohlen and Liotta (1986).

Jadeite-content in  Clinopyroxene:
Based on the experimental calibration of the end-member reaction:

Jd + Qtz = Ab

NaAlSi2O6  + SiO2 =  NaAlSi3O8
realized by Holland (1979, 1980, 1983) for ordered and disordered entropy of mixing of omphacite in clinopyroxene.

Phengite:

Based on the Si-content of the phengite coexistent with the assemblage:

Qtz/Coes + Tlc + Ky

The program contains the experimental calibrations carried out by Massone and Schreyer (1987, 1989).

PROGRAM AVAILABILITY

The compiled version of PTMAFIC (v.2.0), together with several text files containing a summary of the user instructions (README.TXT) and a list of the bibliographical references appearing in the result screens (REFEREN.TXT) are distributed by the authors on non-protected 3.5 in. floppy diskette. The program is available from J.I. Soto at: Departamento de Geodinámica, Facultad de Ciencias, Universidad de Granada, Av. Fuentenueva s/n, 18071 - Granada (Spain) [Tel: 34-58-243341 and Fax: 34-58-243352 or 34-58-243384]. As no financial support is provided for distribution of the program or printing of the accompanying information, PTMAFIC (v.2.0) has a price of U.S.$ 50.00. New users of the program are kindly asked to send a money order for this amount, including name and complete address for shipping. Users of the previous version of PTMAFIC who wish to acquire the revised version should send a money order for U.S.$ 20.00. Blank diskettes should not be sent to the authors in either case, to avoid computer virus problems.
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