PERPLE_X TUTORIALS

This set of 3 tutorials has been prepared to teach students how to use Pepfie make different

types of phase diagrams. This is the practical pad 80 hours advanced courssmat S NR f 2 3/
phase diagrams: principles and compugatir 8 ¢ LISNA2RAOIff& 2FFSNBR 0
Castelli and Chiara Groppo (Dept. of Earth Sciences, University of Torino, Italy).

All the calculations have been performed wierple_X version 8.1 (released on January4,
2022). Each tutorial consts of a pdf file with the commented dialogs and a folder containing all the
files produced during calculatioiihe perplex_option.dat file used for each calculatisprovided

in the corresponding folder

The exercises should be dosequentially, following the order indicated by the numbers. Most of
the prompts are, in factexplained only the first timéhey appear and comments are not repeated
later.

Topicsaddressed in the3exercises are as follows:

Understanding the differences between pregtions, chemographies and pseudosections

Ex 1: PT projection for the AISIGQ system Pag4
This exercise explains how to calculate-& Projection for the very simple, twc
components system S¥ALOs (quartz in excess), showing phase relations among

three aluminesilicate polymorphs. The influence of different thermodynar
databases on the position of the Afd£Sil triple point is also explored.

Ex 2: PT projection for the CMSH systemqo(solid solution¥ Pag.16
This exercise explains how to calcelat PT projection for the very simple CMS

system; the grid shosall the possible equilibria for this system in thd Pange 200

1000°C, 0.20 kbar.

Ex 3: Comgsition diagrams (chemographies) for the CMSH system Pag.30
This exercise explains how talculatecompositiondiagrams (i.e. chemographies) f
the RT projection of Ex. 2, at specifiedlReonditions.

Ex 4: PT pseudosection for the CMSH system &olid solution} Pag41l
This exercise explains how to calculate a very simple pseudosegtibimvolving

solid solutions. Combined with Ex. 2 and Ex. 3, this exercise is useful to unde

the difference between H projections and -H pseudosections.

Ex 5: TX(CQ) projections and pseudosections for the CMZ-CQ system fio Pag.54
solid slutions)

This exercise investigates prograde metamorphism of impure dolomites
limestones characterized by different amounts of Cal, Dol and Qtz. A cor
pressure of 1 kbar, typical of shallow level contact aureoles, is considered

exercise isuseful to understand the difference betweerX[CQ) projections and -T

X(CQ) pseudosections and allows you to bewe familiar with the use of #D-CQ

fluids.
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Working with solid solutions

Ex 6: TXMg section for the CaGIMgCQ system (solvus rakions)

This exercise explains how to calculatdvusrelationsin the system CaGIMgCQ.

In this system two miscibility gaps exist, and the phases on either side of the ga
calcite/dolomite, and dolomite/magnesite, respectively. The amounts of Mg@(
calcite in equilibriumwith dolomite, and that of CaG@n magnesite in equilibriun
with dolomite, change as a function of temperature, and can be usec
geothermometers. The effect of pressure on the -Dal and DeMag solvi is

investigated by caldating the same phase diagram at different pressures.

Ex 7: PT projection for the CaGMgCQ system using solid solutions

This exercise explains how to calculated projection for the CaGMIgCQ system,
using solid solutions (rather thamnd members only). Combined with Ex. 6, t
exercise provides the opportunity for understanding the relationships betw
iIsobaric FX sections and-P projections.

Pag.87

Pag.101

Working with solid solutiongn a more complex system

Ex 8:AFM chemographiesithe KFMASH system

¢tKAad SESNOA&S SELXLFIAya Kz2g G2 O t Od
metapelites in the KFMASH system. Opposite to Exsold solutionsare here
considered.The concept oCOMPONENT TRANSFORMAT#ONroduced in order
to createthe three new componentsMU =0.5 K20 + 1.5 AI2QBHL = 1.5 Mg®
0.5A1203 and ANN = 1.5 Fe0.5AI1203.

Ex9: P-T pseudosection for a METAPELITE in the KFMASH system

This exercise explains how to calculate-& pseudosection for a negpelite sample
in the simplified KFMASH system, usigid solutions The influence of othe
components (NgO, CaO and MnO) will be coresidd in the next exercise (Ex.)14t
the end, soméP?RACTICAL TIPS FOR REDRAiNNR&rpleX outputs are giveand
the comparison with the AFM chemographies calculated in Ex. 8 will be dbee
second part of this exercise explaimaw to calculate ISOMODES and compositior
ISOPLETHS

Ex10: P-T pseudosection for a METAPELITE in the MNNKCFMASH system
Thisexercise is intended to explore the influence of some minor componentgO(h
CaO and MnO) on the topology of the pseudosection calculated for the metaj
sample investigated in EX.The exercise also explainsw to calculate CUMULATIV
MODES ALONGG@EOTHERMAL GRADIENT

Ex 1: T-XMg pseudosection for a METAPELITE in the MNNKCFMASH system
This exercise is intended to explore the influence of bulk XMg [MgO/(MgO+Fe(
the stability fields of the main mineral assemblages, for the same pedita sample
investigated in EXQ and 10. The exercise provides the opportunity to calculate
isobaric X pseudosection (i.e. a phase diagram section with a composit
parameter on the horizontal axis).

Pag. 17

Pag. BO

Pag. b1

Pag. 71
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Modelling a meltbearing system

Ex 12DIRECT modelling of an anatectic METAPELITE (NKCFMASH system)
¢KAd SESNDAAaS RSIHta oAlGK GKS a5Lw9/
solidusconditions (i.,e. meld S NAYy 30 d a5ANBOG Y2RST f
Is the protolith compsition, including its initial #D amount (which is generally n
the case).

Ex13: INDIRECT modelling of an anatectic METAPELITE (NKCFMASH system
This exercise explains the strategy for modelling a REAL SAMPLE OF AN
METAPELITE, i.e. &tapelite whose protolith is unknown, and that has lost so
melt during prograde metamorphism.

Pag. 80

Pag. 96
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Ex 1
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Ex.1 ¢ P-T projection for the AlLSIG system

This exercise explains how to calculate & Biagramfor the very simple, twecomponents
system Si@AlLOs (quartz in excess)showing phase relations among the three alumino
silicate polymorphs.

The influence of different thermodynamic databases on the position of the AQg@SIl
triple point is also explored.

(1) Definition of theproblem (BUILD)

C\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

NO is the default (blank) answer to all Y/N prompts

Enter a name for tis project (the name will be used as theot for all output file names) [default =
my_project]:

Here youspecifythe nameof your project

Project names should not include blanks or "." characters, but they may include directory information. The
project rmame can be up to 100 characters long, but because output files are named using project name plus
various suffixes (e.g., .dat, .plt, .prt, .arf, .tof, .tab) it is unwise to specify names that are longer than 93
characters.

ex1l

The problem definition file W be named: ex1.dat

Enter thermodynamic data file name [default = hpO2ver.dat]:

The HRHolland & Powelldatabases are the most used in metamorphic petrolodsy this exercise we wil

use the hp02 (Holland & Powell, 1998, revised 2002). We will then compare the results with that obtained
using the more recent hp62 database (from the THERMOCALC versids®Z, Holland & Powell, 2011).
More information about the HP databases are givahhttps://hpxeosandthermocalc.org/the-hpx-eos/
hpO2ver.dat

Enter the computational option file name [default = perplex_option.dat]:

See: www.perplex.ethz.ch/perplex_options.html

Here you campressENTERThe perplex_option.dat file specifies some computational parameters that
Perple_X uses to make the calculatiornisis better NOT to modify these parameters, at least at the
beginning

Explanatiors for each of these parameteese at: http://www.perplex.ethz.ch/perplex_options.html

Reading Perple_X options from: perplex_option.dat

The current data base componis are:

NA20 MGO AL203 SIO2 K20 CAO TIO2 MNO FEO NIO DROHZD2 CO2
Transform them (Y/N)?
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https://hpxeosandthermocalc.org/the-hpx-eos/
http://www.perplex.ethz.ch/perplex_options.html

n
This is the listef the CHEMICAL COMPONEN®Ssidered irthe chosen database

This option would permit the user to redefine the dasse components, e.g., to create Fe2fddn the
components FeO and O2 (ikE203 2FEO + 0.5 02).

Component transformations in BUILD are tedious, so if you are going to do many calculations with
transformed componentsthe programCTRANSEan be used toreate a thermodynamic data file with
transformed components.

Specify computational mode:

1 - ConvexHull minimization

2 - Constrained minimization on a 2d grid [default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompond data

5-1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.
1
Use option 1 (ConveXull minimization) for PROJECTIONE&chreinemakerdype diagrams) or
CHEMOGRAPHIESfiposition diagrans; phase diagrams with > 2 independent variab)et)seoptions 2
or 3 (Constrained minimization on a 2d grid/1d griidr PSEUDOSECTIONS8age diagrams or phase
diagram sections with < 3 independent variables

Calculations with a saturated fluid (Y/N)?

n

Fluid is not considered in this specific calculation, because reactions among akihcakes are solidolid
reactions.

Calculations with saturated components (Y/N)?

SATURATED COMPONEIMEcomponents whose chemical potentials are determined gy absumed
stability ofa pure phaseconsisting entirely ba saturated component,.g., a system that contains so much
silica that a silica polymorph (e.g., quartz or coesite) is stable at all conditions of interest can be specified
here by selectingi©2as a saturated component.

NB.If more than one saturated component is specifieeérple_X applies the constraints sequentially, e.qg., if
Al203 and B2 are specified as the first and second components, then the excess phases might be corundum
+ andalusitejf the order is reversed therat the same conditios, the stable phases would be quartz +
andalusite. This sequence is referred to asghturation hierarchy

y
**warning ver015* if you select > 1 saturated component, then the order you enter the carapis determines the

saturation heirarchy and may effect your results (see Connolly 1990).

Select < 6 saturated components from the set:

NA20 MGO AL203 SI02 K20 CAO TIO2 MNO FEO NIO DROHZD2 CO2
Enter names, 1 per line, presenter> to finish:

SI02
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(NB. It iICASESENSITIVE

Use chemical potentials, activities or fugacities as independariables (Y/N)?

N

The answer would be Y if you want to calculate a phase diagram with chemical potemtiastiities or
fugacities on one (or on both) axes (e.dodfO, phase diagrams)

Select thermodynamic components from the set:

NA20 MGO AL203 K20 CAO TIO2 MNO FEO NIO ZROHZD2 CO2

Enter names, 1 per line, press <enterXfitish:

AL203

Here is where you specify the components for your system

THERMODYNAMIC COMPONE&EZ0omponents whose chemical potentials are the dependent (implicit)
variables of a phase diagram calculati®hase diagram calculations require the spedatfion of at least
one thermodynamic component.

The data base has P(bar) and T(K) as default independent potentials.

Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?

N

The answer would be Y if you want to consider a gewtta gradient along an axes, rather than P or T.

Specify number of independent potential variables:
0 - Composition diagram [default]
1 - Mixedvariable diagram
2 - Sections and Schreinemakeype diagrams

2

0 = chemografiesee Ex}

1="TX or PX diagrams (e.g-XMgO)

2= classical phase diagram projections and sections

Select xaxis variable:
1-P(bar)
2-T(K)

2

Enter minimum and maximum values, respectively, for: T(K)
473

1073

T is expressed in Kelvin

Enter minimum ad maximum values, respectively, for: P(bar)
1000

12000

P is expressed in bar

Output a print file (Y/N)?
Y
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Exclude pure and/or endmember phases (Y/N)?
N
Here you can specify if you want to exclude some phases from the calculation.

Include solution mode (Y/N)?
N
Solid solutions are not considered, becawge are modeling reactions between endnember phases.

Enter calculation title:
exl
Thisnameappears at the top of the diagram

After finishing with BUILD, a .dat file is generated within the PexpK folder. This new file (nameei1dat)
is the input file for the following calculation steps.

(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:

CA\PERPLERerplex691zonvex

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
exl

Thissectionsummarizewhere CONVEKadsthe input data (thermodynamic database, input fijenerated
with build etc.), and wher€ ONVEMritesthe resuls (print output, plot output).

Reading problem definition from file: ex1.dat

Reading thermodynamic data from file: Gver.dat

Writing print output to file: ex1.plt

Writing plot output to file: ex1.plt

Reading solution models from file: not requested

Reading Perple_X options from: perplex_option.dat

Writing complete raction list to: not requested

Writing Perple_X option summary to: not requested

Thissectionsummarizes all th&J- NI YSGSNAR 04602 YLI&E b G & BIRE A& LIKSY OF ¢
specifiedin the perplex_option.dat file.
Perple_X computational option settings for CONVEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1e2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dynamic opt; <O => no replica test
re-refine F]TF

intermediate_savrpc F [FIT

intermediate_savdyn F [FT
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keep_all_rpcs T [TTF
Schreinemakers and Mixadhriable diagram options:

variance 1/99 [1/99], >0; maximum tru@nae

increment 0.100/0.025 [0.1/0.025], default search/trace variable increment
efficiency 3 [3] >0, <6

reaction_format min [min] full stoichiometry S+V everything

reaction_list off [off] on

console_messages on [on] off

short_print_file on [on] off

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.08 06>1[ ], 0=>off
stretch_factor 0.0020 >0{2p

non_linear_switch F [FIT
subdivision_override  off [off] lin str
hard_limits off [off] on

refine_endmembers F [FIT
pc_perturbation 0.0050 =4
Thermodynamic options:
solvus_tolerance aut [aut] erD; aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [0]
T_melt (K) 873.0 [873]
approx_alpha T [TIF
AndersonGruneisen  F [FIT
speciation_precision 0.4 [1d5] <1; absolute
speciation_max_it 100 [100]
GFSM F [FEMGipecial_component toggle
hybrid_EoS_H20 4 2] 67
hybrid_EoS_CO2 4 4o
hybrid_EoS_CH4 0 0]D

ag_bad_results err [err] 101 102 103 ignore
aqg_lagged_sgciation F [FT

ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
aq_vapor_epsilon 1.0 [1.]

Input/Output options:

pause_on_error T [TTF

timing T [TTF

auto_exclude T [TTF

To change these options segww.perplex.ethz.ch/perplex_options.html

The catulation starts here:

Summary of makelefinition entities:
silBL  g8L

Summary of saturatedomponent entities:
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http://www.perplex.ethz.ch/perplex_options.html

for: SI02
q trd crst  coe stv gL qGL g8L

** Starting auto_refine computational stage **

Initial number of divariant assemblages to be tested is: 1

Testing divariant assemblage 1, 0 assemblages remaining to be tested.
finished with equilibrium (1) ky = and

finished with equilibrium ( 2) ky = sill

finished with equilibrium ( 3) and = sill

Testing divariant assemblage 2, 0 assemblages remaining to be tested.
Testing divariant assemblage 3, 0 assemblages remaining to be tested.
Testing dvariant assemblage 4, 0 assemblages remaining to be tested.

At the end, you have two new files in the Perple X folden éx1prn file, whichis the text file with all the
information about the calculation, and mex1plt file, that is the plotfile.

(3a) Plotting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated phase diagram:
C\PERPLERerplex691psvdraw

Perple_X version 6.9.4purce updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplexzath/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
ex1l

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2) (rel
bounding_box :
0  [0] min (pts)
0 [0] ymin (pts)
800 [800]*ength (pts)
800 [800]yength (pts)

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->@ [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT
half_ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18] xscale (rel)
0.180 [0.18]4gcale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
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0.00 [@] rotation (deg)
plot_aspect_ratio 1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.](rel)

plot_extra_data

To chamge these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex1.ps

Modify the default plot (y/ny

N

If you replay Yo this prompt you can change the output, for example you can modify the minimum and
maximum T or P along the axes &8ee below).

At the end, you have a new file ex1.ps in the Perple_X folder. You can open this file with any gehphic
software (e.g. CorelDraw, Adobe lllustrator etc.) and also convert iaipdf file.

ex1
Component saturation hierarchy: SIO2
Reaction equations are written with the high T(K) assemblage to the right of the = sign

12000 T T T T T

9800 [~

7600 [~

P(bar)
|

5400 —

3200 [~

1000 :
593 713 833 953 1073

Thealuminosilicate triple point is modelledt 507°C, 3.8 kbar.
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(3b) Modifying the default plotting of the calculated phase diagram (PSVDRAW)

E.g. we want to modifythe axes numbering (intervals on x axis = 100°C; intervals on y axis = 2
kbar) and we want to assign a numeric label (rather than a text label) to the reaction curves.

Run again PSVDRAW:
C\PERPLERerplex691psvdraw

Perple_X version 6.9.1, source upethJanuary 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
exl

Perple_X plot options are currently set as:
Keyword: ValuePermitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0 [0] ymin (pts)
800  [800]+ength (pts)
800  [800]yength (pts)

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->Q [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT

half ticks T [TTF
line_width 1.00 0-99[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3scale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect_ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F TF]
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex1.ps

Modify the default plot (y/n)?
y
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Modify drafting options (y/n)?
answer yes to modify:
- field labeling
- X-y plotting limits
- axes numbering
y

Modify xy limits (y/n)?
Answer Y if you want to adify the T and/or P range of the diagram
n

Restrict phase fields by variance (y/n)?

answer yes to:

- suppress pseudounivariant curves and/or pseudoinvariant points afspecified true variance.
This question is only relevant for more complecalations, involving solution models and therefore
considering also pseudanivariant curves (i.e. diariant equilibria involving two pseudocompounds of the
same phase as reactant and produ&ge Ex. .7
n

Restrict phase fields by phase identit{gf)?

answer yes to:

- show fields that contain a specific assemblage

- show fields that do not contain specified phases

- show fields that contain any of a set of specified phases
n

Modify default equilibrium labeling (y/n)?
answer yes to:
- modify/suppress [pseudd univariant curve labels
- suppress [pseuddinvariant point labels

y

Suppress curve labels (y/n)?
n

Change default labeling of curve segments (y/n)?
y

Suppress labels of pseudounivariant curves (y/n)?
y

Enter minimumfraction of the axes length that@urve must be to receive a text label1D
1 means that text label will be assigned to those curves that are longer than the axes length.
1

Enter minimum fraction of the axes length that@arve must be to receive rmumeric label (1.000):
0 means thata numeric label will be assigned to all those curves that are shorter than the axes length.
0
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Suppress point labels (y/n)?
n

Modify default axes numbering (y/n)?
y

Enter the starting value and interval for majack marks orthe Xaxis ( current values are: 473. 120. )
Enter the new values:

473

100

Enter the starting value and interval for major tick markstba Y-axis €urrent values are: 0.100E+04

0.220E+04)
Enter the new values:
1000
2000
T T T T T T T T T T T
11000 — —]
9000 —
-~ 7000 —
©
2
a
5000 [ -
L i i
3000 ~
1000 I 1 | 1 | I | 1 1
573 673 773 873 973 1073
T(K)

Equilibia corresponding to each reaction number are explained in the ex1.prn file.
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(4) Using a different thermodynamic database

In order to test theinfluence of different thermodynamic databases on the position of the-Kp&il triple
point, you can edit tk input file previously created using BUILD.

Open theexLldat input file and change its name @x1_hp62dat

Thethermodynamic database is specified in the first line.
Changenp02ver.datato hp62ver.dat.

hp62ver.dat thermodynamic data file

The nost recent databases such as hp62ver.dat, define thermodynamic components with both upper and
lower case characters (e.g. SiO2, Al203 etc.), opposite to the old databases, in which thermodynamic
components were defined with upper case characters only @@2, AL203 etc.).

In the input file, change the thermodynamic components accordingly.

begin thermodynamic component list
Al203 0 0.00000 0.00000 0.00000 unconstrained amount
end thermodynamic component list

begin saturated component lis t
SiO2 0 0.00000 0.00000 0.00000 unconstrained amount
end saturated component list

Save the file and run again CONVEX and PSVDRAW; compare the result with that previously obtained.

12000 T T T T T T T T T 12000 T T T T T T T T T

9800 — 9800

7600 — 7600 —

P(bar)
T

P(bar)
T

5400 - 5400 [~

3200 3200 —

1000 .

1000 .
593 713 833 953 1073 593 713 833 953 1073
T(K) T(K)

HPO2 DATABASE HP62 DATABASE

Thealuminasilicate tiple point isnow modelledat 550°C, 4.4 kbar.

The change in the position of the triple point dates back to the 2004 revision of the HP database. In the 2002
version (hpO2ver.dat) the aluminosilicate triple point is at 3.8 kbar and 503ofSistent withHoldaway's

(1971) estimate; in the 2004 revision (and in fbowing versions, such as hpg#.dat) the properties of

the aluminosilicates have been adjusted to place the triple point at 4.4 kbar and 550 °C to satisfy a
petrological argument of Pattiso1992).
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Ex 2
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Ex.2 ¢ P-T projection for the CMSH systemd solid solution3

This exercise explains how to calculate alrojection for the very simple CMSH system;
the grid will show all the possible equilibria for this system in theTRange 2001000°C,
0.5-20 kbar.

(1) Definition of the problem (BUILD)

C\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

NO is the defaal(blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as i@ for all output file names) [default
my_project]:

ex2

The problem definition file will be named: ex2.dat

Enter thermodynamic data file name [default = hpO2ver.dat]:

The HRHolland & Powelldatabases are the most used in metamorphic petrolo@ne of the most recent
HP databases is hp62 from the THERMOCALC versi@86€; Holland & Reell, 2011).1 suggesusingthe
hp62ver.dat database which has been tested in the last years and has demonstratedbe reliable for
both metapelitic and metabasic systems

hp62ver.dat

Enter the computational option file name [default = perplex_optitat]:
See: www.perplex.ethz.ch/perplex_options.html

[ENTER

Reading Perple_X options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 SiO2 K20 CaO Ti2 MeO NiZrO2 Cl202 H20 CO2 CuO Cr203 S2 FZndR
Transform them (Y/N)?

n

This is the listef the CHEMICAL COMPONEN®S&sidered irthe chosen database

This option would permit the user to redefine the database components, e.g., to cFe2¥®3from the
components FeO and O2 (ifE203 2FEO + 0.5 02).

Component transformations in BUILD are tedious, so if you are going to do many calculations with
transformed components the program CTRANSF can be used to create a thermodynamic deith file
transformed components.

Specify computational mode:
1 - ConvexHull minimization
2 - Constrained minimization on a 2d grid [default]
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3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fratonation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use catrained minimization for phase diagramsphase diagram sections with < 3 independent
variables.
1
Use option 1 (ConveXull minimization) for PROJECTIONE&chreinemakerdype diagrams) or
CHEMOGRAPHIE®fposition diagramsphase diagrams with > 2 ingendent variable$. Useoptions 2
or 3 (Constrained minimization on a 2d grid/1d griir PSEUDOSECTIONS8age diagrams or phase
diagram sections with < 3 independent variables

Calculations with a saturated fluid (Y/N)?

y

There are two important impdations to specifying SATURATED PHASE it implies that the phase
components are always present in sufficient quantity to saturate the system in the phase; 2) it implies that
the specified phase is always stable. Thus, if you are interested in a sygteaxcess H20, but the physical
conditions of the system may be those at which ice is stayde should specify H20 as a saturated
component and not as saturated phase. Similarly, if water may not be always present as a pure phase you
should specify H2 as a thermodynamic component.

In most cases, fluid can be considered as in excd$ss means that the user should considesaturated

fluid in the calculatior(e.g.HO, CQor a mixture of HO+CGQ).

NOTE Because specification of®l as a saturatediase component causes Perple X to exclude any phases
with the HO composition that are not named "H20", H20 should not be specified as a satiluadgzhase

in calculations involving a hydrous silicate melt if, as is commonly the case, the melt motiedsrer water
endmember that is not named "H2Q(e.g. h2oL) This means that, for calculations atiprasolidus
conditions (e.g. melbearing systems}he usermust consider H20 as a normal chemical component, and
not as a saturated fluid phagsee Ex12 and Ex. B).

Select the independent saturated fluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessary to select volatile species preseheisgolids of interest. If the species
listed hereare H20 and CO2, then tmnstrain O2 chemical potential to be consistent wittOEl fluid
speciationtreat O2 as a saturated component. Refer to Berple_X Tutorial for details.

H20

Calculations with saturated components (Y/N)?

N

SATURATED COMPONEIMEScomponents whose chemical potentials are determined by the assumed
stability ofa pure phaseconsisting entirely ba saturated componente.g., a system that contains so much
silica that a silica polymorph (e.g., quartz or coesite) is stable apradlitoons of interest can & specified
here by selecting 62 as a saturated component.
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If more than one saturated component is specified Perple_X applies the constraints sequentially, e.g., if
Al203 and B2 are specified as the first and second compasiehen the excess phases might be corundum

+ andalusite, if the order is reversed theat the same conditios, the stable phases would be quartz +
andalusite. This sequence is referred to asghturation hierarchy

Use chemical potentials, activities fugacities as independentriables (Y/N)?

N

The answer would be Y if you want to calculate a phase diagram with chemical potemtiastiities or
fugacities on one (or on both) axes (e.dodfO, phase diagrams)

Select thermoginamic components from the set:

Na20 MgO AI203 Si02 K20 CEHO2 MnO FeO NIiO ZrO2 @R CO2 CuO Cr203 S2 N2 ZnO
Enter names, 1¢r line, press <enter> to finish:

MgO

CaO

Si02

Because the thermodynamic data file identifies: H20 as special components, you will be prompted next for the EoS to
be used for the corresponding composants and mixtures thereof. To override this behayipto @ise a generic hybrid

fluid EoS, delete the special_component section fromttlermodynamic data file header.

NOTE: the EoS choice specified here will override the EoS choice specified by the hybrid_EoS option, to override this
behavior delete the gecial_component section from the the thermodynamic data file header.

Select fluid equation of state:
0- X(CO2) H2@O2 Modified RedlieKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2-X(C0O2) H2@O2 MRK hybri#o3
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) euffered COH MRK hybrlEoS Connolly & Cesare 93*
12 - X(0)f(S2) cbuffered COHS MRK hybiithS Connolly & Cesare 93*
13- X(H2) H2@H2MRK hybrigEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
19- X(0O)X(S) duffered COHS MRK hybifithS Connoll§ Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24-f(02/CO2N/C Cbuffered COHN MRK hyb+iebS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0O) GSi MRK Connolly 16
27 - X(OYX(C) 8>-H MRK hybridEoS*
*Hybrid EoS use the following pure species EoS, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- MRK DeSantis et al 1974
5
Here you define th&QUATION OF STATE (EoS) for the fluid phase
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Most thermodynamic datikases are based on equilibria which involve a fluid phase, and are therefore
derived with a specific fluid equation of state. When using such databagesisually wse to choose (if

possible) the fluidEoSused in the data derivation for calculation3husthe Holland & Powell (1991, 1998)
EoS(choice 5)isop A Y f T2 NJ (KS s dattfases| yWRR gY SINNAAE & WI 02064 Q
state (choice 1) (or # hybrid equations of states.g.choices 28or 110 F2 NJ . SNX basQ &t 6 My
high pressures above 20 kbar most of the equations of state for water become thermodynamically unrealistic,
CORK (choice 5) minimizes this problem.

For rough calculatizs the differences between thEoSare not important andin the interest of saving
computer time choices 5 and 0 are optimalChoiced.2-27 are equations of state for multispecies® H

O-S, @O-H, GO-H-Sand H2GCO2NaClfluids.

The data base has R({f) and T(K) as default independent potentials.

Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?

n

The answer would be Y if you want to consider a geothermal gradient along an axes, rather than P or T.

Specify number ohidependent potential variables:
0 - Composition diagram [default]
1 - Mixedvariable diagram
2 - Sections and Schreinemakeype diagrams
2
0 = chemografies;
1 = FX or PX diagrams (e.g-XMgO)
2= classical phase diagram projections aadtions

Select »axis variable:
1-P(bar)
2-T(K)
3-Y(CO2)
*Although only one component is specified for the Y(CO2) phase, its equation ofpeatets use of its
compositional variable:
2

Enter minimum and maximum values, respeely, for: T(K)
473
1273

Select yaxis variable:
2-P(bar)
3-Y(CO2)

2

Enter minimum and maximum values, respectively, for: P(bar)
500
20000

Specify sectioning value for: Y(CO2)
0

20 | Updated: 2022January 24



Having included only H20 as saturated fluid component, X£@2

Output a print file (Y/N)?

Y

For unconstrained minimization calculations, particularly mixadable diagrams and Schreinemakers
projections,the print file contains a summary of the computed phase equilibria

Exclude pure and/or endmember phag@$N)?

y

Here you can specify if you want to exclude some phases from the calculation, and if you want to see the list
of the mineral phases compatible with your system. The-em@inber phases are identified by abbreviated
names, in general these abbreva@ts are defined in the header section of the thermodynamic data file.
Phases followed by L (e.g. gL) are required for the melt solution and you can therefore exclude them for
calculations without melt.

Do you want to be prompted for phases (Y/N)?
n

Enta names, 1 per line, press <enter> to finish:
| suggest excludinthe following endmember phases, which are not relevant for this calculation and may
result metastable at lowl.

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & ftitanite¢ Ca2O5 (one Si replaces Ti)

wo | wollastonite CaSiO3

pswo | pseudewollastoniteCaSiO3

wal | wollastoniteCaSiO3

ak | akermanite Ca2MgSi207

merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(OH)2

cen | clinoenstatite Mg2Si206

cumm | cummingtonite Mg7Si8022(0OH)2

cumm_dqgf | cummingtonite for Diener et al. (2007) cAmph model

woL | wollastonite LIQUID

limL | lime LIQUID

mcpv | make definitions for Holland et al., 20b8ntle mineralogical model
cmpv | make definitions for Holland et al., 20h3antle mineralogical model
cpv | make definitions for Holland et al., 20h3antle mineralogical model

As a general rule, however, it is always better not to exclude a prigrphase.

Include solution models (Y/N)?

n

Solid solutions are not considerdd this case becausenve aremodeling reactions between endgnember
phases.

Enter calculation title:
ex2
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(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation
C\PERPLERerplex691zonvex

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex2

Readng problem definition from file: ex2.dat
Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex2.plt

Writing plot output to file: ex2.plt

Reading solution models fromdilnot requested
Reading Perple_X options from: perplex_option.dat
Writing complete reaction list to: not requested
Writing Perple_X option summary to: not requested

Perple_X computational option settings for CONVEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1le2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dynamic opt; <O => no replica test
re-refine F [FIT
intermediate_savrpc F [FIT
intermediate_savdyn F [FT
keep_all _rpcs T [TIF
Schreinemakers and Mixadhriable diagram options:
variance 1/99 [1/99], >0; maxintwa variance
increment 0.100/0.025 [0.1/0.025], default search/trace variable increment
efficiency 3 [3] >0, <6
reaction_format min [min] full stoichiometry S+V everything
reaction_list off [off] on
console_messages on [on] off
short_print_file on [on] off
Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stag 0.0208 -81[ ], 0=> off
stretch_factor 0.0020 >0{2p

non_linear_switch F [FIT
subdivision_override off [off] lin str
hard_limits off [off] on
refine_endmembers F [FIT

pc_perturbation 0.0050 =4
Thermodynamic options:
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solvus_tolerance aut [aut] e D; aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize

T_stop (K) 0.0 [0]
T_melt (K) 873.0 [873]
approx_alpha T [TIF
AndersonGruneisen  F [FIT

speciation_precision 0.4 [1d5] <1; absolute
speciation_max_it 100 [100]

GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 87

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 0]D

ag_bad_results err [err] 101 102 103 ignore
ag _lagged_speciation F [FIT

ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
aq_vapor_epsilon 1.0 [1.]
Input/Output options:

pause_on_error T [TIF

timing T [TTF

auto_exclude T [TTF

To change these options see: www.perplex.ethz.ch/perplex_options.html

Summary of makelefinition entities:
fo8L 8L cenjh  odi qjL dijjL fojL foTL foHL qHL

** Starting auto_refne computational stage **

cycle 1 1 1
cycle 2 2 3
cycle 3 4 5
cycle 4 6 7

Initial number of divariant assemblages to be tested i 7

Testing divariant assemblage 1, 6 assemblages remaining to be tested.
finished with equilibrium (1) br = per

Testing divariant assemblage 2, 6 assemblages remaining to be tested.
finished with equilibrium ( 2) g =trd

Testing divariant assemblage 3, 6 assemblages remaining to be tested.
finished with equilibrium ( 3) br atg = fo

finished with equilibrium ( 4) liz = br atg

Testing divariant assemblage 4, 9 assemblages remaining to be tested.
finished with equilibrium ( 5)tr=digen

finished with equilibrium ( 6) dita =tr

Testing divariant assemblage 5, 10 assemblages remaining to be tested.
finished with equilibrium ( 7) di atg = tr fo

Testing divariant assemblage 6, 12 assemblages remaining to be tested.
finished with equilibrium ( 8) ta = q anth

finished with equilibrium ( 9)ta=qgen

finished with equilibrium ( 10) anth =q en

finished with equilibrium ( 11) ta en = anth

finished with equilibium ( 12) ta fo = anth
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finished with equilibrium ( 13)tafo =en
finished with equilibrium ( 14) anth fo = en
finished with equilibrium ( 15) ta atg = en
finished with equilibrium ( 16) atg = ta fo
finished with equilibrium ( 17) atg néo
Testing divariant assemblage 7, 12 assemblages remaining to be tested.
finished with equilibrium ( 16) atg = ta fo
Testing divariant assemblage 8, 12 assemblages remaining to be tested.
Testing divariant assemblage 9, adfemblages remaining to be tested.
Testing divariant assemblage 10, 12 assemblages remaining to be tested.
Testing divariant assemblage 11, 11 assemblages remaining to be tested.
Testing divariant assemblage 12, 11 assemblage#irgito be tested.
Testing divariant assemblage 13, 11 assemblages remaining to be tested.
Testing divariant assemblage 14, 11 assemblages remaining to be tested.
Testing divariant assemblage 15, 11 assemblages remaining toduk test
Testing divariant assemblage 16, 12 assemblages remaining to be tested.
Testing divariant assemblage 17, 11 assemblages remaining to be tested.
finished with equilibrium ( 18) tr fo = di en
Testing divariant assemblage 18, ad<€emblages remaining to be tested.
Testing divariant assemblage 19, 15 assemblages remaining to be tested.
Testing divariant assemblage 20, 15 assemblages remaining to be tested.
Testing divariant assemblage 21, 16 assemblagedmiamto be tested.
Testing divariant assemblage 22, 15 assemblages remaining to be tested.
Testing divariant assemblage 23, 14 assemblages remaining to be tested.
Testing divariant assemblage 24, 14 assemblages remaining t¢eloe tes
Testing divariant assemblage 25, 13 assemblages remaining to be tested.
Testing divariant assemblage 26, 12 assemblages remaining to be tested.
Testing divariant assemblage 27, 12 assemblages remaining to be tested.
Testing diariant assemblage 28, 11 assemblages remaining to be tested.
Testing divariant assemblage 29, 10 assemblages remaining to be tested.
Testing divariant assemblage 30, 10 assemblages remaining to be tested.
Testing divariant assemblag 31, 9 assemblages remaining to be tested.
Testing divariant assemblage 32, 8 assemblages remaining to be tested.
Testing divariant assemblage 33, 8 assemblages remaining to be tested.
Testing divariant assemblage 34, as§emblages remaining to be tested.
Testing divariant assemblage 35, 6 assemblages remaining to be tested.
Testing divariant assemblage 36, 5 assemblages remaining to be tested.
Testing divariant assemblage 37, 5 assemblagedmiemto be tested.
Testing divariant assemblage 38, 4 assemblages remaining to be tested.
Testing divariant assemblage 39, 3 assemblages remaining to be tested.
Testing divariant assemblage 40, 4 assemblages remaining t¢eloe tes
Testing divariant assemblage 41, 5 assemblages remaining to be tested.
Testing divariant assemblage 42, 6 assemblages remaining to be tested.
Testing divariant assemblage 43, 5 assemblages remaining to be tested.
Testing diariant assemblage 44, 5 assemblages remaining to be tested.
Testing divariant assemblage 45, 4 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

tr atg en
v =20000.0 888.0000.00000 0.00000 0.00000
Testing divariant assemblage 46, 3 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:
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tr atg fo
v =20000.0 888.000 0.00000 0.00000000m0
Testing divariant assemblage 47, 2 assemblages remaining to be tested.
Testing divariant assemblage 48, 1 assemblages remaining to be tested.
Testing divariant assemblage 49, 0 assemblages remaining to be tested.
Testing diariant assemblage 50, 0 assemblages remaining to be tested.

(3a) Plotting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated phase diagram:
CA\PERPLERerplex691psvdraw

Perple_X version 6.9.1, source updated JanuaP{3?2.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
ex2

Perple_X plot options are currently set as:
Keyword: Value: Permitteldiea [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800  [800]¥ength (pts)

field_fill T [TTF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250  ©-1[0.025]
field_label_scale 0.75 [0.72] (rel)

font Helvetica

grid F [FT
half_ticks T [TTF
line_width 1.00 -90[1.] (pt9

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]4gcale (rel)
130. [0.18]+#ranslation (pts)
220. [0.8] y-translation (pts)
0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scaé 1.000 [1.](rel)

plot_extra_data

To change these options edit or create the plot option file
Seewww.perplex.ethz.ch/perplex_plot_options.html
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PostScript will bevritten to file: ex2.ps

Modify the default plot (y/n)?
n

20000

16100

12200

1}

P(bar)
ua b1p

8300

4400

500
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(3b) Modifying the default plotting of the calculated phase diagram (PSVDRAW)

E.g. you want to modify the aas numbering (intervals on x axis = 100°C; intervals on y axis = 4

kbar) and to assign a numeric label (rather than a text label) to (most of) the reaction curves.
Run again PSVDRAW:
C\PERPLERerplex691psvdraw

Perple_X version 6.9.1, source updataduhlry 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
ex2

Perple_X plot options are currently set as:
Keyword: Value: rrRited values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0 [0] ymin (pts)
800  [800]#ength(pts)
800  [800]yength (pts)

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate label 0.250 -1 [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT

half ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3scale (rel)
130. [0.18]xranslation (pts)
220. [0.18] stranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect_ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F [FT
text_scale 1.000 [1.](rel)

plot_extra_data

To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex2.ps

Modify the default plot (y/n)?
y
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Modify drafting options (y/n)?
answer yes to modify:
- field labeling
- X-y plotting limits
- axes numbering
y

Modify xy limits (y/n)?
Answer Y if you want to mogithe T and/or P range of the diagram
n

Restrict phase fields by variance (y/n)?
answer yes to:
- suppress pseudounivariant curves and/or pseudoinvariant points of
a specified true variance.
n

Restrict phase fields by phase identities (y/n)?

answer yes to:

- show fields that contain a specific assemblage

- show fields that do not contain specified phases

- show fields that contain any of a set of specified phases
This question is only relevant for more complex calculations, involsahgtion models and therefore
considering also pseudanivariant curves (i.e. diariant equilibria involving two pseudocompounds of the
same phase as reactant and produ&ge Ex..7
n

Modify default equilibrium labeling (y/n)?
answer yes to:
- modify/suppress [pseudd univariant curve labels
- suppress [pseuddinvariant point labels

y

Suppress curve labels (y/n)?
n

Change default labeling of curve segments (y/n)?
y

Suppress labels of pseudounivariant curves (y/n)?
y

Enter minimum faction of the axes length that@urve must be to receive a text label{D
1 means thaa text label will be assigned to those curves that are longer than the axes length.
1

Enter minimum fraction of the axes length thatarve must be to receive aumeric label (61.000):
0 means thata numeric label will be assigned to all those curves that are shorter than the axes length.
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0

Suppress point labels (y/n)?
n

Modify default axes numbering (y/n)?
y

Enter the starting value and interval for majoitimarks orthe Xaxis ( current values are: 473. 160. )
Enter the new values:

473

100

Enter the starting value and interval for major tick markghranY-axis ( current values are: 500. 0.390E+04)
Enter the new values:

1000
4000
| | | T
17000 — —
13000 — —]
!
/‘%\ L _
&,
o
9000 —]
5000 —
1000 [~ | | | | | —P
573 873 973 1073 1173 1273

T(K)

Equilibra corresponding to each reaction number are explained in the ex2.prn file.
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Ex3
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Ex.3 ¢ Compositiondiagrams (chemographiespr the CMSH system

This exercise explains how to calculatempositiondiagrams (i.e. chemographies) for the
P-T projection of Ex. 2, at the P conditions reported below as-A

17000 —

T

13000

P(bar)

9000 —

5000

1000 - |

573 673 773 873 973 1073 1173 1273
T(K)

(1) Definition of the problem (BUILD)

C\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethizagyright.html>.

NO is the default (blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as rbat for all output file names) [default =
my_project]:
ex3

The problem definition file will be named: ex3.dat

Enter thermodynamic data file name [default = hpO2ver.dat):
hp62ver.dat

Enter the computational option file name [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html
[enter]

Reading Perple_X options from: perplex_option.dat

The current data base components are:
Na20 MgO AI203 SiO2 K20 CaO TiO2 MnO FeO Ni@IZo22H20 CO2 CuO Cr203 S2 F2 ZhD
Transform them (Y/N)?
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Specify computational mode:

1 - ConvexHull minimization

2 - Constrained minimization on a 2d grid [default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5 - 1-d Phase fretionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use ConveXull minimization for Schreinemakers projections or phase diagrams with > 2 independent variables. Use
constrained minimization for phase diagrams or phase diagram sections with < 3 independent variables.
1
Use option 1 (Convexull minimization) for PROJECTIONESchreinemakersdype diagrams) or
CHEMOGRAPHIE®fposition diagramsphase diagrams with > 2 irgpendent variable$ Useoptions 2
or 3 (Constrained minimization on a 2d grid/1d griidr PSEUDOSECTIONS8age diagrams or phase
diagram sections with < 3 independent variables

Calculations with a saturated fluid (Y/N)?
y

Select the independent satated fluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessary to select volatile species present in the solids of interest. If the species listed here
are H20 and CO2, then to constrain O2 cloainpotential to be consistent with-O-H fluid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

Calculations with saturated components (Y/N)?
n

Use chemical potentials, activities or fugacities as independent
variables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 Ca@2 MnO FeO NiO ZrO2 @R CO2 CuO Cr203 S2 M2 ZnO
Enter names, 1 per line, press <enter> to finish:

GO

MgO

S02

The ader (1%, 29, 3) influences how the three components are plotted in the chemograpfirss=bottom
left, second =bottom right, third =top.

Because the thermodynamic data file identifies: H20 as special components, you will be prompted next for the EoS to
be usel for the corresponding composants and mixtures thereof. To override this behavior, e.g., to use a generic hybrid
fluid EoS, delete the special_component section from the thermodynamic data file header.

32 | Updated: 2022January 24



NOTE: the EoS choice specified here will overri@eBbS choice specified by the hybrid_EoS option, tooverride this
behavior delete the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et dl 7
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrEoS*
10- X(O) ebuffered COH MRK hybtlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) @uffered COHS MRK hybi#ithS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14-X(CO2) H2@O2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybri€eoS*
17- X(O-(S2) HO-S MRK hybriEoS*
19- X(O}X(S) duffered COHS MRK hybiithS Connolly & Cesare 93*
20- X(0O}X(C) COHS MRK hybEdS Connolly & Cesare 93*
24 -f(O2/CO2IN/C Chuffered COHN MRK hyb+itbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovickt al 10
26- X(0) GSi MRK Connolly 16
27 - X(O)X(C) >-H MRK hybri€EoS*
*Hybrid EoS use the following pure species EoS, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Stern€9%
CO2- PSEoS Pitzer & Sterner 1994
CH4- MRK DeSantis et al 1974
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Specify numbeof independent potential variables:
0 - Composition diagram [default]
1 - Mixed-variable diagram
2 - Sections and Schreinemakeype diagrams
0

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
y

Do you want to bggrompted for phases (Y/N)?

n

Enter names, 1 per line, press <enter> to finish:
Same as in Ex. 2

rnk | rankinite Ca3Si207
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Irn | larnite Ca2SiO4

cstn | & ftitanite€ CaS205 (one Si replaces Ti)

wo | wollastonite CaSiO3

pswo | pseudoewollastonite CaSiO3

wal | wollastoniteCaSiO3

ak | akermanite Ca2MgSi207

merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(0OH)2

cen | clinoenstatite Mg2Si206

cumm | cummingtonite Mg7Si8022(a)2

cumm_dqgf | cummingtonite for Diener et al. (2007) cAmph model

woL | wollastonite LIQUID

limL | lime LIQUID

mcpv | make definitions for Holland et al., 20b@ntle mineralogical model
cmpv | make definitions for Holland et al., 20b3%antle mineralogical model
cpv | make definitions for Holland et al., 20b3antle mineralogical model

Include solution models (Y/N)?
n

Enter calculation title:
ex3

*Although only one component is specified for the fluid phase, its equation of state peusgt®f its compositional
variable: Y(CO2) .

Specify values for: P(bar) T(K) Y(CO2). For calculation 1, enter zeros to finish.

Here you must specify at whichiTPXCO2 conditions you would like to calculate the chemographies. Having
included only HO as saturated fluid component, Xgd&always0.

Point A:

3000

573

0

Specify values for: P(bar) T(K) Y(CO2). For calculation 2, enter zeros to finish.
Point B:

5000

733

0

Specify values for: P(bar) T(KJCOZ2). For calculation 3, enter zeros to finish.
Point C:

7000

843

0

Specify values for: P(bar) T(K) Y(CO2). For calculation 4, enter zeros to finish.
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Point D:
8000
893

0

Specify values for:

Point E:
9000
973

0

Specify values for:

Point F:
11000
1003

0

Specify values for:

Point G:
4000
843

0

Specify values for:

Point H:
5000
963

0

Specify values for:

Point I
6000
1073

0

Specify values for:.

0
0
0

P(bar)

P(bar)

P(bar)

P(bar)

P(bar)

P(bar) T(K)

T(K)

T(K)

T(K)

T(K)

T(K)

Y(CO2)chtaticad 5, enter zeros to finish.

Y(CO2). For calculation 6, enter zeros to finish.

Y(CO2). For calcyletitar zeros to finish.

Y(CO2). For cal@latitar zeros to finish.

Y(CO2). For caldylatitar zerosa finish.

YRGOD)Iculationl0, enter zeros to finish.

(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:

CA\PERPLERerplex691zonvex

Perple_X veion 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.
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Enter the project name (the name assigned in BUILD) [default = my_project]:

ex3

Reading problem definition from file: ex3.dat
Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex3.plt

Writing plot output to file: ex3.plt

Reading solution models from file: not requested
Reading Perple_X options fro perplex_option.dat
Writing Perple_X option summary to: not requested

Perple_X computational option settings {6ONVEX:
Keyword: Value:

Auto-refine options:
auto_refine aut

re-refine F
intermediate_savrpc
intermediate_savdyn
keep_all _rpcs T

F
F

Solution subdivisin options:

initial_resolution:

Permitted values [default]:

[auto] manual off

replicate_threshold 0.1E [1e2]; static opt; <O => no replica test
rep_dynamic_threlsold 0.1E2
F1T

[1d3]; dynamic opt; <0 => no replica test

[F1T
F1T

[TIF

exploratory stage 0.0625 ->Q [1/16], 0 => off

auto-refine stage 0.0063 -1 [ ], 0=>off
stretch_factor 0.0020
non_linear_switch F
subdivision_override  off

hard_limits off
refine_endmembers

F

>0 {2d
[FIT
[off] lin str

[off] on

pc_perturbation 0.0050
Thermodynamic options:

solvus_tolerance aut
T_stop (K) 0.0
T_melt (K) 873.0
approx_alpha T

AndersonGruneisen

F

[0]

F1T
S

[aut] erD) aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize

[873]
[TIF

speciation_pregion 0.1
speciation_max_it 100

GFSM F
hybrid_EoS_H20 4
hybrid_EoS_CO2 4
hybrid_EoS_CH4 0
ag_bad_results err
ag_lagged_speciation F
ag_ion_H+ T
ag_oxide_components
ag_solvent_solvus T
ag_vapor_epsilon 1.0

Input/Output options:

[FIT
[1d5] <1; absolute
[100]

[F] T GFSM/special_component toggle

{a) 87

4]0
0]

[err] 101 102 103 ignore

[FIT

[T] F =>use OH

F

F1T
[TIF
[1.]
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pause_on_error T [TIF
timing T [TIF
auto_exclude T [TTF
To change thes options seewww.perplex.ethz.ch/perplex_options.html

Summary of makelefinition entities:
fo8L 8L cenjh odi gjL dijL
fo. foTL foHL qgHL

** Starting auto_refine computational stage **
Computing the compositional phase relations ahdition 1

cycle 1 1 1
cycle 2 2 3
cycle 3 4 5
cycle 4 6 7

Computing the compositional phase relations at condition 2
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the compositional phase relatiortcandition 3
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the composonal phase relations at condition 4
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

Computing the compositional phase relat®at condition 5
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the comositional phase relations at condition 6
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

Computing the compositional phaseatibns at condition 7
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

Computing the compositional phase relations at condit®n
cycle 1 1 1

cycle 2 2 3
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cycle 3 4 5
cycle 4 6 7
cycle 5 8 8
Computing the compositional phaselations at condition 9
cycle 1 1 1
cycle 2 2 3
cycle 3 4 5
cycle 4 6 7
cycle 5 8 8

(3) Ploting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated chemographies:
C\PERPLERerplex691psvdraw

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyhght>.

Enter the project or plot file name [i.e., without the .plt suffix]:
ex3

Perple_X plot options are currently set as:

Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_lox :

0  [0] min (pts)

0  [O] ymin (pts)
800 [800]*ength (pts)
800  [800]yength (pts)

field_fill T [T]IF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->Q [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT

half ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]+pcale (rel)
130. [0.18]xtranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (d®
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.](rel)

plot_extra_data
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To change these optioreslit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex3.ps
Modify the default plot (y/n)?
N

P(bar) =0.300E+04
T(K) = 573.
Y(CO2)=0.00
(fluid saturated)

P(bar) =0.500E+04
T(K) = T383.
Y(CO2)=0.00
(fluid saturated)

P(bar) =0.700E+04
T(K) = 843.
Y(CO2)=0.00
(fluid saturated)

P(bar) =0.800E+04
T(K) = 893.
Y(CO2)=0.00
(fluid saturated)

39 | Updated: 2022January 24



P(bar) =0.900E+04 P(bar) =0.110E+05
T(K) = 973. T(K) =0.109E+04
Y(CO2)=0.00 Y(CO2) =0.00
(fluid saturated) (fluid saturated)

br br
P(bar) =0.400E+04 P(bar) =0.500E+04
T(K) = 843. T(K) = 963.
Y(CO2)=10.00 Y(CO2)=0.00

(fluid saturated) (fluid saturated)

P(bar) =0.600E+04
T(K) =0.107E+04
Y(CO2)=0.00
(fluid saturated)
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Ex 4
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Ex.4 ¢ P-T pseudosection for the CMSH system (no solid solutions)

This exercise explains how to calculate a very simple pseudosectioh.involving solid
solutions for a generic ultramafic composition (MgO=50, $#@5, CaO=5 mol%; red diot
the figure below)

SiO2

Combined with Ex. 2 and Ex. 3, this exercise is useful to understand the difference betyveen
P-T projections and FI pseudosections.

(1) Definition of the problem (BUILD)

C\PERPLERerplex691build

Perple_X version 6.9.1, sourgpdated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

NO is the default (blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as theroot for all output file nameguldef
my_project]:
ex4d

The problem definition file will be named: ex4.dat

Enter thermodynamic data file name [default = hpO2ver.dat]:
hp62ver.dat

Enter the computational option fileame [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html
[enter]

Reading Perple_X options from: perplex_option.dat

The current data base components are:
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Na20MgO AI203 Si02 K20 CaO TiO2 MnO FeO NIQIZ@XH20 CO2 CuO Cr203 S2NBZnO
Transform them (Y/N)?
n

Specify computational mode:

1 - ConvexHull minimization

2 - Constrained minimization on a 2d grid [default]

3 - Constained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convelull minimizaton for Schreinemakers projections or phase diagramth > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.
2
Use option 1 (ConveXull minimization) for PROJECTIONEchrenemakerstype diagrams) or
CHEMOGRAPHIE®fiposition diagramsphase diagrams with > 2 independent variab)etJseoptions 2
or 3 (Constrained minimization on a 2d grid/1d griddr PSEUDOSECTIONSat6e diagrams or phase
diagram sections with < 3 indepeent variableg.

Calculations with a saturated fluid (Y/N)?
y

Select the independent saturated fluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For GO-H fluids it is only necessary to select volatile species present iadiits of interest. If the species listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent ¥iHH €Quid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

Calculations with satated components (Y/N)?
n

Use chemical potentials, activities or fugacities as independent
variables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO @82002 CuO Cr203 82 N2
Enter names, 1 per line, press <enter> to finish:

MgO

S02

GO
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Because the thermodynamic data file identifies: H20 as special components, you will be prompted next for the EoS to
be used for the corresponding composants and mixtures thereofv&aide this behavior, e.g., to use a generic hybrid
fluid EoS, delete the special_component section from the thermodynamic data file header.

NOTE: the EoS choice specified here will override the EoS choice specified by the hybrid_EoS option, tdaserride t
behavior delete the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(CQ) H2GCO2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrEoS*
10- X(O) ebuffered COH MRK hybtlEoS Connolly & Cesare 93*
12 - X(O¥(S2) @uffered COHS MRK hybiihS Connolly & Cesa#8*
13- X(H2) H2eH2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybrideoS*
17- X(O¥f(S2) HO-S MRK hybriEoS*
19- X(O}X(S) duffered COI3 MRK hybridEoS Connolly & Cesare 93*
20- X(0O}X(C) COHS MRK hybEdS Connolly & Cesare 93*
24 - f(02/CO2IN/C Chuffered COHN MRK hyb+itbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(O)X(C) €>-H MRK hybri€EoS*
*Hybrid EoS use the following pure species EoS, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- MRK DeSantis et al 1974

5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Select »axis variable:
1 - P(bar)
2-T(K)
3-Y(CO2)
4 - Composition X_C1* (user defined)
*Although only one component is specified for the Y(CO2) phase, its equation ofpsatets useof its
compositional variable:
*X_C1 can not be selected as thaxis variable
2

Enter minimum and maximum valuegspectively, for: T(K)
473
1273
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Select yaxis variable:
2-P(bar)
3-Y(CO2)

2

Enter minimum and maximum values, respectively, for: P(bar)
500
20000

Specify sectioning value for: Y(CO2)
0

For gridded minimization, grid resolution is determihby the number of levels (grid_levels) and the resolution at the
lowest level in the Xand Ydirections (Xx_nodes and y_nodes) these parameters are currently set for the exploratory
and autorefine cycles as follows:

stage grid_levels xnodes yesd effective resolution

exploratory 1 10 10 10 x 10 nodes

auto-refine 4 40 40 313 x 313 nodes

To change these options edit or create the file perplex_option.dat

See: www.perplex.ethz.ch/perplex_options.html#grid_parameters

Specify component amounts by mass (Y/N)?

n

Hereyou can specify the bulk composition of ysample either in wt%by massdr in mol%. In this example,
that refers to agenert ultramafic rock rather than to a real sample, | have chosen mol% becausadgeis
to visualize a mol% composition on the chemographies.

The amounts you enter next need not be normalized; regardless of unitsdéfane the molar amount of
the sysem

Enter the molar amounts of the components:
MgO SiO2 CaO

for the bulk composition of interest:

50

45

5

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
y

Do you want to be prompted for phases (Y/N)?
n

Enter names, 1 pemile, press <enter> to finish:
Same as in Ex. 2 and Ex. 3.
rnk | rankinite Ca3Si207
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Irn | larnite Ca2SiO4

cstn | & ftitanite€ CaS205 (one Si replaces Ti)

wo | wollastonite CaSiO3

pswo | pseudoewollastoniteCaSiO3

wal | wollastanite CaSiO3

ak | akermanite Ca2MgSi207

merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(0OH)2

cen | clinoenstatite Mg2Si206

cumm | cummingtonite Mg7Si8022(0OH)2

cumm_dqgf | cummingtonite for Diene et al. (2007) cAmph model

woL | wollastonite LIQUID

limL | lime LIQUID

mcpv | make definitions for Holland et al., 20b@ntle mineralogical model
cmpv | make definitions for Holland et al., 20b3antle mineralogical model
cpv | make defiitions for Holland et al., 201®antle mineralogical model

Include solution models (Y/N)?
n

Enter calculation title:
ex4

(2) Doing the calculationM\ERTEX

Run VERTEX to make the calculation:
C\PERPLERerplex691wertex

Perple_X version 6.9.1, soerapdated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex4

Reading problem definition from file: ex4.dat
Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex4.plt

Writing plot output to file: ex4.plt

Writing phase assemblage data to file: ex4.blk
Reading solution models from file: not requested
Reading Perple_X options from: perplex_option.dat
Writing seismic data options to: ex4_seismic_data.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settings for VERTEX:
Keyword: Value: Permitted values [default]:
Auto-refine options:
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auto_refine aut [auto] manual off
replicate_threshold 0.3E [1e2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dyname opt; <O => no replica test

re-refine F [FIT
intermediate_savrpc F [FIT
intermediate_savdyn F [FIT
keep_all_rpcs T [TTF

Free energy minimization options:
MINFRC _diffincrement 0.1#6 [le7]1e3 => 1€9
MINFXC_solver 0 [0] >sp@ci2,-1 - MINFXC
optimization_max_it 40 [40] >1
optimization_precision 0.1B [le4], 1el => 16, absolute

order_check F AT

refinement_points 5 [autopl4

refinement_switch F [TTF

scatterpoints T [TIF

scatterincrement 0.1 [le2]le2=>1e7

solvus_tolerance_Il  aut (00250

zero_mode 0-BE [1e6] 0->1; < 0 => off
2D grid options:

X_nodes 10/40 [10/40] >0, <2048; effectigeotution 10 /313 nodes
y_nodes 10/40 [10/40] >0, <2048; effectiesqution 10 /313 nodes
grid_levels 1/4 [1/4] >0, <10

linear_model on [on] off

Solution subdivision options:
initial_resolution:  0.2500 [1/4}#81; O => off

stretch_factor 0.0020 [34>0
non_linear_switch F [FIT
subdivision_override off [lin] off str
refine_endmembers F [FIT

Thermodynamic options:
solvus_tolerance aut [aut] e»T; aut = automatic, 0 => p=c psegdmpounds, 1 => homogenize
T_stop (K) 0.0 [0]

T _melt (K) 873.0 [873]
approx_alpha T [TIF
AndersonGruneisen F [FIT

speciation_precision 0.1 [1d5] <1, absolte
speciation_max_it 100 [100]

GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 {2] 87

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 [0]01,7

ag_bad_results err [err] 101 102 103 ignore
ag_lagged_speciation F [FIT

ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT

ag_solvent_solvus T [TIF
ag_vapor_epsilon 1.0 [1.]
Input/Output options:
pause_on_error T [TTF
timing T [TTF
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auto_exclude T [TTF

logarithmic_p F [FIT
bad_number NaN [NaN]
interim_results aut [auto] off manual
Information file output options:
option_list_files F [F] T; echo computational options
pseudocompound_file F [F] T; echacspteudocompound compositions
auto_refine_file F [T] F; echo aefme compositions
seismic_data_file T [F] T; echo seismic wavespeed options

To change these options see: www.perplex.ethz.ch/perplex_options.html

Summary of makelefinition entities:
fo8L 8L cenjh  odi gjL dijL
fo. foTL foHL gHL

**warning ver099** no data for aqueous species, aq_output and aq_lagged_speciation disabled.

** Starting exploratory computational stage **
2.5% done with low level grid.
5.0% done with low level grid.
7.5% done \th low level grid.
10.0% done with low level grid.
12.5% done with low level grid.
15.0% done with low level grid.
17.5% done with low level grid.
20.0% done with low level grid.
22.5% done with low level grid.
25.0% done with low level grid.
27.%% done with low level grid.
30.0% done with low level grid.
32.5% done with low level grid.
35.0% done with low level grid.
37.5% done with low level grid.
40.0% done with low level grid.
42.5% done with low level grid.
45.0% done with low level gki
47.5% done with low level grid.
50.0% done with low level grid.
52.5% done with low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
60.0% done with low level grid.
62.5% done with low level grid.
65.0% done with lowelvel grid.
67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done with low level grid.
82.5% done with low level grid.
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85.0% done vt low level grid.
87.5% done with low level grid.
90.0% done with low level grid.
92.5% done with low level grid.
95.0% done with low level grid.
97.5% done with low level grid.
100.0% done with low level grid.

Beginning grid refinement stage.
197 grid cells to be refined at grid level 2
refinement at level 2 involved 429 minimizations
2029 minimizations required of the theoretical limit of 6241
380 grid cells to be refined at grid level 3
...working (73 minimizatiort®ne)
...working (576 minimizations done)
refinement at level 3 involved 745 minimizations
2774 minimizations required of the theoretical limit of 24649
719 grid cells to be refined at grid level 4
...working (333 miniimations done)
...working ( 834 minimizations done)
...working ( 1336 minimizations done)
refinement at level 4 involved 1363 minimizations
4137 minimizations required of the theoretical limit of 98596

Exploratory stage generated:
Total number of compositions: 0

** Starting autorefine computational stage **
2.5% done with low level grid.
5.0% done with low level grid.
7.5% done with low level grid.
10.0% done with low level grid.
12.5% done with low level grid.
15.0% done with low level grid.
17.5% done with low level grid.
20.0% done with low level igk.
22.5% done with low level grid.
25.0% done with low level grid.
27.5% done with low level grid.
30.0% done with low level grid.
32.5% done with low level grid.
35.0% done with low level grid.
37.5% done with low level grid.
40.0% done with lovevel grid.
42.5% done with low level grid.
45.0% done with low level grid.
47.5% done with low level grid.
50.0% done with low level grid.
52.5% done with low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
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60.0% done vth low level grid.
62.5% done with low level grid.
65.0% done with low level grid.
67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done with low level grid.
82.5% done with low level grid.
85.0% done with low level grid.
87.5% done with low level grid.
90.0% done with low level grid.
92.5% done with low level grid.
95.0% done with low level grid.
97.5% done with low level gri
100.0% done with low level grid.

Beginning grid refinement stage.
197 grid cells to be refined at grid level 2
refinement at level 2 involved 429 minimizations
2029 minimizations required of the theoretical limit of 6241
380 grid ells to be refined at grid level 3
...working (73 minimizations done)
...working (576 minimizations done)
refinement at level 3 involved 745 minimizations
2774 minimizations required of the theoretical limit of 24649
719 grid cells to be refined at grid level 4
...working (333 minimizations done)
...working ( 834 minimizations done)
...working ( 1336 minimizations done)
refinement at level 4 involved 1363 minimizations
4137 minimiz&ons required of the theoretical limit of 98596

Timing min. % of total
Static G calculation 0.26042E 2.9
Dynamic G caldation 0.0000 0.0
Static LP 0.0000 0.0
Dynamic LP 0.0000 0.0
Successive QP 0.0000 0.0
Total of above 0.26042& 2.9

Totalelapsed time 0.91146R 100.0

End of job: ex4
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(3) Plotting the calculated phse diagram (PSEC)

Run PSSECT to plot the calculated pseudosection:
C\PERPLERerplex691pssect

Perple_X version 6.9.4purce updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the projechame (the name assigned in BUILD) [default = my_project]:
ex4d

Reading Perple_X options from: perplex_option.dat
Perple_X plot options are currently set as:
Keyword: aWe: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0 [0] ymin (pts)
800 [80] xlength (pts)
800  [800]¥ength (pts)

field_fill T [TTF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->0 [0.025]
field_label_scale 0.75 [0.72] (rel)

font Helvetica

grid F [FT
half_ticks T [TTF
line_width 10 @99 [1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]4gcale (rel)
130. [0.18]+#ranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TIF
tenth_ticks F [FIT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex4.ps
Modify the default plot (y/n)?
n
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Being a very simple pseudosection (no solid solutions!), the stability fields of each mineral assemblage are
ASLI NI GSR o0& aNBFfé¢ NBI OLS, and allGrizidnl Bssamblagesave thebshme! w L
variance. However, this is a very special case: pseudosections generally contakvanuuiti field
assemblages.
NB. The variance of each field is 2 HgH2; c=4 (CMSH); p=4 (remember that each field @stairs H:O)]
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(4) Comparison between projection and pseudosection

P(bar) =0.500E+04

T A P(bar) =0.300E+04 B
o T(K) = 573. T(K) = 733.
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Comparison between the CMSH projection (Ex. 2) and the pseudosection (Ex. 4) calculated for a bulk
composition MgO=50 mol%, SiO2=45 mol%, CaO=5 mol% (red dot in the chemogr&gh&s

CKAA ALISOAFTAO odzZ |1 O2YLRAAGAZY GaSSaé¢é OADPSD A
the P-T projection.
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ExX 5
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Ex. 5 ¢ T-X(CQ) projections and pseudosection®r the CMSH,O-CQ

system (0 solid solution3

This execise investigates prograde metamorphism of impure dolomites and limestones
characterized by different amounts of Cal, Dol and Qtz. A constant pressure of 1 kbar,
typical of shallow level contact aureoles, is considered.

This exercise is useful to understd the difference between IX(CQ) projections and T
X(CQ) pseudsections and allows you to beooe familiar with the use of HO-CQ fluids.

Ex.5.1 ¢ Isobaric TX(CQ) projection for a generic siliceous dolomite containi

exces<Lal

(1) Definition ofthe problem (BUILD)

C\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

NO is the default (blank) answer to all Y/N prompts

Enter a name fothis project (the name will be used as theot for all output file names) [default =
my_project]:
ex5_1

The problem definition file will be named: ex5_1.dat

Enter thermodynamic datalé name [default = hpO2ver.dat]:
hp62ver.dat

Enter the computational option file name [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html
enter

Reading Perple_X options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiOR2DO®2H20 G2CuO Cr203 §2N2 ZnO
Transform them (Y/N)?

n

Specify computational mode:
1 - ConvexHull minmization
2 - Constrained minimization on a 2d grid [default]
3 - Constrained minimization on a 1d grid
4 - Output pseudocompound data
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5 - 1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fragvnation (FRAC2D and TITRATE reactive transport models)
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagramnphase diagram sections with < 3 indepent
variables.
1

Calculations with a saturated fluid (Y/N)?
y

Select the independent saturated fluid components:

H20 CO2

Enter names, 1 per line, press <enter> to finish:

For GO-H fluids it is only necessary to select volatile species present iadiies of interest. If the species listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent ¥H €Quid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

CO2

Because we want toalculate a IXCO2 grid, both H20 and CO2 must be included in the calculation.

Calculations with saturated components (Y/N)?

Y

We want to calculate the -XCO2 grid witlsalcite in excesstherefore we must consider CaO as a saturated
component.

**warning ver015** if you select > 1 saturated component, then the order goter the components determines the
saturation heirarchy and may effect yorgsults (see Connolly 1990).

NOTEIf more than one saturated component is specified Perple_Xegpfiie congtints sequentially.

For example, if CaO and MgO are specified as saturated components in this order, this implies that calcite
and dolomite would be excess phasdgshe order is reverse@gO, CaOthen, at the same conditios, the

stable phases woulddomagnesite and calcitel'his sequence is referred to as the saturation hierarchy.

Select < 6 saturated components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO D2 @D Cr203 $2 N2 ZnO
Enter names, 1 per l@ press <enter> to finish:

GO

Use chemical potentials, activities or fugacities as independamnables (Y/N)?
n

Select thermodynamic components from the set:

Na20 AI203 Si02 K20 TiO2 MNnO FeO NiO ZrO2 CI2 @2038u&2 FR2 Z1©D

Enter names, 1 per line, press <enter> to finish:

MgO

d02

Because the thermodynamic data file identifies: H20 CO2 as special components, you will be prompted next for the
EoS to be used for the corresponding composants and mixtures thereof. To ewhigdbehavior, e.g., to use a generic
hybrid fluid EoS, delete the special_component section from the thermodynamic data file header.
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NOTE: the EoS choice specified here will override the EoS choice specified by the hybrid_EoS option, tooverride this
behavior delete the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrEoS*
10- X(O) ehuffered COH MRK hybtlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) @uffered COHS MRK hybi#ithS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14- X(CO2) H2@O2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
19- X(0O)X(S) dbuffered COHS MRigbridEoS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2)N/C Chuffered COHN MRK hybstbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(OYX(C) 8>-H MRK hybrieEoS*
*Hybrid EoS use the following pure species E0S, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- MRK Deéntis et al 1974
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Specify number of independent potential variables:
0 - Composition diagrandefault]
1 - Mixed-variable diagram
2 - Sections and Schreinemakéype diagrams

2

Select xaxis variable:
1-P(bar)
2-T(K)
3-Y(CO2)

3

Enter minimum and maximum values, respectively, for: Y(CO2)

0.00001

1

CONVEX might notlable to trace equilibria which occur at very low XCO2 vdXE®?2 < 1-6); therefore,
it is suggested to set a XCO2 minim value different from 0 (e.g. 0.00001)
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Select yaxis variable:
2-T(K)
3-P(bar)

2

Enter minimum and maximum valuagspectively, for: T(K)
573
873

Specify sectioning value for: P(bar)
1000

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?

y

Do you want to be prompted for phases (Y/N)?

n

Enter names, 1 per line, press <enter> to finish:

At vay low XCO2 values, equilibria involving- @ad/or Mgrich silicates such as rankinite, larnite,
akermanite, merwinite, spurrite tylleite, monticellite, chlinohumite, clinohumite and clinoenstatite could
become metastable, therefore their exclusion is miegful.

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & ftitanite€ CaS205 (one Si replaces Ti)
ty | tilleyte Ca5Si207(C0O3)2

spu | spurrite Ca5Si208(CO3)

ak | akermanite Ca2MgSi207

merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(0OH)2

cen | clinoenstatite Mg2Si206

Include solution models (Y/N)?
n

Enter calculation title:
ex5 1

(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:
CA\PERPLERerdex691>xonvex

Perple_X version 6.9.8purce updated January 3, 2022.
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Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex5_ 1

Reading problem defition from file: ex5_1.dat
Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex51.plt

Writing plot output to file: ex5_1.plt

Reading solution models from file: not requested
Reading Perple_X options from: perplex_option.dat
Writing complete reaction list to: not requested
Writing Perpé_X option summary to: not requested

Perple_X computational option settings for CONVEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1le2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dynamic opt; <O => no replica test

re-refine F [FIT
intermediate_savrpc F [FIT
intermediate_savdyn F [FT
keep_all _rpcs T [TIF
Schreinemakers and Mixadhriable diagram options:
variance 1/99 [1/99], >0; maximum true variance
increment 0.100/0.025 [0.1/0.025], default search/trace variable increment
efficiency 3 [3] >0, <6
reaction_format min [min] full stoichiometry S+V everything
reaction_list off off] on
console_messages on [on] off
short_print_file on [on] off

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0208 0->1[ ], 0 => off
stretch_factor 0.0020 >0{2p

non_linear_switch F [F1T
subdivision_override  off [off] lin str
hard_limits off [off] on
refine_endmembers F TF]

pc_perturbation 0.0050 =4
Thermodynamic options:
solvus_tolerance aut [aut] e, aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [0]
T_melt (K) 3D [873]
approx_alpha T [TTF
AndersonGruneisen  F [FIT
speciation_precision 0.4 [1d5] <1; absolute
speciation_max_it 100 [100]
GFSM F [F] T GFSlisdlspemponent toggle
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hybrid_EoS_H20 4  fg)e7
hybrid_EoS_CO2 4 4D
hybrid_EoS_CH4 0 {0]D

ag_bad_results err [err] 101 102 103 ignore
ag_lagged_specian F [FIT

ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
ag_vapor_epsilon 1.0 [1.]
Input/Output options:

pause_on_error T [TIF

timing T [TIF

auto_exclude T [TTF

To change these options see: www.perplex.ethz.ch/perplex_options.html

Summary of makelefinition entities:
cumm_dqgf fo8L  g8L cenjh  odi gL dijL fojL foTL mcpv cmpv foHL gHL

Summary of saturatedomponent entities:
for: CaO
lime cc arag limL

** Starting auo_refine computational stage **

cycle 1 1 1
cycle 2 2 2
cycle 3 3 3

Initial number of divariant assemblages to be tested is: 3

Testing divariant assemblage 1, 2 assemblages remaining to be tested.

**warning ver079** univeq failed on an edge for the following equilibrium.

Probable cause is extreme independent variable limits (e.g., xco2=0) or poor convergence criteria in the thermodynamic
data file In routine:COFACE

finished with equilibrium (1) dol = br

Testing divariant assemblage 2, 2 assemblages remaining to be tested.

**warning ver079** univeq failed on an edge for the following equilibrium.

Probable cause is extreme independgariable limits (e.g., xco2=0) or poor convergence criteria in the thermodynamic
data file. In routine: COFACE

finished with equilibrium ( 2) tr = atg di

Testing divariant assemblage 3, 3 assemblages remaining to be tested.

finished with equlibrium ( 3) g =wo

finished with equilibrium ( 4) di = wo fo

finished with equilibrium ( 5) di = wo br

**warning ver047** univariant field 6 terminates at an invariant fithdt could not be located within the tolerance
specified in thehermodynamic

data file (PTOL= 0.3000G0E).

finished with equilibrium ( 6) di br =fo

finished with equilibrium ( 6) di br =fo

finished with equilibrium ( 7) fo = wo br

**warning ver047** univariant field 8 terminates at an invariaield that could not be located within the tolerance
specified in the thermodynamitata file (PTOL= 0.3000C0E).

finished with equilibrium ( 8) atg = di fo
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finished with equilibrium (
finished with equilibrium (

**warning ver047** univariant field

8) atg =difo
9) atg =di br
10 terminates at an invariant figddt could not be located within the tolerance

specified in the thermodynamitata file (PTOL= 0.3000C0E).

finished with equilibrium (

*warning ver047** uniariant field

10) br atg = fo
10 terminates at an invariant fighght could not be located within the tolerance

specified in the thermodynamitata file (PTOL= 0.3000G0E).

finished with equilibrium (

**warning ver047** univariant field

10) br atg = fo
10 teminates at an invariant fielthat could not be located within the tolerance

specified in the thermodynamitata file (PTOL= 0.3000C0E).

finished with equilibrium (
finished with equilibrium (
finished with equilibium (
finished with equilibrium (

**warning ver047** univariant field

10) br atg = fo
10) br atg = fo
11) tr=difo
2) tr = di atg
12 terminates at an invariant fithdt could not be located within the tolerance

specified in the thermodynamitata file (PTOL= 0.3000C0E).

finished with equilibrium (
finished with equilibrium (

12) atg =fo tr
12) atg =fo tr

finished with equilibrium (1) dol = br
finished with equilibrium ( 13) atg dol = fo
finished with equilibrium (1) dol = br
finished with equilibrium(  14) di dol = fo
finished with equilibrium ( 15) tr = di dol
finished with equilibrium ( 16) tr dol = fo

finished with equilibrium (
**warning ver020** sfol2

17) tr dol = atg

finished with equilibrium (  18) trg=di
finished with equilibium ( 19) dol g = di
finished with equilibrium ( 20) dol q =tr

finished with equilibrium (
finished with equilibrium (

2)ta=atg tr
22) dol ta = atg

finished with equilibrium ( 23) ta = tr dol
finished with equilibrium (  24) qta=tr
finished with equilibrium ( 25) dol g = ta

**warning ver074** no new equilibria identified, if degenerate segments haveeen skipped increase the
computational reliability level.

Testing divariant assemblage 4, 4 assemblages remainintesiduoe

Testing divariant assemblage 5, 4 assemblages remaining to be tested.

finished with equilibrium ( 18) tr g =di

Testing divariant assemblage 6, 4 assemblages remaining to be tested.

Testing divariant assemblage 7, as$&emblages remaining to be tested.

Testing divariant assemblage 8, 4 assemblages remaining to be tested.
Testing divariant assemblage 9, 4 assemblages remaining to be tested.
Testing divariant assemblage 10, 4 assemblagesmiemto be tested.

Testing divariant assemblage 11, 4 assemblages remaining to be tested.

**warning ver066** Metastable assemblage into FLIPIT:

ta atg
v =1000.00 573.000 0.782242E0.00000 0.00000
Testing divariantssemblage 12, 3 assemblages remaining to be tested.
Testing divariant assemblage 13, 2 assemblages remaining to be tested.
Testing divariant assemblage 14, 3 assemblages remaining to be tested.
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Testing divariant assemblage , 15 4 assemblages remaining to be tested.
Testing divariant assemblage 16, 4 assemblages remaining to be tested.
Testing divariant assemblage 17, 5 assemblages remaining to be tested.
Testing divariant assemblage 18, 4 assggeblremaining to be tested.
Testing divariant assemblage 19, 3 assemblages remaining to be tested.
Testing divariant assemblage 20, 4 assemblages remaining to be tested.
Testing divariant assemblage 21, 4 assemblages remaitiaddsted.
Testing divariant assemblage 22, 3 assemblages remaining to be tested.
Testing divariant assemblage 23, 2 assemblages remaining to be tested.
Testing divariant assemblage 24, 2 assemblages remaining to be tested.
Teding divariant assemblage 25, 1 assemblages remaining to be tested.
Testing divariant assemblage 26, 0 assemblages remaining to be tested.

WARNING!The stality fields of the following equilibrimayhave been entirely or partially skippétthe calculation:
( 1) dol=br
( 21)tr=diatg

(3) Plotting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated phase diagram:
C\PERPLERerplex691psvdiaw

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
ex5_1

Perple_X plot options are currentlytsas:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800  [800]¥ength (pts)

field_fill T [TTF
field_label T [TIF
numeric_field_label F [F] T, if T PSSHET list to *_assemblages.txt

replicate_label 0.250 ->0 [0.025]
field_label_scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT
half_ticks T 1 KT
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]4gcale (rel)
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130. [0.18]stranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect_ratio 1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written tolg: ex5_1.ps

Modify the default plot (y/n)?
N

873 T T T T |

813 |4

753 &
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X
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573 I | | | | | I | I
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Ex. 5.2¢ Isobaric TXCQ pseudosection of a siliceous dolomite for the composit

2Qtzc2Dok1Cal (see Bucher & Grapes, 20]1Fig. 6.8)

(1) Definition of the problem (BUILD)

CA\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

NO is the default (blank) answeradl Y/N prompts

Enter a name for this project (the name will be used as riba& for all output file names) [default =
my_project]:
exb 2

The problem definition file will be named: ex5_2.dat

Enter thermodynamic data file name [default = hpO2ver.dat]:
hp62ver.dat

Enter the computational option file name [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html

Reading Perple_X options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 SiO2 K20 CaO TiO2 MnO FeO Nid2 20Q2H20 CO2 CuO Cr203 S2 FZnNR2
Transform them (Y/N)?

n

Specify computational mode

1 - ConvexHull minimization

2 - Constrained minimization on a 2d grid [default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convedull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagranphase diagrarsections with < 3 independent
variables.
2

Calculations with a saturated fluid (Y/N)?
y

Select the independent saturated fluid components:
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H20 CO2

Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessary to select viddaspecies present in the solids of interest. If the species listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent WitH €uid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

CO2

Calculations with saturated components (Y/N)?
n

Use chemical potentials, activities or fugacities as independariables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO2 D®2 @O Cr203S2 F2
Enter names, 1 per line, press <enter> to finish:

MgO

CaO

Si02

Because the thermodynamic data file identifies: H20 CO2 as special components, you will be prompted next for the
EoS to be used for the corresponding composanid mixtures thereof. To override this behavior, e.g., to use a generic
hybrid fluid EoS, delete the special_component section from the thermodynamic data file header.

NOTE: the EoS choice specified here will override the EoS choice specified by tthieBo®mption, tooverride this
behavior delete the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified RedlieKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@0O2 HSMRK Ketki& Jacobs 81
2 - X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) euffered COH MRK hybrleoS Connolly & Cesare 93*
12 - X(0)f(S2) cuffered COHS MRKItwyd-EoS Connolly & Cesare 93*
13- X(H2) H2aH2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybrigEoS*
19- X(0O)X(S) duffered COHS MRK hybifichS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24-f(02/CO2N/C Cbuffered COHN MRK hyb#iebS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Corully 16
27 - X(OYX(C) 8>-H MRK hybridEoS*
*Hybrid EoS use the following pure species EoS, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEo0S Pitzer &eBher 1994
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CH4 - MRK DeSantis et al 1974
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Select xaxis variable:

1 - P(bar)

2-T(K)

3-Y(CO2)

4 - Composition X_C1* (user defined)
*X_C1 can not be selected as thaxis variable
3

Enter minimum and maximum values, respectively, for: Y(CO2)
0.00001
1

Select yaxis variable:
2-T(K)
3-P(bar)

2

Enter minimumand maximum values, respectively, for: T(K)
573
873

Specify sectioning value for: P(bar)
1000

For gridded minimization, grid resolution is determined by the number of levels (grid_levels) and the resolution at the
lowest level in the Xand Ydirections(x_nodes and y_nodes) these parameters are currently set for the exploratory
and autorefine cycles as follows:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 10 10 10 x 10 nodes

auto-refine 4 40 40 313 x 313 nodes

To change these options edit or create the file perplex_option.dat

See: www.perplex.ethz.ch/perplex_options.html#grid_parameters

Specify component amounts/imass (Y/N)?
n

The amounts you enter next need not be normalized; regardless of unitsgéfene the molar amount of
the system
The starting composition 2Qtz +2Dol + 1@ahns:2Si02 + 2MgO + 3Ca0

Enter the molar amounts of the components:
MgO CaO0sSiO2
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for the bulk composition of interest:
2
3
2

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
Y

Do you want to be prompted for phases (Y/N)?
N

Enter names, 1 per line, press <enter> to finish:
Same asin Ex. 5_1:

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & fitanite€ CaS205 (one Si replaces Ti)
ty | tilleyte Ca5Si207(C03)2

spu | spurrite Ca5Si208(CO3)

ak | akermanite Ca2MgSi207

merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(0OH)2

cen | clinoenstatite Mg2Si206

Include solution models (Y/N)?
n

Enter calculation title:
ex5 2

(2) Doing the calculationM\ERTEX

Run VERTEX to make the calculation:
CA\PERPLERerplex691»ertex

Pemple_ X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex5 2

Reading problem definition from filex5_2.dat
Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex5_2.plt

Writing plot output to file: ex5_2.plt
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Writing phase assemblage data to file: ex5_2.blk
Reading solution models from file: not requested
Reading Perple_X options from: perplex_option.dat
Writing seismic data options t@x5_2_seismic_data.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settings fOERTEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.3E [1e2]; static opt; <O => no replica test
rep_dynamic_threshal 0.1E2 [1d3]; dynamic opt; <O => no replica test

re-refine F [FIT
intermediate_savrpc F [FIT
intermediate_savdyn F [FIT
keep_all _rpcs T [TIF

Free energy minimizain options:
MINFRC_diff_increment 0-BE [le7] 1e3 => 1€9
MINFXC_solver 0 [0] >sp@ci2-1 - MINFXC
optimization_max_it 40 [40] >1
optimization_precision 0.}B [le4], 1lel => 1e€6, absolute

order_check F [FIT

refinement_points 5 [autopl4

refinement_switch F [TIF

scatterpoints T [TIF

scatterincrement 0.1 [le2]le2=>1e7

solvus_toleance Il  aut [0.276L

zero_mode 0-BE [1e6] 0->1; < 0 => off
2D grid options:

X_nodes 10/ 40 [10/40] >0, <2048; effectigsotution 10 /313 nodes
y_nodes 10/40 [10/40] <2048; effective-yesolution 10 /313 nodes
grid_levels 1/4 [1/4] >0, <10

linear_model on [on] off

Solution subdivision options:
initial_resolution:  0.2500 [1/4}#1; 0 => off
stretch_factor 0.0020 [Z]>0

non_linear_switch F [FIT
subdivision_override  off [lin] off str
refine_endmembers F [FIT

Thermodynamic options:
solvus_tolerance aut [aut] erD; aut= automatic, 0 => p=c pseudocompounds, 1 => homogenize

T_stop (K) 0.0 [0]
T_melt (K) 873.0 [873]
approx_alpha T [TTF
AndersonGruneisen  F [FIT

speciation_precision 0.1E4 [1d5] <1; absolute
speciation_max_it 100 [100]

GFSM F [FI T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 87

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 [0] @
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ag_bad_results err [err] 101 102 103 ignore
ag_lagged_speciation F [FIT

ag_ion_H+ T [T] F =>use OH

ag_oxide_components F [FIT

ag_olvent_solvus T [TIF

ag_vapor_epsilon 1.0 [1.]
Input/Output options:

pause_on_error T [TIF

timing T [T]F

auto_exclude T [TTF

logarithmic_p F [FIT

bad_number NaN [NaN]

interim_results aut [auto] off manual
Information file output options:

option_list_files F [F] T; echo computational options
pseudocompound_file F [F] T; echo static pseudocompound compositions
auto_refine_file F [T] F; echo aefme compositions
seismic_data_file T [F] T; echo seismic wavespeed options

To change these options see: www.perplex.ethfperplex_options.html

Summary of makelefinition entities:
cumm_dgf fo8L  g8L cenjh  odi gL folL foTL mcpv  cmpv L faiHL

**warning ver099** no data for aqueous species, aq_output and aq_lagged_speciation disabled.
** Starting exploratory computational stage **
2.5% done with low leat grid.
5.0% done with low level grid.
7.5% done with low level grid.
10.0% done with low level grid.
12.5% done with low level grid.
15.0% done with low level grid.
17.5% done with low level grid.
20.0% done with low level grid.
22.5% done withow level grid.
25.0% done with low level grid.
27.5% done with low level grid.
30.0% done with low level grid.
32.5% done with low level grid.
35.0% done with low level grid.
37.5% done with low level grid.
40.0% done with low level grid.
42.5% dne with low level grid.
45.0% done with low level grid.
47.5% done with low level grid.
50.0% done with low level grid.
52.5% done with low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
60.0% done with low level grid.
62.5% done with low level grid.
65.0% done with low level grid.
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67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done with low leverid.

82.5% done with low level grid.
85.0% done with low level grid.
87.5% done with low level grid.
90.0% done with low level grid.
92.5% done with low level grid.
95.0% done with low level grid.
97.5% done with low level grid.
100.0% done wittiow level grid.

Beginning grid refinement stage.
234 grid cells to be refined at grid level 2
...working (502 minimizations done)
refinement at level 2 involved 534 minimizations
2134 minimizations required of the theoretical linoff 6241
461 grid cells to be refined at grid level 3
...working (470 minimizations done)
...working ( 971 minimizations done)
refinement at level 3 involved 975 minimizations
3109 minimizations required of the theoieal limit of 24649
916 grid cells to be refined at grid level 4
...working (498 minimizations done)
...working ( 1000 minimizations done)
...working ( 1501 minimizations done)
refinement at level 4 involved 1893 rimizations
5002 minimizations required of the theoretical limit of 98596

Exploratory stage generated:
Total number of compositions: 0

** Starting autorefine computational stage **
2.5% done with low level grid.
5.0% done with low level grid.
7.5% done with low level grid.
10.0% done with low level grid.
12.5% done with low levgjrid.
15.0% done with low level grid.
17.5% done with low level grid.
20.0% done with low level grid.
22.5% done with low level grid.
25.0% done with low level grid.
27.5% done with low level grid.
30.0% done with low level grid.
32.5% done with v level grid.
35.0% done with low level grid.
37.5% done with low level grid.
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40.0% done with low level grid.
42.5% done with low level grid.
45.0% done with low level grid.
47.5% done with low level grid.
50.0% done with low level grid.
52.5% donevith low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
60.0% done with low level grid.
62.5% done with low level grid.
65.0% done with low level grid.
67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done with low level grid.
82.5% done with low level grid.
85.0% done with low level grid.
87.5% done with low level grid.
90.0% done with low levekigl.
92.5% done with low level grid.
95.0% done with low level grid.
97.5% done with low level grid.
100.0% done with low level grid.

Beginning grid refinement stage.
234 grid cells to be refined at grid level 2
...working ( 502 minimizatis done)
refinement at level 2 involved 534 minimizations
2134 minimizations required of the theoretical limit of 6241
461 grid cells to be refined at grid level 3
...working (470 minimizations done)
...working (971 mimizations done)
refinement at level 3 involved 975 minimizations
3109 minimizations required of the theoretical limit of 24649
916 grid cells to be refined at grid level 4
...working (498 minimizations done)
...working (1000 minimizations done)
...working ( 1501 minimizations done)
refinement at level 4 involved 1893 minimizations
5002 minimizations required of the theoretical limit of 98596

Timing min. % of total
Static G calculation 0.36458E 13.7
Dynamic G calculation 0.0000 0.0
Static LP 0.781-P3E 2.9
Dynamic LP 0.0000 0.0
Successive QP 0.0000 0.0
Total of above 0.4427QE 16.7

Total elapsed time 0.2656QE  100.0
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End of job: ex5_2

(3) Plotting the calculated phase diagram (PEC)

Run PSSECT to plot the calculated pseudosection:
CA\PERPLERerplex691pssect

Perple X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex5 2

Reading Perple_X options from: perplextiop.dat

Perple_X plot options are currently set as:

Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_bo :

0  [0] min (pts)

0  [O] ymin (pts)
800 [800]#ength (pts)
800  [800]yength (pts)

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F]1 T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->Q [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FT
half_ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scde (rel)
0.180 [0.18]4gcale (rel)
130. [0.18]+#ranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these optiongl or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex5_2.ps

72 | Updated: 2022January 24



Modify the default plot (y/n)?
N
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Comparison between projectiomand pseudosectios
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Comparison between thsobaric TX(CQ) projectionfor a generic siliceous dolomite containing exct
calcite (Ex.5.1) and the pseudosection calculated for a bulk composition Ny@Qa0=3, Si022 mol%
(2Qtz+2Dol+1CaEx.5.2.¢ KA a AaLISOATAO odz 1 O2YLIZaAuAzZ2y

the reactions predicted by the H projection.
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Ex.5.3 ¢ Isobaric TX(CQ) projection for a generic siliceousimestone containing

(1) Definition of the problem (BUILD)

The problem is the same asEX. 5.1except for thechoice of the excess componehat isnow SiO2quartz
is in excess)You can edit theex5 ldat input file (change the name irx5 3). The thermodynamic
componens are now MgO and CaQwhereas the saturated componeigJ02.

begin thermodynamic component list

MgO 0 0.00000 0.00000 0.00000 unconstrained amount

CaO 0 0.00000 0.00000 O .00000 unconstrained amount
end thermo dynamic component list

begin saturated component list
Si02 0 0.00000 0.00000 0.00000 unconstrained amount
end saturated component list

(2) Doing the calculation (CONVEX)
Run CONVEX to make the calculation:

C\PERPLERerplex691zonvex

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex5 3

Reading problem definition from &l ex5_3.dat
Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex5_3.plt

Writing plot output to file: ex5_3.plt

Reading solution models from file: not requested
Reading PerpleX options from: perplex_option.dat
Writing complete reaction list to: not requested
Writing Perple_X option sumany to: not requested

Perple_X computational option settings for CONVEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1e2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dynamic opt; <O => no replica test

re-refine F [FT
intermediate savrpc  F [FIT
intermediate_savdyn F [FT
keep_all_rpcs T [TIF

Schreinemakers and Mixadhriable diagram options:
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variance 1/99 [1/99], >0; maximum true variance

increment 0.100/0.025 [0.1/0.025], default search/trace variable increment
efficiency 3 [3] >0, <6

reaction_format min [min] full stoichiometry S+V everything
reaction_list off [off] on

console_messages on [on] off

short_print_file on [on] off

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0208 - [ ]0=> off
stretch_factor 0.0020 >0{3p

non_linear_switch F [FIT
subdivision_override off [off] lin str
hard_limits off [off] on
refine_endmembers F [FT

pc_pertubation 0.0050 [=81

Thermodynamic options:
solvus_tolerance aut [aut] e 0, aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [0]

T _melt (K) 873.0 [873]
approx_alpha T [TIF
AndersonGruneisen F [FIT

speciation_precision 0.4 [1d5] <1, absolute
speciation_max_it 100 [100]

GFSM F [F] T GFSM/special_conpoigéant
hybrid_EoS_H20 4 {2 87

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 0]

aqg_bad_results err [err] 101 102 103 ignore
ag_lagged_speciation F [F]T

ag_ion_H+ T [T] F => use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
ag_vapor_epsilon 1.0 [1.]
Input/Output options:

pause_on_error T [TIF

timing T [TIF

auto_exclude T [TIF

To change these options see: www.perplex.ethz.ch/perplex_options.html

Summary ofmakedefinition entities:
cumm_dgf fo8L  g8L cenjh  odi gL folL foTL mcpv  cmpv  faiHL

Summary of saturatedomponent entities:
for: SiO2
q trd crst  coe stv qiL gjL qHL

** Starting auto_refine computational stage **
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cycle 1 1 1

cycle 2 2 2

cycle 3 3 3

Initial number of divariant assemblages to be tested i8:

Testing divariant assemblage 1, 2 assemblages remaining to be tested.
finished with equilibrium ( 1)tacc=tr

*warning ver047** univariant field 2 terminates at an invariant fitldt could not be located within the tolerance
specified in the thermodynamiata file (PTOL= 0.3000G0E).

finished with equilibrium ( 2) ta dol = tr

finished with equilibrium ( 2) ta dol = tr

finished with equilibrium ( 3) dol =ta cc

finished with equilibrium ( 4) dol = tr cc

finished with equilibrium ( 5) mag =ta

finished with equilibrium ( 5) mag =ta

finished with equilibrium ( 6) dol mag = tr

**warning ver020** sfol2

finished with equilibrium ( 7) tr cc = di

**warning ver047** univariant field 8 terminates an invariant fieldhat could not be located within the tolerance
specified in the thermodynamitata file (PTOL= 0.3000C0E).

finished with equilibrium ( 8) dol = di

finished with equilibrium ( 8) dol = di

finished with equilibrium ( 8)adi=di

finished with equilibrium ( 9)ta=en

finished with equilibrium ( 10) mag = en

finished with equilibrium ( 11) dol en =tr

finished with equilibrium ( 10) mag = en

finished with equilibrium ( 10) mag = en

finished with equilibrium(  11) dolen =tr

finished with equilibrium ( 12) tr = di en

finished with equilibrium ( 8) dol = di

finished with equilibrium ( 13) ta = anth

finished with equilibrium ( 14) anth = en

Testing divariant assemblage 2, 2 assembiag®sning to be tested.
finished with equilibrium ( 7) tr cc = di

Testing divariant assemblage 3, 2 assemblages remaining to be tested.
finished with equilibrium ( 15) cc = wo

Testing divariant assemblage 4, 2 assemblages iegirbe tested.
Testing divariant assemblage 3 assemblages remaining to be tested.
Testing divariant assemblage 3 assemblages remaining to be tested.
Testing divariant assemblage 2 assemblages remaining to be tested
Testing divariant assemblage 2 assemblages remaining to be tested.
Testing divariant assemblage , 2 assemblages remaining to be tested.
Testing divariant assemblage 10, 3 assemblages remaining to be tested.
Testing divaant assemblage 11, 3 assemblages remaining to be tested.
Testing divariant assemblage 12, 3 assemblages remaining to be tested.
Testing divariant assemblage 13, 3 assemblages remaining to be tested.
Testing divariant assemblagel4, 3 assemblages remaining to be tested.
Testing divariant assemblage 15, 2 assemblages remaining to be tested.
Testing divariant assemblage 16, 2 assemblages remaining to be tested.
Testing divariant assemblage 17, skmblages remaining to be tested.

© o N o WO
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Testing divariant assemblage 18, 0 assemblages remaining to be tested.
Testing divariant assemblage 19, 1 assemblages remaining to be tested.
Testing divariant assemblage 20, 0 assemblages iegtirbe tested.

Testing divariant assemblage 21, 0 assemblages remaining to be tested.
Testing divariant assemblage 22, 0 assemblages remaining to be tested.

(3) Plotting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot thalculated phase diagram:

C\PERPLERerplex691psvdraw

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., without the .gliffix]:
ex5 3

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0  [O] ymin (pts)
800 [800]#ength (pts)
800  [800]yength (pts)

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->Q [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT

half ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3scale (r§
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/ys d&ngth

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/pemgk_plot_options.html

PostScript will be written to file: ex5_3.ps
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Modify the default plot (y/n)?
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Ex.5.4¢ Isobaric TXCQ pseudosection o siliceous limestone for theompositio

6Qtz¢2Dolk1Cal (see Bucher & Grapes, 2011; Fig. 6.12)

(1) Definition of the problem (BUILD)

The problem is the same &3 Ex. 5.2 except for thecomposition of the system that is now 6Qtz + 2Dol +
1Cal, corresponding to 6SiO2 + 2MgO + 3G@D can edit theex5_2dat input file (change the name in

ex5 4) (see below).

begin thermodynamic component list

MgO 1 2.00000 0.00000  0.00000 molar
CaO 1 3.00000 0.00000 0.00000 molar
Sio2 1 6.00000 0.00000  0.00000 molar

end thermodynamic component list

amount
amount
amount

79 | Updated: 2022January 24



(2) Doing the calculation\ERTEX

Run VERTEX to make the calculation:
C\PERPLERerplex691wertex

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex5 4

Reading problem definition from file: ex5_4.dat
Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex5_4.plt

Writing plot output to file: ex5_4.plt

Writing phase assemblage data to file: ex5_4.blk
Reading solution magls from file: not requested
Reading Perple_X options from: perplex_option.dat
Writing seismic data options to: ex5_4 seismic_data.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settings for VERTEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1e2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dynamic opt; <O => no replica test
re-refine F [FT

intermediate_savrpc F [FIT
intermediate_savdyn F [FT
keep_all_rpcs T [TTF

Free energy minimization options:
MINFRC_diff_increment 0-BE [le7] 1e3 => 19
MINFXC_solver 0 [0] >sp&ci2,-1 - MINFXC
optimization_max_it 40 [40] >1
optimization_precision 0.}B [le4], 1lel => 16, absolute

order_check F AT
refinement_points 5 J[auto] 1->14
refinement_switch F [TIF
scatterpoints T [TIF
scatterincrement 0.1 [le2]le2=>1e7
solvus_tolerance_Il  aut [0.23D
zero_mode 0-BE [1e6] 0->1; < 0 => off
2D grid options:
X_hodes 10/40 [10/40] >0, <2048; effectigeotution 10 /313 nodes
y_nodes 10/40 [10/40] >0, <2048; effectiesgtution 10 /313 nodes
grid_levels 1/4 [1/4]1>0,<10
linear_model on [on] off

Solution subdivision options:
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initial_resolution:  0.2500 [1/4}#81; O => off
stretch_factor 0.0020 [3d>0
non_linear_switch F 1TF
subdivision_override off [lin] off str
refine_endmembers F [FIT
Thermodynamic options:
solvus_tolerance aut [aut] e, aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [0]

T_melt (K) 873.0 [873]
approx_alpha T [T]F
AndersonGruneisen F [FIT

speciation_precision 0.4 [1d5] <1; absolute
speciation_max_it 100 [100]

GFSM F [FI T GFSM/special_component toggle
hybrid_EoS_H20 4 {2 87

hybrid_EoS_CO2 4 4o

hybrid_EoS_CH4 0 0]

ag_bad_results err [err] 101 102 103 ignore
ag_lagged_speciation F [FIT
aqg_ion_H+ T [T] F => use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
ag_vapor_epsilon 1.0 [1]
Input/Output options:
pause_on_error T [TIF
timing T [TIF
auto_exclude T [TIF
logarithmic_p F [FT
bad_number NaN [NaN]
interim_results aut [auto] off manual
Information file output options:
option_list_files F [F] T; echo computational options
pseudocompound_file F [F] T; echo static pseudocompound compositions
auto_refine file F [T] F; echo ardfine compositions
seismic_data_file T [F] T; echo seismic wavespeed options

To change these options see: www.perplex.ethz.ch/perplex_options.html

Summary of makelefinition entities:
cumm_dqgf fo8L  g8L cenjh  odi gL folL foTL mcpv cmpv  faiHL

**warning ver099** no data for aqueous species, aq_output and aq_lagged_speciation disabled.

** Starting exploratory computational stage **
2.5% done with low level grid.

5.0% done with low level grid.

7.5% done with low level gfi

10.0% done with low level grid.

12.5% done with low level grid.

15.0% done with low level grid.

17.5% done with low level grid.
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20.0% done with low level grid.
22.5% done with low level grid.
25.0% done with low level grid.
27.5% done with lowelvel grid.
30.0% done with low level grid.
32.5% done with low level grid.
35.0% done with low level grid.
37.5% done with low level grid.
40.0% done with low level grid.
42.5% done with low level grid.
45.0% done with low level grid.
47.5% done wh low level grid.
50.0% done with low level grid.
52.5% done with low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
60.0% done with low level grid.
62.5% done with low level grid.
65.0% done with low level grid.
67.5%done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done with low level grid.
82.5% done with low level grid.
85.0% done with low level grid
87.5% done with low level grid.
90.0% done with low level grid.
92.5% done with low level grid.
95.0% done with low level grid.
97.5% done with low level grid.
100.0% done with low level grid.

Beginning grid refinement stage.
204 grid cells to @ refined at grid level 2
refinement at level 2 involved 436 minimizations
2036 minimizations required of the theoretical limit of 6241
366 grid cells to be refined at grid level 3
...working (66 minimizations done)
...working (567 minimizations done)
refinement at level 3 involved 705 minimizations
2741 minimizations required of the theoretical limit of 24649
682 grid cells to be refined at grid level 4
...working (363 minimizations done)
...working ( 864 minimizations done)
refinement at level 4 involved 1270 minimizations
4011 minimizations required of the theoretical limit of 98596

Exploatory stage generated:
Total number of compositions: 0
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** Starting autorefine computational stage **
2.5% done with low level grid.
5.0% done with low level grid.
7.5% done with low level grid.
10.0% done with low level grid.
12.5% done with low level grid.
15.0% done with low level grid.
17.5% done with low level grid.
20.0% done with low level grid.
22.5% done with low level grid.
25.0% done with low levejrid.
27.5% done with low level grid.
30.0% done with low level grid.
32.5% done with low level grid.
35.0% done with low level grid.
37.5% done with low level grid.
40.0% done with low level grid.
42.5% done with low level grid.
45.0% done withdw level grid.
47.5% done with low level grid.
50.0% done with low level grid.
52.5% done with low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
60.0% done with low level grid.
62.5% done with low level grid.
65.0% doe with low level grid.
67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done with low level grid.
82.5% done with low level grid.
85.0% done with low level grid.
87.5% done with low level grid.
90.0% done with low level grid.
92.5% done with low level grid.
95.0% done with low level grid.
97.5% done with low level grid.
100.0% done with low level grid.

Beginning grid refinemerdtage.
204 grid cells to be refined at grid level 2
refinement at level 2 involved 436 minimizations
2036 minimizations required of the theoretical limit of 6241
366 grid cells to be refined at grid level 3
...working (66 mimizations done)
...working ( 567 minimizations done)
refinement at level 3 involved 705 minimizations
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2741 minimizations required of the theoretical limit of 24649
682 grid cells to be refined at grid level 4

...working ( 363 minimizations done)

...working ( 864 minimizations done)

refinement at level 4 involved 1270 minimizations
4011 minimizations required of the theoretical limit of 98596

Timing min. % of total
Static G calculation 0.20833E 9.8
Dynamic G calculation 0.0000 0.0
Static LP 0.52083E 2.4
Dynamic LP 0.0000 0.0
Successive QP 0.0000 0.0
Total of above 0.26042& 12.2

Total elapsed time 0.2135¢E  100.0

End of job: ex5 4

(3) Plotting the calculated phase diagram (SEC)

Run PSSECT to plot the calculated pseudosection:
CA\PERPLERerplex691pssect

Perple X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex5_4

Reading Perple_X options from: perplex_ioptdat

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box
0  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800  [800]¥ength (pts)

field_fill T [TIF
field_label T [TTF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->0 [0.025]
field_label_scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT
half_ticks T [TTF
line_width 1.00 -90[1.] (pts)
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picture_transformation :
0.180 [0.18]-scak (rel)
0.180 [0.18]3gcale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F [FIT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options iar create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex5_4.ps
Modify the default plot (y/n)?
N
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Comparison ktween projectiors and pseudosectios

873

813

753

T(K)
T(K)

CE

693

q cc dol

633 = 633

573 1 1 | 1 | 1 | 1 573 | 1 | 1 | 1 | 1
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Y(CO2) Y(C0O2)

Comparison between thisobaric TX(CO2projectionfor a generic siliceous limestone containing exc
quartz (Ex.5.3) and the pseudosection calculated for a bulk composition Mg@aO=3Si026 mol%
(6Qtz+2Dbr1CalEx.5.4).¢ KA &4 &ALISOAFAO odzf{ O2YLRarailAzy
the reactions predicted by the H projection.

86 | Updated: 2022January 24



EX6
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Ex.6 ¢ T-XMg sectionfor the CaC@MgCQ system 6olvusrelations)

This exercise explains hote calculatesolvusrelations in the system CaGMgCQ. In this
system two miscibility gaps exist, and the phases on either side of the gaps are calcite/dolomite,
and dolomite/magnesite, respectively. The amounts of Mg@Ocalcite in equilibrium with
dolomite, and that of CaCGOn magnesite in equilibrium with dolomite, change as a function of
temperature, and can be used as geothermometers. The effect of pressure on tb®IGaid Dol
Magsolviis investigated by calculating tsamephase diagram atitferent pressures.

1000 T T T T T T T T T
Dolomite |
(Solid solution) |
900 - N 4
Magnesian : Magnesite ___|
calcite ! (Solid solution)
(& :
§ 800
S Magnesian calcite Dolomite
S + +
& 700 | Dolomite Magnesite
(Solid solution)
600 |- |
Dolomite
500 1 1 1 1 ] 1 1 ]
0 10 20 30 40 50 60 70 80 9 100
CaCO_} MgC03

Mol. per cent. MgCO,

Fi1e. 53. The CaCO3-MgCOj3 system, at COs pressures sufficient to
prevent decomposition of the carbonates (after Goldsmith, 1959).

The issue can be treated as a simple isobar pseudosection, where X (XMg) varies betwe(?/rI/ 0
(XMg=0; Cal) and 1 (XMg=1; Mag). Opposite to Ex. 4 ar8C,ID SOLUTIONS MUST NOW BE
CONSIDEREPerplex deals with solid solutions by®rt 6 Ay 3 | ¢gK2fS aSa|2F ¢
(intermediate compositions), and treating each of them like a separate phadaus, if a carbonatg
with composition Cab has a lower free energy than @zt a particular PI' condition, Cad will be
considered aghe stable carbonate.

Pseudocompounds are indicated with abbreviations, whose meaning is sometimes not immediately
understandable. To understand the meaning of these abbreviatiosisggest changing to T (true)

the default value of the pseudocompound |& keyword in the perplex_option.dat fileDoing in

this way, VERTEX will create an additional output file, listing the composition of each
pseudocompound.

(1) Definition of the problem (BUILD)

C\PERPLERerplex691build

Perple_X version 6.9.1, s@erupdated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.
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NO is the default (blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as ri&t for all output file names)default =
my_project]:
ex6_5kbar

The problem definition file will be named: ex6_5kbar.dat

Enter thermodynamic data file name [default = hpO2ver.dat):
hp62ver.dat

Enter the computational opon file name [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html

Reading Perple_X options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 SiO2 K20 CaO TiO2 MnO Fe@r@zOCI202 H20 CO2 CuO Cr203F3R2 ZnO
Transform them (Y/N)?

n

Specify computational mode:

1 - ConvexHull minimization

2 - Constrained minimization on a 2d grid [default]

3 - Corstrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convelull minimiation for Schreinemakers projections or phase diagramth > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.
The problem can be treated as an isobarX fpseudosection, vdre Xvaries between 0 (XMg=0; Cal) and 1
(XMg=1; Mag)
2

Calculations with a saturated fluid (Y/N)?
y

Select the independent saturated fluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessaty select volatile species presenttime solids of interest. If the species listed here
are H20 and CO2, then tomnstrain O2 chemical potential to be consistent wit®<€l fluid speciatiortreat O2 as a
saturated component. Refer to the Perple_X Tutdidaldetails.

CO2
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Calculations with saturated components (Y/N)?
n

Use chemical potentials, activities or fugacities as independariables (Y/N)?
n

Select thermodynamic components from the set:
Na20 MgO AI203 Si02 K20 CaO TiO2 MnO Fe@rQOQiCCl202 H20 CuO Cr203 $2N2 ZnO

Enter names, 1 per line, press <enter> to finish:
MgO
CaOoO

Because the thermodynamic data file identifies: CO2 as special components, you will be prompted next for the EoS to
be used for the correspondin@mposants and mixtures thereof. To override this behavior, e.g., to use a generic hybrid
fluid EoS, delete the special_component section from the thermodynamic data file header.

NOTE: the EoS choice specified here will override the EoS choice specifiedhyprid EoS option, tooverride this
behavior delete the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HBIRK Kerrick & Jacobs 81
2- X(CO2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) euffered COH MRK hybrlEoS Connolly & Cesare 93*
12 - X(0)f(S2) cbuffered CB®IS MRK hybri&oS Connolly & Cesare 93*
13- X(H2) H2aH2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridtoS*
19- X(0O)X(S) duffered COHS MRK hybifichS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2)N/C Cbuffered COHN MRK hybitbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSIMRK Connolly 16
27 - X(OYX(C) 8>-H MRK hybridEoS*
*Hybrid EoS use the following pure species E0S, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEo0S Rer & Sterner 1994
CH4- MRK DeSantis et al 1974
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Select xaxis variable:
1 - P(bar)
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2-T(K)
3-Y(CO2)
4 - Composition X_C1* (user defined)
*Although only one component is specified for the Y(CO2) phase, its equation ofp&atets use of its
compositional variable:
*X_C1 can not be selected as thaxis variable
4

Select yaxis variable:
1-P(bar)
2-T(K)
3-Y(CO2)
2
Enter minimum and maximum values, respectively, for: T(K)
573
1273

Specify sectioning value for: P(bar)
5000

Specify sectioning value for: Y(CO2)
The fluid is pure CO2.
1

For griddel minimization, grid resolution is determined by the number of levels (grid_levels) and the resolution at the
lowest level in the Xand Ydirections (Xx_nodes and y_nodes) these parameters are currently set for the exploratory
and autorefine cycles as fols:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 10 10 10 x 10 nodes

auto-refine 4 40 40 313 x 313 nodes

To change these options edit or create the file perplex_optiah

See: www.perplex.ethz.ch/perplex_options.html#grid_parameters

Specify component amounts by mass (Y/N)?
n

The amounts you enter next need not be normalized; regardless of units, they define taearmmunt of the system

The bulk composition of the system will be computed as:
C = CO*(: X_C1) + C1*X_C1
where X_C1 varies between 0 and 1, and C0O and C1 are the compagimifeed next.
To compute bulk compositions as: C=C0+ C1*X_C1
change the computational option keyword closed_c_space.

Enter the molar amounts of the components:

MgO CaO

to define the composition CO

Composition C8hould beCaCO3, therefore it is defined as CaO=1, MgO=0
0
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1

Enter the molar amounts of the components:

MgO CaO

to define the composition C1

Composition € should beMgCO3, therefore it is defined as CADMgO4
1

0

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?

y

Do you want to be prompted for phases (Y/N)?

n

Enter names, 1 pdine, press <enter> to finish:

per

per

dol

See below the reason why the dol emiember is excluded from the calculation.

Include solution models (Y/N)?
Y

Enter the solution model file name [default = solution_model.dat]:
[enter]
X

Select models fromhie following list, enter 1 per line, press <enter> to finish

carbonate models: Do(AE) Cc(AE) oCcM(HP) Carb(M) oCcM(EF) dis(EF)

fluid models: Catuid COHFluid+

For details on these models see: www.perpétixz.ch/perplex_solution_model_glossary.html

or read the commentary in the solution model file.

Do(AE)

Cc(AE)

Do(AE) and Cc(AE) are thelution malels for dolomite and ragnesite from Anovitz & Esseli£987),
respectively. Cc(AE) also models-tédcite.

6The Do(AE) model requirgstive dostructure endmemberthat have a standard state G 20920 j > than the
Calstructure endmember, these are made here by a "DQF" correctibhis d ¢ | NI/ Ay 3 €
solution_model.dat file)implies that the dol endmember mus¢ be excluded from the calculation

Enter calculation title:
Ex6 5kbar

(2) Doing the calculation\ERTEX

Run VERTEX to make the calculation:
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CA\PERPLERerplex691zertex

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex6_5kbar

Reading problem definition from file: ex6_5kbar.dat
Reading thermodynamic data from file: hp62ver.dat

Writing print output to file: ex6_5kbar.plt

Writing plot output to file: ex6_5kbar.plt

Writing phase assemblage data to file: ex6_5kbar.blk
Reading solutiomodels from file: solution_model.dat
Reading Perple_X options from: perplex_option.dat

Writing auto refine summary taot requested

Writing seismic data options to: ex6_5kbar_seismic_data.txt
Writing pseudocompound glossary to: ex6_5khaseudocompound_glossary.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settings for VERTEX:

Kewword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1e2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d-3]; dynamic opt; <O => no replica test
re-refine F [FT

intermediate_savrpc F [FIT
intermediate_savdyn F [FIT
keep_all _rpcs T [TIF

Free energy minimization options:
MINFRC_diff_increment 0-BE [le7] 1e3 => 1€9
MINFXC_solver 0 [0] >sp@ci2-1 - MINFXC
optimization_max_it 40 [40] >1
optimization_precision 0.}B [le4], 1lel => 1€6, absolute

order_check F [FIT
refinement_points 4 [autopl4
refinement_switch F [TIF
scatterpoints T [TIF
scatterincrement 0.1 [le2]le2=>1e7
solvus_tolerance_Il  &u [0.2] &1
zero_mode 0-BE [1e6] 0->1; < 0 => off
2D grid options:
X_hodes 10/40 [10/40] >0, <2048; effectigeotution 10 /313 nodes
y_nodes 10/40 [10/40] >0, <2048¢tfe yresolution 10/ 313 nodes
grid_levels 1/4 [1/4]>0, <10
linear_model on [on] off
Composition options:
closedc_space T [TTF

Solution subdivision options:
initial_resolution:  0.2500 [1/4]-©1; 0 => off
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stretch_factor 0.0020 [3i>0

non_linear_switch F [FIT
subdivision_override off [lin] off str
refine_endmembers F [FIT
Thermodynamic options:
solvus_tolerance aut [aut] ek 0; aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [0]
T_melt (K) 873.0 [873]
approx_alpha T [T]F
AndersonGrunesen  F AT

speciation_precision 0.4 [1d5] <1; absolute
speciation_max_it 100 [100]

GFSM F [FI T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 67

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 0]D

ag_bad_results err [err] 101 102 103 ignore
ag_lagged_speciation F [FIT

aqg_ion_H+ T [T] F => use OH
ag_oxide_components F [FIT

ag_solvent_solvus T [TIF

ag_vapor_epsilon 1.0 [1.]
Input/Output options:

pause_on_error T [TIF

timing T [TIF

auto_exclide T [T F

logarithmic_p F [FT

bad_number NaN [NaN]

interim_results aut [auto] off manual
Information file output options:

option_list_files F [F] The computational options
pseudocompound_file T [F] T; echo static pseudocompound compositions
auto_refine_file F [T] F; echo aeftme compositions
seismic_data_file T [F] T; echo seismic wavesptaadsop

To change these options see: www.perplex.ethz.ch/perplex_options.html

**warning ver099** no data for aqueous species, aq_output and aq_lagged_speciation disabled.

Soldion model summary:
**warning verl114** the following endmembers are missing for Do(AE)
sid
3 pseudocompounds generated for: Do(AE)
**warning verl114** the following endmembers are missing for Cc(AE)

sid
3 pseudocompounds generated for: BE{
Total number of pseudocompounds: 6

Summary of included solution models:
Do(AE) Cc(AE)
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This section showsthe total number of pseudocompounds considered by VBERTRe number of
pseudocompounds is controlled by some of the perplex_option keywdras.highest is the number of
pseudocompounds, the longest is the calculation (and the virtual memory consumed).

For pseudosection calculatia(involving solid solutiors), VERTEX divides the calculation in tfvo

stages.TheEXPLORATORY STA€Esed to roughly establish the stable solution compositiong; in

the AUTOREFINE STAGHEERTEX refines the previous calculation by:

1) Eliminating solutions that were not stable in thepdoratory calculation.

2) Restricting compositional ranges of solutions to the ranges established in the explofatory
calculation

3) Increasing resolution of compositions within these restricted ranges.

This is the beginning of EXPLORATORY STAGE

** Starting exploratory computational stage **
9.1% done with low level grid.

18.2% done with low level grid.

27.3% done with low level grid.

36.4% done with low level grid.

45.5% done with low level grid.

54.5% done with low level grid.

63.6% done with low leal grid.

72.7% done with low level grid.

81.8% done with low level grid.

90.9% done with low level grid.

Exploratory stage generated:

12 compositions for: Do(AE)

24 compositions for: Cc(AE)
Total number of compositions: 36

This is the beginning of the AU'REFINE STAGE
** Starting auto_refine computational stage **
2.5% done wth low level grid.

5.0% done with low level grid.

7.5% done with low level grid.

10.0% done with low level grid.

12.5% done with low level grid.

15.0% done with low level grid.

17.5% done with low level grid.

20.0% done with low level grid.

22.5% done with low level grid.

25.0% done with low level grid.

27.5% done with low level grid.

30.0% done with low level grid.

32.5% done with low level grid.

35.0% done with low level grid.

37.5% done with low level grid.

40.0% done with low level gfi

42.5% done with low level grid.
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45.0% done with low level grid.
47.5% done with low level grid.
50.0% done with low level grid.
52.5% done with low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
60.0% done with lowelvel grid.

62.5% done with low level grid.
65.0% done with low level grid.
67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done vtih low level grid.

82.5% done with low level grid.
85.0% done with low level grid.
87.5% done with low level grid.
90.0% done with low level grid.
92.5% done with low level grid.
95.0% done with low level grid.
97.5% done with low level grid.
100.0%done with low level grid.

Beginning grid refinement stage.
164 grid cells to be refined at grid level 2
refinement at level 2 involved 347 minimizations
1947 minimizations required of the theoretical limit of 6241
316 grid cells to & refined at grid level 3
...working (154 minimizations done)
refinement at level 3 involved 621 minimizations
2568 minimizations required of the theoretical limit of 24649
620 grid cells to be refined at grid level 4
...working (34 minimizations done)
...working (535 minimizations done)
...working ( 1036 minimizations done)
refinement at level 4 involved 1210 minimizations
3778 minimizations required of the theoretical limit of 98596

Timing min. % of total
Static G calculation 0.52083& 11
Dynamic G calculation  0.88542ZE 194

Static LP 0.52083E03 1.1
Dynamic LP 0.26002E 5.7
Successive QP 0.16406E 36.0
Total of above 0.28966E 63.4

Total elapsed time 0.4557@E  100.0

End of job: ex6_5kbar

96 | Updated: 2022)anuary 24



Before plotting the calculated diagram, have a look to the new pseudocompountkifigenerated by
VERTEX. It contains the list of the pseudocompounds with their composition.

(3) Plotting the calculated phase diagram (PEC)

Run PSSECT to plot the calculated pseudosection:
CA\PERPLERerplex691pssect

Perple_X version 6.9.1, s@e updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex6_5kbar

Reading Perple_X options from: perplex_option.dat

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800 [800]¥ength (pts)

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F]1 T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->0 [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT

half ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3scale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation(pts)
0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scale D0 [1.](rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex6_5kbar.ps
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Modify the default plot (y/n)?
n
There are 2 fields for: Cc(AE)

Because the Cc(AE) solution model treats simultaneously both thealMge and magnesite solid solutions,
they are indicated with the same name on the diagram. Be carefassign the correct name to each phase.

5kbar

1273 . . i

I [ ! I

Mg-Cal ol

1133 =

=Cc(AH)

993 - <fo(AE)

Dol+Mag
Il Mg-Cal+Dol

T(K)

- Do(AE) Cc(AE)

853

713 |y

573 1 | 1 |
0.200 0.400 0.600 0.800 1.00

X(C1)

In the resulting diagramthere are two different types of fields: white fields contain two phases (these gre
the miscibility gaps), whereas grey fields contain one phase.

¢ KS NBR St f ALJ Shickdadlé elimAded By increadiny dzé resplution of thegrid used
by VERTEX during tgedded minimizatiorcalculation.

(4) Increasing the resolution of the-y grid

For gridded minimizationlVERTEX uses a multilevel grid refinement strategyhich phase relations are
mapped on an initial grid of resolution x_nodes * y_nodes. This grid is redimesinber of times equal to
(grid_levels¢g 1) by bisection (Connolly 2005). Thenodes, y_nodes, grid_levelgarameters are set by
keywords of the ame namen the perplex_option fileEach keyword takes two integer values. The first value

is used for the exploratory stage of gridded minimization calculations, while the second value is used for the
auto-refine stage.

There is no simple rule for theebt choices for x_nodes ory_nodes as they depend on the scale of the diagram
and the heterogeneity of its phase fields, the default values are 40 and 40 for exploratory and auto
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refinement stages of a calculation. The default values of grid_levels amd 4 &r exploratory and auto
refinement stages.

Increase the resolution of the gridby increasing the number ofyxnodesfor the auto-refinement stageof
calculationfrom 40 to 60 (open the perplex_option.dat file and modify the default value of thedes and
y_nodes parameters).

x_nodes 40 60 | [40 40] exploratory and autoerefine (grid parameters keyword group), lowestlevel
X grid resolution

y_nodes 40 60 | [40 40] exploratory and autcrefine (grid parameters keyword group), lowestlevel
y grid resolution

Run VERTEX and PSSECT again and see the result. The problem has been solved.

S5kbar
1273 T T T T T T T T
i s
Mg-Cal Dpl &
1133 |§ =
993 - | o
Dol+Mag
< i Mg-Cal+Dol il
=
853 = o
713
-
573 1 | ] | 1 | ] | 1
0.200 0.400 0.600 0.800 1.00
X(C1)

(5) Exploring the influence of pressure on the dabl and DolMag solv

The influence of pressure ohaé CalDol and DeMagsoli can be investigated by calculating the same phase
diagram at different pressures (5 to 30 kbar, every 5 kbar). Yoeditthne input file, by specifying a different
pressure iemember to rename the filg¢. Pressure is reportealt the end of the input file:

5000.00 1273.00 1.00000 0.00000 0.00000 max p, t, xco2, ul, u2
5000.00 573.000 1.00000 0.00000 0.00000 min p, t, xco2, ul, u2
0.00000 0.00000 0.00000 0.00000 0.00000 unused place holder post 06

Run again VERTEX and PSESECT for calculation at 10, 15, 20, 25 and 30 kbar, respectively.
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1273 T T T T T T T T T
- Ddl - Mg-Cal Dal
1133 = i
993 [ i
Dol+Mag Dol+Mag
L Mg-Cal+Dol Il Mg-Cal+Dol
853 — i
713 - N Arg+Mg-Cal
Mg-Cal2 Dol51
L L Arag
Arag+Dol
573 | | i | 1 | I 1 | I | 1 | 1
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800
15 kbar
1273 T T T T T T T 5 T ba T T T T T
L Dgl Dl
Mg-Cal Mg-Cal
1133 |
i Mg-Cal+Dol Mg-Cal+Dol ‘
1 Dol+Ma Dol+Ma
s . Mg-Call0 Dol53 E
> Arag+Mg-Cal
Arag+Mg-Cal
853 g+Mig
Mg-Cal6 Dol53 Arag+Dol
r_ Arag [ Arag
Arag+Dol | Dol49
713 |- ; ;
- i Dol49 Ar-ag-;!-Mag
Arag+Mag
573 | | I | It | 1 | | | H | 1 | | :
0.200 0.400 0.600 0.800 0.200 0.400 0.600 0.800 1.00
- . l ' . ! | 25 Ikbar . [ . | 30 Ikbar
Ll Mg-Cal
LG I Ma
Ve bql Mg-Cal+Dol|Dg| i
\ Mg-Call7 Dol5§
1133 Mg-Cal+Dol X . Al
i Arag+Mag-Cal i
=i \\ Mg-Call4 _ Dolss Dol+Mag I
593 |- Arag+Mg-Cal Dol+Mag Arag+Dol il
L Arag+Dol il
Dol49 Mag96
853 [~
- \Dol49
CArag : 1 _Arag :
: Arag+Mag
3= Arag+Mag - :
573 i | 1 | | 1 L l 1 : ! | 1 | [ | 1 1 1 :
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800 1.00

What happens at the T (and P) conditions indicated by the blue, red and orange arrows?
How many phases are stable at thoseTRconditions?
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EX 7
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Ex.7 ¢ P-T projectionfor the CaC@MgCQ system using solid solitns

This exercise explains how to calculaad? T projection for theCaC@MgCQ system, using
solid solutions (rather than end members only).

Combined with Ex. 6, this exercise provides the opportunity for understanding fhe
relationships between isobac T-X sections and H projections.

(1) Definition of the problem (BUILD)

CA\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

NO is the d&ault (blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as i@ for all output file names) [default =
my_project]:
ex’

The problem definition file will be named: ex7.dat

Enter thermodynamic data file name [defaal hpO2ver.dat]:
hp62ver.dat

Enter the computational option file name [default = perplex_option.dat]:
Seewww.perplex.ethz.ch/perplex_options.html
enter

Reading Perple_X options from: pkrp_option.dat

The current data base components are:

Na20 MgQAI203 Si02 K2@aO Ti0O2 MnO FeO N@D2 Cl202 H20 CO2 C@3203 S2 H22 ZnO
Transform them (Y/N)?

n

Specify computational mode:
1 - ConvexHull minimization
2 - Congrained minimization on a 2d grid [default]
3 - Constrained minimization on a 1d grid
4 - Output pseudocompound data
5 - 1-d Phase fractionation
6 - 0-d Infiltration-reactionfractionation
7 - 2-d Phase fractionation (FRAC2D antRANTE reactive transport models)
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http://www.perplex.ethz.ch/perplex_options.html

Use ConveXull minimization for Schreinemakers projections or phase diagmaitis > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.

1

Calwlations with a saturated fluid (Y/N)?
y

Select the independent saturated fluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessary to select volatile species present in the solids of intetiestspecies listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent ¥HH €uid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

CO2

Calculations with saturated components (Y?N)
n

Use chemical potentials, activities or fugacities as independent
variables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO ZrO2 CI2
02 H20 CuO Cr203S2 F2 N2 zZnO

Erter names, 1 per line, press <enter> to finish:

MgO

CaO

Because the thermodynamic data file identifies: CO2 as special components, you will be prompted next for the EoS to
be used for the corresponding composants and mixtures thereof. To override thasioehe.g., to use a generic hybrid

fluid EoS, delete the special_component section from the thermodynamic data file header.

NOTE: the EoS choice specified here will override the EoS choice specified by the hybrid_EoS option, tooverride this
behavior delée the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0- X(CO2) H2@O2 Modified RedlieKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(C0O2) H2@O2 MRK Hyrid-EoS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C02) duffered COH MRK hybrEoS*
10- X(O) euffered COH MRK hybrleloS Connolly & Cesare 93*
12 - X(O¥f(S2) euffered COHS MRK hybi#ithS Connolly & Cesare 93*
13- X(H2)H20H2 MRK hybridEoS*
14-X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
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19- X(O)X(S) buffered COHS MRK hybiithSConnolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2N/C Cbhuffered COHN MRK hybstbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(O)X(C) €>-H MRK hybridoS*
*Hybrid EoS use the following pure species EoS, to change these associatiifisthe hybrid EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4 - MRK DeSantis et 4074
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Specify number of independent potential variables:
0 - Composition diagram [default]
1 - Mixed-variable diagram
2 - Sections and Schreinemakeype diagrams

2

Select xaxis variable:
1-P(bar)
2-T(K)
3-Y(CO2)
*Although only one component is specified for the Y(CO2) phase, its equation ofpstatéts use dits
compositional variable:
2

Enter minimum and maximum values, respectively, for: T(K)
573

1273

Same T range as iBx. 6

Select yaxis variable:
2-P(bar)
3-Y(CO2)

2

Enter minimum and maximum values, respectively, for: P(bar)
5000

30000

Same P range as iBx. 6

Specify sectioning value for: Y(CO2)
1
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Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
y

Do you want to be prompted for phases (Y/N)?
n

Enter names, 1 per line, press <enter> to finish:
per

dol

Sme asn Ex. 6

Include solution models (Y/N)?

y

Enter the solution model file name [default = solution_model.dat]:
[enter]

X

Select models from the following list, enter 1lrpime, press <enter> to finish

carbonate models: Do(AE) Cc(AE) oCcMiH®(M) oCcM(EF) dis(EF)
fluid models: COHFluid COHFluid+

For details on these models see: www.perplex.ethz.ch/perplex_solution_model_glossary.html
or read the commerdry in the solution model file.

Do(AE)

Cc(AE)

Same as inEx. 6

Enter calculation title:
ex’

(2) Doing the calculationGONVEX

RunCONVEX» make the calculation:
C\PERPLERerplex691ezonvex

Perple_X version 6.9.4purce updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perpéthz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex7

Reading problem definition from file: ex7.dat

Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex7.plt

Writing plotoutput to file: ex7.plt

Reading solution models from file: solution_model.dat
Reading Perple_X options from: perplex_option.dat
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Writing complete reaction list to: not requested

Writing auto refine summary to: ex7_auto_refine.txt

Writing pseudocompound gesary to: ex7_pseudocompound_glossary.txt
Writing Perple_X option summary to: not requested

Perple_X computatioal option settings for CONVEX:

Keyword: Value: Permitted valuefa[dt]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1e2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dynamic opt; <O => no replica test

re-refine F [FIT
intermediate_svrpc  F [FIT
intermediate_savdyn F [FIT
keep_all_rpcs T [TTF
Schreinemakers and Mixedariable diagram options:
variance 1/99 [1/99], >0; maximum true variance
increment 0.100/0.025 [0.1/0.025], default search/trace variable increment
efficiency 3 [3] >0, <6
reaction_format min [min] full stoichiometry S+V everything
reaction_list off [off] on
con®le_messages on [on] off
short_print_file on [on] off

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0208 -1 [ ], G> off
stretch_factor 0.0020 >0{2d

non_linear_switch F [FIT
subdivision_override off [off] lin str
hard_limits off [off] on
refine_endmembers F [FT

pc_perturkation 0.0050 [=8
Thermodynamic options:
solvus_tolerance aut [aut] erD; aut = automatic, 0 => p=c pseudocompounds, 1 => homoge

T_stop (K) 0.0 [0]
T_melt (K) 873.0 [873]
approx_alpha T [TIF
AndersonGruneisen  F [FIT

speciation_precision 0.4 [1d5] <1; absolute
speciation_max_it 100 [100]

GFSM F [F] T GFSM/special_component toggl
hybrid_EoS_H20 4 2] 67

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 0]D

ag_bad_results err [err] 101 102 103 ignore
ag_lagged_speciation F TF]

ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [T]F

ag_vapor_epsilon 1.0 [1.]
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Input/Output options:

pause_on_error T [TIF
timing T [T]F
auto_exclude T [TTF

To change these options see: www.perplex.ethz.ch/perplex_options.html

Solution model sonmary:
**warning verl14** the following endmembers are missing for Do(AE)
sid
16 pseudocompounds generated for: Do(AE)
**warning ver114** the following endmembers are missing for Cc(AE)
sid
16 pseudocompounds generated for: Cc(AE)
Total nunber of pseudocompounds: 32

Summary of included solution models:
Do(AE) Cc(AE)

** Starting exploratory computational stage **

cycle 1 11
cycle 2 2 2
cycle 3 3 3

Initial number of divariant assemblages to be tested is: 3
Testing divariant assemblage 1, 2 assemblages remaining to be tested.
Testing divariant aggnblage 2, 2 assemblages remaining to be tested.
Testing divariant assemblage 3, 3 assemblages remaining to be tested.
Testing divariant assemblage 4, 4 assemblages remaining to be tested.
Testing divariant assemblage 55 assemblages remaining to be tested.
Testing divariant assemblage 6, 6 assemblages remaining to be tested.
Testing divariant assemblage 7, 6 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

mag_6.2 cc
v=7517.30 573.000 1.00000 0.00000 0.00000
Testing divariant assemblage 8, 6 assemblages remaining to be tested.
Testing divariant assemblage 9, 7 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

ma_98.50 arag
v =30000.0 573.000 1.00000 0.00000 0.00000
Testing divariant assemblage 10, 8 assemblages remaining to be tested.
Testing divariant assemblage 11, 7 assembliagnaining to be tested.
Testing divariant assemblage 12, 7 assemblages remaining to be tested.
Testing divariant assemblage 13, 7 assemblages remaining to be tested.
Testing divariant assemblage 14, 6 assemblages remaibiagested.
**warning ver066** Metastable assemblage into FLIPIT:

mag_6.2 arag
v=27500.0 1273.00 1.00000 0.00000 0.00000
Testing divariant assemblage 15, 5 assemblages remaining to be tested.
Testing divariant assemblagel6, 4 assemblages remaining to be tested.
Testing divariant assemblage 17, 5 assemblages remaining to be tested.
Testing divariant assemblage 18, 5 assemblages remaining to be tested.
Testing divariant assemblage 19, asgemblages remaining to be tested.
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**warning ver066** Metastable assemblage into FLIPIT:

mag_86.2 cc_55.1
v=5000.00 1203.00 1.00000 0.00000 0.00000
Testing divariant assemblage 20, 3 assemblages remaining to be tested.
Testing divariant assemblage 21, 3 assemblages remaining to be tested.
Testing divariant assemblage 22, 3 assemblages remaining to be tested.
Testing divariant assemblage 23, 4 assemblages remaining to be tested.
Testing divarianassemblage 24, 3 assemblages remaining to be tested.
Testing divariant assemblage 25, 2 assemblages remaining to be tested.
Testing divariant assemblage 26, 2 assemblages remaining to be tested.
Testing divariant assemblage27, 2 assemblages remaining to be tested.
Testing divariant assemblage 28, 1 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

arag mag_18.5
v=30000.0 1133.00 1.00000 0.000000000
Testing divariant assemblage 29, 0 assemblages remaining to be tested.

Compositions for simplicial model: Do(AE)

Minimum Maximum
cc 0.49000 0.55125
mag 0.44875 .51000
Compositions for simplicial model: Cc(AE)
Minimum Maximum
mag 0.6156ZH  0.98500

cc 0.15000ED1 0.93844

Solution model summary:
10 pseudocompounds generated for: Do(AE)
48 pseudeompounds generated for: Cc(AE)
Total number of pseudocompounds: 58

Summary of included solution models:
Do(AE) Cc(AE)

** Starting auto_refine computational stage **

cycle 1 1 1
cycle 2 2 2
cycle 3 3 3
cycle 4 4 4

Initial number of divariant assemblages to be tested is: 4

Testing divariant assemblage 1, 3 assemblages remaining to be tested.
finished with equilibrium (1) Cc(AE)(mag) arag = Cc(AE)(ma_98.50)
Testing divariant assemblage2, 3 assemblages remaining to be tested.
finished with equilibrium ( 2) Cc(AE)(ma_98.50) Do(AE)(cc_49.0) = Cc(AE)(mag_96.4)
finished with equilibrium ( 3) Cc(AE)(ma_98.50) arag = Do(AE)(cc_49.0)
finished with equilibrium ( 4) Cc(AE)(ma588.arag = Cc(AE)(mag_96.4)
finished with equilibrium ( 5) Cc(AE)(mag_96.4) arag = Do(AE)(cc_49.0)
Testing divariant assemblage 3, 4 assemblages remaining to be tested.
finished with equilibrium ( 6) Do(AE)(cc_49.0) Cc(AE)(mag_2.1) E){@0(A1.0)
finished with equilibrium ( 7) Do(AE)(cc_49.0) arag = Cc(AE)(mag_2.1)
finished with equilibrium ( 8) Do(AE)(cc_49.0) arag = Do(AE)(cc_51.0)
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finished with equilibrium (
finished with equilibium (

finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equlibrium (

finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibium (

finished with equilibrium (
finished with equilibrium (
finished with equilibrium (

Testing divariant assemblage 4,

finished with equilibrium (

Testing divariant assemblage 5,
Testing divariant assemblage 6,

finished with equilibrium (

Testing divariant assemblage 7,
Testirg divariant assemblage 8,
Testing divariant assemblage 9,
Testing divariant assemblage
Testing divariant asseblage

Testing divariant assemblage
Testing divariant assemblage

finished with equilibrium (

Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage

finished with equilibrium (

Testing divariant assemblage
Testing divariant assemblage

9) Do(AE)(cc_51.0) arag = Cc(AE)(mag_2.1)
10) Cc(AE)(mag_2.1) Do(AE)(cc_51.0) = Cc(AE)(mag_4.1)
11) arag Cc(AE)(mag_4.1) = Cc(AE)(mag_2.1)
12) Do(AE)(cc_51.0) arag = Cc(AE)(mag_4.1)
13) Do(AE)(6%.0) arag = Cc(AE)(mag_6.2)
14) Do(AE)(cc_51.0) Cc(AE)(mag_4.1) = Cc(AE)(mag_6.2)
15) arag Cc(AE)(mag_6.2) = Cc(AE)(mag_4.1)
16) Do(AE)(cc_51.0) arag = Do(AE}(&y
17) Do(AE)(cc_51.0) Cc(AE)(mag_6.2) = Do(AE)(cc_53.1)
18) arag Do(AE)(cc_53.1) = Cc(AE)(mag_6.2)
19) arag Cc(AE)(mag_8.2) = Cc(AE)(mag_6.2)
20) arag Do(AE)(cc_53.1) = Cc(AE)(mag_8.2)
21) Cc(AE)(mag_6.2) Do(AE)(cc_53.1) = Cc(AE)(mag_8.2)
22) arag Do(AE)(cc_53.1) = Cc(AE)(mag_10.3)
23) ardgre(AE)(mag_10.3) = Cc(AE)(mag_8.2)
24) Do(AE)(cc_53.1) Cc(AE)(mag_8.2) = Cc(AE)(mag_10.3)
25) arag Do(AE)(cc_53.1) = Do(AE)(cc_55.1)
26) arag Do(AE)(cc_55.1YAE}mag_10.3)
27) Do(AE)(cc_53.1) Cc(AE)(mag_10.3) = Do(AE)(cc_55.1)
28) arag Cc(AE)(mag_12.3) = Cc(AE)(mag_10.3)
29) arag Do(AE)(cc_55.1) = Cc(AE)(mag_12.3)
30) Cc(AE)(mag_10.3) Do(AE)(cc_55.1) = Cc(AE)(mag_12.3)
31) arag Do(AE)(cc_55.1) = Cc(AE)(mag_14.4)
32) arag Cc(AE)(mag_14.4) = Cc(AE)(mag_12.3)
33) Do(AE)(cc_55.1) Cc(AE)(mag_12.3) = Cc(AE)(mag_14.4)
34) arag Do(AE)(cc_55.1) = Cc(AE)(mag_16.4)
35) arag Cc(AE)(mag_16.4) = Cc(AE)(mag_14.4)
36) Do(KEc_55.1) Cc(AE)(mag_14.4) = Cc(AE)(mag_16.4)
5 assemblages remaining to be tested.
37) arag = Cc(AE)(cc)
5 assemblages remaining todake test
6 assemblages remaining to be tested.
38) Do(AE)(cc_49.0) = Cc(AE)(mag_96.4) Do(AE)(cc_51.0)
7 assemblages remaining to be tested.
6 assemblages remaining to be tested.
7 assemblages remaining to be tested.
6 assemblages remaining to be tested.
6 assemblages remaining to be tested.
12, 7 assemblages remaining to be tested.
13, 6 assemblages remaining to be tested.
39) &dt)(mag_96.4) Do(AE)(cc_51.0) = Cc(AE)(mag_94.4)

10,
11,

14, 9 assemblages remaining to be tested.
15, 8 assemblages remaining to be tested.
16, @érabtages remaining to be tested.

17, 8 assemblages remaining to be tested.
18, 8 assemblages remaining to be tested.
19, 9 assemblages reqtirbe tested.

20, 8 assemblages remaining to be tested.

40) Cc(AE)(mag_94.4) Do(AE)(cc_51.0) = Cc(AE)(mag_92.3)
21, 10 assemblages remainintegidab
22, 9 assemblages remaining to be tested.
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Testing divariant assemblage 23, 8 assemblages remaining to be tested.
Testing divariant assemblage 24, 7 assemblages remaining to be tested.
Testingdivariant assemblage 25, 8 assemblages remaining to be tested.
Testing divariant assemblage 26, 7 assemblages remaining to be tested.
Testing divariant assemblage 27, 7 assemblages remaining to be tested.
Testing divariant assentdge 28, 7 assemblages remaining to be tested.
Testing divariant assemblage 29, 6 assemblages remaining to be tested.
finished with equilibrium ( 41) Cc(AE)(mag_92.3) Do(AE)(cc_51.0) = Cc(AE)(mag_90.3)
Testing divariant assemblage30, 8 assemblages remaining to be tested.
Testing divariant assemblage 31, 7 assemblages remaining to be tested.
Testing divariant assemblage 32, 7 assemblages remaining to be tested.
Testing divariant assemblage 33, 7 abkegaes remaining to be tested.
Testing divariant assemblage 34, 8 assemblages remaining to be tested.
Testing divariant assemblage 35, 8 assemblages remaining to be tested.
Testing divariant assemblage 36, 7 assemblages rentaihiagested.
finished with equilibrium ( 42) Cc(AE)(mag_90.3) Do(AE)(cc_51.0) = Cc(AE)(mag_88.2)
Testing divariant assemblage 37, 9 assemblages remaining to be tested.
Testing divariant assemblage 38, 8 assemblages remaining siduk te
Testing divariant assemblage 39, 8 assemblages remaining to be tested.
Testing divariant assemblage 40, 7 assemblages remaining to be tested.
Testing divariant assemblage 41, 6 assemblages remaining to be tested.
Testing diariant assemblage 42, 5 assemblages remaining to be tested.
Testing divariant assemblage 43, 6 assemblages remaining to be tested.
Testing divariant assemblage 44, 6 assemblages remaining to be tested.
finished with equilibrium({  43) Cc(AE)(mag_88.2) Do(AE)(cc_51.0) = Cc(AE)(mag_86.2)
Testing divariant assemblage 45, 8 assemblages remaining to be tested.
Testing divariant assemblage 46, 7 assemblages remaining to be tested.
Testing divariant assemblage , 47 6 assemblages remaining to be tested.
Testing divariant assemblage 48, 6 assemblages remaining to be tested.
Testing divariant assemblage 49, 7 assemblages remaining to be tested.
Testing divariant assemblage 50, 7 assaggeblremaining to be tested.
Testing divariant assemblage 51, 7 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

mag_86.2 cc_51.0
v=5000.00 1255.50 1.00000 0.00000 0.00000
Testingdivariant assemblage 52, 6 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

mag_86.2 mag_88.2
v=5000.00 1255.50 1.00000 0.00000 0.00000
Testing divariant assemblage 535 assemblages remaining to be tested.
Testing divariant assemblage 54, 5 assemblages remaining to be tested.
Testing divariant assemblage 55, 4 assemblages remaining to be tested.
Testing divariant assemblage 56, 4 assemblagwsniag to be tested.
Testing divariant assemblage 57, 5 assemblages remaining to be tested.
Testing divariant assemblage 58, 4 assemblages remaining to be tested.
Testing divariant assemblage 59, 4 assemblages remaining sidak te
Testing divariant assemblage 60, 4 assemblages remaining to be tested.
Testing divariant assemblage 61, 3 assemblages remaining to be tested.
Testing divariant assemblage 62, 3 assemblages remaining to be tested.
Testing diariant assemblage 63, 4 assemblages remaining to be tested.
Testing divariant assemblage 64, 4 assemblages remaining to be tested.
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Testing divariant assemblage 65, 3 assemblages remaining to be tested.
Testing divariant assemigja 66, 2 assemblages remaining to be tested.
Testing divariant assemblage 67, 3 assemblages remaining to be tested.
Testing divariant assemblage 68, 3 assemblages remaining to be tested.
Testing divariant assemblage 692 assemblages remaining to be tested.
finished with equilibrium ( 44) Cc(AE)(mag_16.4) Do(AE)(cc_55.1) = Cc(AE)(mag_18.5)
Testing divariant assemblage 70, 4 assemblages remaining to be tested.
Testing divariant assemblage 71, 4 assggeblremaining to be tested.
Testing divariant assemblage 72, 3 assemblages remaining to be tested.
finished with equilibrium ( 45) Cc(AE)(mag_18.5) Do(AE)(cc_55.1) = Do(AE)(cc_57.2)
Testing divariant assemblage 73, 5 assemblagesiiagto be tested.
Testing divariant assemblage 74, 4 assemblages remaining to be tested.
Testing divariant assemblage 75, 4 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

mag_16.4 arag
v =30000.0 1150.50 1.00000 0.00000 0.00000
Testing divariant assemblage 76, 3 assemblages remaining to be tested.
Testing divariant assemblage 77, 2 assemblages remaining to be tested.
finished with equilibrium ( 46)dPAE)(cc_57.2) Cc(AE)(mag_18.5) = Cc(AE)(mag_20.5)
Testing divariant assemblage 78, 4 assemblages remaining to be tested.
Testing divariant assemblage 79, 4 assemblages remaining to be tested.
Testing divariant assemblage 80, sskmblages remaining to be tested.
Testing divariant assemblage 81, 3 assemblages remaining to be tested.
Testing divariant assemblage 82, 3 assemblages remaining to be tested.
Testing divariant assemblage 83, 3 assemblagesiemto be tested.
Testing divariant assemblage 84, 3 assemblages remaining to be tested.
Testing divariant assemblage 85, 2 assemblages remaining to be tested.
Testing divariant assemblage 86, 2 assemblages remaining to loe teste
Testing divariant assemblage 87, 2 assemblages remaining to be tested.
Testing divariant assemblage 88, 2 assemblages remaining to be tested.
Testing divariant assemblage 89, 2 assemblages remaining to be tested.
Testing divaant assemblage 90, 1 assemblages remaining to be tested.
Testing divariant assemblage 91, 0 assemblages remaining to be tested.

Compositions for simplicial model: Do(AE)

Minimum Maximum
cc 0.490 0.57167
mag 0.42833 0.51000
Compositions for simplicial model: Cc(AE)
Minimum Maximum
mag 0.20524H  0.98500
cc 0.1500aH.  0.97948

(3) Plotting the calculted phase diagram (REORAW

RunPSWDRAW plot the calculated pseudosection:
CA\PERPLERerplex691psvdraw

Perple_X version 6.9.1, source updated January 3, 2022.
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Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
ex’

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] xmin (pts)
0 [0] ymin (pts)
800 [800]*ength (pts)
800  [800]¥ength (pts)

field_fill T 1
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->@ [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT
half_ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3scale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspet_ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F [FT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or createstplot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex7.ps

Modify the default plot (y/n)?

Y

CONVEX has calculated both true univariant equilibria (i.e. variance = psamdicunivariant equilibria

(i.e. equilibria among pseudocompounds, involving two pseudocompounds of the same phase on both
sides of the reaction; variance ¥2Pseudeunivariant equilibria are not true univariant reactions, and it is
convenient not to plot themptherwise the resulhgdiagramwould befull of curves.

Modify drafting options (y/n)?
answer yes to modify:
- field labeling
- X-y plotting limits
- axes numbering
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n

Restrict phase fields by variance (y/n)?
answer yes to:
- suppress pseudounivariant cwy and/or pseudoinvariant points & specified true variance.
y
Thisisakeyprompt® 2 S | NB AYyGSNBaGSR (2 adNHzS¢ dzyA Gl NRI yi
univariant curves (i.e. diariant equilibria involving two pseudocompounddiué same phase on both sides
of the reaction). Therefore we must suppress all the curves that have a va#@n@e. we must show all
fields with true variance <2, see below).

Select true variance restriction to be applied to psetiltlariant/univariantequilibria:
1 - show all fields with true variance < than a specified value [default]
2 - show all fields with a specified true variance
1
2S ||NB AYUSNBalSR (G2 aiGNUzZSE dzyAQDEFNAREFYyd NBIFOGA2Ya
with true variance <2.

Enter the true variance to be used for this restrictior9d, default = 2]:
2

Suppress pseudoinvariant points (y/n)?

N

Pseudoinvariant points are useful for visualizing how a phase changes its composition along a true univariant
curve (see below).

Restrict phase fields by phase identities (y/n)?

answer yes to:

- show fields that contain a specific assemblage

- show fields that do not contain specified phases

- show fields that contain any of a set of specified phases
n

Modify default equilibrium labeling (y/n)?
answer yes to:
- modify/suppress [pseudd univariant curve labels
- suppress [pseuddinvariant point labels

y

Suppress curve labels (y/n)?
n

Change default labeling of curve segments (y/n)?
y

Suppres labels of pseudounivariant curves (y/n)?
y

Enter minimum fraction of the axes length that a
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curve must be to receive a text labetI]:
1 means that text label will be assigned to those curves that are longer than the axes length.
1

Enter minimum faction of the axes length that a

curve must be to receive a numeric labell(@00):

0 means thata numeric label will be assigned to all those curves that are shorter than the axes length.
0

Suppress point labels (y/n)?
N

The resulting diagram showBree univariant equilibria. Two of them are divided in several parts (each one
with a numeric label) by pseudavariant points (small points, with number in brackets). The third univariant
equilibrium is the polymorphic transformation of calcite to araigen

To understand the meaning of each part of the univariant equilibria, open the ex7.prn file. At the end of this
file, the (pseudo) univariant equilibria are summarized

30000 T I T I T I ; 7 .
(34
/(11)

25000 —

20000 —
5
Qo o
o

15000 — Arag + Dol = Mg-Cal

(7) arag Do(AE)(cc_49.0) = Cc(AE)(mag_2.1)
(9) arag Do(AE)(cc_51.0) = Cc(AE)(mag_2.1)
(12) arag Do(AE)(cc_51.0) = Cc(AE)(mag_4.1)
(13) arag Do(AE)(cc_51.0) = Cc(AE)(mag_6.2)
(18) arag Do(AE)(cc_53.1) = Cc(AE)(mag_6.2)
(20) arag Do(AE)(cc_53.1) = Cc(AE)(mag_8.2)
(22) arag Do(AE)(cc_53.1) = Cc(AE)(mag_10.3)
(26) arag Do(AE)(cc_55.1) = Cc(AE)(mag_10.3)
Mag + Arag = Dol (29) arag Do(AE)(cc_55.1) = Cc(AE)(mag_12.3)
3) Cc(AE)(ma_98.50) arag = Do(AE)(cc_49.0) | |(31) arag Do(AE)(cc_55.1) = Cc(AE)(mag_14.4)
S]I Cc(AE)(rlnag_96.4E) arag = IIDo(AE)(ch_49.0) ' (34) arag Do(AE).(cc_SS.ll = Cc(AE)(mag_16.4)

713 853 993 1133 1273
T(K)

10000

5000 :

Note that each segment of the same univariant curve differs from the otlwerghe composition of on
phase. This implies that the composition of solid solutions-¢ilgite, dolomite and magnesite) changes
along each univariant curve (as in all Projections involving solid solutions!).
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(4) Comparing X sections and H pojections

You can now compare thePprojection with the IXMgO sections obtained in Ex. 6.
30000 | I | | T I | 7 T

(34
Mg—CaI157('11)

31
Mg-Call3 B
g N (:,b

(10
(2 é%

25000 [

20000 |-

P(bar)

15000 |- Arag + Dol = Mg-Cal
(7) Arag Dol49 = Mg-Cal2
(9) Arag Dol51 = Mg-Cal2
(12) Arag Dol51 = Mg-Cal4 =
(13) Arag Dol51 = Mg-Cal6
(18) Arag Dol53 = Mg-Cal6
(20) Arag Dol53 = Mg-Cal8
(22) Arag Dol53 = Mg-Cal10
(26) Arag Dol55 = Mg-Cal10
(29) Arag Dol55 = Mg-Cal12
(31) Arag Dol55 = Mg-Cal14
| (34) Arlag Dol5|5 = Mg-CIaI16

10000 [+

Mag + Arag = Dol

(3) Mag98 Arag = Dol49

(5) Mag96 Arag = Dol49
l

5000 ' : :
713 853 993 1133 1273
T(K)
Note that the two types of diagram provide the same information, but in different way.

In the P-T projection the solid solutions compositional informatichd &2YSK2g AGKARRSY.
understand how solid solutions change their composition as a function of P and T by carefully analysing each
segment of the univariant curves.

In the isobaric FX sections solid solutions compositions are explicitly indicatedt you need more than
one diagram to understand how these compositions change as a function of pressure.
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1273 T T T T T T T T T
= Ddl - Mg-Cal Dal
1133 = i
993 [ i
Dol+Mag Dol+Mag
L Mg-Cal+Dol Il Mg-Cal+Dol
853 — i
713 - N Arg+Mg-Cal
Mg-Cal2 Dol51
L L Arag
Arag+Dol
573 | | i | 1 | I 1 | L | 1 | 1
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800
15 kbar
1273 T T T T T T T T T T T T T
L Dgl L Dl
Mg-Cal Mg-Cal
1133 | =
i Mg-Cal+Dol Mg-Cal+Dol ‘
1 Dol+Ma - Dol+Ma
s . \\YMg-Call0 Dol53 E
> I Arag+Mg-Cal
Arag+Mg-Cal
853 g+Mig L
Mg-Cal6 Dol53 Arag+Dol
r_ Arag [ Arag
Arag+Dol | Dol49
713 |- - : :
- i Dol49 | Ar:ag-;}Mag
Arag+Mag
573 | | I | It | 1 | | | H | 1 | | :
0.200 0.400 0.600 0.800 0.200 0.400 0.600 0.800 1.00
1273 T T T T T T T T T 30 lkbar
Ll Mg-Cal
LG I Ma
Ve bql g Mg-Cal+Dol|Dg| i
\ Mg-Call7 Dol5§
1133 Mg-Cal+Dol _— L Ul
i Arag+Mag-Cal i
=i \\ Mg-Call4 _ Dolss i Dol+Mag I
ggs |- Arag+Mg-Cal Dol+Mag | Arag+Dol il
L Arag+Dol . A
Dol49 Mag96
853 [~ -
- \Dol49
CArag : 1 _Arag :
: Arag+Mag
3= Arag+Mag - :
573 i | 1 | | 1 L l 1 : ! | 1 | [ | 1 1 1 :
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800 1.00
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Ex 8
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Ex.8 ¢ AFM chemographies in the KFMASH system

This exercise explains how to calculaie K S G Of  8aAOFf ¢ ¢K2YLAZ2)
metapelites in the KFMASH system. Opposite to Ex. 3, solid solutions are considered.

COMPONENT TRANSFORMMNSare necessary in order to compute ede phase
diagrans. In the classical AFM projection, compositions are reduced through the projgction
hierarchy H20, SiO2 (q), KAI3O5 (mu) into thecarbposition MgGFeGAI203.

(1) Projection through muscovite ipties thata muscovite component must be defingt1U
= 0.5 K20 + 1.5 Al2Q3long the KAI30OS5i02 join, Keldspar has a negative compositipn
and it will be therefore rejected. This means thiae calculation will only be valid within
the stability field for Mu + Qz

(2) Projecting from muscovite into the AFM space, biotite has a negative compositiop and
would be excluded by CONVEX. This problem is circumvented by defining two compgnents,
PHL (=1.5MgO ¢ 0.5A1203)and ANN (=1.5 FeO¢ 0.5A1203) to replce the normal Fed
and MgO componenisso that biotite plots inside the composition space considereq by
CONVEX.

(1) Definition of the problem (BUILD)

CA\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1982022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

NO is the default (blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as ribat for all output file names) [default =
my_project]:
ex8

The problem defiition file will be named: ex8.dat

Enter thermodynamic data file name [default = hpO2ver.dat]:
hp62ver.dat

Enter the computational option file name [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html

Reading Perple_X options mo perplex_option.dat

The current data base components are:
Na20MgO AI203 Si02 K2CaO TiO2 MnO FeO N@D2 CI202 H20CO2 CuO Cr203 S2 FZhN2
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Transform them (Y/N)?

y

Three new components should be defined here:

MU = 0.5 K20 + 1.5 Al203

PHL = 3 MgOAI203

ANN (=3 Fe©AI203)

MU will be defined by replacing the normal K20 component, whereas PHL and ANN are defined by replacing
the normal MgO and FeO components.

Enter new component name, < 6 characters, left justified:

MU

Enter old corponent to be replaced with MU

K20

Enter other components (< 13) in MU 1 per line, <enter> to finish:
Al203

Enter stoichiometric coefficients of:
K20 AI203
in MU (in above order):
Muscovitehas the formulaKAI3Si3010(OR)# SiO2 and H20 erconsidered in excess, its composition is
defined by 0.5 K20 + 1.5 AI203 (KAI305)
0.5
1.5
MU = 0.50K20 1.50 Al203
Is this correct (Y/N)?

y

The current data base components are:

Na20 MgO AI203 Si®@RJ CaO TiO2 MnO Fdd@iO ZrO2 CR2 RO CO2 CuO Cr203 S2N2ZnO
Transform them (Y/N)?

Note that the newly defined MU component has replaced K20 in the list of the database components.
Y

Enter new component name, < 6 characters, left justified:

PHL

Enter old component to be replacedtivPHL :

MgO

Enter other components (< 13) in PHL 1 per line, <enter> to finish:
Al203

Enter stoichiometric coefficients of:
MgO AI203
in PHL (in above order):
Phlogopite has the formula: KMg3AISi3010(OH}®nsidering H20, SiO2 and KAI305 icess its
composition is defined as PHL = (3Mp&I203) or, reduced, PHL = (1.5MgQ5AI203).
1.5
-0.5
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PHL = 1.50 MgG0.50 AI203
Is this correct (Y/N)?

y

The current data base components are:

Na20 PHIAI203 Si0O2 MU CaO TiO2 MnO FeO ZKi2 CI202 H20 CO2 CuCr203 S2 F2 NAO
Transform them (Y/N)?

Y

Enter new component name, < 6 characters, left justified:

ANN

Enter old component to be replaced with ANN :

FeO

Enter other components (< 13) in ANN 1 per line, <entermishfi
Al203

Enter stoichiometric coefficients of:
FeO AI203
in ANN (in above order):
Annite has the formula: RAISi3010(OH)Z onsidering H20, SiO2 and KAI3O5 in excess, its composition is
defined as ANN = (3FeAI203) or, reduced, ANN = (1.5Fe@5AI203).
1.5
-0.5
ANN = 1.50 Fe®0.50 Al203
Is this correct (Y/N)?

y

The current data base components are:

Na20 PHL AI203 SikP CaO TiO2 MnO ANN N@D2 Cl202 H20 CO2 CuO Cr203 SNE2nO
Transform them (Y/N)?

Note that the newly defined ANN component has replaced FeO in the list of the database components.
n

Specify conputational mode:

1 - ConvexHull minimization

2 - Constrained minimization on a 2d grid [default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D andRNTE reactive transport models)
Use Conveidull minimization for Schreinemakers projectsoor phase diagramwith > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.
1

Calculations with a saturated fluid (Y/N)?
y
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Select the independent saturated fluid compongnt
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessary to select volatile species present in the solids of interest. If the species listed here
are H20 and CO2, then to constrain O2 chemical potential tahsistent with GO-H fluid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

Calculations with saturated components (Y/N)?

y
Si02 and MU (KAI305) must be considered as saturated component, in this specific order

**warning ver015** if you select > 1 saturated component, then the order wmtier the components
determines the saturation heirarchy and may effect yoesults (see Connolly 1990).

Select < 6 saturated components from the set:

Na20 PHL AI203 Can02 MnO ANN NiO ZrO2 CI2 02 CG02Cr203S2 F2 2ND
Enter names, 1 per line, press <enter> to finish:

Sio2

MU

Use chemical potentials, activities or fugacities as independamables (Y/N)?
n

Select thermodynamic component®in the set:

Na20 PHL AI203 CaO TiO2 MnO ANN NiO ZrO2 CI2 0a0 G203 S2 F2 2ND

Enter names, 1 per line, press <enter> to finish:

ANN

PHL

Al203

The ader (1%, 29, 39 influences how the three components are plotted ie themographiedirst =bottom
left, second =bottom right, third =top.

Because the thermodynamic data file identifies: H20 as special components, you will be prompted next for the EoS to
be used for the corresponding composants and mixtures thereofvEaide this behavior, e.g., to use a generic hybrid

fluid EoS, delete the special_component section from the thermodynamic data file header.

NOTE: the EoS choice specified here will override the EoS choice specified by the hybrid_EoS option, tibdserride
behavior delete the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0-X(C0O2) H2@ 02 Modified RedlicKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(@2) H2GCO2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C02) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK hybrleoS Connolly & Cesare 93*
12 - X(O3¥f(S2) @uffered COHS MRK hybifithS Connolly & Cesa®3*
13- X(H2) H2@H2 MRK hybridEoS*
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14 - X(C0O2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(0O) HO MRK hybrideoS*
17 - X(0O)f(S2) HO-S MRK hybriEoS*
19- X(O)X(S) ebuffered C®IS MRK hybri€oS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2N/C Chuffered COHN MRK hyb#tbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(O¥X(CYXGO-H MRK hybri€EoS*
*Hybrid EoS use the following pure species EoS, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4 - MRK DeSantis et al 1974
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Specify number of independent potential variables:
0 - Composition digram [default]
1 - Mixed-variable diagram
2 - Sections and Schreinemakeype diagrams

0

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
y

Do you want to be prompted for phases (Y/N)?
n

Enter names, 1 per line, presenter> to finish:
Excludek-bearing phases other than muscovite and biotite.
fstp  |Fe-stilpnomelane

mstp | Mg-stilpnomelane

cel | celadonite KMgAISi4010(OH)2

fcel | Feceladonite KFeAlSi4010(0OH)2

kem | K-cymrite KAISI308 - H20

wa | wadeleite K2Si409

hol | hollandite KAISi308

kis | kalsilite KAISIO4

Ic | leucite KAISi206
kidh | makedefinition for Holland et al., 2018 Cpx solution model
kjL | makedefinition for Holland et al.,@1.8 melt solution model

kspL | K-feldspar liquid
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IcL | leucite liquid

Include solution models (Y/N)?

y

Enter the solution model file name [default = solution_model.dat]:
[enter]

X

Select models from the following list, enter 1 per lipeess <enter> to finish
clinoamphibole models: cAmph_I(G) cAmph(G) Cumm cAmph(DP) cAmph_I(DP
clinopyroxene models: Cpx_I(HGP) Cpx(HGP) Augite(G) Cpx(JH)

X

X

For details on these models sereww.perplex.ethz.ch/perplex_solution_model_glossary.htmtead the commentary
in the solution model file.

Chl(w)

Bi(W)

Gt(W)

Ctd(W)

St(W)

Crd(wW)

Enter calculation title:
Ex8

*Although only one component is specifiedrfthe fluid phase, its equation of state permits use of its compositional
variable: Y(CO2) .

Specify values for:
P(bar) T(K) Y(CO2)
For calculationl, enter zeros to finish.
8000
843
0

Specify values for:
P(bar) T(K) Y(CO2)
For calculation2, enter zeros to finish.
8000
853
0

Specify values for:
P(bar) T(K) Y(CO2)
For calculation 3enter zeros to finish.
8000
863
0
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Specify values for:
P(bar) T(K) Y(CO2)
For calculatior, enter zeros to finish.
8000
873
0

Specify values for:
P(bar) T(K) Y(CO2)
For calculatior®, enter zeros to finish.
0
0
0

(2) Doing the calculationGONVEX

RunCONVEX make the calculation:
C\PERPLERerplex691zonvex

Perple_X versiofi.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex8

Reading problem definition from file: ex8.dat

Readinghermodynamic data from file: hp62ver.dat

Writing print output to file: ex8.plt

Writing plot output to file: ex8.plt

Reading solution models from file: solution_model.dat

Reading Perple_X options from: perplex_option.dat

Writing auto refine summary to: ex@uto_refine.txt

Writing pseudocompound glossary to: ex8_pseudocompound_glossary.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settings for CONVEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.1E [1e2]; static opt; <O => no replica test
rep_dynamic_threshold 0.1E [1d3]; dynamic opt; <O => no replica test
re-refine F [FIT

intermediate_savrpc F [FIT
intermediate_savdyn F [FIT
keep_all_rpcs T [TTF

Solution subdivision options:

initial_resolution:
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exploratory stage 0.0625 ->Q[1/16], 0 => off

auto-refine stage 0.0063 - [ ], 0=> off
stretch_factor 0.0020 >0{3p
non_linear_switch F [FIT
subdivision_override off [off] lin str
hard_limits off [off] on
refine_endmembers F [FIT
pc_perturbation 0.0050 [=4

Thermodynamic options:

solvus_tolerance aut [aut] e T aut = automatic, 0 => p=c pseudocompounds, 1 => homogeniz
T_stop (K) 0.0 [0]
T_melt (K) 873.0 [873]
approx_alpha T [T]F
AndersonGruneisen  F AT
speciation_precision 0.4 [1d5] <1; absolute
speciation_max_it 100 Mo
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 {2 87
hybrid_EoS_CO2 4 4o
hybrid_EoS_CH4 0 0]
ag_bad_results rer [err] 101 102 103 ignore
ag_lagged_speciation F [FIT
aqg_ion_H+ T [T] F => use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
ag_vapor_epsilon 1.0 [1]
Input/Output options:
pause_on_error T [TIF
timing T [TIF
auto_exclude T [TIF

To change these options see: www.penpkthz.ch/perplex_options.html

Summay of makedefinition entities:
for fchum fphA fatg atgts
gjL fojL fajL foTL faTL  cfsg

cumm_dgin_dgf fanth_d ged_dqgf sil8L
mfpv  cmpv  daapv  fcor hmgts

Summary bsaturatedcomponent entities:

for: Si02

q trd crst  coe stv gL
q8L qjL gHL

for: Si0O2 MU

mu

*solutions may also have compositions consisting entirely of sétdrcomponents

**warning ver013** because the total amount of the components in san

fo8ta8L (8L cfs
foHL faHL qgHL

cenjh

is <tv@Jl be rejected from this

calculation. To prevent its rejection transfortime data base components so that the total amount of ¢t@mponents

in san is > 0.

Solution model summary:
**warning ver114** the following endmembers are missing for (@)
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mnchl  ff3cli  f3clin
**warning ver101** eliminated subcomposition [Mn][Mn] during reformulation©hl(W) due to missing endme
**warning ver102** reformulated subcomposition [M][M,T] of Chl(Wxue to missing endmembers.
3074 psedocompounds generated for: Chl(W)
**warning ver114** the following @dmembers are missing for Gt(W)
spss  gr fmn_ifkho_i khol andr_i
**warning ver050** reformulating prismatic solution: Gt(W)  because of missing endmembers.
(reformulation can be controlled explicitly by@uding additional endmembers).
16 pseudcompounds generated for: Gt(W)
**warning verl14** the following edmembers are missing for Ctd(W)
ctdo  mnctd
16 pseudaompounds generated for: Ctd(\W
**warning ver114** the following @dmembers are missing for St(W)
mstt msto  mnst
**warning ver102** reformulated subcomposition X_Mg of St(Wdlue to missing endmembers.
16 pseudcompounds generated for: St(W)
**warning verl14* the following endmembers are missing for Bi(W)
mnbi  fbi_d fbi ftbi_d thi
**warning ver1l01** eliminated subcomposition [Mn][Mn] during reformulation®{W)  due to missing endme
**warning ver102** reformulated subcomposition [M][M] of Bi(W) due to missing endmembers.
100 pseudcompounds generated for: Bi(W)
**warning verl114** the following edmembers are missing for Crd(W)
mncrd  hmncerd_i
**warning ver050** reformulating prismatic solution: Crd(W) becaaBeissing endmembers.
(reformulation can be controlled explicitly by excluding additiomadraembers).
286 pseudoompounds generated for: Crd(W)
Total number of pseudocompounds: 3508

Summary of included solution models:
Chi(w) Gt(w) Cw)j St(w) Bi(W) Crd(W)

** Starting exploratory computational stage *
Computing the compositional phase relations at condition 1

cycle 1 11

cycle 2 2 2

X

X

Computing the compositional phase relations at condition 2
cycle 1 1 1

cycle 2 2 2

X

X

Computing the compositional phase relationsandition 3
cycle 1 1 1

cycle 2 2 2

X

X

Computing the compositional phase relations at condition 4
cycle 1 1 1

cycle 2 2 2

X
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X
**warning ver991** The following solutions have compositions atiaternal limit (i.e., 0<x<1):

St(W)
Restriction during the autoefine stage is usually unimportant. If desired, conflsgncomparing the ranges tmv to
those in the *.arf file.
NOTE unintentional restrictions encountered during the exploratory stage may pb@blematic, refer to the
* auto_refine.txt file for the exploratory stage warnings.

Compositbns for prismatic model: Chl(W)
Simplex 1
Minimum Maxinim
X_Mames  0.11025 0.41650
X_Mafchl  0.0000 0.0000
X_Mcin  0.58350 0.88975
Simplex 2
Minimum Maximum
X_Mg 0.0000 0.60638
X_Fe 0.39362 1.0000

Compositbns for simplicial model: Gt(W)

Minimum Maximum
alm 0.87419 0.99731
py 0.268792 0.12581

Compositions for simplicial model: St(W)
Minimum Maximum
X_mst 0.31250B 0.42106
X fst 0.57894 0.99969

Compositions for prismatic model: Bi(W)

Simplex 1
Minimum Maximum
X Mg 0.0000 1.0000
X _Fe 0.000 1.0000
Simplex 2
Minimum Maximum
X _AlTs 0.0000 0.26119
X_MBio 0.73881 1.0000

The failure rate during speciation (orddisorder) calculations is 0.00@%4t of a totd of 354350. calculations.
Average number of iterations per speciation calculation: 4.5

(3) Plotting the calculated phase diagram (PSRAWY

RunPSWDRAW plot the calculated pseudosection:
CA\PERPLERerplex691psvdraw

Perple_X version 6.9.1, source upethJanuary 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.
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Enter the project or plot file name [i.e., without the .plt suffix]:
ex8

Perple_X plot options are currently set as:
Keyword: ValuePermitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] xmin (pts)
0  [0] ymin (pts)
800  [800]+ength (pts)
800 [800]¥ength (pts)

field_fill T [MF
field_label T [TIF
numeric_field_label F [FI T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->Q [0.025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT
half_ticks T [TTF
line_width 1.00 0-99[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3scale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect_ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F TF]
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex8.ps

Modify the default plot (y/n?
n
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In the resulting diagrams white fields are thrphases fields (+Qz+Mu+H20), grey fields are-pgivases
fields (+Qz+Mu+H20) and black fields are-phase fields (+Qz+Mu+H20).
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The AFM diagrams predict the stable mineral assemblages and compositivispecific PI conditions, as
a function of the bulk rock composition.

129 | Updated: 2022January 24



EXx9
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Ex.9 ¢ P-T pseudosectiorfor a METAPELITEthe KFMASHystem

This exercise explains how to calculate alpseudosection for a metapelite sample, in the
simplified KFMASH system. The problem is a bit more complex than Ex. 4, because it
involves SOLID SOLUTIONBe influence of other components (p@ CaO and MnO) will

be considered in the next exercise (E8). At the end, some practical tips for redrawitige
PerpleX outputs are givemand the comparison with the AFM chemographies calculated in
Ex. 8 will be done

This exercise also explains how to calcutaimpositional ISOPLETHS8dISOMODES

The exercise is based on the paper by Tinkham et al. (9QGEkol. Mat. Res., 3,-42]. The modelled
sample iISAWBZ (see Table 1 anldeir Fig. 3.

Total bulk compositionmol%; SiO2 in excess):

Al203=37.99, Fe0=21.93, MgO=19.59, Mn0=0.42, Ca0=4.95, Na20=6.11, K20=9.01
Bulk composition recalculated ignoring Mn@aO and Na2@omponents:

Al203=42.92, FeO=24.77, MgO=22.13, K20=10.18

T=425700°C

P=1-10kbar

(1) Definition of the problem (BUILD)

C\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A Do@nolly <www.perplex.ethz.ch/copyright.html>.

NO is the default (blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as i@ for all output file names) [default =
my_project]:
ex9

The problem definition file will beamed: ex9.dat

Enter thermodynamic data file name [default = hpO2ver.dat]:
hp62ver.dat

Enter the computational option file name [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html
[enter]

Reading Perple_X options from: perpleption.dat

The current data base components are:
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Na20 MgO AI203 Si02 K20 CaO TiO2 Mn®liGe@rO2 CI®2 H20 COZuOCr203 S2 FRI2
Transform them (Y/N)?
n

Specify computational mode:

1 - ConvexHull minimization

2 - Congrained minimization on a 2d grid [default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D antRATE reactive transport models)
Use ConveXull minimization for Schreinemakers projections or phase diagmaitis > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.
2

Calalations with a saturated fluid (Y/N)?
y

Select the independent saturated fluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessary to select volatile species present in the solids of intetiestspecies listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent ¥@HH @uid speciation treat O2 as a
saturated component. Refer to tHeerple_X Tutorial for details.

H20

Calculations with saturated components (Y?N)
y

**warning ver015** if you select > 1 saturated component, then the order you enter the components determines the
saturation heirarchy and may effect your results (see Connolly 1990).

Select < 6 saturated components from the set:

Na20 MgO AI203 K20aO TiO2 MnO FeO NiO ZrO2 CIZ3d22 CuO Cr203 S2 N2
Enter names, 1 per line, press <enter> to finish:

Si02

Use chemical potentials, activities or fugacities as independariables (Y/N)?
n

Select thermodynamic components frothe set:

Na20 MgO AI203 K20 CaO TiO2 MnO FeO NIiO ZrO2G2 QRO Cr203 S2 N2
Enter names, 1 per line, press <enter> to finish:

MgO

Al203

K20
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FeO

Because the thermodynamic data file identifies: H20 as special compowyentsyill be prompted next for the EoS to

be used for the corresponding composants and mixtures thereof. To override this behavior, e.g., to use a generic hybrid
fluid EoS, delete the special_component section from the thermodynamic data file header.

NOTEthe EoS choice specified here will override the EoS choice specified by the hybrid_EoS option, tooverride this
behavior delete the special_component section from the the thermodynamic data file header.

Select fluid equation of state:
0 - X(C0O2) H2@O2Modified RedlickcKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2- X(CO2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK hybrioS Connolly & Cesare 93*
12 - X(0)f(S2) cuffered COHS MRK hybiithS Connolly & Cesare 93*
13- X(H2) H2aH2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriBbS*
16- X(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
19- X(0O)X(S) duffered COHS MRK hybifishS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2N/C Chuffered COHN MRK hyb#itb3
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(OYX(C) 6>-H MRK hybridEoS*
*Hybrid EoS use the following pure species E0S, to change these associations modify the hybrid_EoS keywords in the
perplex_optim file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- MRK DeSantis et al 1974
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as alengeothermal gradient (y/n)?
n

Select xaxis variable:
1-P(bar)
2-T(K)
3-Y(CO2)
4 - Composition X_C1* (user defined)
*Although only one component is specified for the Y(CO2) phase, its equation ofp&atets use of its
compositional variable:
*X_C1 can not be selected as thaxis variable
2

Enter minimum and maximum values, respectively, for: T(K)
698
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973

Select yaxis variable:
2 -P(bar)
3-Y(CO2)

2

Enter minimum and maximum values, respectively, for: B(bar
1000
10000

Specify sectioning value for: Y(CO2)
0

For gridded minimization, grid resolution is determined by the number of levels (grid_levels) and the resolution at the
lowest level in the Xand Ydirections (Xx_nodes and y_nodes) these parameterscareently set for the exploratory

and autorefine cycles as follows:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 40 40 40 x 40 nodes

auto-refine 4 60 60 473 x 473:0de

To change these options edit or create the file perplex_option.dat

See: www.perplex.ethz.ch/perplex_options.html#grid_parameters

All thermodynamic components must be constraingpecify saturated components also (Y/N)?
n

Specify component amounts byass (Y/N)?
n

The amounts you enter next need not be normalized; regardless of unitsdéfae the molar amount of
the system

Enter the molar amounts of the components:
MgO AI203 K20 FeO

for the bulk composition of interest:

22.13

42.92

10.18

24.77

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
n

Include solution models (Y/N)?
Y

Enter the solution model file name [default = solution_model.dat]:
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[enter]
X

Select models from the following list, enter 1 per line, presster> to finish

clinoamphibole models: cAmph_I(G) cAmph(G) Cumm cAmph(DP) cAmph_I(DP

clinopyroxene models: Cpx_I(HGP) Cpx(HGP) Augite(G) Xpx(JH)

X

For details on these models see:www.perplex.ethz.ch/perplex_solution_model_glossdrgrhimad the commentary
in the solution model file.

Chiw)
Bi(W)
Gt(W)
Ctd(W)

St(W
CrdW)

Enter calculation title:
Ex8

(2) Doing the calculationMERTEX
Run VERTEX to make the calculation:

C\PERPLERerplex691wertex

Perple_X version 6.9.1, sourgpdated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex9

Reading problem definition from file: ex9.dat

Reading thermodynamidata from file: hp62ver.dat
Writing print output to file: ex9.plt

Writing plot output to file: ex9.plt

Writing phase assemblage data to file: ex9.blk
Reading solution models from file: solution_model.dat
Reading Perple_X options from: perplex_option.dat
Writing auto refine summary to: not requested

Writing seismic data options to: ex9_seismic_data.txt
Writing pseudocompound glossary to: ex9_pseudocompound_glossary.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settinf VERTEX:

Keyword: Value: Permitted values [default]:
Auto-refine options:
auto_refine aut [auto] manual off

replicate_threshold 0.3E [1e2]; static opt; <O => no replica test
rep_dynamic_theshold 0.12 [1d3]; dynamic opt; <O => no replica test
re-refine F [FIT
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intermediate_savrpc F [FIT
intermediate_savdyn F [FIT
keep_all_rpcs T [TTF

Free energy miimization options:
MINFRC_diff_increment 0-BE [le7] 1e3 => 1e9

MINFXC_solver 0 [0] >sp&ci2,1 - MINFXC
optimization_max_it 40 [40] >1
optimization_precision 0.1B [le4], 1el => 16, absdute
order_check F AT
refinement_points 6 [autopl4
refinement_switch F [TTF
scatterpoints T [TIF
scatterincrement 0.1.B [le2]1le2=>1e7
solvus tolerance_II  aut [0.23a
zero_mode O0-BE [1e6] 0->1; < 0 => off
2D grid options:
X_nodes 40 /60 [10/40] >0, <2048; effectigsotution 40 / 473 nodes
y_nodes 40/ 6Q0H40] >0, <2048; effective-gesolution 40/ 473 nodes
grid_levels 1/4 [1/4] >0, <10
linear_model on [on] off

Solution subdivision options:

initial_resolution:  0.2500 [1/4}#81; O => off
stretch_factor 0.0020 [A>0
non_linear_switch F [FIT
subdivision_override off [lin] off str
refine_endmembers F [FIT
Thermodynamic options:
solvus_tolerance aut [aut] e aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [0]
T_melt (K) 873.0 [873]
approx_alpha T [TIF
AndersonGruneisen  F AT
speciation_precisn 0.1E4 [1d5] <1, absolute
speciation_max_it 100 [100]
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 {2] 87
hybrid_EoS_CO2 4 4]0
hybrid_EoS_CH4 0 0]
ag_bad_results err [err] 101 102 103 ignore
ag_lagged_speciation F [FIT
ag_ion_H+ T [T] F => use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [T]F
ag_vapor_epsilon 1.0 [1.]
Input/Output options:
pause_on_error T [TTF
timing T [TTF
auto_exclude T [TIF
logarithmic p F [FIT
bad_number NaN [NaN]
interim_results aut [auto] off manual
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Information file output options:

option_list_files F [F] T; echo computational options
pseudocompoundie T [F] T; echo static pseudocompound compositions
auto_refine_file F [T] F; echo aefme compositions

seismic_data_file T [F] T; echo seismic wavespeed options

To change these options see: www.penpéethz.ch/perplex_options.html

Summary of makelefinition entities:

for fchum fphA fatg atgts cumm_dgfun_dqf fanth_dq ged dqf silBLo8E  fa8L 8L cfs
cenjh  gjL fojL  fajioTL faTL cfsg mfpv  cmpv  appv fcor hmgts kjdh  foHL  faHL
gHL kjL

Summary of saturatedomponent entities:
for: Si02
q trd crst  coe stv gL
q8L qjL gHL

**warning ver099** no data for aqueous species, aq_output and aq_lagged_speciation disabled.

Soluion model summary:
**warning ver114** the following edmembers are missing for Chi(W)

mnchl  ff3cli  f3clin
*warning verl01** eliminated subcomposition [Mn][Mn] during reformulation of Chl(W) due to missing
endmembers.
**warning ver102** reformulated subcomposition [M][M,T] of Chl(W)due to missing endmembers.

71 pseudaompounds generated for: Chl(W)

**warning verl114** the following @dmembers are missing for Gt(W)

spss  gr fmn_i fkho_i khol andr_i

**warning ver050** reformulating prismatic solution: Gt(W)  because of missing endmembers.
(reformulation can be controlled explicitly by@wuding additional endmembers).
3 pseuadbcompounds generated for: Gt(W)
**warning verl114** the following edmembeis are missing for Ctd(W)
ctdo  mnctd
3 pseud@ompounds generated for: Ctd(W)
**warning verl14** the following @dmembers are missing for St(W)
mstt  msto  mnst
**warning ver102** reformulated subcomposition X_Mg of St(Wllue to missing endmembers.
3 pseuadbcompounds generated for: St(W)
**warning verl114** the following @dmembers are missing for Bi(W)
mnbi  fbi_d fbi ftbi_d tbi
**warning verl01** eliminated subcomposition [Mn][Mn] during reformuian of Bi(W) due to missing
endmembers.
**warning ver102** reformulated subcomposition [M,T][M] of Bi(W)due to missing endmembers.
13 pseudocompounds generated f@i(\W)
**warning ver114** the following edmembers are missing for Crd(W)
mncrd  hmncerd_i
**warning ver050** reformulating prismatic solution: Crd(W) because of missing endmembers.
(reformulation can be controlled explicitly by excludinglgidnal endmembers).
22 pseudocompounds generated for: Crd(W)
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Total nunber of pseudocompounds: 115
Summay of included solution models:
Chi(w) Gt(W) Ctd(W) St(wW) BiW) Crd(W)

This is the beginning tfie EXPLORATORY COWWLIONABTAGE
2.4% done with low level grid.
4.9% done with low level grid.
7.3% done with low level grid.
9.8% done with low level grid.
12.2% done with low level grid.
14.6% done with low level grid.
17.1% done with low level grid.
19.5% dome with low level grid.
22.0% done with low level grid.
24.4% done with low level grid.
26.8% done with low level grid.
29.3% done with low level grid.
31.7% done with low level grid.
34.1% done with low level grid.
36.6% done with low level grid.
39.0% done with low level grid.
41.5% done with low level grid.
43.9% done with low level grid.
46.3% done with low level grid.
48.8% done with low level grid.
51.2% done with low level grid.
53.7% done with low level grid.
56.1% done with low leverid.
58.5% done with low level grid.
61.0% done with low level grid.
63.4% done with low level grid.
65.9% done with low level grid.
68.3% done with low level grid.
70.7% done with low level grid.
73.2% done with low level grid.
75.6% done with I level grid.
78.0% done with low level grid.
80.5% done with low level grid.
82.9% done with low level grid.
85.4% done with low level grid.
87.8% done with low level grid.
90.2% done with low level grid.
92.7% done with low level grid.
95.1% donevith low level grid.
97.6% done with low level grid.

Exploratory stage generated:
262 compositions for: Chl(W)
17 compositions for: Gt(W)
10 compositions fo Ctd(W)
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27 compositions for: St(W)
535 compositions for: Bi(W)
167 compositions for: Crd(W)
Total number of compositions: 1018

This is the beginning die AUTGREFINSTAGE
** Starting aub-refine computational stage **
1.7% done with low level grid.
3.3% done with low level grid.
5.0% done with low level grid.
6.7% done with low level grid.
8.3% done with low level grid.
10.0% done with low leal grid.
11.7% done with low level grid.
13.3% done with low level grid.
15.0% done with low level grid.
16.7% done with low level grid.
18.3% done with low level grid.
20.0% done with low level grid.
21.7% done with low level grid.
23.3% done wittow level grid.
25.0% done with low level grid.
26.7% done with low level grid.
28.3% done with low level grid.
30.0% done with low level grid.
31.7% done with low level grid.
33.3% done with low level grid.
35.0% done with low level grid.
36.7% dne with low level grid.
38.3% done with low level grid.
40.0% done with low level grid.
41.7% done with low level grid.
43.3% done with low level grid.
45.0% done with low level grid.
46.7% done with low level grid.
48.3% done with low level grid.
50.0% done with low level grid.
51.7% done with low level grid.
53.3% done with low level grid.
55.0% done with low level grid.
56.7% done with low level grid.
58.3% done with low level grid.
60.0% done with low level grid.
61.7% done with low leverid.
63.3% done with low level grid.
65.0% done with low level grid.
66.7% done with low level grid.
68.3% done with low level grid.
70.0% done with low level grid.
71.7% done with low level grid.
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73.3% done with low level grid.
75.0% done withow level grid.
76.7% done with low level grid.
78.3% done with low level grid.
80.0% done with low level grid.
81.7% done with low level grid.
83.3% done with low level grid.
85.0% done with low level grid.
86.7% done with low level grid.
88.3% dae with low level grid.
90.0% done with low level grid.
91.7% done with low level grid.
93.3% done with low level grid.
**warning ver106** chemical potentials could not be determined after 8 iterations.
Iteration has been aborted anthe low quality result output.
Current conditions:

T(K) = 959.0169

P(bar) = 2830.508

Y(CO2) = 0.000000
95.0% done with low level grid.
96.7% done with low level grid.
98.3% done with low level grid.
100.0% done with low level grid.

Beginninggrid refinement stage.

588 grid cells to be refined at grid level 2

...working ( 501 minimizations done)

...working ( 1002 minimizations done)

refinement at level 2 involved 1253 minimizations
4853 minimizations required alfie theoretical limit of 14161
1044 grid cells to be refined at grid level 3

...working (252 minimizations done)

...working (753 minimizations done)

...working ( 1254 minimizations done)

...working ( 1757 minimizatis done)

refinement at level 3 involved 1909 minimizations
6762 minimizations required of the theoretical limit of 56169
1767 grid cells to be refined at grid level 4

...working (349 minimizations done)

...working (851 mimizations done)

...working ( 1352 minimizations done)

...working ( 1853 minimizations done)

...working ( 2355 minimizations done)

...working ( 2857 minimizations done)

refinement at level 4 involved 2961 minimiiats
9723 minimizations required of the theoretical limit of 224676

Timing min. % of total
Static G calculation 0.37180 8,51
Dynamic G calculation ~ 0.62322 31.0
Static LP 0.98802E 0.5
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Dynamic LP 0.4030QE 2.0

Successive QP 0.93627 46.6
Total of above 1.9815 98.5
Total elapsed time 2.0111 100.0

End of job: ex9

At the endof the calculation, a number of new files appear in the Perple_X folder. The most useful are the
*** prn and the *** plt files (i.e. the text file and the plot file).

(3) Plotting the calculated phase diagram @EC)I

Run PSSECT to plot the calculatseyalosection:
C\PERPLERerplex691pssect

Perple_X version 6.9.1, source updated January 3, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_groject
ex9

Reading Perple_X options from: perplex_option.dat

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0 [0] ymin (pts)
800 [800]*ength (pts)
800  [800]yength (pts)

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->0 [0025]
field_label _scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT

half ticks T [TTF
line_width 1.00 -90[1.] (pts)

picture_transfornation :

0.180 [0.18]-scale (rel)

0.180 [0.18]+pcale (rel)

130. [0.18]xtranslation (pts)

220. [0.18]yranslation (pts)

0.00 [0.0] rotation (deg)
plot_aspect ratio 1.000 [1.0] x_axis_length/y_axis_length
splines T [TTF
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tenth_ticks F [FIT

text_scale 1.000[1.] (rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex9.ps

Modify the default plot (y/n)?
n
There are 5 fields for: Bi(W)dW) mu san

10000

u

Bi(W) ky mu

8200
6400
5
=
[a
4600
| san
(W) sill san
2800
1000
753 808 863 918 973

Quartz and kD are in excess.

In the calculated pseudosection, field assemblages have different variances. Fields with the pame
grey colour have the same variance. Colour code is as follows: light greyariant fields (6
phases) mediumgrey =3-variant fields(5 phases), dark grey =vhriant fields (4 phasesDarker
is the colour, higher is the variance (and lower is the number of phdkses
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(4) PRACTICAL TIPS FOPPREWING THE PERPLE_X OUTPUTS

In most cases, you should @raw the final output in order to obtain a result that can be
published. When redrawing a pseudosection, be careful to not introduce topological errors.

General rules are:

(1) Fields with the same variance should be indicated with the same colour.
Remember that: £ C¢ P + 2. In this case: GfKFMASH)
Therefore, fields characterized Byhases (P§; light greyfields in the pseudosection) are-g
variant (F8-6+2); fields witht phasesfiediumgrey) are trvariant and so on.

(2) in a point cannot converge more tha4 lines

(3) 2 fields with the same variance n (i.&ith the same n° ofphases) are always separated i
a (n+1) or (Al)-variant field, except when they are separated by a true univariant curve

(4) Lines between fields always mark the APPEARANCE or DISAPPHARBPNGhase

+Qz + H,C +Qz + H,0
157 T e | | L . L
Grt | 8

Grt 4 Mul — B

St Bt YRte — €

Als{ —C

- C

Mu St —
BtAls™ b

Mu St Bt E
//Bt Alsgf/_
Mu Bt Als /

- /

Als Crd /{ |  BrCrdks
7 BtAls 7

% / Crd Kfs &

1 |I|I|1|I|l||° 1I|I|I|I'I|I|I|I|I|I|I|I|I|I
430 450 470 490 510 530 550 570 590 610 630 650 67OT(' 430 450 470 490 510 530 550 570 590 610 630 650 670T (°C)

Bt Als
- 3

In the diagram on the left,ariance of each fielés reported in brackets. The thick black lines are
true univariant reactions.

In the diagram on the righthe phasein boundaries are reported with different colours for each
phase.

143 | Updated: 2022)anuary 24



(5) COMPARISON BETWEEN AFM DIAGRAMS AND PSEUDOSECTION

10 [T T T T T T 717 T T T Iy ]
' Chl Mu Ctd chiGrt
Mu Bt
9
A B
8 ® ®
C D
7 e
n Chl Mu
568
o]
é -
a L Chl M
3 B Bt Als Kfs
. B Mu Bt Als
i S~
3 | -~
B Mu Bt |
Als Crd Bt Crd Kfs
2 = —
(NSNS 7| 1 | 1 | s | Ty 7| A I

1 o
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C)
k) Ky

Comparison betweerAFM diagrams (EX.&alculated at P conditions A to D and the pseudosection
calculated in the KFMASH systdiax. 9) for a bulk compositionkK20=10.18, Fe0O=24.Mg0=222.13
Al203=42.92 mol%red dot in theAFM diagram)s

Mineral assemblages predicted by AFM diagrams for this specific bulk rock composition (red dot)
must correspond to the assemblages predicted by theT Ppseudosection at the same-P
conditions.
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(6) CalculatingSGMODES (WERAMI)

This section explains how to calculate the variation in the modal amounts of each minferal
phase (vol%), for the modelled pseudosection.

C\PERPLERerplex691werami

Perple_X version 6.9.1, source updated January 14, 2022.
Copyright (£19862022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex9

Reading Perple_X options from: perplex_option.dat
Writing Perple_X option summary to: not requested

Perde_X computational option settings for WERAMI:

Keyword: Value: Permitted values [default]:
Input/Output options:
agueous_output T [FIT
ageuous_species 20 [2@b0
ag_solvent_compositiory [y] m: y => mol fraction, m => molality
ag_solute_composition m y [m]: y => mol fraction, m => molality
spreadsheet T [FIT
logarithmic_p F [FT
bad_number NaN [NaN]
composition_constant F [FT
composition_phase mol [mol] wt
composition_system  wt [wt] mol
proportions vol [vol] wt mol
absolute F [FIT
cumulative F [FIT
fancy_cumulative_modes F [FT
interpolation on [on] off
melt_is_fluid F [FIT
solution_names mod [model] abbreviation full
structural_formulae T [T]F
output_species T [TTF
output_species_props F [FIT
seismic_output som [some] none all
pause_on_error T [TIF
poisson_test F [FIT
interim_results aut [auto] off manual
sample_on_grid T [TIF
auto_exclude T [TTF
Information file output options:
option_list_files F [F] T; echo computational options
Thermodynamic ptions:
approx_alpha T [TIF
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AndersonGruneisen F [FIT

hybrid_EoS_H20 4 {2)07
hybrid_EoS_CO2 4 4D
hybrid_EoS_CH4 0 {0]D

fd_expansion_factor 2.0 [2] >0

finite_difference_p 0.1E+05 [1d4] >0; fraction = @2E[1d2]
Seismic wavespeed computational options:

seismic_data_file T [FIT

bounds VRH [VRH] HS

vrh/hs_weighting 0.5 [0.5p0

explicit_bulk_modulus T [TTF

poisson_ratio on [on] all off; Poisson ratio = 0.35
seismic_output som [some] none all

poisson_test F [FT

Tisza_test F [FIT

To change these options see: www.perplex.ethz.ch/perplex_options.html

Select operational mode:
1 - properties at specified conditics
2 - properties on a 2d grid
3 - properties along a 1d path
4 -as in 3, but input from file
0-EXIT

2

Select a property:
1 - Specific Enthalpy (J/m3)
2 - Density (kg/m3)
3 - Specific heat capacity (J/K/m3)
4 - Expansity (1/K, for volume)
5 - Compressibility (1/bar, for volume)
6 - Composition (Mol, Mass, or Wt%) of the system
7 - Mode (Vol, Mol, or Wt proportion) of a phase
8 - Composition (Mol, Mass, or Wt%) of a solution phase
9 - Grueneisen therral ratio
10- Adiabatic bulk modulus (bar)
11- Adiabatic shear modulus (bar)
12- Sound velocity (km/s)
13- P-wave velocity (Vp, km/s)
14 - Swave velocity (Vs, km/s)
15-Vp/Vs
16 - Specific entropy (J/K/m3)
17 - Entropy (J/K/kg)
18- Enthalpy (J/kg)
19- Heat Capacity (J/K/kg)
20 - Specific mass of a phase (kghsyastem)
21- Poisson ratio
22 - Molar Volume (J/bar)
23 - Dependent potentials (J/mol, bar, K)
24 - Assemblage Index
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7

25- Modes of all phases

26 - Sound velocity T derivative (km/s/K)

27 - P-wave velocity T derivative (km/s/K)

28- Swave velocity T derivative (km/s/K)

29 - Adiabatic bulk modulus T derivative (bar/K)
30- Shear modulus T derivative (bar/K)

31- Sound velocity P divative (km/s/bar)

32 - P-wave velocity P derivative (km/s/bar)

33- Swave velocity P derivative (km/s/bar)

34 - Adiabatic bulk modulus P derivative (unitless)
35- Shear modulus P derivative (unitless)

36- All phase &/or system propertse

37 - Absolute amount (Vol, Mol, or Wt) of a phase
38 - Multiple property output

39 - Heat capacity ratio (Cp/Cv)

40- Lagged or backalculated aqueous solute chemistry

Enter solution or compound (left justified):
Gt(W)

Include fluid in omputation of aggregate (or modal) properties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.
Mode can be computdas vol%mol% or wi%. The default value is vol%. You can control this parameter

modifying thed LINR LJ2 NIi A 2 y & €

Select an additional property or enter O to finish:

7

Enter solution or compound (left justified):
Chl(w)

Include fluid in computation of aggregate (or modal) properties (y/n)?

n

18862NR AY

iKS

LISNLI SEY2 LI AZ2Y

Fractions are Wtyol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:

7

Enter solution or compound (left justified):
Ctd(w)

Include fluid in computation of aggregate (or modal) properties (y/n)?

n

Fractons are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:

7
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Enter solution or compound (left justified):
St(W)

Include fluid in computation of aggregate (or modal) properti¢s)@
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
7

Enter solution or compound (left justified):
Bi(W)

Include fluid in computation of aggregate (or modagerties (y/n)?
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
7

Enter solution or compound (left justified):
mu

Include fluid in computation of aggregate (oodal) properties (y/n)?
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
7

Enter solution or compound (left justified):
Crd(W)

Include fluid in computation adiggregate (or modal) properties (y/n)?
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
7

Enter solution or compound (left justified):
san

Include fluid in comptation of aggregate (or modal) properties (y/n)?
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
7
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Enter solution or compound (left justified):
ky

Include fluidin computation of aggregate (or modal) properties (y/n)?
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
7

Enter solution or compound (left justified):
sill

Include fluid in computation of aggregate (or modal) properties (y/n)?
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
7

Enter solution or compound (left justifigd
and

Include fluid in computation of aggregate (or modal) properties (y/n)?
n
Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select an additional property or enter O to finish:
0

Change default variable rangér{y?
n

Select the grid resolution (to use an arbitrary grid set sample_on_grid to F):
1- 60x 60 nodes
2- 119 x 119 nodes
3- 237 x 237 nodes
4- 473 x 473 nodes [default]

4

X
X

Data ranges excluding values equal to bad_nunfber NaN) specified in perplex_option.dat:

Gt(W),vo%  Chl(W),vo% Ctd(W),vo% St(W),vo% Bi(W),vo% mu,vo% Crd(W),vo%
ky,vo% sill,vo% and,vo%
min 0.194382802 0.285580€02 0.358730H03 0.600860802 0.822291803 7.41739  0.251266E
002 0.655698B02 0.986910803 0.324544801 0.170446B01
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max 15.0264 42.3855 2.40215 27.4511 65.4408
25.217 29.7521 30.2444
Output has been written to the 2d tab format file: ex9_1.tab

2d tab format files can be processed with:
PSTABLEa Perple_X plotting program
PERPLE_X_ PLGIMATLAB plotting script
PYWERAMIgithub.com/androlexa/pywerami
spreadsheet programs, e.g., EXCEL

for details on tab format refer to:
perplex.ethz.ch/perplex/faq/Perple_X tab file format.txt

Select operational mode:
1 - properties at specified conditions
2 - properties on a 2d grid
3 - properties along a 1d path
4 -asin 3, but input from file
OCEXIT

0

At the end, you have a new fi{ex9 1.tab) in the Perple X folder.

57.8215

59.8452

(6) Calculating ISBLETHSNVERAM)

This section explains how to calculate COMPOSITIONAL ISOPIdE Spéxific phases.

In this example, the XMg (Mg/Mg+Fe) &borite, staurolite, garnet and biotite is calculated.

CA\PERPLERerplex691werami

Perple_X version 6.9.1, source updated January 14, 2022.

Copyright (C) 1988022 James A D Connolly <wwerex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:

ex9

Reading Perple_X options from: perplex_option.dat
Writing Perple_X option summary to: not requested

Perple_X computational option settings f&/ERAMI:

Keyword: Value: Permitted values [default]:
Input/Output options:
agueous_output T [FIT
ageuous_species 20 [20b0
ag_solvent_composition y [y] m: y => mol fractior> molality
ag_solute_composition m y [m]: y => mol fraction, m => molality
spreadsheet T [FIT
logarithmic_p F [FIT
bad_number NaN [NaN]

composition_constant F [F]T
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composition_phase mol [mol] wt

composition_system  wt [wt] mol

proportions vol [vol] wt mol

absolute F [FIT

cumulative F [FIT

fancy cumulative_modes F [FIT

interpolation on [on] off

melt_is_fluid F [FIT

solution_names mod [model] abbreviation full
structural_formulae T [TIF

output_species T [TTF
output_species_props F [FIT

seismic_output som [some] none all
pause_on_error T [TIF
poisson_test F [FT
interim_results aut [auto] offanual
sample_on_grid T [TIF
auto_exclude T [TIF
Information file output options:
option_list_files F [F] T; echo computational options
Thermodynamic options:
approx_alpha T [T]F
AndersonGruneisen  F [FIT
hybrid_EoS_H20 4 {a)87
hybrid_EoS_CO2 4 {4]0
hybrid_EoS_CH4 0 {D]D

fd_expansion_factor 2.0 [2] >0

finite_difference_p 0.1E+05 [1d4] >0; fraction = @2E[1d2]
Seismic wavespeed computational options:

seismic_data_file T [FIT

bounds VRH [VRH] HS

vrh/hs_weighting 0.5 [0.5}Q

explicit_bulk_modulus T [TIF

poisson_ratio on [on] all off; Poisson ratio = 0.35
seismic_output som [some] none all

poisson_test F [FIT

Tisza_test F T[F]

To change these options see: www.perplex.ethz.ch/perplex_options.html

Select operational mode:
1 - properties at specified conditions
2 - properties on a 2d grid
3 - properties along a 1d path
4 -asin 3, but input from file
0-EXIT

2

Select a property:
1 - Specific Enthalpy (J/m3)
2 - Density (kg/m3)
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3 - Specific heat capacity (J/K/m3)

4 - Expansivity (1/K, for volume)

5 - Comprestbility (1/bar, for volume)

6 - Composition (Mol, Mass, or Wt%) of the system
7 - Mode (Vol, Mol, or Wt proportion) of a phase
8 - Composition (Mol, Mass, or Wt%) of a solution phase
9 - Grueneisen thermal ratio

10- Adiabatic bulk moduis (bar)

11- Adiabatic shear modulus (bar)

12- Sound velocity (km/s)

13- P-wave velocity (Vp, km/s)

14 - Swave velocity (Vs, km/s)

15-Vp/Vs

16 - Specific entropy (J/K/m3)

17 - Entropy (J/K/kg)

18- Enthalpy (J/kg)

19- HeatCapacity (J/K/kg)

20 - Specific mass of a phase (kghsyastem)

21- Poisson ratio

22 - Molar Volume (J/bar)

23 - Dependent potentials (J/mol, bar, K)

24 - Assemblage Index

25- Modes of all phases

26 - Sound velocity T derivative (ksiK)

27 - P-wave velocity T derivative (km/s/K)

28- Swave velocity T derivative (km/s/K)

29 - Adiabatic bulk modulus T derivative (bar/K)
30- Shear modulus T derivative (bar/K)
31-Sound velocity P derivative (km/s/bar)

32- P-wave véocity P derivative (km/s/bar)
33-Swave velocity P derivative (km/s/bar)

34 - Adiabatic bulk modulus P derivative (unitless)
35- Shear modulus P derivative (unitless)

36- All phase &/or system properties

37 - Absolute amount (Vol, Mobgr Wt) of a phase
38 - Multiple property output

39- Heat capacity ratio (Cp/Cv)

40- Lagged or backalculated aqueous solute chemistry

Enter solution (left justified):
Gt(W)

Define the composition in terms of the species/endmembers of Gt(W)/n)?

Answer no to define a composition in terms of the systems components.

AnswerNOto define a compaosition in terms of the systems compondatg. MgO, FeO, etc.)
Answer YES to define a composition in terms of the solid solutionresmdbers (e.gPrp, Alm, etc.)
Units (mass or molar) are controlled by the composition keywogknplex_option.dat.
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Phase compositionsan be computd as mol% or wt%. The default value is mol%. You can control this
LI NI} YSGSNI Y2RATeAyYy3d (KS indh®gepler aption.datig Y LK a S¢ 1 Se g2
n

Compositions are defined as a ratio of the form:
Sum {w(i)*n(i), i = 1, c1} / Sum {w(i)*n(i), i = c2, c3}
n() = molar amount of component
w(j) = weighting factor of componengysually 1)
How many components in the numerator of the composition (<15)?
We want to calculate the ratio Mg/(Mg+Fe), this means that weehane component in the numerait (MgO)
and two components in the denominator (@ + [EO)
1

Enter component indiceand weighting factors for the numerator:
1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20
The WEIGHTING FACTOR corresponds to the number of cations in each component (gg@. floe M
weighting factor is 1; for K20 the weighting fad®® etc.)
1 | index for MgO
1 | weighting factor for MgO

How many components in the denominator of the composition (<14)?
Enter zero to use the numerator as a composition.
2

Enter component indices and weighting factors for the denominator:
1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20
1 | index for MgO
1 | weighting factor for MgO
4 | index for FeO
1 | weighting factor for FeO

The compositional variable is:
1.0 MgO
divided by
1.0 MgO + 1.0 FeO
Change it (y/n)?
n
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This conposition will be designated: C[Gt(W)1]

Select an additional property or enter O to finish:
8

Enter solution (left justified):
Chl(W)

Define the composition in terms of the species/endmembers of Chl(W)  (y/n)?

Answer no to define a composition inrtes of the systems components.
Units (mass or molar) are controlled by the composition keywogknplex_option.dat.
n

Compositions are defined as a ratio of the form:
Sum {w(i)*n(i), i = 1, c1} / Sum {w(i)*n(i), i = c2, c3}
n() =molar amount of component |
w(j) = weighting factor of component j (usually 1)
How many components in the numerator of the composition (<15)?
1

Enter component indices and weighting factors for the numerator:
1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20
1
1

How many components in the denominator of the composition (<14)?
Enter zero to use the numerator as a composition.
2

Enter component indices and weighting factors for the denominator:
1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20

L N N

The compositional variable is:
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1.0 MgO
divided by
1.0 MgO + 1.0 FeO
Change it (y/n)?
n

This composition will be designated: C[Chl(W)2]

Select an additional property or enter 0 to finish:
8

Enter ®lution (left justified):
St(W)

Define the composition in terms of the species/endmembers of St(W)  (y/n)?

Answer no to define a compaosition in terms of the systems components.
Units (mass or molar) are controlled by the composition keywopkiplex_option.dat.
n

Compositions are defined as a ratio of the form:
Sum {w(i)*n(i), i = 1, c1}/ Sum {w(i)*n(i), i = c2, c3}
n() = molar amount of component
w(j) = weighting factor of component j (usually 1)

How many components in the numerator of the composition (<15)?
1

Enter component indices and weighting factors for the numerator:
1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20
1
1

How many components in the denominator of the composiijeh4)?
Enter zero to use the numerator as a composition.
2

Enter component indices and weighting factors for the denominator:
1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20
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L N

The compositional variable is:
1.0 MgO
dividedby
1.0 MgO + 1.0 FeO
Change it (y/n)?
n

This composition will be designated: C[St(W)3]

Select an additional property or enter O to finish:
8

Enter solution (left justified):
Bi(W)

Define the composition in terms of the species/endmembers of Bi(\{§/n)?

Answer no to define a compaosition in terms of the systems components.
Units (mass or molar) are controlled by the composition keyword inperplex_option.dat.
n

Compositions are defined as a ratio of the form:
Sum {w(i)*n(i), i = 1, c1}/ Sumw@)*n(i), i = c2, c3}
n() = molar amount of component
w(j) = weighting factor of component j (usually 1)

How many components in the numerator of the composition (<15)?
1

Enter component indices and weighting factfosthe numerator:
1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20
1
1

How many components in the denominator of the composition (<14)?
Enter zero to use the numerator as a composition.
2

Enter component indices and weighting factdor the denominator:
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1-MgO
2-Al203
3-K20
4-FeO
5-Si02
6-H20

R N

The compositional variable is:
1.0 MgO
divided by
1.0 MgO + 1.0 FeO
Change it (y/n)?
n

This composition will be designated: C[Bi(W)4]

Select an addibnal property or enter 0 to finish:
0

Change default variable range (y/n)?
n

Select the grid resolution (to use an arbitrary grid set sample_on_grid to F):
1- 60 x 60 nodes
2-119x 119 nodes
3- 237 x 237 nodes
4- 473 x 473odes [default]

4

X
X

Data ranges excluding values equal to bad_number ( NaN) specified in perplex_option.dat:
C[Gt(W)1] C[Chl(W)2] C[St(W)3] C[Bi(W)4]

min 0.117825 0.471855 0.144985 0.313191

max 0.267632 0.638718 0.339163 0.584906

Output has been written to the 2d tab format file: ex9_2.tab

2d tab format files can be processed with:
PSTABLEa Perple_X plotting program
PERPLE_X_PLGIMATLAB plotting script
PYWERAMIgithub.com/ondrolexa/pywerami
spreadsheet programs, e.g., EXCEL

for details on tab format refer to:
perplex.ethz.ch/perplex/faq/Perple_X tab_file format.txt

Select operational mode:
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1 - properties at specified conditions
2 - properties ona 2d grid
3 - properties along a 1d path
4 -asin 3, but input from file
0-EXIT
0
At the end, you have a new filex9 2.tab) in the Perple_X folder.

(7) Plotting isomodes and compositional isopleths (PYWERAMI)

Use PYWERAMI to plot thelmaated isomodes and compositional isopleths.

You can download Pywerami at this link from the Perple_X website (PyWeraniree alternative
to MatLab):https://petrol.natur.cuni.cZ~ondro/oldweb/pywerami:home
Install Pywerami on your pc.

Run PYWERAMI to plot isopleths and isomodes.

From Pywerami, pen the .tab file.
Use the dropdown menu on the right to select the property you want to plot (e.dVBvo%

You can modify the mimum and maximum values to be plotted, as well as the interval between the
isopleths/isomodes.

You can save the image in .jpg BETTER IF YOU WANT TO MODIFY THE FiGpRd& .svg
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Ex D
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Ex.10g P-Tpseudosectiorfora METAPHLEIn the MNNKCFMASHyste

This exercise is intended to explore the influence of some minor components@\&aO
and MnO) on the topology of the pseudosection calculated for the metapelite sample
investigated in Ex9. The exercise also explains how ¢alculateCUMULATIVEIODES

along a geothermal gradient

This exercise is based on the paper by Tinkham et al. (2001) [Geol. Mat. Res423, The
modelled sample is AWBZ (see Tablard their Fig.5a).

Total bulk composition (mol%; SiO2 in exciss

Al203=37.99, Fe0=21.93, Mg0=19.59, Mn0O=0.42, Ca0=4.95, Na20=6.11, K20=9.01

T=425700°C
P=1-10 kbar

(1) Definition of the problem (BUILD)

Because the problem is the same as ind:gxcept for the addition of Na20, CaO and MnO compongmis
can editthe ex9.dat input file (remember to renamethe file asEx10). Thus, the thermodynamic components

are:

begin thermodynamic component list

Na20 1 6.11000 0.00000  0.00000
MgO 1 19.5900 0.00000 0.00000
Al203 1 37.9900 0.00000 0.00000
K20 1 9.01000 0.00000 0.00000
CaO 1 4.95000 0.00000 0.00000
MnO 1 0.42000 0.00000  0.00000

end thermodynamic component list

FeO 1 21.9300 0.00000  0.00000

molar amount
molar amo

molar amount
molar amount
molar amount
molar amount

molar amount

unt

Adding Na20 and CaO additionally implies thattdraary feldspar glagioclaser K-feldspal) and the white
mica (muscovite + paragonite) solid solution modsisuld & added to the calculation.

begin solution phase list
Chl(W)

Bi(W)

Mica(W)

Gt(W)

Ctd(wW)

St(W)

Crd(W)

feldspar

end solution phase list

(2) Doing the calculation\ERTEX

Run VERTEX to make the calculation:

C\PERPLERerplex692vertex
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Perple_X version 6.9.1, source updated January 14, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex10
X

(3) Plotting the calculeed phase diagram (FEC)I

Run PSSECT to plot the calculated pseudosection:

C\PERPLERerplex691pssect

Perple_X version 6.9.1, source updated January 14, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter theproject name (the name assigned in BUILD) [default = my_project]:
ex10

Reading Perple_X options from: perplex_option.dat

Perple_X plot options are currently set as:
Keywad: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800  [800]¥ength (pts)

field_fill T [TTF
field_label T [TIF
numeric_field_label F [F] T, if T PSSECT writed Imssemblages.txt

replicate_label 0.250 ->0 [0.025]
field_label_scale 0.75 [0.72] (rel)

font Helvetica

grid F [FT
half_ticks T [TTF
line_width 1.00 -99[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]4gcale (rel)
130. [0.18]+#ranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.chégplex_plot_options.html
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PostScript will be written to file: ex10.ps

Modify the default plot (y/n)?

n

There are 10 fields for: Mica(W) feldspar Bi(W) Chl(W) zo ab
There are 7 fields for: feldspar Chl(W) Gt(W) Mica(W) Bi(W) zo ab
There are 3 fields for: Crd(W) Bi(W) feldspar feldspar Mica(W)
There are 10 fields for: St(M@ldspar Mica(W) Bi(W) Gt(W) sill

In the resulting diagram, both plagioclase and 6 Ra LI NJ I NB NBLRZ NI SR I a
containing two feldspars contain both plagioclase anfldspar, whereas those containing one
feldspar can contain #ier plagioclase or4feldspar.To know which of the two feldspars is stable
in a given field, use WERAMI option 1 (properties at specified conditipag). at 753 K, 3000 bar:

Stable phases at:
T(K) = 753.000
P(bar) = 3000.00
Y(CO2) = 0.00000

Phase Compositions (molar proportions):

wt% vol% mol% mol NBR®  Al203 K20 CaO MnO FeO Si02 H20
Chi(w) 17.78 17.21 10.92 4.31 0.00000 2.56888 1.22106 0.00000 0.00000 0.05786 2.15220 2.77894 4.
feldspar 27.64 29.69 39.72 15.7 0.34063 0.00000 0.65666 0.002PD00.3188R00 2.68668 0.00000
Mica(W) 32.05 32.30 31.02 12.3 0.06244 0.03159 1.44627 0.43620 0.00273 0.00000 0.02351 3.05236 1.
Bi(W) 22,53 20.80 1834 7.25 0.00000 1.12162 0.648610@05000002354 1.70624 2.85139 1.00000

Phase speciation (molar proportions):

Chl(w) mnchl: 0.01157, daph: 0.46915, ames: 0.22111, afchl: 0.19367, clin: 0.29812, och10.098®02, och2:
feldspar abh: 0.68125, an: 0.348320.00542

Mica(W) mu: 0.81729, pa: 0.12487, mal_dgf: 0.00273, cel: 0.03159, fcel: 0.02351

Bi(W) mnbi: 0.00785, east: 0.14861, ann: 0.55021, phl: 0.23772, obi: 0.05562

The Eldspar stable af53 K, 3000 bar is a plagioclase.

10000

Chl Grt M
Pa Zo [-PI]

8200 Chl Grt Mu
Pa Zo

Chl Grt
Mu Zo

6400

P(bar)

4600

2800

1000

, B , '
753 408 w0 883 918 973 430 450 470 490 510 530 550 570 590 610 630 650 670T (°C|
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Ex9 (KFMASH)
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Ex.10 (MNNCKFMASH)

+Qz +Bt +PI/Ab +H,0
WM T T T TI T INT T Ly Als
-Chl Grt Mu — Ab
|_Pa Zo [-PI]
9 — Bt
b

B Chl Grt Mu ——— Chl
8 Pa Zo —r Crd
Cchl Grt — Grt

7 Mu Zo — Kfs
~ Mu

- Pa
§ . — Pl
: — St
5 Z0

rd Kfs Als

2 Chl Grt Mu Cr
Grt Mu Crd —#

Mu Crd -
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C)

Comparing this pseudosection with that modelled in Ex. 9 (KFMASH system), it appearshihantroduction of NaO, CaO and MnO has th

following consequences:

1 The garnet stability field is significantly enlargedward low P and T with respet to the pseudosection of Ex.;9

Chloritoid is no more stable;

=4 = =4 =2

Zoisite appears at low T.

The biotite stability field is significantly enlarged toward lower T (biotite is predictealbe stable in all the fields);
Plagioclaseand/or albite is predicted to be stable in most of the fields;
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(4) Calculating cumulative modes along a geothermal gradi@MERAM)

This section explains how to calculate thariation in the modal amountsf all the phase
(vol%)along a geothermal gdient defined as: P (bar) = 15 T {K59545 (corresponding t¢
the white dashed line reported in the pseudosection below).

+Qz +Bt +PI/Ab +H,0

W T T T TN T T Als
-Chl Grt Mu — Ab

9 -PaZo[-PI] o — Bt

-~  ChlGrt Mu — Chl
g L Pa Zo — Crd
Chl Grt -4 ——Grt

7 L o — Kfs
- Mu

— Pa
a 6 =Pl
= — st
5 Zo

P~ Chl Grt Mu Cr
Grt Mu Crd —*

| 7l

. o
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C)

Use an excel spreadsheet to create the input file for the definition of the P/T gradient. The input file
should consist of two camns only, i.e. the first column contains the temperatures (in Kelvin), the
second column contains the pressures (in bar). Consider the temperatures rang®d30 (703

973 K), and temperature values with an interval of 1°C; derive pressure values agcardhe
equationP (bar) =15 T (K)65450 { | S GKS FAtS +a + oSGEG FAES

Run WERAMI to calculate the MODEZ&Idf thegphases.
CA\PERPLERerplex691werami

Perple_X version 6.9.1, source updated January 14, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex10

Reading Perple_X options from: perplex_option.dat
Writing Perple_X option summary to: not requested

Perple_X comutational option settings for WERAMI:
Keyword: Value: Permitted values [default]:
Input/Output options:
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aqueous_output T [FIT
ageuous_species 20 [20B0
ag_solvent_composition y [y] m: y => mol fraction, m => molality

ag_solute_composition m y [m]: y => mol fraction, m => molality
spreadsheet T [FIT
logarithmic_p F [FIT
bad_number NaN [NaN]
composition_constant F [FIT
composition_phase mol [mol] wt
composition_system  wt [wt] mol
proportions vol [vol] wt mol
absolute F [FIT
cumulative F [FIT
fancy_cumulative_modes F [FIT
interpolation on [on] off
melt_is_fluid F [FIT
solution_names mod [model] abbreviation full
structural_formulae T [T]F
output_species T [TTF
output_species_props F [FIT
seismic_output som [some] none all
pause_on_error T [TIF
poisson_test F [FIT
interim_results  aut [auto] off manual
sample_on_grid T [TIF
auto_exclude T [TIF

Information file output options:
option_list_files F [F] T; echo computational options

Thermodynamic options:
approx_alpha T [TTF
AndersonGruneisen  F [FIT
hybrid_EoS_H20 4 {a)87
hybrid_EoS_CO2 4 4]0
hybrid_EoS_CH4 0 {D]D

fd_expansion_fator 2.0 [2] >0

finite_difference_p 0.1E+05 [1d4] >0; fraction = @2E[1d2]
Seismic wavespeed computational options:

seismic_data_file T [FIT

bounds VRH [VRH] HS

vrh/hs_weighting 0.5 [0.5] &1

explicit_bulk_modulus T [TIF

poisson_ratio on [on] all off; Poisson ratio = 0.35
seismic_output som [some] none all

poisson_test F [FIT

Tisza_tet F [FIT

To change these options see: www.perplex.ethz.ch/perplex_options.html

Select operational mode:
1 - properties at specified conditions
2 - properties on a 2d grid
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3 - properties along a 1d path
4 -asin 3, but input from file
0-EXIT
4
Select option 4 if you would like to use the geothermal gradient as defined in the grad.txt file.

Path will be described by:
1 - a filecontaining a polynomial function
2 - a file containing a list of-x points
Enter 1 or 2:
2

Enter the file name:
grad.txt

File contains 271 points

every nth plot will be plotted, enter n:

1

Here you can specify if you want to use all th& Pointsdefined in the input file, or if you want to use a
different P(T) interval. Answering 1 means that you want to use all the points as defined in the input file.

Select a property:
1 - Specific Enthalpy (J/m3)
2 - Density (kg/m3)
3 - Specific hat capacity (J/K/m3)
4 - Expansivity (1/K, for volume)
5 - Compressibility (1/bar, for volume)
6 - Composition (Mol, Mass, or Wt%) of the system
7 - Mode (Vol, Mol, or Wt proportion) of a phase
8 - Composition (Mol, Mass, or Wt%) of @wion phase
9 - Grueneisen thermal ratio
10- Adiabatic bulk modulus (bar)
11 - Adiabatic shear modulus (bar)
12 - Sound velocity (km/s)
13- P-wave velocity (Vp, km/s)
14 - Swave velocity (Vs, km/s)
15-Vp/Vs
16 - Specific emopy (J/K/m3)
17 - Entropy (J/K/kQ)
18- Enthalpy (J/kg)
19- Heat Capacity (J/K/kg)
20 - Specific mass of a phase (kghsyastem)
21- Poisson ratio
22 - Molar Volume (J/bar)
23 - Dependent potentials (J/mol, bar, K)
24 - Assemblagéndex
25- Modes of all phases
26- Sound velocity T derivative (km/s/K)
27 - P-wave velocity T derivative (km/s/K)
28- Swave velocity T derivative (km/s/K)

168 | Updated: 2022, January 20



29 - Adiabatic bulk modulus T derivative (bar/K)

30- Shear modulus T derivag (bar/K)

31- Sound velocity P derivative (km/s/bar)

32- P-wave velocity P derivative (km/s/bar)

33- Swave velocity P derivative (km/s/bar)

34 - Adiabatic bulk modulus P derivative (unitless)

35- Shear modulus P derivative (unitless)

36- All phase &/or system properties

37 - Absolute amount (Vol, Mol, or Wt) of a phase

38 - Multiple property output

39- Heat capacity ratio (Cp/Cv)

40- Lagged or backalculated aqueous solute chemistry
25

Option 25 allows to simultaneolyscalculate the mode of all the phases.

Output cumulative modes (y/n)?

(see www.perplex.ethz.ch/perplex_options.html#cumulative_modes)

n

'f 0K2dAK 2dzNJ FAY Aa G2 OFtOdA 4GS /al[!¢L+9

here, becausen i’ A& Y2NB Slkae (2 LX 20 ay2NX¥Ifé Y2RSa 0Ad
GOdzydzZf F A @S¢ Y2RSa dzaay3a t{{9/ ¢

Include fluid in computation of aggregate (or modal) properties (y/n)?
n

**warning verl78** at T(K)= 703.0 P(bar)= 4000
the shear modulus of: Mica(W)
is missing or invalid and has been estimated from the default poisson ratio

X
X
Data ranges excluding values equal to bad_number ( NaN) specified in perplex_option.dat:
Chl(W) Mica(W) Mica(W) Bi(W) feldspar feldspar ab z0 Gt(W) Crd(W)
and St(W) sill ky

min  2.58924 21.2616 0.100000E+100 13.2468 27.9172 0.100000E+300 20.230910801
0.281598ED01 0.100000E+100 0.100000E+100 0.951214 0.100000E+100 0-P&2885E

max 21.5547 38.3932 -0.100000E+100 37.0166 31.33580.100000E+100 20.5347 6.29074
14.8779 -0.100000E+10€0.100000E+100 5.73130-0.100000E+100 0.768047

Output has been written to two files:
plt format is in file: ex10_1.plt
1d tab format is in file: ex10_1.tab

plt format files can be plotted with:
PSVDRAW

1d tab format files can be processed with:
PSTABLEa Perple_X plotting program
PERPLE_X_PL@TMatlab plotting script
spreadsheet programs, e.g., EXCEL

for details on tab format refer to:
perplex.ethz.ch/perplex/faq/Perple_X tab_file format.txt
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Sekct operational mode:
1 - properties at specified conditions
2 - properties on a 2d grid
3 - properties along a 1d path
4 -asin 3, but input from file
0-EXIT

At the end, you have a new fi{ex10 1.tab) in the Perple_X folder.

You can open the ex10_1.tab file using EXCEL; replace the NaN values with O and plot the data using

the option Area Graph.
+Qz +Bt +PI/Ab +H,0 7

Chl Grt Mu/
Pa Zo

Chl Mu

Chl Grt Mu Crd_ Z

Grt Mu Crd —# O o © © © 9 © © © o
Mu Crd _~ Crd Kfs 2 2 5 9 7238 5 8 d

630
650
670
690

1 0
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C)
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Ex 11
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Ex.11¢ T-XMg pseudosection for a METAPELITE in the MNNKCFMASH 3

This exercise is intended toxplore the influence of bulk XMg [MgO/(MgO+FeO)] on the
stability field of the main mineral assemblages, for the same metapelite sample
investigated in Ex9 and 10.

The exercise provides the opportunity to calculate an isobafic pseudosection (i.e. phase
diagram section with a compositional parameter on the horizontal axis).

This exercise is based on the paper by Tinkham et al. (2001) [Geol. Mat. Res423, The
modelled sample is AWBZ (see Tabland their Fig.10).

The TXMg pseudosectiors calculated at a fixed pressure of 3.5 kbar and for XMg ranging between
0 and 1. The XMg of the metapelite investigated inlBxs XMg=0.47.

Thetwo bulk compositiors to be usedare (mol%; SiO2 in excess):

XMg=0: Al203=37.99, Fe0=41.52, MgO=0.Mn0=0.42, Ca0=4.95, Na20=6.11, K20=9.01
XMg=1: Al203=37.99, FeQ80, Mg0O=41.52, Mn0O=0.42, Ca0=4.95, Na20=6.11, K20=9.01
T=425700°C

P=3.5kbar

Use the same solid solution models used in Ex. 10

In the perplex_option file, change the solution_names kBYWAR Ay @G| 00 £ 3S¢cinkhg 2 NR ¢
output - the abbreviation namérather than the whole model naméyr solution models

(1) Definition of the problem (BUILD)

CA\PERPLERerplex691build

Perple_X version 6.9.1, source updated January 14, 2022.
Caoyright (C) 1982022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

NO is the default (blank) answer to all Y/N prompts

Enter a name for this project (the name will be used as rbat for all output file names) [default =
my_project]:
ex11

The problem definition file will be named: ex11.dat

Enter thermodynamic data file name [default = hpO2ver.dat]:
hp62ver.dat

Enter the computational option file name [default = perplex_option.dat]:
See: www.perplex.ethz.ch/perplex_options.html
[enter]
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Realing Perple_X options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FenQRiCCl202 H20 CO2 CuO Cr2032R2 ZnO
Transform them (Y/N)?

N

Specify computational mode:

1 - ConvexHull minimization

2 - Constrained minimization on a 2d grid [default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5 - 1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use ConveXull minimization for Schreinemakers projections or phase diagmaitis > 2 independent
variables. Use constrained minimization for phase diagmmnphase diagram sections witi8<independent
variables.
2

Calculations with a saturated fluid (Y/N)?
y

Select the independent saturated fluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For GO-H fluids it is only necessary to select volatile speciesepteis the solids of interest. If the species
listed here are H20O and CO2, thendonstrain O2 chemical potential to be consistent wittO-El fluid
speciationtreat O2 as a saturated component. Refer to the Perple X Tutorial for details.

H20

Calculationsvith saturated components (Y/N)?

y
**warning ver015** if you select > 1 saturated component, then the order you enter the components determines the
saturation heirarchy and may effect your results (see Connolly 1990).

Select < 6 saturated components frahe set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MBONK2 ZrO2 CI2 02 CO2 CuO Cr26282 zZn0O
Enter names, 1 per line, press <enter> to finish:

Si02

Use chemical potentials, activities or fugacities as independariables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 K20 CaO TiO2 MnO FeO NIiO ZrO2CO2 O20 Cr203 B2ZnO
Enter names, 1 per line, press <enter> to finish:

Na20
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MgO
Al203
K20
CaO
MnO
FeO

Because the thermodynamic dafile identifies: H20 as special components, you will be prompted next for the EoS to

be used for the corresponding composants and mixtures thereof. To override this behavior, e.g., to use a generic hybrid
fluid EoS, delete the special_component sectiamf the thermodynamic data file header.

NOTE: the EoS choice specified here will override the EoS choice specified by the hybrid_EoS option, tooverride this
behavior delete the special_component section from the the thermodynamic data file header.

Selecffluid equation of state:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C02) dhuffered COH MRK hybriHoS*
10- X(0O) ebuffered COH MRK hybriEoS Connolly & Cesare 93*
12 - X(O¥f(S2) cuffered COHS MRK hybi#thS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Poweling 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybri€eoS*
17- X(O¥f(S2) HO-S MRK hybriEoS*
19- X(O}X(S) @uffered COHS MRK hybiithS Connolly & Cesare 93*
20- X(0O}X(C) COHS MRK hybEdS Connolly & Cesare 93*
24 -f(O2/CO2IN/C Chuffered COHN MRK hybtitbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(O)X(C) €>-H MRK hybri€EoS*
*Hybrid EoS use the following pure species EoS, to change these associationsthedifbrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- MRK DeSantis et al 1974
5

The data base has P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
n

Select xaxis variable:

1-P(bar)

2-T(K)

3-Y(CO2)

4 - Composition X_C1* (user defined)
*Although only one component is specified for the Y(CO2) plitgsequation of statepermits use of its
compositional variable:
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*X_C1 can not be selected as thaxis variable
In this case, the-axis variable is a composition (XMQ)
4

Select yaxis variable:

1-P(bar)

2-T(K)

3-Y(CO2)

4 - Camposition X_C2 (user defined)
2

Enter minimum and maximum values, respectively, for: T(K)
698
973

Specify sectioning value for: P(bar)
3500

Specify sectioning value for: Y(COZ2)
0

For gridded minimization, grid resolution is determined by the numbdewadls (grid_levels) and the resolution at the
lowest level in the Xand ¥directions (x_nodes and y_nodes) these parameters are currently set for the exploratory
and autorefine cycles as follows:

stage grid_levels xnodes ynodes effectiveutaso

exploratory 1 40 40 40 x 40 nodes

auto-refine 4 60 60 473 x 473 nodes

To change these options edit or create the file perplex_option.dat

See: www.perplex.ethz.ch/perplex_options.html#grid_paraerst

All thermodynamic components must be constraingpecify saturated components also (Y/N)?
n

Specify component amounts by mass (Y/N)?
n

The amounts you enter next need not be normalized; regardless of unitsdéfane the molar amount of
the systen

The bulk composition of the system will be computed as:

C=C0*(X _Cl)+C1*X_C1
where X_C1 varies between 0 and 1, and CO and C1 are the compositions
specified next.

To compute bulk compositions as: C = CO + Cl*Xh@dge the computational d¢pn keyword
closed_c_space.

Enter the molar amounts of the components:
Na20 MgO AI203 K20 CaO MnO FeO
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to define the composition CO

This corresponds to XMgO=0. To avoid problems with O/D solution models approaching the XMgO=0 side, |
would suggst to set MgO=0.001

6.11

0.001

37.99

9.01

4.95

0.42

41.52

Enter the molar amounts of the components:
Na20 MgO AI203 K20 CaO MnO FeO
to define the composition C1

This corresponds to XMg®=To avoid problems with O/D solution models approachirigXMgO=1 side, |
would suggest to set FeO=0.001

6.11

41.52

37.99

9.01

4.95

0.42

0.001

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
n

Include solution models (Y/N)?
y

Enter the solution model file name [default = solution_cebdat]:

Enter solution model file name [default = solution_model.dat] left justified, < 100 characters:
[return]

X

Select models from the following list, enter 1lrpme, press <enter> to finish

ternary-feldspar models: feldspar feldspar_B PI(11,A8)(C1)

clinoamphibole models: cAmph_I(G) cAmph(G) Cumm GIX Tr

X

For details on these models see:www.perplex.ethz.ch/perplex_solution_model_glossargrhimald the commentary
in the solution model file.

Chi(W)

Bi(W)

Mica(W)

Gt(Ww)

Ctd(W)
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St(W)
Crd(W)
feldspar

Enter calculation title:
Ex11

(2) Doing the calculationM\ERTEX

Run VERTEX to make the calculation:
CA\PERPLERerplex691zertex

Perple_X version 6.9.1, source updated January 14, 2022.
Copyright (C) 186-2022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex11
X o

(3) Plotting the calculated phase diagram @ESC)I

Run PSSECT to plot the calculated pseudosection:
CA\PERPLERerplex691pssect

Perple_X version 6.9.1, source updated January 14, 2022.
Copyright (C) 1988022 James A D Connolly <www.perplex.ethz.ch/copyright.htmlI>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex11

Reading Brple_X options from: perplex_option.dat

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800  [800Y-length (pts)

field_fill T [MF
field_label T [TTF
numeric_field_label F [F] T, if T PSSECT writes list to *_assemblages.txt

replicate_label 0.250 ->0 [0.025]
field_label_scale  0.75 [0.72] (rel)

font Helvetica

grid F [FIT
half_ticks T [TTF
line_width 1.00 -90[1.] (pts)
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picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3gcale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.] (rel)

plot_extra_data
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex11.ps
Modify the default plot (y/n)?
n

There are 3 fields for: feldspar feldspar Bi(Wga(W) Gt(W) sill
There are 17 fields for: feldspar Mica(W) Bi(W) Chl(W) zo ab

+Qz +Bt +PI/Ab +H,0

973

T(°C)

(o2}
~
o

918

650
630
610

863
590

570

T(K)

550
808

530
10 ChiGrtMu

753 490

470

450

430 i T I | 1 ) 17 ChlﬁALLZQ' 1 =

0.20 0.40 600 0.800 1.00
0 0 X(m)o ) 80 0.0 0.2 0.4 06 08 Xwvg 1.0

e ]

o8 L
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Comparison between the-P pseudosection calculated in EX2 (XMg0=0.47) and theeXMgO calculated at 3.5 kbarhe sequence of mineral
assemblages at increasingshould correspond in the two pseudosections.
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