PERPLE_X TUTORIALS

This set of 4 tutorials has been prepared to teach students how to use Perple_X to 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 wherple X versiory.1.5 (released orDecemberl,
2023). 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 folders.

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

Topicsaddressed in thedexercises are as follows:

Understanding the differences between pregtions, chemographies and pseudosections

Ex 1: PT projection for the AISIGQ system

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. 17
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. 31
This exercise explains how talculate compositiondiagrams (i.e. chemograph
diagram$ for the RT projection of Ex. 2, at specifiedlReonditions.

Pag. 4

Ex 4: PTisochemical phase diagraror the CMSH systerm¢ solid solution¥ Pag. 8
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 -f isochemical phase diagrams

Ex 5: TX(CQ) projections andsochemical phase diagrasfor the CMSH,O-CQ Pag. &
system fio solid lutions)

This exercise investigates prograde metamorphism of impure dolomites
limestones characterized by different amounts of Cal, Dol and\@onstant pressur

of 1 kbar, typical of shallow level contact aureoles, is considered. This exer:

useful to understand the difference betweenX{CQ) projections and K(CQ)
isochemical phase diagramasd allows you to bemme 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. ®

Pag. 1@

Working with solid solutiongn a more complex system

Ex 8:AFM chemographidiagramsin the KFMASH system

¢tKAad SESNOA&S SELXLFIAya Kz2g G2 O t Od
metapelites in the KFMASH system. Opposite to Ex. 3, solid solutionsesee
considered.The concept oCOMPONENT TRANSFORMAT#ONroduced in order
to create the three new components: MUO5 K20 + 1.5 AIRQBHL = 1.5 Mg®
0.5A1203 and ANN = 1.5 Fe0.5AI1203.

Ex9: P-Tisochemical phaseidgram for a METAPELITEFMASH system

This exercise explains how to calculate d Bochemical phase diagrarfior a
metapelite sample in the simplified KFMASH system, using solid solutions
influence of other components (M@, CaO and MnO) will be considd in the next
exercise (Ex. J0At the end, soOm&@&RACTICAL TIPS FOR REDRAW&N®rple X
outputs are given and the comparison with the AFM chemographiiagrams
calculated in Ex. 8 will be don€he second part of this exercise explaimswv to
calculate ISOMODES and compositional ISOPLETHS

Ex10: P-Tisochemical phaseidgramfor a METAPELITERINNKCFMASH systgm
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 sectionfor a METAPELITTRINNKCFMASH systgm

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 FXsection (i.e. a phase diagram section with a compositional paramete
the horizontal axis).

Pag. 21

Pag. 136

Pag. 18

Pag. 18
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Modelling a meltbearing system

Ex 12DIRECT modelling of an anatectic METAPELITE (NKCFMASH system)
¢KAd SESNODAAS RSIHta oAGK GKS a5Lw9/
solidusconditions (i.e. metbearingcondition®) ® &5 A NS OG Y2 RSt
know which is the protolith comgsition, including its initial #0 amount (which i<
generally not the case).

Ex 13 Modelling melt fractionation(NKCFMASH system)

This exercise illustrates MELT FRACTIONATION CALCULATIONS for the sai
investigated in EXL2. Melt fractionation is modelled alorggdefined prograde pah.
This exercissimulateswvhat is observed inature, i.e. most migmatites and granulit
have lost some to virtually all of their melt during metamorphism

Ex14: INDIRECT modelling of an anatectic METAPELITE (NKTHM®Sem)

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 metamorphisnthebasic principles ofhe melt-reintegration
approachare discussed

Pag. 18

Pag.208

Pag.222
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Ex 1
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Ex.1 ¢ P-T projection for the AlLSIG system

Thisexerciseexplains howto calculate a PT diagramfor the very simple two-components
system SiQ-AlLOs (quartz in excess)showingphase relationsamongthe three alumino
silicate polymorphs

The influence of different thermodynamic databases on the position of the AKgSil
triple point is also explored

(1) Definition of the problem (BUILD)

C\PERPLERerplex715build

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 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 namwill be used as theoot 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 name can be up to DCcharacters 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 will be named: exatd

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

The HRHolland & Powelldatabases are the most used in metamorphic petrolodyy this exercise we will
use the hp02 (Hdéand & Powell, 1998, revised 2002). We will then compare the results with that obtained
using the more recent hp62 database (from the THERMOCALC versiD®®Z, Holland & Powell, 2011).
More information about the HP databases are givenhdtps://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 peplex_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

Explanatiorsfor 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 components are:

NA20 MGOAL203 SI02 K20 CAO TIO2 MNO FEO NIO ZRQ@2 éprp 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 database components, greate Fe20&om 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 to create a thermodynandata 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 pseudocompound data

5-1-d Phase fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use Convedull minimization for Schreinemakers peofions or phase diagramsith > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.
1
Use option 1 (Convexull minimization) for PROJECTION&chreinemakerdype diagrams) or
CHEMOGRAPHIESfiposition diagramsphase diagrams with > 2 independent variab)etJseoptions 2
or 3 (Constrained minimization on a 2d grid/1d gri@dr PSEUDOSECTIONS8ate diagrams or phase
diagram sections with < 3 independent variables

Calculatns with a saturated fluid (Y/N)?

n

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

Calculations with saturated components (Y/N)?

SATURATED COMPONEIiEscomponents whose chemicpotentials are determined by the assumed
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 spadifed
here by selectingi©2 as a saturated component.

NB.If more than one saturated component is specifie@rple_X applies the constraints sequentially, e.g., if
AI203 and B2 are specified as the first and second components, then the excessphiagd be corundum

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

y
**warning ver015** if you select > 1 saturated componertieh the order yolenter the components determines the

saturation heirarchy and may effect yorgsults (see Connolly 1990).

Select < 6 saturated components from the set:
NA20 MGO AL203 SI02 K20 CAO TIO2 MNO FEO NIO 2ROHZD2@2
Enter names, 1 per line, press <enter> to finish:
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SI02
(NB. It ICASESENSITIVE

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

N

The answer would be Y if you want to calculate a phase diagram with chemical plst¢nti activities 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 <enteo finish:

AL203

Here is where you specify the components for your system

THERMODYNAMIC COMPONE&FEomponents whose chemical potentials are the dependent (implicit)
variables of a phase diagram calculati®thase diagram calculations require the gification 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 consideeatgermal 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 = chemografietsee Ex3

1 = FX 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 minmum and 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 solutiormodels (Y/N)?
N
Solid solutions are not considered, becawge are modeling reactions between endgnember phases.

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

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

(2) Doing the calculation@QONVEX

RunCONVE make the calculation:

C\PERPLERerplex715s0nvex

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C19862023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex1l

Thissectionsummarize where CONVEKadsthe input data (thermodynamic database, input file generated
with build etc.), and wher€ONVEMritesthe resulss (print output, plot output).

Reading problem definition from file: ex1.dat

Reading thermodynamic data from file: hpO2ver.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 reaction list to: naequested

Writing Perple_X option summary to: not requested

Thissectiona dzY Yl NAT S& Fftf GKS LI NI YSGsS0lA dza 8 R2 X yIdzili KEA D |
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 [1le-2]; 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 TF]
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keep_all_rpcs T [TTF
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 variablerirent
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 -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] orX1; 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 [F1T

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

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
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_lagged_speciation F [FIT

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

ag_solvent_solvus_tol 0.5 [0.510
ag_vapor_epsilon 1.0 [1.]

Input/Output options:
timing T [TTF
auto_exclude T [TTF

output_iteration_detai F AT
output_iteration_g F [FIT
Error/warning control options:

pause_on_error T [TIF
max_warn_limit 5 [5]
warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
ag_erra_verl03 T [T] F,-otitange HKF g abort
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ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TIF
error_ver109 T [TIF
do_not_reset_options F [F] T, prevents automatic resets
To change these options segww.perplex.ethz.ch/perplex_options.htmi

The calculation starts here:

Summary of makelefinition entities:
silBL  g8L

Summary of satrated-component entities:
for: SIO2
q trd crst  coe stv qGL g8L

** Starting aub_refine computational stage **

Initial numberof 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) ardsill

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

At the end, you have two new files in the Perple_X foldem ax1prn file, whichis the text file with all the
information about the calculation, and mex1plt file, that is the plot file.

(3a) Plotting the calculated phase diagralREVDRAW

Run PSVDRAW to pitbe calculated phase diagram:
C\PERPLERerplex715>psvdraw

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/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]¥ength (pts)
contour_t_interval 50.00 >0[50.0]
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http://www.perplex.ethz.ch/perplex_options.html

contour_p_interval 1000.00 >0 [1000.0]

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 :
0.18 [0.18] »scale (rel)
0.180 [0.18]3gcale (rel)
130. [0.18]xranslation (pts)
220. [0.18]yranslation (pts)
0.00 [@] 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 chage these options edit or create the plot option fee: 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 &B8ee 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 iajodf file.
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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

T(K)
Thealuminasilicate triple point is modelledt 507°C, 38 kbar.

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

E.g.we want to modify the axes numberingiiitervals on x axis = 100°Gntervals on y axis =22
kbar) andwe want to assign a numeric label (rather than a text label) to the reaction curves.

Run again PSVDRAW:
CA\PERPLERerplex715psvdraw

Perple_X release 7.1.5, Dec 1, 202
Copyright (C) 1988023 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 plboptions are currently set as:
Keyword: Value: Permitted valdefault]:
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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)
contour_t_interval 50.00 >0[50.0]
contour_p_interval  1000.00 >0 [1000.0]

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)

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 $ike: www.perplex.ethz.ch/perplex_plot_optiahsml

PostScript will be written to file: ex1.ps

Modify the default plot (y/n)?
y

Modify drafting options (y/n)?
answer yes to modify:
- field labeling
- X-y plottinglimits
- axes numbering
y

Modify »xy limits (y/n)?
Answer Y if you want to modify 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 gpecified true variance.
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This question is only relevant for more complex calculations, involving solution models and therefore
considering also pseudamivariant curves (i.e. diariant equilibria involving two pseudocompounds of the
same phase as reacttand product)See Ex..7

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 sifiex] 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

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

Enter minimum fraction of the axes length thatarve 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 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

Modify defaut axes numbering (y/n)?
y

Enter the starting value and interval for major tick markglon 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:
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1000
2000

11000

9000 [~

7000 —

P(bar)

5000 —

3000 —

1000 '
573

673 773 873 973
T(K)

Equilibria corresponding to each reaction numlaae explainedn the exl.prn file.

1073
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(4) Using a different thermodynamic database

In order to test theinfluence of different thermodynain databases on the position of the Ag-Sil triple
point, you can edit the input file previously created using BUILD.

Open theexLldat input file and change its name @x1_hp62.dat

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

hp62ver.dat thermodynamic data file

The most recent databases such as hp@f.dat, define thermodynamic componenith both upper and
lower case characters (e.g. SiO2, Al203 etc.), opposite to the old databases, inthelinbdynamic
components were defined with upper caskaractersonly (e.g. SIO2, AL203 etc.).

In the input file, bange the thermodynamic components accordingly.

begin thermodynamic component list
Al203 0 0.00000 0.00000 0.00000 unconstr ained amount
end thermodynamic component list

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

Save the file andun again CONVEX and PSVDR®Wipare the result with that prdously 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 .
593 713 833 953 1073 593 713 833 953 1073
T(K) T(K)

HPO2 DATABASE HP62 DATABASE

1000 L

Thealuminaosilicate triple point isiow modelledat 550°C, 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.dathhe aluminosilicate triple point is at 3.8 kbar and 507 c@hsistent with Holdaway's
(1971) estimate; in the 2004 revision (and in fbowing versions, such as hp&r.dat) the properties of

the aluminosilicates have been adjusted to place the triptent at 4.4 kbar and 550 °C to satisfy a
petrological argument of Pattison (1992).
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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 alFprojection for the very simple CMSH sysie
the grid will show all the possible equilibria for this system in theTPrange 20aL000°C,
0.5-20 kbar.

(1) Definition of the problem (BUILD)

C\PERPLERerplex 15>build

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connyottwww.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]:

ex2

The problem definition file will be namedx2.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 databasess hp62 from the THERMOCALC versiofDBE2; Holland & Powell, 2011)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 thecomputational 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 datdbase components are:

Na20 MgO AI203 SiO2 K20 CaO TiO2 MnO Fe@r@ROCI202 H20 CO2 CuO Cr203 S2 FZngR
Transform them (Y/N)?

n

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

This option would permit theuser to redefine the database components, e.g., to create FEADA 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 prograit© TRANSF can be used to create a thermodynamic data file with
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 fractionation

6 - 0-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use Conex-Hull 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 PROJECTIONSSchreinemakerdype diagrams) or
CHEMOGRAPHIE®fposition diagramsphase diagrams with > 2 independent variabjetJseoptions 2
or 3 (Constrained minimization on a 2d grid/1d griidr PSEUDOSECTIONS8ate diagrams or phase
diagram sectionsvith < 3 independent variables

Calculations with a saturated fluid (Y/N)?

y

There are two important implications to specifyingSATURATED PHASE it implies that the phase
components are always present in sufficient quantity to saturate the systetimei phase; 2) it implies that

the specified phase is always stable. Thus, if you are interested in a system with excess H20, but the physical
conditions of the system may be those at which ice is stapde should specify H20 as a saturated
component am not as saturated phase. Similarly, if water may not be always present as a pure phase you
should specify H20 as a thermodynamic component.

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

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

NOTE Because specification of®l as a saturated phase component causes Perple_X to exclude any phases
with the HO composition that are not named "H20", H20 should not be specified as a satfluadgihase

in calculations involving a hydrous silicate melt if, as is commonly the case, the melt model involves a water
end-member that is not named "H20O(e.g. h2oL) This means that, for calculations atiprasolidus
conditions (e.g. melbearing systms),the usermust consider H20 as a normal chemical component, and
not as a saturated fluid phagsee Ex. 2and Ex. B).

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

For CO-H fluidsit is only necessary to select volatile species presetitérsolids of interest. If the species
listed here are H20 and CO2, thendmnstrain O2 chemical potential to be consistent wit©O€l fluid
speciationtreat O2 as a saturated component. Refethe Perple_X Tutorial for details.

H20

Calculations with saturated components (Y/N)?

N

SATURATED COMPONEMEScomponents whose chemical potentials are determined by the assumed
stability ofa pure phaseconsisting entirely ba saturated componente.g., a system that contains so much
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silica that a silica polymorph (e.g., quartz or coesite) is stable at all conditions of interest saedified
here by selecting 62 as a saturated component.

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

N

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

Select thermoginamic components from the set:

Na20 MgO AI203 SiO2 K20 CEHO2 MnO FeO NiO ZrO2 @R CO2 CuO Cr203 S2 N2 ZnO
Enter names, 14 line, press <enter> to finish:

MgO

CaO

Si02

Because the thermodynamic data file identifies: H&special components, you will be prompted next for the EoS to
be used fotthe corresponding composants and mixtures thereof. To override this behagorto use a generic hybrid
fluid EoS (GFSM) either:

set/add the GFSM option to T in your option file

or delete the special_component section from the thermodynamic data file header.
NOTE: the EoS choice specified here will override the EoS choidedpegthe hybrid_EoS option, tooverride this
behavior delete the special_componesction 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(CO2) BO-CO2 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(0O) ebuffered COH MRK hybriEoS Connolly & Cesare 93*
12 - X(O¥f(S2) cbuffered COHS MRK hybiitbS Connolly & Cesare 93*
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(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRKybrid-EoS*
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 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 spedif fluid equation of state. When using such databasés usually wise 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 datatises; | yWRR gY SINNAKE & WIF 02064 Q

state (choice 1) (or the hybrid equations of stageg.choices 28or 11 0 F 2 NJ . S NJY lbas€ At
high pressures above 20 kbar most of the equations of state for water become thermodynamicallistinrea
CORK (choice 5) minimizes this problem.

For rough calculations the differences between tBeSare 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, GO-H, GO-H-Sand H2GCO2NacClfluids.

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 = chemografies;

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

2= classical phase diagram projections and sections

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, respectively, 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{C0O2)
0
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Having included only H20 as saturated fluid component, XCO2 is 0.

Output a print file (Y/N)?

Y

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

Exclude pure and/or endmember phases (Y/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-erainber fhases are identified by abbreviated
names, in general these abbreviations 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
calculatiors without melt.

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

Enter 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., 20b&ntle mineralogical model
cmpv | make definitions for Holland et al., 20h3antle mineralogical model
cpv | make definitions for Holland et al., 20h3antle mineralogical model

As ageneral rule, however, it is always better not to exclude a priori any phase.

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

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

Run CONVEX to make the calculation:
C\PERPLERerplex 15>convex

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned inlB)I[default = my_project]:
ex2

Reading 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 from file: not 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: Permitteldes [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 ydhérg
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{2p

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

pc_perturbation 0.0050 =4
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Thermodynamic options:
solvus_tolerance aut [aut] @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
AndersonGruneisen F [FIT

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

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 87

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 [ora, 7

ag_lagged_speciation F [FIT

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

ag_solvent_solvus_tol 0.5 [0.5] 01
aq_vapor_epsilon 1.0 [1.]

Input/Output options:

timing T [TIF
auto_exclude T [TIF
output_iteration_detai F [FIT

output_iteration. g F AT
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_ver100 F [F] T, abort during iteration
ag_error_verl0l T [T] F, solute undersaturation abort

ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_verl03 T [T] F;afutange HKF g abort
ag_error_verl04 T [T] F, abort on failed resjmac

T

warning_ver637 [TIF
error_ver109 T [T]F
do_not_reset_options F [F] T, prevents automatic resets

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

Summary of makelefinition entities:
fo8L 8L cenjh  odi qjL ol  foTL  foHL  gHL

** Starting auto_refine computational stage **

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

Initial numker of divariant assemblages to be tested is: 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.
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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 49 assemblages remaining to be tested.
finished with equilibrium ( 5)tr=diqen

finished with equilibrium ( 6) dita=tr

Testing divariant assemblage 5, 10 assemblages remaining to be tested.
finished with equilibrium ( 7) di atgtr 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 equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
Testing divariant assemblage

12) ta fo = anth
13)tafo=en
14) anth fo = en
15) taatg = en
16) atg =ta fo
17) atg = en fo

7, 12 assemblages remaining to be tested.

finished with equilibrium ( 16) atg = ta fo

Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divarianassemblage

Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage

8, 12 assemblages remaining to be tested.
9, 12 assemblages remaining to be tested.
10, 12 assemblages remaining to be tested.
11, 11 assemblages remaining to be tested.
12, 11 assemblages remaining to be tested.
13, 11 assemblages remaining to be tested.
14, 11 assemblages remaining to be tested.

5,1 11 assemblages remaining to be tested.
16, 12 assemblages remaining to be tested.
17, 11 assemblages remaining to be tested.

finished with equilibrium ( 18) tr fo = di en

Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divarianassemblage

Testing divariant assemblage
Testing divariant assemblage

Testing divariant assemblage24,

Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage

18, 14 assemblages remaining to be tested.
19, 15 assemblages remaining to be tested.
20, 15 assemblages remaining to be tested.
21, 16 assemblages remaining to be tested.
22, 15 assemblages remaining to be tested.
23, 14 assemblages remaining to be tested.

14 assemblages remaining to be tested.

25, 13 assemblages remaining to be tested.
26, 12 assemblages remaining to be tested.
27, 12 abkeges remaining to be tested.

28, 11 assemblages remaining to be tested.
29, 10 assemblages remaining to be tested.
30, 10 assemblages remaimedested.

31, 9 assemblages remaining to be tested.

32, 8 assemblages remaining to be tested.

33, 8 assemblages remaining to be tested.

34, 7 assemblages remaining to be tested.

35, 6 assemblages remaining to be tested.
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Testing divariant assemblage 36, 5 assemblages remaining to be tested.
Testing divarianassemblage 37, 5 assemblages remaining to be tested.
Testing divariant assemblage 38, 4 assemblages remaining to be tested.
Testing divariant assemblage 39, 3 assemblages remaining to be tested.
Testing divariant assemblage40, 4 assemblages remaining to be tested.
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 abkages remaining to be tested.
Testing divariant 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 =20000.0 888.000 0.00000 0.00000 0.00000
Testing divariant assemblage 46, 3 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

tr atg fo
v =20000.0 888.000 0.00000 0.00000 0.00000
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 abkages remaining to be tested.
Testing divariant assemblage 50, 0 assemblages remaining to be tested.

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

Run PSVDRAW to plot the calculated phase diagram:
C\PERPLERerplex715psvdraw

Perple_Xelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 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: Permitted values [default]:
axis_label_scale 1.20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0  [O] ymin (pts)
800 [80] xlength (pts)
800  [800]yength (pts)
contour_t_interval 50.00 >0 [50.0]
contour_p_interval 1000.00 >0 [1000.0]

field_fill T [TIF
field_label T [T]F
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
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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¥-scale (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_axsgth/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
Seewww.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex2.ps

Modify the default plot (y/n)?
n

20000

16100

3)

12200 3 |
% g %:\ ) E’-
& b o [& 2 =]
N ; N /s o
8300 o (1 =
4400 E |
500 i ' —F
1113 1273
T(K)
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(3b) Modifying the default plotting of the calculated phase diagram (PSVDRAW)

E.g. you want to modify the axes 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 (mosttbé reaction curves.

Run again PSVDRAW:
C\PERPLERerplex 15>psvdraw

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., without the .plt axjf
ex2

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)
contour_t_interval 50.00 >0[50.0]
contour_p_interval 1000.00 >0 [1000.0]

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 1.00 -90[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 AT
text_scale 1.000 [1.](rel)

plot_extra_daa
To change these options edit or create the plot option file
Seewww.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex2.ps

Modify the default plot (y/n)?
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y

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 point gpecified 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 | T | T T
17000 — —
13000 — =
4
g - _|
=
o
9000 — —
5000 =
1000 [~ I | I | | | ——P

973 1073 1173 1273

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\PERPLERerplex 15>build

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 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 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 PerpleX options from: perplex_option.dat

The current data base components are:
Na20 MgO AI203 SiO2 K20 CaO TiO2 MnO FeO Ni@IZoa2H20 CO2 CuO Cr203 S2 F2 ziN2
Transform tlem (Y/N)?
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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)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use Convexdull minimization for Schreinemakers projections or phase diagrams xwizhindependent
variables. Use constrained minimization for phase diagrams or phase diagram sections with < 3 independent
variables.
1
Use option 1 (ConveXull minimization) for PROJECTIONEchreinemakerdype diagrams) or
CHEMOGRAPHIESfiposition diagams, phase diagrams with > 2 independent variab)et)seoptions 2
or 3 (Constrained minimization on a 2d grid/1d gri@dr PSEUDOSECTIONS8ate diagrams or phase
diagram sections with < 3 independent variables

Calculations with a saturated fluid (Yy/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 in the solids of interest. If the species listed here
are H20 ad CO2, then to constrain O2 chemical potential to be consistent withHCfluid 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, activs or fugacities as independewariables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 C&a@® MnO FeO NiO ZrO2 @R CO2 CuO Cr203 S2 N2 ZnO
Enter names, 1 per line, press <enter> to finish:

GO

MgO

j02

The ader (1%, 29, 39) influences how the three components are plotted in the chemograpfirss=bottom
left, second =bottom right, third =top.
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Because the thermodynamic data file identifies: H&Dspecial components, you will beopipted next for the EoS to
be used fotthe corresponding composants and mixtures thereof. To override this behaviprto use a generic hybrid
fluid EoS (GFSM) either:

set/add the GFSM option to T in your option file

or delete the special_componesgction 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_componesgction from the the thermodynamic data file heade

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/C) Gbuffered 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) H2aH2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Hollakd?owell 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 hybifithS Connolly & Cesare 93*
20- X(O)X(C) COHS MRK hybBEdS Connolly & Cega®3*
24 -f(0O2/CO2)N/C Cbuffered COHN MRK hybstbS*
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 EoS, to change these tiessamodify 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 independentipist
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 diggrams

0

Output a print file (Y/N)?
y

Exclude pure and/or endmember phases (Y/N)?
y
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Do you want to be prompted for phases (Y/N)?
n

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

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

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

wo | wollastonite CaSiO3

pswo | pseudcewollastoniteCaSiO3

wal | wollastoniteCaSiO3

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 Diener et al. (2007) cAmph model

woL | wollastonite LIQUID

limL | lime LIQUID

mcpv | make definitions for Hadind et al., 2013nantle mineralogical model
cmpv | make definitions for Holland et al., 20h%antle mineralogical model
cpv | make definitions for Holland et al., 20h3%antle mineralogical model

Include solution models (Y/N)?
n

Enter calculatiortitle:
ex3

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

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

Hereyou must specify at which-RXCO2 conditions you would like to calculate the chemographies. Having
included only kD as saturated fluid component, Xd€always0.

Point A:

3000

573

0

Specify values for: P(bar) T(K) Y(CO2). Fatioalcd) enter zeros to finish.
Point B:

5000

733

0

Specify values for: P(bar) T(K) Y(CO2). For calculation 3, enter zeros to finish.

35 | Updated: 2024, Januatb



Point C:
7000
843

0

Specify values for:

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)

P(bar) T(K)

T(K)

T(K)

T(K)

T(K)

T(K)

T(K)

Y(CO2). For calculatiom zerest® finish.

Y(CO2). For calculation 5, enter zeros to finish.

Y(CO2). For calculation 6, enter zistos to fin

Y(CO2). For calcylatitar zeros to finish.

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

Y(CO2). For cal&ylatitar zeros to finish.

YRGOB)IculationlO, enter zeros to finish.
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(2) Doingthe calculation (CONVEX)

Run CONVEX to make the calculation:
C\PERPLERerplex715convex

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned®idiLD) [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 from: perplex_option.dat
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_threshtd 0.1EL [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
dynamic_LP_start war [warm] cold hot

static_LP_start war [hot] cold warm
order_check F AT
refinement_points 5 [auto] 14
refinement_switch F [TTF
scatterpoints T [TTF
scatterincrement 0.1 [le2] le2 =>1e7
solvus_tolerance_Il  aut [0.23D
zero_mode O0-bE [1e6] 0->1; < 0 => off

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0063 -1 [ ], 0=> off
stretch_factor 0.0020 >0{2p
non_linear_switch F [FIT
subdivision_override off [off] lin str

37 | Updated: 2024, Januadb



hard_limits off [off] on

refine_endmembers F [FIT

pc_perturbation 0.0050 [=dl
Thermodynamic options:

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]

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [F] T GFSMIspenigaonent toggle
hybrid_EoS_H20 4 {a] 87

hybrid_EoS_C0O2 4 4]0

hybrid_EoS_CH4 0 0]

aqg_lagged_speciation F [FIT

ag_ion_H+ T [F¥rise OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF

ag_solvent_solvus_tol 0.5 [0.510
ag_vapor_epsilon 1.0 [1.]

Input/Output options:
timing T FT]
auto_exclude T [TTF

output_iteration_detai F AT
output_iteration g F [FIT
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_verl03 T [T] Frafutange HKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TTF

error_ver109 T [T F

do_not_reset_options F [F] T, prevents automatic resets

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

Summary of makelefinition entities:
foBL g8L cenjh odi gjL dijfoj.  foTL  foHL gHL

** Starting auto_refine computational stage **
Computing the compositional phase relations at citiod 1

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

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the composiinal 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 relaticeitscondition 5
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

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

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

Computing the compositional phase retats 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 condition 8
cycle 1 1 1

cycle 2 2 3

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
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(3) Pldting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated chemographies:
C\PERPLERerplex715psvdraw

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter theproject 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_box :
0  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800  [800]¥ength (pts)
contour_t_interval 50.00 >Q00[B]
contour_p_interval 1000.00 >0 [1000.0]

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 [FT
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

PostScript will bevritten to file: ex3.ps
Modify the default plot (y/n)?
N
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http://www.perplex.ethz.ch/perplex_plot_options.html

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

P(bar) =0.500E+04
T(K) = 733.
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)

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

P(bar) =0.110E+05
T(K) =0.109E+04
Y(CO2)=0.00
(fluid saturated)
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P(bar) =0.400E+04
T(K) = 843.
Y(CO2)=0.00
(fluid saturated)

P(bar) =0.500E+04
T(K) = 963.
Y(CO2)=0.00
(fluid saturated)

P(bar) =0.600E+04
T(K) =0.107E+04
Y(CO2)=0.00
(fluid saturated)

[ime per
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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 hoto calculate a very simple pseudosectiongt involving solid
solutions for a generic ultramafic composition (MgO=50, $#5, CaO=5 mol%; red dot in

the figure below)
SiO2

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

(1) Definition of the problem (BUILD)

C\PERPLERerplex 15>build

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

NO is the defaulfblank) answer to all Y/N prompts

Enter a name for this project (the name will be used as theroot for all output file names) [default =
my_project]:
ex4

The problem definition file will be named: ex4.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: pérx_option.dat

The current data base components are:
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Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiC20QR20 CO2 CuO Cr203 S2NBZnO
Transform them (Y/N)?
n

Speify 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)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sections with < 3 independent
variables.
2
Use option 1 (Convexull minimization) for PROJECTION&chreinemakerdype diagrams) or
CHEMOGRAPHIESfposition diagramsphase diagams with > 2 independent variabl@sUseoptions 2
or 3 (Constrained minimization on a 2d grid/1d griddr PSEUDOSECTIONSat6e diagrams or phase
diagram sections with < 3 independent variables

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

Select thandependent 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 interest. If the species listed here
are H20 and CO2, then tortstrain O2 chemical potential to be consistent witfO& 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 fugasstias independentariables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO @02C02 CuO Cr203 S2 NE2
Enter names, 1 per line, press <enter> to finish:

MgO

S02

GO
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Because the thermodynamic data file identifies: H2©Ospecial components, you will be prompted next for the EoS to
be used fotthe corresponding composants and mixtures thereof. To override this behaviprto use a generic hybrid
fluid EoS (GFSM) eith

set/add the GFSM option to T in your option file

or delete the special_component section from the thermodynamic data file header.
NOTE: the EoS choice specified here will override the EoS choice specifiedhiyprid_EoS option, tooverride this
behavior delete the special_compones¢ction 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(C0O2) H2CO2 MRK hybritoS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) ebuffered COH MRK hybtlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) cuffered 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 hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybriEoS*
19- X(O}X(S) duffered COHS MRigbridEoS 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 Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(O)X(C) 8>-H MRK hybrieEoS*
*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 D8&antis 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) phase, its equation ofpeatéts useof its
compositional variable:
*X_C1 can not be selected as thaxis variable
2

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

For gridded minimization, grid resolution is determinedthg 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 ynodeffective 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 agenericultramafic rock rather than to a real sample, | have chosen mol% becausadiis
to visualize a mol%omposition on the chemographic diagrams

The amounts you enter next need not be normalized; regardless of unitsgéfae the molar amount of
the gystem

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 pdine, press <enter> to finish:
Same as in Ex. 2 and Ex. 3.
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rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & ftitanite¢ CaS2O5 (one Si replaces Ti)

wo | wollastonite CaSiO3

pswo | pseudewollastoniteCaSiO3

wal | wollastonite 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 Déner et al. (2007) cAmph model

woL | wollastonite LIQUID

limL | lime LIQUID

mcpv | make definitions for Holland et al., 20h%ntle mineralogical model
cmpv | make definitions for Holland et al., 20b3antle mineralogical model
cpv | make cefinitions 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:
CA\PERPLERerplex 15>vertex

Perple_X release 7.1.5, ©&, 2023.
Copyright (C) 1988023 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 autput to file: ex4.plt

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

Perple_X computational option settings for VERTEX:
Keyword: Value: Permitted values [default]:
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Auto-refine options:
auto_refine aut [auto] manatil
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

Free energy minimization 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, absolute
dynamic_LP_start war [warm] cold hot

static_LP_start war [hot] cold warm

order_check F ]TF

refinement_points 5 [autopl4

refinement_switch F [TIF

scatterpoints T [TIF

scatterincrement 0.1 [le2]le2=>1e7

solvus_tolerance_Il  aut [0.23D

zero_mode 0B [le6] 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] >0, <2048; effectiesgtution 10 313 nodes
grid_levels 1/4 [1/4] >0, <10

linear_model on [on] off

Solution subdivision options:
initial_resolution:  0.2000 [1/5}#1; 0 => off

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] e»T; aut = automatic, 0 => p=c pseudocompourids’> 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
spegation_max_it 100 [100]

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [FI T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 67

hybrid_ EoS _CO2 4 [41e,7

hybrid_EoS_CH4 0 0]D

ag_lagged_speciation F [FIT

ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT
ag_solvent_solvus T HT]
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ag_solvent_solvus_tol 0.5

[0.510

ag_vapor_epsilon 1.0 [1.]
Input/Output options:

timing T [TIF

auto_exclude T [TTF
output_iteration_detai F AT
output_iteration. g F [FIT
logarithmic_p F [FIT
logarithmic_X F [FIT
bad_number NaN [NaN]
interim_results aut [auto] off manual

Information file output optons:
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_Ie T [F] T; echo seismic wavespeed options

Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

aq_error_verl00 F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_ver1l03 T [T] F;afutange HKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TIF

error_ver109 T [TIF

do_not_reset_options F [F] T, prevents automatic resets
To change these options seeww.perplex.ethz.ch/perplex_options.html

Summary of makelefinition entities:

foBL  g8L cenjh  odi gjL dgl. 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 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 leverid.
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.
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40.0% done with low level grid.
42.5% done withdw 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% doe 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 leveirid.

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 E\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 grid level 4
...working (333 minimizations done)
...working ( 834 minimizations done)
...working ( 1336 minimizations done)
refinement at level 4 involved 1363 minimizations
4137 minimizations required of the theoredl 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.
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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 levejrid.
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 with low level grid.
50.0% done with v 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% donewith 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.
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 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 minimizatiorgone)
...working ( 1336 minimizations done)
refinement at level 4 involved 1363 minimizations
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4137 minimizations required of the theoretical limit of 98596

Timing min. % of total
Static G calculation 0.26042E 2.7
Dynamic G calculation 0.0000 0.0
Static LP 0.26002E 2.7
Dynamic LP 0.0000 0.0
Successive QP 0.0000 0.0
Total of above 0.52083& 5.4

Total elapsed time 0.9635¢  100.0

Endof job: ex4

(3) Plotting the calculated phase diagram (&EC)I

Run PSSECT to piio¢ calculated pseudosection:
C\PERPLERerplex715pssect

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

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

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)
contour_t_interval 50.00 >0[50.0]
contour_p_interval 1000.00 >0 [1000.0]

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 &7 [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]4gcale (rel)
130. [0.18]xtranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
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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
Seewww.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex4.ps
Modify the default plot (y/n)?

n
20000 T |
/d'taay}/

16100 —

12200 —

ofo en di

~di tr atg

P(bar)
[

8300 —

ofo trta

4400 [~

500 | | |
633 793 953 1113

T(K)

1273

Being a very simple pseudosection (no solid solutions!), the stability fields of each mineral assemblage are
ASLI NI GSR o0& aNBFfée NBI OUGA2YIti@dsNdasSanblagesthve thé darnet | w L
variance. However, this is a very special case: pseudosections generally contakvanaidti field

assemblages.

NB. The variance of each field is 2 Hg+@2; c=4 (CMSH); p=4 (remember that each field also catta®)]
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(4) Comparison between projection and pseudosection

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

P(bar) =0.500E+04
T(K) = 733.
Y(CO2)=0.00
(fluid saturated)

17000

13000 —

br br

° - C P(bar) =0.700E+04 P(bar) =0.800E+04

s T(K) = 843. D T(K) = 893.

s Y(CO2) =0.00 Y(CO2) = 0.00
9000 _ (fluid saturated) (fluid saturated)
5000 —

br ime br
N E P(bar) =0.900E+04 | P(bar) =0.110E+05
T(K) = 973. T(K) =0.109E+04
1506 Y(CO2) = 0.00 Y(CO2) = 0.00
1 p (fluid saturated) (fluid saturated)
1273
20000
br br
16100 — P(bar) =0.400E+04 P(bar) =0.500E+04
G T(K) = 843. H T(K) = 963.
Y(CO2) = 0.00 Y(CO2) =0.00
— (fluid saturated) (fluid saturated)
12200 —

e foendi

g | ditr atg |

a
8300 |- - br br

P(bar) =0.600E+04
n | I TEK) o orEr0s (8) ta =g anth
Y(CO2) = 0.00
B (fl(uid saturated) (9) ta=qgen
el 7 (12) ta fo = anth
L, ® | (13)tafo=-en
(14) anthfo=en
1 1 ! 1
500 -
633 793 953 113 1273 o (16) atg = ta fo

Comparison between the CMSH projection (Ex. 2) and the pseudosection (Ex. 4) calculated for a bulk
composition MgO=50 mol%, SiO02=45 mol%, CaO=5 mol% (red dot in the chemogr&phigk

TM & aLISOATAO odzZ 1 O2YLRaAAIAZ2Y GaSSaé¢d OAPSD Aa
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 exercise invegates prograde metamorphism of impure dolomites and limestones
characterized by di#rent amounts of Cal, Dol and Q A constant pressure of 1 kbar,
typical of shallow level contact aureoles, is considered.

This exercise is useful to understand the dfénce 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 of the problem(BUILD)

C\PERPLERerplex 15>build

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 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 wié used as theoot for all output file names) [default =
my_project]:
ex5 1

The problem definition file will be named: ex5_1.dat

Enter thermodynamic data file name [default = hpO2vetj.da
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 NiORZO®H20 G2CuO Cr203 §2N2 ZnO
Transform them (Y/N)?

n

Specify computational mode:
1 - ConvexHull minimization
2 - Constrainedninimization 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 fractionation (FRAC2D and TITRe&adwe transport models)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use Convedull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagranphase diagram séons with < 3 independent
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 volasijgcies present in the solids of interest. If the species listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent ¥iH €Quid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

Qo2

Because we want to calculate aXCO2 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 witlkealcite in excesstherefore we must consider CaO as a saturated
component.

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

NOTEIf more than one saturated component is specified RerX appks the constraints 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 would bmagnesite 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 P2 @iI® Cr203 $2 N2 ZnO
Enter names, 1 per line, press <enter> to finish:

(0:10)

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

Select thermodynamic components from the set:

Na20 AI203 Si02 K20 TiO2 MnO FeO NiO ZrO2 Cl2 @203u&2 FR2 ZnO
Enter names, 1 per line, press <enter> to finish:

MgO

d02
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Because the thermodynamic data file identifies: H20 &©&pecial components, you will be prompted next for the
EoS to be used fdhe corresponding composants and mix@srthereof. To override this behaviar.g., to use a generic
hybrid fluid EoS (GFSM) either:

set/add the GFSM option to T in your option file

or delete the special_component section from the thermodynamic data file header.
NOTE: the EoS choice specifhere will override the EoS choice specifiedths hybrid_EoS option, tooverride this
behavior delete the special_componesdction from the the thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified RedlicKworg (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) ehuffered COH MRK hybrEoS Camolly & Cesare 93*
12 - X(O¥f(S2) cuffered 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 MR hybridEoS*
17 - X(O¥f(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(NaQIH2GCO2NaCl 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 gragliane
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)

3

59 | Updated: 2024, Januadb



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

0.00001

1

CONVEX might not be able to trace equilibria which occur at very low XCO2M&l@s< 1-6); therefore,
it is suggested to set a XCO2 minim value different from 0 (e.g. 0.00001)

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

2

Enter minimum and maximum values, respectively, 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 wanto be prompted for phases (Y/N)?

n

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

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

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & fitanite€ 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(OH)2

cen | clinoenstatite Mg2Si206

Include solution models (Y/N)?
n

Enter calculation title:
ex51
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(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:

C\PERPLERerplex715convex

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

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

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

Writing plot output to file: ex5_1.plt

Reading solution models fno file: not requested
Reading Perple_X options from: perplex_option.dat
Writing complete reaction list to: not requested
Writing Perple_X ption 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 [FT

intermediate_sawpc F [FIT

intermediate_savdyn F [FT
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
consok_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 [ ], 0 =nff
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_perturbaton 0.0050 [=8]
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 0.1 [1d5] <1; absolute
speciation_max_it 100 [100]

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [FI T GFSM/special_component toggle
hybrid_EoS_H20 4 {a] 87

hybrid_EoS_CO2 4 4o

hybrid_EoS_CH4 0 0]

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_solvent_solvus_tol 0.5 [0.510
ag_vapor_epsilon 1.0 [1.]

Input/Output options:
timing T [TTF
auto_exclude T [TTF

output_iteration_detai F AT
output_iteration g F [FIT
Error/warning control options:

pause_on_error T [T]F

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_verl03 T [T] Frafutange HKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TTF

error_ver109 T [TTF

do_not_reset_options F [F] T, prevents automatic resets

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

Sumnary of makedefinition entities:
cumm_dqgf fo8L  g8L cenjh  odi dgiiL fojlL foTL mcpv cmpv  faiHlL

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

** Starting auto_refne 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.
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**warning ver079** univeq failed on an edge for the following equilibriufdrobable cause is extreme independent
variable limits (e.g., xco2=0} poor convergence criteria in the thermodynamic data filecoutine: 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 equilibriufdrobable cause is extreme independent
variable limits (e.g., xco2=0)r 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 equilbrium ( 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 fitddt could not be located within the tolerance
specified in the htermodynamiaata 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 invariaeldithat could not be located within the tolerance
specified in the thermodynamitata file (PTOL= 0.3000C0E).

finished with equilibrium ( 8) atg = di fo

finished with equilibrium ( 8) atg = di fo

finished with equilibrium ( 9) atg = di br

**warning ver047** univariant field 10 terminates at an invariant fitiet could not be located within the tolerance
specified in the thermodynamitata file (PTOL= 0.3000C0E).
finished with equilibrium ( 10) br atg = fo

*warning ver047** univariant field 10 terminates at an invariant fighdit could not be located within the tolerance
specified in the thermodynamitata file (PTOL= 0.3000G0E).
finished with equilibrium ( 10) br atg = fo

*warning ver047** univariant field  10Gstminates at an invariant fieldthat could not be located within the tolerance
specified in the thermodynamitata file (PTOL= 0.3000G0E).

finished with equilibrium ( 10) br atg = fo

finished with equilibrium ( 10) br atg = fo

finished with equilbrium (- 11) tr = di fo

finished with equilibrium ( 2) tr = di atg

*warning ver047** univariant field 12 terminates at an invariant figldt could not be located within the tolerance
specified in the thermodynamitata file (PTOL= 0.3000G0E).
finished with equilibrium ( 12) atg =fo tr

finished with equilibrium ( 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 equilibium ( 14) di dol = fo

finished with equilibrium ( 15) tr = di dol

finished with equilibrium ( 16) tr dol = fo

finished with equilibrium ( 17) tr dol = atg
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**warning ver020** sfol2

finished with equilibrium ( 18) trg =di
finished with equibrium ( 19) dol g = di
finished with equilibrium ( 20) dol g = tr
finished with equilibrium ( 21) ta = atg tr
finished with equilibrium (= 22) dol ta = atg
finished with equilibrium ( 23) ta = tr dol
finished with equilibrium ( 24) q tate
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 remaihiagetsted.
Testing divariant assemblage 5, 4 assemblages remaining to be tested.
finished with equilibrium ( 18) trg =di
Testing divariant assemblage 6, 4 assemblages remaining to be tested.
Testing divariant assemblage 75 assemblages 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 assemblagesning to 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 0.782202E0.00000 0.00000
Testing divariat assemblage 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.
Testing divariant assemblagel5, 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,  érabtages remaining 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 regtirie tested.
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.
Testing divariant assemblage 25, 1 assemblages remaining to be tested.
Testing divariant assemblage 26, 0 assemblages remaining to be tested.

WARNING!! Thstability fields of the following equilibria mdnave been entirely or partially skipped in the calculation:
( 1) dol=br
( 2l tr=diatg

(3) Plottingthe calculated phase diagram (PSVDRAW)
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Run PSVDRAW to plot the calculated phase diagram:
CA\PERPLERerplex715psvdraw

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the projet or plot file name [i.e., without the .plt suffix]:
ex5 1

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]3ength (pts)
800  [800]¥ength (pts)
contour_t_interval 50.00 >0[5D.0
contour_p_interval  1000.00 >0 [1000.0]

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.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]4gcale (rel)
130. [0.18]+#ranslation (pts)
220. [0.18y-translation (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 AT
text_scale 1.000 [1.](rel)
plot_extra_data
To change these options edit or create the plot option $ike:www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be witen to file: ex5_1.ps

Modify the default plot (y/n)?
N
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Ex. 5.2 ¢ Isobaric TXCQ pseudosection of a siliceousolomite for the compositio

2Qzc2Dok1Cal (see Bucher & Ges, 2011; Fig. 6.8)

(1) Definition of the problem (BUILD)

CAPERPLERerplex715build

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

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

Enter a name for this project (the name will be used as ringt for all output file names) [default =
my_project]:
ex5 2

The problem definition file will be named: ex5_2.dat

Enterthermodynamic data file name [default = hpO2ver.dat]:
hp62ver.dat
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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 2p22H20 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)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use ConveXull minimization for Schreinemakers projections or phase diagmaitis > 2 independent
variables. Use constrained minimaiion for phase diagrams phase diagram sections with < 3 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 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 to be consistent \HH @uid speciation treat O2 as a
saturated component. Refdo 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 KZaO TiO2 MnO FeO NIiO ZrO20€l2 CuO Cr203S2 F2
Enter names, 1 per line, press <enter> to finish:

MgO

CaO

Si02
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Because the thermodynamic data file identifies: H20 &Ospecial components, you will be prompted next for the
EoS tdbe used foithe corresponding composants and mixtures thereof. To override this behauiprto use a
generic hybrid fluid EoS (GFSM) either;

set/add the GFSM option to T in your option file

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

Select fluid equationfostate:
0- X(C0O2) H2@O2 Modified RedlicKwong (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 hydrEoS*
10- X(O) ebuffered COH MRK hybtlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) cuffered 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) H2GH2 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 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 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 hykagwBots 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 dependenbn 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)
*X_C1 can not be selected as thaxis variable
3

Enter minimum and maximum vas, respectively, for: Y(CO2)
0.00001
1
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Select yaxis variable:
2-T(K)
3-P(bar)

2

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

Specify sectioning value for: P(bar)
1000

For gridded minimization, grid resolution is damnined 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 xnodgeodes 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

The amounts you enter next need not be normalized; regardless of unitsdéfee the molar amount of
the system
The startingcomposition 2Qz +2Dol + 1@a¢ans:2Si0O2 + 2MgO + 3CaO

Enter the molar amounts of the components:
MgO CaO SiO2

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 B prompted for phases (Y/N)?
N

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

rnk | rankinite Ca3Si207
Irn | larnite Ca2SiO4
cstn | & fitanite€ Ca205 (one Si replaces Ti)
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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 2

(2) Doing the calculationM\ERTEX

Run VERTEX to make the calculation:

CA\PERPLERerplex715vertex

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

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

Reading problem definition from file: ex5_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

Writing phase assemblage tdeto file: ex5_2.blk
Reading solution models from file: not requested
Reading Perple_X options from: perplex_option.dat
Writing seismic d@ options to: ex5_2_ 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 [1d-3]; dynamic 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_diff_increment 0-BE [le7] 1e3 =>1e&9
MINFXC_solver 0 [0] >speci2,-1 - MINFXC
optimization_max_it 40 [40] >1
optimization_precision 0.}B [le4], 1lel => 1e€6, absolute
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dynamic_LPstart war [warm] cold hot

static_LP_start war [hot] cold warm
order_check F [FT
refinement_points 5 [autopl4
refinement_switch F [TTF

scatterpoints T [TTF
scatterincrement 0.1 [le2]1le2=>1e7

solvus_tolerance_Il  aut [0.23D
zero_mode O0-BE [1e6] 0->1; < 0 => off
2D grid options:
X_hodes 10/40 [10/40)%2048; effective-resolution 10/ 313 nodes
y_nodes 10/40 [10/40] >0, <2048; effectiesgtution 10 /313 nodes
grid_levels 1/4 [1/4] >0, <10
linear_model on [on] off

Solutionsubdivision options:
initial_resolution:  0.2000 [1/5}#1; 0 => 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 0, 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 0.4 [1d5] <1, absolute
speciation_max_it 100 [100]

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 67

hybrid_EoS_CO2 4 4o

hybrid_EoS_CH4 0 0]D

ag_lagged_speciation F [FIT

aq_ion_H+ T [T] F => use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF

ag_solvent_solvus_tol 0.5 [0.510
aq_vapor_epsilon 1.0 [1.]

Input/Output options:
timing T [TIF
auto_exclude T [TIF
output_iteration_detai F [FIT
output_iteration. g F AT
logarithmic_p F [FIT
logarithmic_X F ]TF
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 [Fédho static pseudocompound compositions
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auto_refine_file F [T] F; echo aefme compositions

seismic_data_file T [F] T; echo seismic wavespeed options
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_vefl02 T [T] F, pure + impure solvent abort
ag_error_ver103 T [T] F;afutange HKF g abort
T
T

ag_error_verl04 [T] F, abort on failed respeciation

warning_ver637 [TIF
error_ver109 T [TIF
do_not_reset_options F [F] T, prevents automatic resets

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

Smmary of makedefinition entities:
cumm_dqgf fo8L  g8L cenjh  odi gL dijL fojL foTL mcpv  cmpgHL foHL

**warning ver0®** 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 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 kel 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 with low level grid.
50.0% done wit 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.
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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.
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 limit of 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 theoretical limit of 24649
916 grid cells to be refined at grid level 4
...working (498 minimizaths 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

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 la 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% donevith 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.
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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.
67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low leverigl.
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 lovevel 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 minimizations done)
refinemert 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 minimizations 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 0.78126E& 6.5
Dynamic G calculation 0.0000 0.0
Static LP 0.781B3E 6.5
Dynamic LP 0.0000 0.0
Successive QP 0.0000 0.0
Total of above 0.1562B& 13.0

Total elapsed time 0.11979 100.0

End ofjob: ex5_2
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(3) Plotting the calculated phase diagram (&EC)I

Run PSSECT to plot ttedculated pseudosection:
C\PERPLERerplex715pssect

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 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: 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 [80] ylength (pts)
contour_t_interval 50.00 >0[50.0]
contour_p_interval 1000.00 >0 [1000.0]

field_fill T [TTF
field_label T [TIF
numeric_field_label F [F] T, iSBECT 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 [TIF

line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]4gcale (rel)
130. [0.18x-translation (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 TIH
tenth_ticks F AT
text_scale 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

PostScript will be written to file: ex5_2.ps

Modify the default plot (y/n)?
N
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Comparison between thesobaric TX(CGQ) projectionfor a generic siliceous dolomite containing exct
calcite (Ex.5.1) and the pseudosection calculated for a bulk composition Ngy@aO0=3Si022 mol%
(2Qz+2Dol+1CdEx.5.2). This specific bulk compodit2y d¢aSSaé¢ O0APSD Aa

reactions predicted by the H projection.

76 | Updated: 2024, Januadb



Ex.5.3 ¢ Isobaric TX(CQ) projection for a generic siliceousimestone containing

(1) Definition of the problem (BUILD)

The problem is the samessin Ex. 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 componeig 302

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 thermodynamic 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\PERPLERerplex715convex

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A Do@nolly <www.perplex.ethz.ch/copyright.html>.

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

Reading problem definition from file: ex5_3.dat
Reading thermodynaic 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 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: ValuePermitted 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; <0 => neplica 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 stoichietry 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 -1 [ ], 0=> off
stretch_factor 0.0020 >0{2p
non_linear_switch F [FIT
subdivision_override  off [off] lin str
hard_limits bf [offlon
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]

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x

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

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 fo] @

aqg_lagged_speciation F [FIT

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

ag_solvent_solvus T [TIF

ag_solvent_solvus_tol0.5 [0.5]14

ag_vapor_epsilon 1.0 [1.]
Input/Output options:

timing T [TTF

auto_exclude T [TTF

output_iteration_detai F [FIT

output_iteration.g F [F]T
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteration
ag_error_vefl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_verl103 T [T] Frafutange HKF g abort
ag_error_verl04 T [T] F, abortailed respeciation
warning_ver637 T [TIF
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error_ver109 T
do_not_reset_options

F

[TTF

[F] T, prevents automatic resets

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

Summary of makelefinition entities:

cumm_dgf fo8L 8L cenjh  odi gL folL foTL mcpv cmpv  faiHL
Summary of saturatedomponent entities:

for: Si02

q trd crst  coe stv gL gjL gHL

** Starting auto_refine computational stage **

cycle 1 1
cycle 2 2
cycle 3 3

1
2
3

Initial number of divariant assemblages to be tested is: 3

Testing divariant assemblage 1,

finished with equilibrium (

2 assemblages remaining to be tested.
tacc=tr

**warning ver047** univariant field 2 terminates 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 eailibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
**warning ver020** sfol2
finished with equlibrium (

**warning ver047** univariant field

2)tadol =tr
2)tadol =tr
3) dol =tacc
4) dol =tr cc
5) mag =ta

5) mag =ta

6) dol mag =tr

7) trcc =di

8 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 (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (

8) doldr

8) dol = di

8) dol = di
9)ta=en

10) mag = en
11) dolen =tr

finished with equilibrium ( 10) mag = en

finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with eqiilibrium (

Testing divariant assemblage 2,

finished with equilibrium (

Testing divariant assemblage 3,

10) mag = en

11) dolen =tr

12)tr=dien

8) dol = di

13) ta = anth

14) anth = en

2 assemblages remaining to be tested.
7)trcc =di

2 assemblages remaining to be tested.

finished with equilibium ( 15) cc = wo
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Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage

2 assemblages remaining to be tested.
3 assemblages remaining to be tested.
3 assemblages remaining &iduk te

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 diariant assemblage 10, 3 assemblages remaining to be tested.
Testing divariant assemblage 11, 3 assemblages remaining to be tested.
Testing divariant assemblage 12, 3 assemblages remaining to be tested.
Testing divariant assemigga 13, 3 assemblages remaining to be tested.
Testing divariant assemblage 14, 3 assemblages remaining to be tested.
Testing divariant assemblage 15, 2 assemblages remaining to be tested.
Testing divariant assemblage 162 assemblages remaining to be tested.
Testing divariant assemblage 17, 1 assemblages remaining to be tested.
Testing divariant assemblage 18, 0 assemblages remaining to be tested.
Testing divariant assemblage 19, 1 assemblagesniag to be tested.
Testing divariant assemblage 20, 0 assemblages remaining to be tested.
Testing divariant assemblage 21, 0 assemblages remaining to be tested.
Testing divariant assemblage 22, 0 assemblages remaining &iduk te

© o N U A

(3) Plotting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated phase diagram:

C\PERPLERerplex715psvdraw

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyrightzhtm

Enter the project or plot file name [i.e., without the .plt suffix]:
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  [O] ¥min (pts)
0  [0] ymin (pts)
800  [800]3ength (pts)
800  [800]¥ength (pts)
contour_t_interval 50.00 >0 [50.0]
contour_p_interval 1000.00 >0 [1000.0]

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 ->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)
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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 1TF
text_scale 1.000 [1.](rel)

plot_extra_data

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

PostScript will be written to file: ex5_3.ps

Modify the default plot (y/n)?
N

873

813

753

T(K)

693

C

AT
0

633 —

=12
mag

573 , | | | | | | | |

0.200 0.400 0.600 0.800 1.00
Y(CO2)
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http://www.perplex.ethz.ch/perplex_plot_options.html

Ex.5.4¢ Isobaric TXCQ pseudosection ofisiliceous limestone for the compositig

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

(1) Definition of the problem (BUILD)

The problem is the same asEX. 5.2except for thecomposition of the system that is now 6Qz + 2Dol + 1Cal,
corresponding to 6SiO2 + 2MgO + 3CdéQu can edit theex5_2dat input file (change the name iax5 4)
(see below).

begin thermodynamic component list

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

end thermodynamic component list

(2) Doing the calculationM\ERTEX

Run VERTEX to make the calculation:
CA\PERPLERerplex715vertex

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethzapycight.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: hp62vet.da
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 models 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 emputational option settings for VERTEX:

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

replicate_threshold 0.1E [1le2]; static opt; <O => no rdipa 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 [T]F

Free energy minimization options:
MINFRC_diff_increment 0B [le7] 1e3 => 1€9
MINFXC_solver 0 [0] >sp@ci2,-1 - MINFXC
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optimization_max_it 40 [40] >1
optimization_precision 0.1B [le-4], 1el => 16, absolute
dynamic_LP_start war [warm] cold hot

static_LP_start war [hot] cold warm

order_check F AT

refinement_points 5 [autopl4

refinement_switd F [TTF

scatterpoints T [TIF

scatterincrement 0.1 [le2]1le2=>1e7

solvus_tolerance_Il  aut [0.23D

zero_mode O0-BE [1e6] 0->1; < 0 => off
2D grid options:

X_hodes 10/40 [10/40] >0, <2048; effectigsotution 10 /313 nodes
y_nodes 10/40 [10/40] >0, <2048; effectiesgtution 10 /313 nodes
grid_levels 1/4 [1/4] >0, <10

linear_model on [on] off

Solution subdivision options:
initial_resolution:  0.2000 [1/5}81; 0 => 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 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 AT
speciation_precision 0.4 [1d5] <1, absolute
speciation_max_it 100 [100]
function_tolerance_exp 0.8 0.8] sets x in tol = epsmch”x
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 67
hybrid_EoS_CO2 4 4o
hybrid_EoS_CH4 0 0]D
ag_lagged_speciation F [FIT

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

ag_solvent_solvus_tol 0.5 [0.510
aqg_vapor_epsilon 1.0 [1.]

Input/Output options:
timing T [TTF
auto_exclude T [TIF
output_iteration_detai F [FIT
output_iteration. g F AT
logarithmic_p F [FIT
logarithmic_X F AT
bad_number NaN [NaN]
interim_results aut [auto] off manual

Information file output options:
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option_list_files F [F] T; echo computational option

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
Error/warning catrol options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteration
ag_error_verl01 T [T$6lute undersaturation abort
ag_error_verl102 T [T] F, pure + impure solvent abort
ag_error_ver103 T [T] F;afutange HKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TIF

error_ver109 T [TIF

do_not_reset_options F [F] T, prevents automatic resets

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

Summary of makelefinition entities:
cumm_dgf 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 withow 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% dne 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 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 leverid.
67.5% done with low level grid.
70.0% done with low level grid.
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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 withow 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 gid 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 minimizations dehn
...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 minimitimns done)
...working (864 minimizations done)
refinement at level 4 involved 1270 minimizations
4011 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 gti
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 lowelvel grid.
40.0% done with low level grid.
42.5% done with low level grid.
45.0% done with low level grid.
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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 vt 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 be refined at grid level 2
refinement at level 2 involved 436 minimizations
2036 minimizations required of the theoretidamit 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 thé¢oretical 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 requiredf the theoretical limit of 98596

Timing min. % of total
Static G calculation 0.10410E 9.8
Dynamic G calculation 0.0000 0.0
Static LP 0.260402E 2.4
Dynamic LP 0.0000 0.0
Successive QP 0.0000 0.0
Total of above 0.13020E& 12.2

Total elapsed time  0.10677ED1 100.0

End of job: ex5_4
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(3) Plotting the calculated phase diagram (&SC)I

Run PSSECT to plot the calculated pseudosection:
C\PERPLERerplex715pssect

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Conno#twww.perplex.ethz.ch/copyright.html>.

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

Reading Perple_X options from: perplex_option.dat

Perple_X ot 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] y-min (pts)
800 [800]3ength (pts)
800  [800]¥ength (pts)
contour_t_interval 50.00 >0[50.0]
contour_p_interval 1000.00 >0 [1000.0]

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 [0.025]
field_label_scale 0.75 [0. 72X

font Helvetica

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

picture_transformation :
0.180 [0.1Bx-scale (rel)
0.180 [0.18]4gcale (rel)
130. [0.18]+#ranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotatin (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length

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

plot_extra_data
To change these djpns edit or create the plot option file
Seewww.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 between thisobaric TX(CO2projectionfor a generic siliceous limestone containing exc
quartz (Ex.5.3) and the pseudosdion calculated for a bulk composition Mg®Q)£a0=3Si026 mol%
(6Qtz+2Dol+1CaEx.5.4.¢ KA & &ALISOAFAO odz{ O2YLRaraildAzy
the reactions predicted by the H projection.
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EX6
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Ex.6 ¢ T-XMg sectionfor the CaC@MgCQ system 6olvusrelations)

This exercise explains how to calculagelvusrelations in the system CaG@MgCQ. In this

system two miscibility gaps exist, and the phases on either side of the gaps are calcite/dolomite,

and dolomite/magnese, respectively. The amounts of MgE€@ calcite in equilibrium with

dolomite, and that of CaGOn magnesite in equilibrium with dolomite, change as a function of

temperature, and can be used as geothermometers. The effect aispre on the Cabol andDol
Mgssolviis investigated by calculating tsamephase diagram at different pressures.

1000 T T T T T T T T T
Dolomite |
(Solid solution) |
I
900 \\l .
Magnesian : Magnesite ___|
calcite ! (Solid solution)
£ :
§ 800 -
S Magnesian calcite Dolomite
& + +
& 700 | Dolomite Magnesite
(Solid solution)
600 - |
Dolomite
500 1 1 1 1 ] 1 1 ]
Ca% n 10 20 30 40 50 60 70 80 90 100
) Mol. per cent. MgCO, Me00y
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 betweef 0

(XMg=0; Cal) and 1 (XMg=1; Mag). Opposite to Ex. 4 ar8C3,ID SAJTIONS MUST NOW

CONSIDERED t SN1J SE RSIfa @6A0K azf AR

considered as the stable carbonate.

azfdziazy
(intermediate compositions), and treating each of them like a separate phadaus, if a carbonatg
with composition Cab has a lower free eneggthan Cak at a particular PI' condition, Ca will be

BE

h 0 e

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

the default value of the pseudocompound_file keyword in the perplex_option.dat fil2oing in

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

pseudocompound.

(1) Definition of the poblem (BUILD)

C\PERPLERerplex715build

Perple_Xrelease 7.1.5, Dec 1,

2023.

Copyright (C) 1988023 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 nameill be used as theoot 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 pd2ver.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 Fe@rQdCCI202 H20 CO2 CuO Cr203F3R2 ZnO
Transform them (Y/N)?

n

Specify computational mode:

1 - ConvexHull minimization

2 - Cmnstrained 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 an@iRATE reactive transport models)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagranphase dagram sections with < 3 independent
variables.
The problem can be treated as an isobarX fpseudosection, wherevaries between 0 (XMg=0; Cal) and 1
(XMg=1; Mag)
2

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

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

For GO-H fluids it is only necessary to select volatile species preseheisolids of interest. If the species listed here
are H20 and CO2, then tmnstrain O2 chemical potentitd be consistent with @-H fluid speciatiortreat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.
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CO2

Calculations with saturated components (Y/N)?
n

Use chemical potentials, activities or fugacities as independarables (YN)?
n

Select thermodynamic components from the set:
Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO D®2H22 CuO Cr203 §2N2 ZnO

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

Because the thermodynamic data fitkentifies: CO2s special components, you will be prompted next for the EoS to
be used fothe corresponding composants and mixtures thereof. To override this behaviprto use a generic hybrid
fluid EoS (GFSM) either:

set/add the GFSM option to i your option file

or 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_componesdction 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(CO2H20GC0O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(0O) ebuffered COH MRK hybriEoS Connolly & Cesare 93*
12 - X(O¥f(S2) cbuffered COHS MRK hybi#ithS Connolly & Cesare 93*
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(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybriEoS*
19- X(O}X(S) @uffered COHS MRK hybiithS Connolly & Cesare 93*
20- X(O)}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(OYX(C) 8>-H MRK hybridEoS*
*Hybrid EoS use thiollowing 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 baseds P(bar) and T(K) as default independent potentials.
Make one dependent on the other, e.g., as along a geothermal gradient (y/n)?
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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 ofpstaidts 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
Enta minimum and maximum values, respectively, for: T(K)
573
1273

Specify sectioning value for: P(bar)
5000

Specify sectioning value for: Y(COZ2)
The fluid is pure CO2.
1

For gridded minimization, grid resolution is determined by the number of levels (gviels) 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 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.perplexthz.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 the molar amount of the system

The bulk composition of the system will be compilites:
C=CO0*(tX_Cl)+C1*X_C1

where X_C1 varies between 0 and 1, and C0O and C1 are the compogiemiteed next.

To compute bulk compositions as: C=C0 + C1*X_C1

change the computational option keyword closed_c_space.

Enter the molar amountef the components:
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MgO CaO

to define the composition CO

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

1

Enter the molar amounts of the components:

MgO CaO

to define the composition C1

Composition € should bevigCO3, theréore it is defined as CaO=MgO-4
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 per line, press <enter> to finish:

per

per

dol

See below the reason why the Idendmember 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 from the following list, enter 1 per line, press <enter> to finish

carbonate moded: Do(AE) Cc(AE) oCcMEih(M) oCcM(EF) dis(EF)

fluid models: Cottuid COHFluid+

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

or read the commentary in the solutionodel file.

Do(AE)

Cc(AE)

Do(AE) and Cc(AE) are thelution malels for dolomite and rmgnesite from Anovitz & Essel{£987),
respectively. Cc(AE) also models-tédite.

6The Do(AE) model requiristive dostructure endmemberthat have a standard statG 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 must be excluded from the calculation

Enter calculation title:
ex6_5Skbar
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(2) Doingthe calculation YERTEX

Run VERTEX to make the calculation:
CA\PERPLERerplex715vertex

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned@idiLD) [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 fiex6_5kbar.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: ex6_5kbar_seismic_data.txt
Writing pseudocompound glossary to: ex6_5kbar_pseudocompound_glossary.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settings for VERTE

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_threshold0.1E2 [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 minimizatiooptions:
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
dynamic_LP_start war [warm] cold hot

static_LP_start war [hot] cold warm
order_check F [T
refinement_points 4 [autopl4
refinement_switch F [TTF
scatterpoints T [TTF
scatterincrement 0.1 [le2] le2=>1e7
solvus_tolerance_Il  aut [0.23D
zero_mode O0-bE [1e6] 0->1; < 0 => off

2D grid options:
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X_hodes 10 / 400/40] >0, <2048; effective-pesolution 10/ 313 nodes

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

linear_model on [on] off
Composition options:

closed_c_space T [TIF

Solution subdivision options:
initial_resolution:  0.2000 [1/5}#1; 0 => off

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] @0, aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 00. [O]

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]

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”™x
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 2] 87

hybrid_EoS_CO2 4 4o

hybrid_EoS_CH4 0 [oja,7

ag_lagged_speciation F [FIT

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

ag_solvent_solvus_tol 0.5 [00B1
aq_vapor_epsilon 1.0 [1.]

Input/Output options:

timing T [TIF

auto_exclude T [TIF

output_iteration_detai F [FIT

output_iteration. g F AT

logaithmic_p F [FIT

logarithmic_X F FT

bad_number NaN [NaN]

interim_results aut [auto] off manual

Information file output options:

option_list_files F [FElecho computational options
pseudocompound_file T [F] T; echo static pseudocompound compositions
auto_refine_file F [T] F; echo aefme compositions
seismic_data_file T [F] T; echo seismic waackspdions
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteration
ag_error_\er101 T [T] F, solute undersaturation abort
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ag_error_verl102 T [T] F, pure + impure solvent abort
ag_error_ver103 T [T] F;aftange HKF g abort
ag_error_verl04 T [T] F, aboffiaded respeciation
warning_ver637 T [TIF

error_ver109 T [TTF

do_not_reset_options F [F] T, prevents automatic resets

To change these options see: www.perplex.ethz.ch/perplex_options.html
**war ning ver099** no data for aqueous species, aq_output and aq_lagged_speciation disabled.

*warning ver533** CO2is a molecular fluid species the presence of whiciné®nsistent with saturated phase
component constraints if the saturated phaisea fluid Possible courses of action are:

1) exclude CO2  and restart.

2) remove the phase saturation constraint and restart.

3) ignore this warning and continue execution.

Continue execution despite this warning (Y/N)?

y
We are considering a sirified system assuming that fluid is pure CO2 and that CO2 is a saturated fluid

phase.

Solution model summary:
**warning verl14** the following endmembers are missing for(B&)
sid
4 pseudocompounds generated for: Do(AE)
**warning verl114** the following endmembers are missing for Cc(AE)
sid
4 pseudocompounds generated for: Cc(AE)
Total number of pseudocompounds: 8
Summary of included solution models:

DO(AE)  Cc(AE)

This section showsthe total number of pseudocompounds considered by VERTEX; the number of
pseudocompounds is controlled by some of the perplex_option kegs'dhe highest is the number of
pseudocompounds, the longest is the calculation (and the virtual memory consumed).

For pseudosection calculati@(involving solid solutions), VERTEX divides the calculation in jwo

stages.TheEXPLORATORY STA€QEsed taroughly establish the stable solution compositions]in

the AUTOREFINE STAGEERTEX refines the previous calculation by:

1) Eliminating solutions that were not stable in the exploratory calculation.

2) Restricting compositional ranges of solutions to the esgstablished in the exploratofy
calculation

3) Increasing resolution of compositions within these restricted ranges.

This is the beginning of EXPLORATORY STAGE
** Starting expgoratory computational stage **
9.1% done with low level grid.
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18.2% done vth 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 level 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:

14 compositions for: Do(AE)

22 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 vth 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.%% 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 gki
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.
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 viih low level grid.
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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 dérefined 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 0.0000 0.0
Dynamic G calculation  0.39062E 17.6
Static LP 0.26042E03 1.2
Dynamic LP 0.10402E 4.7
Successive QP 0.520BBE 23.5
Total of above 0.104310E 47.1

Total elapsed time 0.22136E  100.0

End of job: ex6_5kbar

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

(3) Plotting the calculated phase diagram (PEC)

Run PSSECT to plbetcalculated pseudosection:
C\PERPLERerplex715pssect

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex6_5kbar
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Reading Perple_X options from: perplex_option.dat

**warning ver533** CO2 is a molecular fluid species the presence of which is inconsistent with saturated phase
component constraintsf the saturated phase is a fluid. Possible courses of action are:

1) exclude CO2  and restart.

2) remove the phase saturation constraint and restart.

3) ignore this warning and continue execution.

Continue execution despite this warnif(ig/N)?
y

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]yength (pts)
contour_t_interval 50.00 >0 [50.0]
contour_p_interval 1000.00 >0 [1000.0]

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

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 @9 [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 [FIT
text_scale 1.000 [1.](rel)

plot_extra_data
To change these options edit or create the plot option Sike:www.perplex.ethz.ch/perplex_plot_optionstml

Modify the default plot (y/n)?
n
There are 2 fields for: Cc(AE)

Because the Cc(AE) solution model treats simultaneously both theaMie and magnesite solid solutions,
they are indcated with the same name on the diagram. Be careful to assign the correct name to each phase.
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Dol+Mag

Mg-Cal+Dol

T(K)

' Do(AE) Cc(AE)

853

713

573
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X(C1)

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

¢tKS NBR StfALAS KAIKEAIKGA | GodzA¢é> ¢ KAQHdBedy 0SS
by VERTEX during tggdded minimizatiorcalculation.

(4) Increasing the resolution of the-y grid

For gridded minimizationVERTEX uses a multilevel grid refinement strategy in which phase relations are
mapped on an initial grid of resolution x_nodes * y_nodes. This grid is redimesnber of times equal to
(grid_levelsc 1) by bisection (Connolly 2005). Thenodes, y_nodesgrid_levelsparameters are set by
keywords of the same nanie 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 the best 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 Hyeand 40 for exploratory and auto
refinement stages of aatculation. The default values of grid_levels are 1 and 4 for exploratory and auto
refinement stages.

Increase the resolution of the gridoy increasing the number ofyxnodesfor the auto-refinement stageof
calculationfrom 40 to 60 (open the perplexption.dat file and modify the default value of the x_nodes and
y_nodes parameters).
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x_nodes 10 60 | [10 40] exploratory and autorefine (grid parameters keyword group), lowestlevel
X grid resolution

y _nodes 10 60 | [10 40] exploratory and autorefine (grid parameters keyword group), lowestlevel
y grid resolution

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

1273 T T T T I

1133 =

993 — ~Ho(AE)

Dol+Mag
Mg-Cal+Dol

T(K)

Do(AE) Cc(AE)

853

713

| I | | | I |

0.200 0.400 0.600 0.800 1.00
X(C1)

573

(5) Exploring the influence of pressure on the &abl and DolMagsolv

The influence of pressure on the @l and DeMagsol can be investigated by calculating the same phase
diagram at different pressures (5 to 30 kbar, every 5 kbar). Yoadiathe input file, by specifying a different
pressure(remember to rename the filg Pressure is reported at 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 0.0000fnin 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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What happens at the T (and P) cditions 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 solutions

This exercise explains how to calculaadr T projectionfor the CaC@MgCQ system, using
solid solutions (rather than end members only).

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

(1) Definition of the prdolem (BUILD)

CA\PERPLERerplex715build

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 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 nameilmbe used as theoot for all output file names) [default =
my_project]:
ex’

The problem definition file will be named: ex7.dat

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

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

Reading Perple_X options from: perplex_option.dat

The current data base components are:

Na20 MgQ\I203 Si02 K2@aO TiO2 MnO FeO N@D2 Cl202 H20 CO2 C@203 S2 H22 ZnO
Transform them (Y/N)?

n

Specify computational mode:
1 - ConvexHull minimization
2 - Constrained minimization on a 2d grid [default]
3 - Constrained minimization onZd 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)
8 - (pseudae)Ternary liquidus/solidus surfas
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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

Calculations with a saturated ftu{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 in the solids of interest. If the species listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent ¥ithl @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 potentialactivities or fugacities as independerdriables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 Cg@2 MnO FeO NiO ZrO2 @GR H20 CuO Cr203 S2 F2ZN2
Enter names, 1 per line, press <enter> tastn

MgO

CaO

Because the thermodynamic data file identifies: G8Zpecial components, you will be prompted next for the EoS to
be used fothe corresponding composants and mixtures thereof. To override this behaviprto use a generic hybrid
fluid EoS (GFSM) either:

set/add the GFSM option to T in your option file

or delete the special_component section from the thermodynamic data file header.
NOTE: the EoS choice specified here will override the EoS choice specifiedhyrid Eo0S option, twverride this
behavior delete the special_componesdction 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 hybri#oS*
5-X(C0O2) H2@0O2 CORK Holland & Powell 91, 98
8- (02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK hybrEoS Connolly & Cesare 93*
12 - X(O¥f(S2) @uffered COHS MRK hybiihS Conngll& 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¥(S2) HO-S MRK hybrigEoS*
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19- X(O)X(S) ebuffered COHS MRK hybifitbS Connolly & 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 hybri€EoS*
*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 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 - Compaition 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, itsiequdtstate permits use of its
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, respediyydor: 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 <enteoxfihish:

per

dol

Sme as ireEx. 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: DkE) Cc(AE) oCcM(HRYb@®1) 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 ireEx. 6

Enter calculation title:
ex’

(2) Doing the calculationGONVEX

RunCONVEX» make the calculation:
C\PERPLERerplex15>convex

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

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

Reading problem definition from file: ex7.dat

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

Writing plot output 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 glossatty: ex7_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
Schreinemakers and Mixedariable diagram optios:
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 iimh 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 stge 0.0625 -81 [1/16], 0 => off
auto-refine stage 0.0208 -1 [ ], 0=> off
stretch_factor 0.0020 >0{2d

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

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

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

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

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 {2] 87

hybrid_EoS_CO02 4 [4)104,7

hybrid_EoS_CH4 0 0]

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_olvent_solvus_tol 0.5 [0.5]10
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ag_vapor_epsilon 1.0 [1.]

Input/Output options:

timing T [T]F
auto_exclude T [TTF
output_iteration_detai F [FIT

output_iteration_g F [FIT
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verl100 F [F] T, abort during iteratio
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl102 T [T] F, pure + impure solvent abort
ag_error_ver103 T [T] F;afutange HKF g abort
ag_error_verl04 T [T]F, abort on failed respeciation
warning_ver637 T [TIF

error_ver109 T [TIF

do_not_reset_options F [F] T, prevents automatic resets

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

**warning ver533** CO2 is a molecular fluid species the presence of whicboissistent with saturated phase
component constraints if the saturated phaisea fluid. Possible courses of action are:

1) exclude CO2  and restart.

2) remove the phase saturation constraint and restart.

3) ignore this warning and continue execution.

Continue execution despite this warning (Y/N)?
y

Solution model stnmary:
**warning verl114** the following endmembers are missing for Do(AE)
sid
16 pseudocompounds gerated for: Do(AE)
**warning verl14** the following edmembers are missing for Cc(AE)
sid
16 pseudaompounds generated for: Cc(AE)
Total nunber of pseudocompounds: 32
Summay 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 assdolage 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.
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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 assembiag®sning 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 remainintegidab
**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, sémblages remaining to be tested.
**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 assemblage 7,2 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 1080

Compositions for simplicial model: Cc(AE)

Minimum Maximum
mag 0.6156AH  0.98500
cc 0.15000H 0.93844
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**warning ver533** CO2

is a molecular fluid species the presence of whicboinsistent with saturated phase

component constraints if the saturated phaisea fluid. Possible courses of action are:

1) exclude CO2

and restart.

2) remove the phase saturation constraint and restart.
3) ignore this warning and cantie execution.

Continue execution despite this warning (Y/N)?

y

To automatically answer interactive warnings affirmatively, set warn_interativalse.

Solution model sonmary:

10 pseudocompounds generated for: Do(AE)
48 pseudocompounds 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
cycle 2 2
cycle 3 3
cycle 4 4

1
2
3
4

Initial numker of divariant assemblages to be tested is: 4

Testing divariant assemblage 1,

finished with equilibrium (

Testing divariant assemblage 2,

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

Testing divariant assemblage 3,

finished with equilibrium (
finishedwith 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 withequilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (

3 assemblages remaining to be tested.
1) Cc(AE)(mag) arag = Cc(AE)(ma_98.50)
3 assenlageaining to be tested.
2) Cc(AE)(ma_98.50) Do(AE)(cc_49.0) = Cc(AE)(mag_96.4)
3) Cc(AE)(ma_98.50) arag = Do(AE)(cc_49.0)
4) Cc(AE)(ma_98.50) arag = Cc(AEH®N4)
5) Cc(AE)(mag_96.4) arag = Do(AE)(cc_49.0)
4 assemblages remaining to be tested.
6) Do(AE)(cc_49.0) Cc(AE)(mag_2.1) = Do(AE)(cc_51.0)
7) Do(AE)(cc_49.0) arag = Cc(AE)(mag_2.1)
8) Do(AE)(cc_49.0) arag = Do(AE)(cc_51.0)
9) Do(AE)(cc_51.0) arag = Cc(AE)(mag_2.1)
10) Cc(ABxg_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)(cc_51.0) arag = Co(@dc)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)(cc_53.1)
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) ag 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) arag Cc(AE)(mag_10G3)(AE)(mag_8.2)
24) Do(AE)(cc_53.1) Cc(AE)(mag_8.2) = Cc(AE)(mag_10.3)
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finished with equilibrium ( 25) arag Do(AE)(cc_53.1) = Do(AE)(cc_55.1)

finished with equilibrium ( 26) arag Do(AE)(cc_55.1) = Cc(AE)(mag_10.3)

finished with equilibrium ( 27) Do(AE)(cc_53.1) Cc(AE)(mag_10.3) = Do(AE)(cc_55.1)
finished with equilibrium (- 28) arag Cc(AE)(mag_12.3) = Cc(AE)(mag_10.3)

finished with equilibrium ( 29) arag Do(AE)(cc_55.1) = Cc(AE)(mag_12.3)

finished with equilibrim ( 30) Cc(AE)(mag_10.3) Do(AE)(cc_55.1) = Cc(AE)(mag_12.3)
finished with equilibrium ( 31) arag Do(AE)(cc_55.1) = Cc(AE)(mag_14.4)

finished with equilibrium ( 32) arag Cc(AE)(mag_14.4) = Cc(AE)(mag_12.3)

finished with equilibrium ( 33) Do(A&9(55.1) Cc(AE)(mag_12.3) = Cc(AE)(mag_14.4)
finished with equilibrium ( 34) arag Do(AE)(cc_55.1) = Cc(AE)(mag_16.4)

finished with equilibrium ( 35) arag Cc(AE)(mag_16.4) = Cc(AE)(mag_14.4)

finished with equilibrium ( 36) Do(AE)(cc_55.1) Cc(AB)(tad) = Cc(AE)(mag_16.4)
Testing divariant assemblage 4, 5 assemblages remaining to be tested.

finished with equilibrium ( 37) arag = Cc(AE)(cc)

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

Testing divarianassemblage 6, 6 assemblages remaining to be tested.

finished with equilibrium ( 38) Do(AE)(cc_49.0) = Cc(AE)(mag_96.4) Do(AE)(cc_51.0)
Testing divariant assemblage 7, 7 assemblages remaining to be tested.

Testing divariant assemigja 8, 6 assemblages remaining to be tested.

Testing divariant assemblage 9, 7 assemblages remaining to be tested.

Testing divariant assemblage 10, 6 assemblages remaining to be tested.

Testing divariant assemblage 116 assemblages remaining to be tested.

Testing divariant assemblage 12, 7 assemblages remaining to be tested.

Testing divariant assemblage 13, 6 assemblages remaining to be tested.

finished with equilibrium ( 39) Cc(AE)(mag_96.4) D&AE1.0) = Cc(AE)(mag_94.4)
Testing divariant assemblage 14, 9 assemblages remaining to be tested.

Testing divariant assemblage 15, 8 assemblages remaining to be tested.

Testing divariant assemblage 16, 7 assemblages remaitiaddsted.

Testing divariant assemblage 17, 8 assemblages remaining to be tested.

Testing divariant assemblage 18, 8 assemblages remaining to be tested.

Testing divariant assemblage 19, 9 assemblages remaining to be tested.

Teding divariant assemblage 20, 8 assemblages remaining to be tested.

finished with equilibrium ( 40) Cc(AE)(mag_94.4) Do(AE)(cc_51.0) = Cc(AE)(mag_92.3)
Testing divariant assemblage 21, 10 assemblages remaining to be tested.

Testing divdant assemblage 22, 9 assemblages remaining to be tested.

Testing divariant assemblage 23, 8 assemblages remaining to be tested.

Testing divariant assemblage 24, 7 assemblages remaining to be tested.

Testing divariant assemblage25, 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 assemblage 28, as§emblages 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 assemblage 30, 8 assemblagnaining 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 assemblages remaibiagested.

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 remaining to be tested.

finished with equilibrium ( 42) Cc(AE)(mag_90.3) Do(AE)(cc_51.0) = Cc(AE)(mag_88.2)
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Testing divariant assemblage 37, 9 assemblages remaining to be tested.
Testing divariant assemblage 38, 8 assemblages remaining to be tested.
Testing divaant 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 divariant assemblage42, 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)(m&8.2) 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 assemblagesning 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 assemblages remaininteiidat
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
Testing divariant assemblag 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 53, 5 assemblages iegtirbe 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 assemblages remaining 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 to be tested.
Testing divaant 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 divariant assemblage63, 4 assemblages remaining to be tested.
Testing divariant assemblage 64, 4 assemblages remaining to be tested.
Testing divariant assemblage 65, 3 assemblages remaining to be tested.
Testing divariant assemblage 66, <sem@rblages 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 69, 2 assemblages iegtirbe 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 assemblages remaininteRidae
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 assemblages remaining to 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 1150.501.00000 0.00000 0.00000
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Testing divariant assemblage 76, 3 assemblages remaining to be tested.
Testing divariant assemblage 77, 2 assemblages remaining to be tested.
finished with equilibrium ( 46) Do(AE)(cc_57.2) O¢(#ds)_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, 4 assemblages rentaihiagested.
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 assemblages remaining to 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 be tested.
Testing divarianassemblage 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 divariant assemblage90, 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 0.49000 0.57167
mag 0.42833 0.51000

Compositions for simplicial model: Cc(AE)

Minimum Maximum
mag 0.20521E  0.98500
cc 0.15006H. 0.97948

(3) Plotting the calculated phase diagrar8/DRAW

RunPSWDRAW plot the calculated pseudosection:
CA\PERPLERerplex 15>psvdraw

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project or plot file name [i.e., wibut 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)
contour_t_interval 50.00 >0 [50.0]
contour_p_interval 10000 >0 [1000.0]
field_fill T [MF
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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]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 edit or create the plot option $ike: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 = pysamdicunivariant equilibria

(i.e. equilibria among pseudocompounds, involving two pseudocompounds of the same phase on both
sides of the reaction; variance?2). Pseudeunivariant equilibria are not true univariant reactions, and it is
convenient not to plot themotherwise the resultingliagramwould befull of curves.

Modify drafting options (y/n)?
answer yes to modify:
- field labeling
- Xy plating limits
- axes numbering
n

Restrict phase fields by variance (y/n)?

answer yes to:

- suppress pseudounivariant curves and/or pseudoinvariant poin gpecified true variance.
y
Thisisakeypromptd 2 S | NB Ay i SNEB & lieGdRondi(ize. traeiviiidrSe = 1)ayoht@pseNdol y i
univariant curves (i.e. diariant equilibria involving two pseudocompounds of the same phase on both sides
of the reaction). Therefore we must suppress all the curves that have a vaéan@e. we musshow all
fields with true variance <2, see below).

Select true variance restriction to be applied to psedilariant/univariant equilibria:
1 - show all fields with true variance < than a specified value [default]
2 - show all fields with a specifidgcue variance
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with true variance <2.

Enter the true variance to be used for this restrictior9d, default = 2]:
2

Suppress pseudoinvariapbints (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 specificssnblage

- 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
- suppres [pseudg] invariant 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 fraction of the axes length that a

curve must be to receive a telbel (01):

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 a

curve must be to receive a numeric labell(000):

0 means thata numeric label will be aggied to all those curves that are shorter than the axes length.
0

Suppress point labels (y/n)?
N
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The resulting diagram shows three univariant equilibria. Two of them are divided in several parts (each one
with a numeric label) by pseudavariant pointgsmall points, with number in brackets). The third univariant
equilibrium is the polymorphic transformation of calcite to aragonite.

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 I I T I T I T 7 T
( 254
/(11>

25000 —
20000 —

5

Q -

EL

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)
5) Cc(AE)(mag_96.4) arag = Do(AE)(cc_49.0) | |(34) arag Do(AE)I(cc_55.1 = Cc(AE)(mag_16.4)

15000

10000

5000 :
713 853 993 1133 1273

T(K)

Note that each segment of the same univariant curve differs from the others for the composition qf one
phase. This implies that the composition of solid solutions-¢i&lgite, dolomite and magnesite) clgas
along each univariant curve (as in all Projections involving solid solutions!).
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(4) Comparing X sections and H projections

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 digram provide the same information, but in different way.

In the P-T projectiors GKS &d2fAR &az2fdziAzya O2YLRAAGAZ2YIE Ay
understand how solid solutions change their composition as a function of P and T by carefyyngredch
segment of the univariant curves.

In the isobaric FX sections solid solutions compositions are explicitly indicated, but you need more than
one diagram to understand how these compositions change as a function of pressure.
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Ex8
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Ex.8 ¢ AFM chemographic diagrams 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 TRANSFORMATI@MNS necessary in order to compute @be 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 impliekdta 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 (1.5 MgO ¢ 0.5A1203)and ANN (=1.5 FeO¢ 0.5A1203) to replace thenormal FeO
and MgO componenisso that biotite plots inside the composition space considereq by
CONVEX.

(1) Definition of the problem (BUILD)

CA\PERPLERerplex715build

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connotlwww.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]:
ex8

The problem definition file will be namedx8.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.da

The current data base components are:
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Na20MgO AI203 Si02 K2CaO TiO2 MnO FeO N@D2 Cl202 H20CO2 CuO Cr203 S2 FZhN2
Transform them (Y/N)?

y

Three new components should be defined here:

MU = 0.5 K20 + 1.5 Al203

PHL = 3 Mg©AI203

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 component to be repladevith 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(OH)# SiO2 and H20 are considered in escaéts composition is
defined by 0.5 K20 + 1.5 Al203 (KAI305)
0.5
1.5
MU = 0.50 K20 1.50 Al203
Is this correct (Y/N)?

y

The current data base components are:

Na20 MgO AI203 Si®@RJ CaO TiO2 MnO FddiO ZrO2 CRk2 H20 CO2 CuO CrE23F2N2ZnO
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 replaced with PHL :

MgO

Enterother 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(OHJ®nsidering H20, SiO2 and KAI305 in excess, its
compositio is defined as PHL = (3Mg@I203) or, reduced, PHL = (1.5MgQ5AI203).
15
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-0.5
PHL = 1.50 Mg®0.50 Al203
Is this correct (Y/N)?

y

The current data base components are:

Na20 PHIAI203 SiO2 MU CaO TiO2 MnO FeO zZKi©@ Cl202 HD CO2 Cu@r203 S2 F2 NhO
Transform them (Y/N)?

Note that the newly defined PHL component has replaced MgO in the list of the database components.
Y

Enter new component name, < 6 characters, left justified:

ANN

Enter old component to be replacedtiv ANN :

FeO

Enter other components (< 13) in ANN 1 per line, <enter> to finish:
Al203

Enter stoichiometric coefficients of:
FeO AI203
in ANN (in above order):
Annitehas the formula: Re3AISI3010(OH)Z onsidering H20, SiO2 and KAI305 in exigegs®mposition is
defined as ANN = (3FeAI203) or, reduced, ANN = (1.5Fe®5AI203).
15
-0.5
ANN = 1.50 Fe®.50 AI203
Is this correct (Y/N)?

y

The current data base components are:

Na20 PHL AI203 SR CaO TiO2 MnO ANN N@® CI202 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 miimization on a 2d grid [default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5 - 1-d Phase fractionation

6 - O-d Infiltration-reactionfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATHEvesreinsport models)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use Conveidull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagranphase diagram sectisrwith < 3 independent
variables.
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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 volatilecspe present in the solids of interest. If the species listed here
are H20 and CO2, then to constrain O2 chemical potential to be consistent ¥iH €uid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

Catulations with saturated components (Y/N)?

y
SiO02 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 saturatin heirarchy and may effect youesults (see Connolly 1990).

Select < 6 saturated components from the set:

Na20 PHL AI203 CaO TiO2 MnO ANN NiO ZrO2 CI2 020 G203 S2 F2 2ND
Enter names, 1 per line, press <enter> to finis

Si02

MU

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

Select thermodynamic components from the set:

Na20 PHL AI203 CaO TiO2 MnO ANN NiO ZrO2 CI2 040 G203 S2 F2 2ND

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

ANN

PHL

Al203

The ader (1%, 29, 39 influences how the three components are plotted in the chemograpfires=bottom
left, second =bottom right, third =top.

Because the thermodynamic data file identifies:QH special components, you will be prompted next for the EoS to
be used fotthe corresponding composants and mixtures thereof. To override this behaviprto use a generic hybrid
fluid EoS (GFSM) either:

set/add the GFSM option to T in your optifile

or 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_componesgction fromthe 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
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2- X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@0O2 CORKolland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK hybrlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) ebuffered COHS MRK hybi#ihS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14 - X(CO2H20CO2 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(O)X(S) ebuffered COHS MRK hybiithS Connolly & Cesare 93*
20- X(0O)X(G COHS MRK hybiitbS 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(OYX(C) 6>-H MRK hybridEoS*
*Hybrid EoS use the following mispecies 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 DeSantis et al 1974
5

The data base has P(barndar(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 Schreinemakéype 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, press <enter> to finish:
Excludek-bearing phases other thamuscovite and biotite.
fstp  |Fe-stilpnomelane

mstp | Mg-stilpnomelane

cel | celadonite KMgAISi4010(OH)2

fcel | Feceladonite KFeAlSi4010(OH)2

kem | K-cymrite KAISI308 - H20

wa | wadeleite K2Si409

hol | hollandite KAISi308

126 | Updated: 2024, Januadb



kls | kalsilite KAISiO4

Ic | leucite KAISi206

kidh | makedefinition for Holland et al., 2018 Cpx solution model
kjL | makedefinition for Holland et al., 2018 melt solution model
kspL | K-feldspar liqud

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 line, press <enter> to finish
clinohumite models: TACPL) Chum

clinoamphibole models: cAmph_I(G) cAmph(G) Cumm cAmph(DP) cAmph_I(DP
X

X

For details on these models seewvw.perplex.ethz.ch/perplex_solution_model_gkary.htmlor read the commentary
in the solution model file.

Chi(W)

Bi(W)

Gt(W)

Ctd(W)

St(W)

Crd(W)

Enter calculation title:
Ex8

*Although only one component is specified for the 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 valueof:
P(bar) T(K) Y(CO2)
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http://www.perplex.ethz.ch/perplex_solution_model_glossary.html

For calculation 3enter zeros to finish.
8000

863

0

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

RunCONVE make the calculation:

CA\PERPLERerplex715convex

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ahizopyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex8

Reading problem definition from file: ex8.dat

Reading thermodynamic data from file: hp62ver.dat

Writing print output to file: ex8.plt

Writing plot output to file: ex8.plt

Reading slution models from file: solution_model.dat

Reading Perple_X options from: perplex_option.dat

Writing auto refine summary to: ex8_auto_refine.txt

Writing pseudocompound glossary to: ex8 pseudocompound_glossary.txt
Writing Perple_X option summary to: not requested

Perple_X computatical option settings for CONVEX:
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_threshold 0.1E [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 HT]

Free energy minimization 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],1e-1 => 16, absolute
dynamic_LP_start war [warm] cold hot

static_LP_start war [hot] cold warm
order_check F [FT
refinement_points 5 [autopl4
refinement_switch F [T]F

scatterpoints T [TIF
scatterincrement 0.1 [le2]1le2=>1e7
solvus_tolerance_Il  aut [0.23D
zero_mode 0-BE [1e6] 0->1; < 0 => off

Solution subdivision optits:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0063 -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 [TTF
AndersonGruneisen  F [FIT

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

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [F] T GFSM/special_component toggle
hybrid_EoS_H20 4 4102, 47

hybrid_EoS_CO2 4 4]0

hybrid_EoS_CH4 0 0]

aqg_lagged_speciation F [FIT

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

ag_solvent_solvus_tol 0.5 [0.510
ag_vapor_epsilon 1.0 [1.]

Input/Output options:

timing T [TTF
auto_exclude T [TTF
output_iteration_detai F [FIT

output_iteration g F FIT
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Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_verDO F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_ver103 T [T] F;afutangeHKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TIF

error_ver109 T [TIF

do_not_reset_options F [F] T, prevents automatic resets

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

Summary of makelefinition entities:
for fchum fphA  fatg atgts cumm_dgifun_dqf fath_dq ged dgf sil8L fo8L  fa§8L cfs
cenjh qjL foL fajL foTL faTL cfsg mfpv cmpv cfpv capv  fcofoHLhmgtsHL  gHL

Summary of saturatedomponent entities:
for: Si02
q trd crst  coe stv qiL gL Hi
for: Si0O2 MU
mu
*solutions may also have compositions consisting entirely of saturated components

**warning ver013** because the total amount of the commponents ens is <= @ will be rejected from this
calculation although it is a legitimate phad& prevent this rejection transform the data base components (e.g., using
CTRANSBD that the total amount of the componentsin san  is > 0.

Continue executio despite this warning (Y/N)?

Along the KAI3O%SIO2 join, Keldspar has a negative composition andsitherefore rejected. This means
that the calculation will only be valid within the stability field for Mu + Qz.

y

To automatically answer interactive warnings affirmatively, set warn_interatdivalse.

Solution model summary:
**warning ver114** the following endmembers are missing for Chl(W)
mnchl  ff3cli  f3clin
**warning ver102** reformulated subcomposition [M][M,T] of Chl(W) due to missing endmembers.
3074 pseudocompounds generated for: Chl(W)
**warning verl114** the folloving endmembers are missing for Gt(W)
spss  gor fmn_i fkho_i khol andr_i

**warning ver050** reformulating prismatic solution: Gt(W)  because of missing endmembers.
(reformulation can be controlled explicitly by excluding additil endmembers).
16 pseudocompounds generated for: Gt(W)
**warning verl114** the following endmembers are missing for Ctd(W)
ctdo  mnctd
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16 pseudocompounds generated for: Ctd(W)
**warning verl14** the following endmembers are missing ®u(\W)
mstt msto  mnst
16 pseudocompounds generated for: St(W)
**warning ver114** the following endmembers are missing for Bi(W)
mnbi  ffbi_d fbi ftbi_d tbi
**warning ver102** reformulated subcomposition [M,T][M] of BifjW due to missing endmembers.
100 pseudocompounds generated for: Bi(W)
**warning ver114** the following endmembers are missing for Crd(W)
mncrd  hmnerd_i
**warning ver050** reformulating prismatic solution: Crd(W) because of missing emtrases.
(reformulation can be controlled explicitly by excluding additional endmembers).
286 pseudocompounds generated for: Crd(W)
Total number of pseudocompounds: 3508

Summary of included solution models:
Chi(w) Gtw) Ctd(w) St(WBi(W)  Crd(W)

** Starting exploratory computational stage **
Computing the compositional phase relations at condition 1

cycle 1 1 1
cyde 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 relations at condition 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
X
The followirg solutions were input, but are not stable:
Ctd(w)
Crd(W)
Compositions for prismatic model: Chl(W)
Simplex 1
Minimum Maximum
X_Mames  0.12250 0.42875
X_Mafchl  0.0000 0.0000
X_Mclin  0.57125 0.87750
Simplex 2
Minimum Maximum
X_Mg 0.0000 0.61250
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X_Fe 0.38750 1.0000
Compositions for simplicial model: Gt(W)

Minimum Maximum
alm 0.86187 0.98500
py 0.15000EL. 0.13813
Compositions for simplicial model: St(W)
Minimum Maximum

X_mst 0.62187W  0.43531
X_fst 0.56469 0.93781
Conpositions for prismatic model: Bi(W)

Simplex 1
Minimum Maximum
X Mg 0.0000 1.0000
X _Fe 0.0000 1.0000
Simplex 2
Minimum Maximum
X _AlTs 0.0000 0.25000
X_MBio 0.75000 1.0000

The failure rate during speciation (orddisorder) calculations is 0.00@%t of a totd of 9324. calculations.
Average number of iterations per speciation calculation: 5.7

**warning ver013** because the total amount of the commponents in san is 4=will be rejected from this
calculation although it is a legitimate pha3& prevent this rejection transform the data base components (e.g., using
CTRANSBD that the total amount bthe componentsin san  is > 0.

Continue execution despite this warning (Y/N)?

y
To automatically answer interactive warnings affirmatively, set warn_interataivalse.

Eliminating solution model: Ctd(W) in aw&dinement.
Eliminating solutn model: Crd(W) in awefinement.

Solution model summary:

86691 pseudocompounds generated for: Chl(W)
33 pseudocompounds generated for: Gt(W)
82 pseudocmpounds generated for: St(W)

8422 pseudocompounds generated for: Bi(W)

Total number of pseudocompounds: 95228
Summary of included solution models:
Chi(w) Gt(W) St(W) Bi(W)

** Starting auto_refine computational stage **
Computing the compositional phase relations at condition 1

cycle 1 1 1
cycle 2 2 2
X
X

WARNING: composition of solution St(Whas reached an internal limit (0.000)
on simplex 1 for species 1. If this warning occurs during the exploratory stage and the restriction is unintentional
then relax the limit in the solution model file and restart the calculation.
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X
Computing thecompositional phase relations at condition 2

cycle 1 1 1

cycle 2 2 2

X

X

Computing the compositional phase relations at condition 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

X

**warning ver991** The following solutions have compositions at aringl limit (i.e., 0<x<1):

St(W)
Restriction during the auteefine stage is usually unimportant. If desired, conflosncomparing the ranges below to
those in the *.arf file.
NOTE: unintentional restrictions encountered during the exploratory stagg ime problematic, refer to the
*_auto_refine.txt file for the exploratory stage warnings.

Compositions for prismatic model: Chl(W)
Simplex 1
Minimum Maximum
X_Mames  0.11025 0.41650
X_Mafchl ~ 0.0000 0.0000
X_Mclin  0.58350 0.88975

Simplex 2
Minimum Maximum
X_Mg 0.0000 0.60638
X _Fe 0.39362 1.0000
Compositions for simplicial model: Gt(W)
Minimum Maximum
alm 0.87419 0.99731
py 0.268752 0.12581
Compositions for simplicial model: St(W)
Minimum Maximum

X_mst 0.3125a1B 0.42106
X_fst 0894 0.99969
Compositions for prismatic model: Bi(W)

Simplex 1
Minimum Maximum
X_Mg 0.0000 1.0000
X Fe 0.0000 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@%t of a total of =~ 355004. calculations.

133 | Updated: 2024, Januanp



Average number of iterations per speciation caltiola: 4.2

(3) Plotting the calculated phase diagram (PSRAWY

RunPSWDRAWS plot the calculated pseudosection:

CA\PERPLERerplex715psvdraw

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyhght>.

Enter the project or plot file name [i.e., without the .plt suffix]:
ex8

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)
contour_t_interval 50.00 >0 [50.0]
contour_p_interval 1000.00 >0 [1000.0]

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 1.00 0-99[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 $ite: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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P(bar) =0.800E+04 P(bar) =0.800E+04
T(K) = 843. T(K) = 853.
Y(CO2) =0.00 A Y(CO2) =0.00
(fluid saturated) (fluid saturated)

g amu

ann phl ann phi
P(bar) =0.800E+04 P(bar) =0.800E+04
T(K) = 863. T(K) = 873.
Y(C0O2) = 0.00 Y(C0O2) = 0.00
(fluid saturated)

(fluid saturated)
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/ - |
4 \ f

phl

In the resulting diagrams white fields are thrphases fields (+Qz+Mu+H20), grey fields are-pivases
fields (+Qz+Mu+H20) and black fields are-phase fields (+Qz+Mu+H20).

K K
Y P = 8 kbar Y P =8 kbar
T=570°C T=580°C
St 4 +Qz +Mu +H,0

+Qz +Mu +H,0

4 1A\
Tttt Ch|
y | / b

X

\,

P = 8 kbar
T=600°C
+Qz +Mu +H,0

T=590°C
+Qz +Mu +H,0

The AFM diagrams predict the stable mineral assemblages and compositions at spedifeoRditions, as

a function of the bulk rock composition.
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EXx9
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Ex.9 ¢ P-T pseudosectiorfor a METAPELITEthe KFMASHystem

This exercise explas how to calculate aH pseudosection 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 ithe next exercise (E£0). At the end, some practical tips for redrawing the
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. (2001) [Geol. Mat. Res423, 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, MnO=@4®»=4.95, Na20=6.11, K20=9.01
Bulk composition recalculated ignoring MnO, CaO and Na@ponents:
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\PERPLERerplex 15>build

Perple_X release.1.5, Dec 1, 2023.
Copyright (C) 1988023 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 ribat for all output file names) [default
my_project]:
ex9

The problem definition file will be named: 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_optis.html
[enter]

Reading Perple_X options from: perplex_option.dat

The current data base components are:
Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FerQ@iCCID2 H20CO2CuO Cr203 S2 FRI2 ZnO
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Transform them (Y/N)?
n

Specify computational nde:

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-reactionfractionaion

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use ConveXull minimization for Schreinemakers projections or phase diagmaitis > 2 independent
variables. Use constined minimization for phase diagrarasphase diagram sections with < 3 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 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 to be consistent ¥@HH @uid speciation treat O2 as a
saturatedcomponent. Refer to th@erple_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 effegour results (see Connolly 1990).

Select < 6 saturated components from the set:

Na20 MgO AI203 K20 CaO TiO2 MnO FeO NIiO ZrO2Gd2 QRO Cr203 S2 N2ZnO
Enter names, 1 per line, press <enter> to finish:

Si02

Use chemicagbotentials, activities or fugacities as independgatiables (Y/N)?
n

Select thermodynamic components from the set:

Na20 MgO AI203 K20 CaO TiO2 MnO FeO NIiO ZrO2Gd2 QRO Cr203 S2 N2ZnO
Enter names, 1 per line, pressnter> to finish:

MgO

Al203

K20
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FeO

Because the thermodynamic data file identifies: H&Dspecial components, you will be prompted next for the EoS to
be used fotthe corresponding composants and mixtures thereof. To override this behaviprto usea generic hybrid
fluid EoS (GFSM) either:

set/add the GFSM option to T in your option file

or 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_componesdction 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 HSMR 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 hybrlEoS*
10- X(O) euffered COH MRK hybrlEoS Connolly & Cesare 93*
12 - X(0)f(S2) cbuffered COH#RK hybricEoS 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 hybriEoS3
19- X(0O)X(S) duffered COHS MRK hybifithS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2)N/C Cbuffered COHN MRK hybstbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0O) 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_option file:
H20 - PSEO0S Pitzer & Sterner 1994
CO2- PSEo0S Pi#r & 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) phase, its equation ofp&atets use of its
compositional variable:
*X_C1 can not be selected as thaxis variable
2
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Erter minimum and maximum values, respectively, for: T(K)
698
973

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

2

Enter minimum and maximum values, respectively, for: P(bar)
1000
10000

Specify sectioning value for: Y(COZ2)
0

For gridded minimiz#on, grid resolution is determined by the number of levels (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 effective resolution

exploratory 1 10 10 10 x 10 nodes

auto-refine 4 60 60 473 x 473 nodes

To change these options edit or create the file perplex_option.dat
Seewww.perplex.ethz.ch/perplex_options.html#grid_parameters

All thermodynamic components must be constraingplecify saturated components also (Y/N)?
n

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

The amounts you enter next need not be normalized; regasdt#aunits, theydefine 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 (/N
n

Include solution models (Y/N)?
Y
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Enter the solution model file name [default = solution_model.dat]:
[enter]
X

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

clinohumite models: TiCh(PL) Chum

clinoamphibolemodels: cAmph_I(G) cAmph(G) Cumm cAmph(DP) cAmph_I(DP

X

For details on these models see:www.perplex.ethz.ch/perplex_solution_model_glossargrhimald the commentary
in the solution model file.

Chiw)

Bi(W)

Gty(W)

Ctd(W

St(W)
CrdW)

Enter alculation title:
Ex9

(2) Doing the calculation\ERTEX
Run VERTEX to make the calculation:

CA\PERPLERerplex15>vertex

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the poject name (the name assigned in BUILD) [default = my_project]:
ex9

Reading problem definition from file: ex9.dat

Reading thermodynamic data from file: hp62ver.dat
Writing print output to file: ex9.plt

Writing plot output to file: ex9.plt

Writing phase assemblage data to file: éx{i

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_pseudocompowhassary.txt
Writing Perple_X option summary to: not requested

Perple_X computational option settings for VERTEX:

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

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

Free energy minimization options:
MINFRC_diff_increment 0-E [le7] 1e3 =>1e9
MINFXC_solver 0 [0] >sp@ci2,;-1 - MINFXC
optimization_max_it 40 [40] >1
optimization_precision 0.1B [le4], 1el => 16, absolute
dynamic_LP_start war [warm] cold hot

static_IP_start war [hot] cold warm

order_check F AT

refinement_points 6 [autopl4

refinement_switch F [TTF

scatterpoints T [TIF

scatterincrement OBl [le2]le2=>1e7

solvus_tolerance_Il  aut [0.23D

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

X_nodes 10/60 [10/40] >0, <2048; effectigsotution 10 /473 nodes
y_nodes 10/60 [10/40] >0, <2048; effectiesgtution 10 /473 nodes
grid_levels 1/4 [1/4] >0, <10

linear_model on [on] off

Solution subdivision options:
initial_resolution: @000 [1/5] @1; 0 => 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_toérance aut [aut] ox; 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_precision 0.4 [1d5] <1, absolute
speciation_max_it 100 [100]

function_tolerance_exp 0.8 [0.8] sets x in tol = epsmch”x
GFSM F [F] T GFSM/special_compagggant to
hybrid_EoS_H20 4 2] 87

hybrid_EoS_CO2 4 4o

hybrid_EoS_CH4 0 0]D

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_solvent_solvus_tol 0.5 [0.510
ag_vapor_epsilon 1.0 [1.]
Input/Output options:

timing T [TTF
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auto_exdude T [TTF

output_iteration_detai F AT

output_iteration. g F [FIT

logarithmic_p F [FIT

logarithmic_X 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 T [F] T; echo static pseudocompound compositions
auto_refne_file F [T] F; echo agtfine compositions
seismic_data_file T [F] T; echo seismic wavespeed options
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 1[5

warn_interactive T [TIF

aq_error_verl00 F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solbent a
ag_error_verl03 T [T] F;afutange HKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TIF

error_verl09 T [TIF

do_not_reset_opions F [F] T, prevents automatic resets

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

Summary of makelefinition entities:

for foum fphA  fatg atgts cumm_dgfrun_dqgf fanth_dq ged dgf sil8L fo8L  fag§BL
cenjh gjL fojL  fajfioTL faTL cfsg mfpv  cmpv  dapv fcor hmgtskjdh  foHL
gHL KL

Summary of saturatedomponent entities:
for: SO2
q trd crst  coe stv qlL qjL qHL

**warning ver099** no data for aqueous species, ag_output and aq_lagged_speciasableiil.

Solution model summary:
**warning verl114** the following endmembers are missing for Chl(W)
mnchl  ff3cli  f3clin
**warning ver102** reformulated subcompositiofM][M,T] of Chl(W) due to missing endmembers.
122 pseudocompounds generated for: Chl(W)
**warning verl114** the following endmembers are missing for Gt(W)
spss  gor fmn_i fkho_i khol andr_i
**warning ver050** reformulatingprismatic solution: Gt(W)  because of missing endmembers.
(reformulation can be controlled explicitly by excluding additional endmembers).
4 pseudocompounds generated for: Gt(W)
**warning ver114** the following endmembers are missing for Ctd(W)
ctdo  mnctd
4 pseudocompounds generated for: Ctd(W)

cfs
faHL
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**warning ver114** the following endmembers are missing for St(W)
mstt msto  mnst
4 pseudocompounds generated for: St(W)
**warning verl14** the following endmembers are nsisg for Bi(W)
mnbi  ffbi_d fhi ftbi_d thi
**warning ver102** reformulated subcomposition [M,T][M] of Bi(W)  due to missing endmembers.
16 pseudocompounds generated for: Bi(W)
**warning ver114** the following endmembers are gsing for Crd(W)
mncrd  hmnerd i
**warning ver050** reformulating prismatic solution: Crd(W) because of missing endmembers.
(reformulation can be controlled explicitly by excluding additional endmembers).
33 pseudocompounds generated fordQ)
Total number of pseudocompounds: 183

Summary of included solution models:
Chi(W) Gt(W) Ctd(W) St(w) Bi(W) Crd(W)

** Starting exploratory comptational 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 level 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:
33 compositions for: Chl(W)
7 compositiors for: Gt(W)
5 compositions for: Ctd(W)
8 compositions for: St(W)
62 compositions for: Bi(W)
27 compositions for: Crd(W)
Total number of compositions: 142

** Starting autorefine 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 lw level grid.
8.3% done with low level grid.
10.0% done with low level 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.
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20.0% donewvith low level grid.
21.7% done with low level grid.
23.3% done with low 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% done 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 leveligl.
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 lovevel grid.
60.0% done with low level grid.
61.7% done with low level grid.
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% donevith low level grid.
73.3% done with low level grid.
75.0% done with low 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% done 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.
95.0% done with low level grid.
96.7% done with low level igk.
98.3% done with low level grid.
100.0% done with low level grid.

Beginning grid refinement stage.
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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 of the theoretical limit of 14161
1043 grid cells to be refined at grid level 3

...working (250 minimizations done)

...working (751 minimizations done)

...working ( 1252 minimizations done)

...working ( 1755 minimizations done)

refinement at level 3 involved 1907 minimizations
6760 minimizations required of the theoretical limit of 56169
1768 grid cells to be refined at grieviel 4

...working (350 minimizations done)

...working ( 852 minimizations done)

...working ( 1353 minimizations done)

...working ( 1854 minimizations done)

...working ( 2356 minimizations done)

...working (2857 minimizations done)

refinement at level 4 involved 2966 minimizations
9726 minimizations required of the theoretical limit of 224676

Timing min. % of total
Static G calculation 0.67180E 8.1
Dynamic G calculation ~ 0.16953 20.4
Static LP 0.494702E 0.6
Dynamic LP 0.94581E 114
SuccessiveP 0.45339 54.6
Total of above 0.78958 95.1
Total elapsed time 0.83021 100.0

End of job: ex9

At the end of the calculation, a number of new files appear in the Perple_X folder. The most usdéfiel are
*** 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 calculated pseudosection:
C\PERPLERerplex 15>pssect

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright(C) 19862023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex9

Perple_X plot options are currently set as:
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Keyword: Value: Permitted values(dgf
axis_label_scale 1.20 [1.2] (rel)
bounding_box :

0  [O] xmin (pts)

0  [O] ymin (pts)

800  [800]+ength (pts)

800  [800] ¥yength (pts)
contour_t_interval 50.00 >01[50.0]
contour_p_interval  1000.00 >0 [1000.0]

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 [T]F
line_width 1.00 -90 [1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]4pcale (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 [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
Seewww.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) Crd(W) mu san
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6400
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4600
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2800
1000
753 808 863 918 973

Quartz and kD are in excess.

In the calculated pseudosedin, field assemblages have different variances. Fields with the sgdme
grey colour have the same variance. Colour code is as follows: light gr@yariant fields (6
phases) medium grey 3-variant fields(5 phases), dark grey =vhariant fields (4 phasesDarker
is the colour, higher is the variance (and lower is the number of phdkes
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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: F= CP + 2. In this case: GfKFMASH)
Therefore, fields characterized b phases (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 than 4 lines

(3) 2 fields with the same variance n (i.&ith the same n° ofphases) are always separated b
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 DISAPPEARANCE of a phas

+Qz + H,C +Qz + H,0

"ere. ' [ehimsctd

Ms St Bt

/
Bt AIS KIS
Ms Bt Als /

Ms Bt
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In the diagram on the left,ariance of each fields 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.
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(5) COMPARISON BETWEEN AFM DIAGRAMS AND PSEUDOSECTION
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Comparison betwen AFM diagrams (EX.&alculated at I 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%ed dot in theAFM diagram)s

Mineral assemblages predictelly 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) Calculating ISRIODES (WERAMI)

This section explains how to calculate the variatianthe modal amounts of each minera
phase (vol%), for the modelled pseudosection.

C\PERPLERerplex 15>werami

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project nametlie 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 for WERAMI:

Keyword: Value: Permitted values [default]:
Input/Output options:

agueous_output T [FIT

ageuous_species 20 [2@b0

ag_solvent_compsition 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

logarithmic_X F [FIT

bad_number NaN [NaN]

composition_constant F [FT

composition_phase mol [mol] wt
composition_system  wt [wt] mol

proportions vol [vol] wt mol

absolue F [FT

cumulative F [FIT
fancy_cumulative_modes F [FT
interpolation on [on] off

melt_is_fluid T [TIF

solution_names mod [mdddbreviation full
structural_formulae T [TIF

output_species T [TTF
output_species_props F [FIT
seismic_output som [some] none all
poisson_test F [FIT

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

option_list_files F [F] T; echo computational options
Thermodynamic options:

approx_alpha T [TIF

AndersonGruneisen  F AT
hybrid_EoS_H20 4 {a]e87
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hybrid_EoS_CO2 4 {40

hybrid_EoS_CH4 0 {D]D

fd_expansion_factor 2.0 [2]1 >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 [0.5pQ

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 T[F]

fluid_shear modulus T [TIF

phi_d 0.36 [0.38]10
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T H1

ag_error_verl100 F [F] T, abort during iteration
ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
aqg_error_verl03 T [T]F, outof-range HKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TIF

error_ver109 T [T1F

do_not_reset_options F [F] T, prevents autamatets

To change these options segww.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 -as in 3, but input from file
2

Select a property:
1 - Specific Enthalpy (J/m3)
2 - Density (kg/m3)
3 - Specific heat capacity (J/K&h
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 a solution 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)
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7

Enter solution or compound (left justified):

14 - Swave velocity (Vs, km/s)

15-Vpl/Vs

16 - Specific entropy (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 - Assemblage Index

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 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 agueous solute chemistry

Gt(W)

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.

Mode can be compuias vol%mol% or wt%. The default value is vol%. You can control thaier

Y2RATEAYI (GKS GLINRPLIRNIA2YVAEE

Select an additional property or enter 0 to finish:

7

Enter solution or compound (left justified):

ChI(W)

18862NR AY

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

iKS

LIS NLX S
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Enter solution or compound (left justified):
Ctd(W)

Include fluid in computation of aggregate (or modal) prdjes (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):
St(W)

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):
Bi(W)

Include fluid in computation of agegate (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 0 to finish:
7

Enter solution or compound (left justified):
mu

Include fluid in computabn 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):
Crd(W)

Include flud 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
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Enter solution or compound (left justified):
san

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 justifi¢d
ky

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 (lefustified):
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 compund (left justified):
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 0 to finish:
0

Change defdtivariable range (y/n)?
n

Select the grid resolution (to use an arbitrary grid set sample_on_grid to F):
1- 60 x 60 nodeglefault]
2- 119 x 119 nodes
3- 237 x 237 nodes
4- 473 x 473 nodes
4
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**warning ver538** use of multievel grids may generate noise due to datterpolation onto unpopulated nodes. If
exceptional resolution is required sgtid_levels to 1 1 and change the 2nd value of x/y_nddesbtain the desired
resolution.

To disable [all] interactive warnings sgarn_interactive to F.

Continue (y/n)?

y
X
X

Data ranges excluding values equal to bad_number ( 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)p96%  san,
ky,vo% sill,vo% and,vo%
min 0.586736001 0.814659 0.10255081 0.171665 0.17088882 7.44356 0.314714
5.63422 0.409001 0.695036 0.480Q04E
max 15.0307 42.3850 2.40039 27.4426 65.4028 57.8107 59.8453 26.2888
25.9108 29.7444 30.2407
Output has been written to the 2d tab format file: ex9_1.tab

2d tab format files can bprocessed 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/perplexXaq/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
0

At the end, you have a new fi{ex9 1.tab) in he Perple_X folder.

(6) Calculating ISBLETHSNERAM)

This section explains how to calculate COMPOSITIONAL ISOPLETHS for specific priases.

In this example, the XMg (Mg/Mg+Fe) @torite, staurolite, garnet and biotite is calculated.
CA\PERPLERerpkex715werami

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex9
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Reading Perple_X options from: perplex_ioptdat
Writing Perple_X option summary to: not requested

Perple_X computational option settings for WERAMI:

Keyword: Value: Pernditi@lues [default]:
Input/Output options:

agueous_output T [FIT

ageuous_species 20 [20b0

ag_solvent_composition y [y] m: y => mol fraction, m => molality

ag_solute_composition m ][ y => mol fraction, m => molality

spreadsheet T [FT

logarithmic_p F [FIT

logarithmic_X F FT

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 [FT

cumulative F [FIT

fancy_cumulative_rodes F [FIT

interpolation on [on] off

melt_is_fluid T [TIF

solution_names mod [model] abbreviation full

structural_formulae T [TIF

output_species T [T]F

output_species_props F [FIT

seismic_output som [some] none all

poisson_test F [FIT

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

option_list_files F [F] T; echo computational options
Thermodynamic options:

approx_alpha T [TIF

AndersonGruneisen  F AT

hybrid_EoS_H20 4 0f2] 47

hybrid_EoS_CO2 4 {40

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 comptitanal options:

seismic_data_file T [FIT

bounds VRH [VRH] HS

vrh/hs_weighting 0.5 [0.5pQ

explicit_bulk_modulus T [TTF

poisson_ratio on [on] all off; Poisratio = 0.35
seismic_output som [some] none all
poisson_test F [FIT

Tisza_test F [FIT

fluid_shear_modulus T [TIF
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phi_d 0.36 [0.36{10
Eror/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF

ag_error_ver100 F [F] T, abort during iteration
ag_error_verl0l T [T] F, solute undersaturation abort

ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_verl03 T [T] Frafutange HKF g abort
ag_error_verl04 T [T] F, abort on failed réstjmc
warning_ver637 T [TTF
error_ver109 T [TIF
do_not_reset options F [F] T, prevents automatic resets

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

Select operational mode:
1 - properties at specified conditions
2 - properties on a 2d grid
3 - properties along a 1dath
4 -as in 3, but input from file
2

Select a property:
1 - Specific Enthalpy (J/m3)
2 - Density (kg/m3)
3 - Specific heat capacity (J/K/m3)
4 - Expansivity (1/K, for volume)
5 - Compressibility (1/bar, for volume)
6 - Compogion (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 modulus (bar)
11 - Adiabatic shear modulu®#r)
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 massf@a phase (kg/m3ystem)
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 (km/s/K)
27 - P-wave velocity T derivativikm/s/K)
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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 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
8

Enter solution (left justified):
Gt(W)

Define the composition in terms of the species/endmembers of Gt(W)  (y/n)?

Answer no to define a compdaigin in terms of the systems components.

Units (mass or molar) are controlled by the composition keywogkiplex_option.dat.

AnswerNOto define a composition in terms of the systems componéatg. MgO, FeO, etc.)

Answer YES to define a compositionemms of the solid solution erthembers (e.g. Prp, Alm, etc.)

Phase compositionsan be computd as mol% or wt%. The default value is mol%. You can control this

LI N} YSGSNI Y2RATE@AY3I (KS aO02YLRaAAGA2YPLIKFIasSe (Seg?2
n

Compaitions 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(j) = molar amount of component |
w(j) = weighting factor of component j (usually 1)
How many components in the merator of the composition (<15)?
We want to calculate the ratio Mg/(Mg+Fe), this means that weehzne component in the numerait (MgO)
and two components in the denominator (@ + [EO)
1

Enter component indices and 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@. foe M
weighting factor is 1; for K20 the weighting factor is 2 etc.)
1 | index for MgO
1 | weighting factor for MgO
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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

This composition will be designated: C[Gt(W)1]

Slect an additional property or enter 0 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 compaosition in terms of the systems components.
Units (mas®r molar) are controlled by the composition keywordoierplex_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
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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:
1.0 MgO
divided by
1.0 MgO + 1.0 FeO
Change it (y/n)?
n

This composition will be designated: C[ChI(W)2]

Select an additional property or enter O to finish:
8

Enter solution (left justified):
St(W)

Define tre 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 keyworkiplex_option.dat.
n

Compositions are defineak 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 j
w(j) = weighting factor of component j (usually 1)

How many components in the numerator of the comsfiion (<15)?

161 | Updated: 2024, Januanp



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 ascomposition.
2

Enter component indices and weighting factors for the denominator:
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[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(W)  (y/n)?

Answer no to define a composition terms of the systems components.
Units (mass or molar) are controlled by the composition keyword inperplex_option.dat.
n
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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 j
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-Al2C8
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-A203
3-K20
4-FeO
5-Si02
6-H20

e 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 additional property or enter O to finish:
0

Change default variable range (y/n)?
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Select the grid resolution (to use an arbitrary grid set sample_on_grid to F):

1- 60 x 60 nodeglefault]

2-119x 119 nodes

3- 237 x 237 nodes

4- 473 x 473 nodes
4
**warning ver538* useof multi-level grids may generate noise due to datgerpolation onto unpopulated nodes. If
exceptional resolution is required sgtid_levels to 1 1 and change the 2nd value of x/y_nddesbtain the desired
resolution.
To disable [all] interactive waings set warn_interactive to F.

Continue (y/n)?

y
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 0.117823 0.471855 0.14498 0.313366

max 0.267658 0.638718 0.339166 0.584945

Output has been written to the 2d tab format file: ex9_2.tab

2d tab format files can be processed with:
PSTABLEa Perple_X plottingrogram
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/fag/Perple_X_tab_file_format.txt

Select operationamode:
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
At the end, you have a new filex9 _2.tab) in the Perple_X folder.

(7) Plotting isomodes and@mpositional isopleths (PYWERAMI)

Use PYWERAMI to plot the calculated isomodes and compositional isopleths.
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Pywerami can be installed as a Python package on Windows, Linux, Mac OS X, and Mac
Silicon.You need Python 3.6 or later to run pyweramihe package requires NumPy and Sci

DS Apple
Dy,

and the plotting routines require Matplotlib.You can find instructions for installing Pywerami| at

this link:https://github.com/ondrolexa/pywerami

Run PYWERAMI to plot isopleths and isomodes.

From Pywerami, open #h.tab file(New).
Slect the property you want to pldrom the list on the lef{e.g. Gt(W)vo%)

From the menu at the bottom left you can modify:

Levels: theminimum and maximum values to be plottdtMinimum/Maximum) as well as the interval

between theisopleths/isomodegusing either levels or steps)

Style: the color of the lines (either Single color or Colormap; different types of Color map can be choosen

using the dropdown menu), the color of the fields (filled contours); you can also add the le@ahatbar)
and labelling.

You carexportthe image indifferent formats.|F YOU WANT TO MODIFY THE FIGthRBest choices are

.ps or pdf.
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Ex D
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Ex.10g P-Tpseudosectiorfora METAPELITE the MNNKCFMASHyste

This exercisés intended to explore the influence of some minor components ¢a CaO
and MnQO) on the topology of the pseudosection calculated for the metapelite sample
investigated in Ex9. The exercise also explains how to calcul@gMULATIVEMODES

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 Tablarid their Fig.5a).

Total bulk composition (mol%; SiO2 in excess):

Al203=37.99, Fe0=21.93, Mg0=19.59, MnO20CGRh0=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 indEgxcept for the addition of Na20, CaO and MnO compongnis
can edit the e®.dat input file (remember to renamethe file a€££x10). Thus, the thermodynamic components

are:

begin thermodynamic component list

Na20 1 6.11000  0.00000 0.00000 molar amount

MgO 1 19.5900 0.00000 0.00000 molar amount

Al203 1 37.9900 0.00000  0.0000 0 molar amount

K20 1 9.01000 0.00000 0.00000 molar amount

CaO 1 4.95000 0.00000 0.00000 molar amount

MnO 1 0.42000  0.00000 0.00000 molar amount

FeO 1 21.9300 0.00000 0.00000 molar amount
end thermodynamic component list

Adding Na20 and CaO additionally implies thattdraary feldspar glagioclaser K-feldspal) and the white
mica (muscovite + paragonite) solid solution moddisuld be 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:
CAPERPLERerplex715vertex

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.
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Enter the project name (the name assigned in BUILD) [default = my_project]:
ex10
X

(3) Plotting the calculated phase diagram GEC)I

Run PSSECT to plot the calculated gesaction:
C\PERPLERerplex715pssect

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex10

Reading Perpl X options from: perplex_option.dat

Perple_X plot options are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale .20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0  [O] ymin (pts)
800 [800]#ength (pts)
800  [800]yength (pts)
contour_t_interval 50.00 >0 [50.0]
contour_p_interval 1000.00 >0 [1000.0]

field_fill T [TIF
field_label T [TIF
numeric_field_label F [F] T, if T PSSHES Wet 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 HT]
line_width 1.00 -90[1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]3scale (rel)
130. [0.18]stransktion (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
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PostScript will be written to Bt ex10.ps
Modify the default plot (y/n)?
n

There are 10 fields for: Chl(W) Bi(W) Mica(W) feldspar zo ab

There are 7 fields for: Chl(W) Bi(W) Mica(W) Gt(W) feldspar zo ab
There are 3 fields foBi(W) Mica(W) Crd(W) feldspar feldspar

There are 6 fields for: Chl(W) Bi(W) Mica(W) Crd(W) feldspar

There are 2 fields for: Bi(W) Mica(W) Crd(W) feldspar feldspar sill
There are 6 fields for: Bi(W) Mica(W) Gt(W) feldspar feldspar sill
There are Zields for: Bi(W) Mica(W) Gt(W) St(W) feldspar ky

There are 2 fields for: Chl(W) Bi(W) Mica(W) Gt(W) St(W) feldspar and

In the resulting diagram, both plagioclase and Kt Ra LI NJ I N NBLR2 NI SR | a
containing two feldspars containoth plagioclase and-f€ldspar, whereas those containing one
feldspar can contain either plagioclase efeidspar.To know which of the two feldspars is stable

in a given field, use WERAMI option 1 (properties at specified conditipag). at 753 K, 300far:

Stable phases at:
T(K) = 753.000
P(bar) = 3000.00
Y(CO2) = 0.00000

Phase Compositions (molar proportions):

wt% vol% o’ mol Na20 MgO Al20O3 K20 CaO MnO FeO SiO2 H20
Chl(W) 17.78 17.21 10.92 4.31 0.00000 2.56869 1.22107 0.00000 0.00000 0.05789 2.15235 2.77893
Bi(W) 22.520.80 1834 7.25 0.00000 1.12172 0.64860 0.50000 0.00000 0.02352 1.70616 2.85140 1
Mica(W) 32.05 32.30 31.02 12.3 0.06244 0.03160 1.44626 0.43620 0.00273 0.00000 0.02351 3.05237
feldspar 27.64 29.69 39.72 15.7 0.34063 0.00000 0.65666 0.00271 0.31332 0.00000 0.00000 2.68668

Phase speciation (molar proportions):

Chl(W) mnchl: 0.01158, daph: 0.46919, ames: 0.22112, afchl:@21%RHEY, axdiml: 0.00002, 6@1B366
Bi(W) mnbi: 0.00784, east: 0.14860, ann: 0.55017, phl: 0.23774, obi: 0.05564
Mica(W) mu: 0.81728, pa: 0.12487, mal_dqgf: 0.00273, cel: 0.03160, fcel: 0.02351

feldspar abh: 0.68125,(31332, san: 0.00542
The tldspar stable af53 K, 3000 bar is a plagioclase.

10000

|_Pg Zo [-PI]

- ChlGrt Ms
Pg Zo

Chl Grt

8200

6400

P(bar)

4600

2800

Ms” Crd Kfs Als
: Crd Als
- | Chl Grt Ms Crd_/ Ms Crd Als’

Grt Ms Crd Ms Crd Crd Kfs

1000

1 W .
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Ex9 (KFMASH)
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Ex.10 (MNNCKFMASH)
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Comparing this pseudosection with that modelled in Ex. 9 (KFMASH system), it appearshihamtroduction of NaO, CaO and M@ has the

following consequences:

1 The garnet stability field is significantly enlarged toward low P and T with restjge the pseudosection of Ex.;9

Chloritoid is no more stable;

= =2 =2 =4

Zoisite appears at low T.

Plagioclaseand/or albite is predicted to be stable in most of the fields;

The biotite stability field is significantly enlarged toward lower T (bit#tiis predictedto be stable in all the fields);
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(4) Calculating cumulative modes along a geothermal gradi@MERAM)

This section explains how to calate thevariation in the modal amountf all the phases
(vol%)along a geothermal gradient defined as: P (bar) = 15 § 8315 (corresponding t¢
the white dashed line reported in the pseudosection below).

+Qz +Bt +PI/Ab +H,0

10 [~ TNl Als
- Chl Grt Ms — Ab

9 |-PgZo[-PI] » — Bt

E Chl Grt Ms —— Chl
8 - Pg Zo — Crd
- ChlGrt — Grt

— Ms

- Pe
§ ¢ s | — Pl
Z0

3 f chivs RSl 7
Crd Kfs Als
2 Chl Grt Ms Crd\ #“Ms Crd Al

Grt Ms Crd Ms Crd //

1
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C)

Use an excel spreadsheet to create the infie for the definition of the P/T gradient. The input file
should consist of two columns 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 according to the
equationP (bar) =15 T (K)6545p { | S GKS FAtS +a | SGEG FAES
Perplex715 folder.

Run WERAMI to calculate the MODEZ&Idf thegphases.

CAPERPLERerplex715werami

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex10

ReadindPerple_X options from: perplex_option.dat
Writing Perple_X option summary to: not requested

Perple_X computational option settings for WERAMI:
Keyword: Value: Permitted values [default]:
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Input/Output options:
agueous_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

logarithmic_X F FT

bad_number NaN [NaN]

composition_constant F [FIT

composition_phase mol [mol] wt
composition_gstem  wt [wt] mol

proportions vol [vol] wt mol
absolute F [FIT

cumulative F [FIT
fancy_cumulative_modes F [FIT
interpolation on [ooff

melt_is_fluid T [TIF
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
poisson_test F [FIT
interim_results aut [auto] off manual
sample_on_grid 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 {00

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}kQ

explicit_bulk_modulus T [TIF

poisson_ratio on [on] all off; Poisson ratio = 0.35
seismic_output som [some] eat

poisson_test F [FIT

Tisza_test F [FIT

fluid_shear_modulus T [TIF

phi_d 0.36 [0.36]10
Error/warning control options:

pause_on_error T [TIF

max_warn_limit 5 [5]

warn_interactive T [TIF
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ag_error_verl100 F [F] T, abort during iteration

ag_error_verl01 T [T] F, solute undersaturation abort
ag_error_verl02 T [T] F, pure + impure solvent abort
ag_error_ver103 T [T] Frafutange HKF g abort
ag_error_verl04 T [T] F, abort on failed respeciation
warning_ver637 T [TIF

error_ver109 T [TTF

do_not_reset_options F [F] T, prevents automatic resets

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

Selet 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
4
Select option 4 if you would like to use the geothermal gradient as defined igréuetxt file.

Path will be described by:
1 - afile containing 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& Points defined 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 - SpecificEnthalpy (J/m3)
2 - Density (kg/m3)
3 - Specific heat 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 proportin) of a phase
8 - Composition (Mol, Mass, or Wt%) of a solution 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-Vpl/Vs
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16 - Specific entropy (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 - Assemblage Index

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 madulus T derivative (bar/K)

30- Shear modulus T derivative (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 derivagiyunitless)

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 backalculatedaqueous solute chemistry
25

Option 25 allows to simultaneously calculate the mode of all the phases.

Output cumulative modes (y/n)?

(see www.perplex.ethz.ch/perplex_options.html#cumulative_modes)

n

Although our aim is to calculate CUMULATIVE MODESS &uglg (12 y23G &St SO0 GKS aO¢
KSNB>X 06SOldzaS AG Aa Y2NB Slhae (2 LX20 ay2N¥YILté Y
GOdzydzZf F A PS¢ Y2RSa dzaAy3a t{{9/ ¢

Include fluid in computation of aggregate (or modal) properties)®/n
n

**warning verl78* at T(K)= 703.0 P(bar)= 4000.

the shear modulus of: Chl(W)

is missing or invalid and has been estimated with the poisson_ratio option
X

Data ranges excluding values equal to bad_number ( NaN) specified in perptexdafiti

Chl(W) Bi(W) Mica(W) Mica(W) feldspar feldspar ab z0 cat(w)
and St(W) sill ky
min  2.58877 13.2457 21.2738%.100000E+100 27.9160 0.100000E+100 20.1753 0.98R452E
0.137610ED01 0.100000E+100 0.100000E+100 0.949769 0.100000E+100 0-P@2668E
max 21.5553 37.0092 38.39330.100000E+100 31.3362 -0.10000E+100 20.5351 6.29072
14.8790 -0.100000E+1060.100000E+100 5.72414-0.100000E+100 0.767599
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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/fag/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
0

At the end, you have a mefile (ex10 1.tab) in the Perple_X folder.

You can open the ex10_1.tab file using EXCEL; replace the NaN values with 0 and plot the data using

A

the option Area Graph.

24 VN

Chl Grt Ms
Pg Zo [-PI]
b

Chl Grt Ms
Pg Zo

+Qz +Bt +PI/Ab +H,0

Chl Grt Ms Crd_ /
N
Grt Ms Crd —* MsCrd - Crd Kfs
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1 4 -
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Ex 11
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Ex.11¢ T-XMg pseudosection for a METAPELITE in the MGRMASH syste

This exercise is intended to explore 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 talculate an isobaric-X pseudosection (i.e. a 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 pseudosection is 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

IntheperpSEY2 LIGA2Y FAESS OKIFy3IS (GKS &azfdzixmpayl YS
output - the abbreviation namérather than the whole model naméyr solution models

(1) Definition of the problem (BUILD)

CAPERPLERerplex715build

Perple_X relase 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 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 ringt for all output file names) [defdt =
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/perplerptions.html
[enter]
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Reading 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 computatinal 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)

8 - (pseudae)Ternary liquidus/solidus surfaces
Use ConveXull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Useonstrained minimization for phase diagraorsphase diagram sections with < 3 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 <enterXitash:

For GO-H fluids it is only necessary to select volatile species presaheirolids of interest. If the species
listed here are H20 and CO2, thendaonstrain O2 chemical potential to be consistent wittO-€l fluid
speciationtreat O2 as a satated component. Refer to the Perple_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 masffect your results (see Connolly 1990).

Select < 6 saturated components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MOONK2 ZrO2 CI2 02 CO2 CuO Cr26282 zZn0O
Enter names, 1 per line, press <enter> to finish:

Si02

Use clemical potentials, activities or fugacities as independeariables (Y/N)?
n

Select thermodynamic components from the set:
Na20 MgO AI203 K20 CaO TiO2 MnO FeO NIiO ZrO2CO2 020 Cr203B2ZnO
Enter names, 1 per line, pressmter> to finish:
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Na20
MgO
Al203
K20
CaO
MnO
FeO

Because the thermodynamic data file identifies: H&Dspecial components, you will be prompted next for the EoS to
be used fotthe corresponding composants and mixtures thereof. To override this behawprto use a generic hybrid
fluid EoS (GFSM) either:

set/add the GFSM option to T in your option file

or delete the special_component section from the thermodynamic data file header.
NOTE: the EoS choice specified here will override the EoS choafiespbythe hybrid EoS option, tooverride this
behavior delete the special_componesdction 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(CO2H20C0O2 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 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) 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 MK hybridEoS*
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) GSi MRK 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- 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)
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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 vaiable
In this case, the-axis variable is a composition (XMQ)
4

Select yaxis variable:

1-P(bar)

2-T(K)

3-Y(CO2)

4 - Composition X_C2 (user defined)
2

Enter minimum and maximum values, respectively, for: T(K)
698
973

Specifysectioning value for: P(bar)
3500

Specify sectioning value for: Y(COZ2)
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 ¥directions (Xx_nodes and y_noddbese parameters are currently set for the exploratory
and autorefine cycles as follows:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 10 10 10 roties

auto-refine 4 60 60473 x 473 nodes

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 omponent amounts by mass (Y/N)?
n

The amounts you enter next need not be normalized; regardless of unitsdéfae the molar amount of
the system

The bulk composition of the system will be computed as:

C = CO*(: X_C1) + C1*X_C1
where X_C1 varidsetween 0 and 1, and CO and C1 are the compositions
specified next.

To compute bulk compositions as: C = CO + Cl*Xh@dge the computational option keyword
closed_c_space.
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Enter the molar amounts of the components:
Na20 MgO AI203 K20 CaO MreD
to define the composition CO

This corresponds to XMgO=0.

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 XMgOD=

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_model.dat]:
Enter solution model file name [default = solutionodel.dat] left justified, < 100 characters:

[return]
X

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

clinohumite models: TiCh(PL) Chum

ternary-feldspar models: feldspar feldspar B PI(I1,HP) Fsp(Cl) PgpjHG

X

For details on these models see:www.perplex.ethz.ch/perplex_solution_model_glossargrhimald the commentary

in the solution model file.
Chl(w)

Bi(W)

Mica(W)

Gt(W)
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Ctd(w)
St(W)
Crd(W)
feldspar

Enter calculation title:
Ex1L

(2) Doing the calculationM\ERTEX

Run VERTEX to make the calculation:

C\PERPLERerplex715vertex

Perple_Xrelease 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the naemassigned in BUILD) [default = my_project]:
Ex11
X o

(3) Plotting the calculated phase diagram @ESC)I

Run PSSECT to plot the calculated pseudosection:
CA\PERPLERerplex715pssect

Perple_X release 7.1.5, Dec 1, 2023.
Copyright (C) 1988023 James A Donnolly <www.perplex.ethz.ch/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
ex11

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]¥ength (pts)
contour_t_interval 50.00 >0[50.0]
contour_p_interval 1000.00 >0 [1000.0]

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)
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font Helvetica

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

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
Tochange 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: Bio Mica Gt Fsp Fsp sill
There are 17 fiels for: Chl Bio Mica Fsp zo ab
There are 2 fields for: Chl Bio Mica Gt Ctd Fsp

973

T(°C)

(]
~
o

918

650 £
630
610
863

590

570

T(K)

550
808

530
510
753 490
470
450

430

698

+Qz +Bt +PI/Ab +H,0

0.200 0.400 0.600 0.800 1.0
X(C1) 0.0
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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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