PERPLE_X TUTORIALS

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

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

All the calculations have been performed wierple_ X version 6.8.(released on Januaryl,
2020). Each tutorial consts of a pdf file with the commented dialogs and a folder containing all
the files produced during calculatiofhe perplex_option.dat file used for each calculatien
provided in the corresponding folder

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

Topicsaddressed in the3exercises are as follows:

Understanding the differences between pregtions, chemographies and pseudosections

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

three aluminaesilicate polymorphs. The influence of different thermodynar
databases on the position of the AdSil triple point is also explored.

Ex 2: PT projection for the CMSH systemq(solid solution} Pag.16
This exercise explains how to calcela RT projection for the very simple CMS

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

1000°C, 0.20 kbar.

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

Ex 4. PT pseudosection for the CMSH system &olid solution} Pag4l
This exercise explains how to calculate a very simple pseudosentbninvolving

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

the difference between H projections and-f pseudosections.

Ex 5: TX(CQ) projections and pseudosections for the CIMZ-CQ system fio solid Pag52
solutions)

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

exercise iuseful to understand the difference betweenrX{CQ) projections and T

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

fluids.
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Working with solid solutions

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

This exercise explains how to calculatdvusrelationsin the system CaGMgCQ.

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 CaG0On magnesite in equilibriun
with dolomite, change as a function of temperature, and can be usec
geothermometers. The effect of pressure on the -Dal and DceMag solvi is

investigated by caldating the same phase diagram at different pressures.

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

This exercise explains how to calculate-& projection for the CaGMgCQ system,
using solid solutions (rather thannéd members only). Combined with Ex. 6, t
exercise provides the opportunity for understanding the relationships betw
isobaric FX sections and-P projections.

Pag.83

Pag.98

Working with solid solutiongn a more complex system

Ex 8:AFM chemographies ithe KFMASH system

¢tKAa SESNOAAS SELXIFAya Kz2g G2 O f Od:
metapelites in the KFMASH system. Opposite to ExsoBd solutionsare here
considered.The concept o£OMPONENT TRANSFORMATIKDINtroduced in ordel
to createthe three new componentsMU =0.5 K20 + 1.5 AI2QBHL = 1.5 Mg@Q
0.5A1203 and ANN = 1.5 Fe0.5AI203.

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

This exercise explains how to calculate-d pseudosection for a mapelite sample in
the simplified KFMASH system, usisglid solutions The influence of othe
components (N2O, CaO and MnQO) will be corsidd in the next exercise (Ex.)1@&t
the end, someéPRACTICAL TIPS FOR REDRAW&ERerpleX outputs are giveand
the comparison with the AFM chemographies calculated in Ex. 8 will be. dbwee
second part of this exercise explaingw to calculate ISOMODES and compositiol
ISOPLETHS

Ex10: P-T pseudosection for a METAPELITE in the MNNKCFMASH system

This eercise is intended to explore the influence of some minor componentsQ)\
CaO and MnO) on the topology of the pseudosection calculated for the metaj
sample investigated in Ex9. The exercise also explainsow to -calculate
CUMULATIVE MODES ALONGEOTHERMAL GRADIENT

Ex 1: T-XMg pseudosection for a METAPELITE in the MNNKCFMASH system
This exercise is intended to explore the influence of bulk XMg [MgO/(MgO+Fe(
the stability fields of the main mineral assemblages, for the same neéitapsample
investigated in Ex9 and 10. The exercise provides the opportunity to calculate
isobaric X pseudosection (i.e. a phase diagram section with a composit
parameter on the horizontal axis).

Pag. 14

Pag. 27

Pag. 101

Pag. 101
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Modelling a meltbearing system

Ex 12DIRECT modelling of an anatectic METAPELITE (NKCFMASH system) Pag. 101
¢KAd SESNDODA&AS RSIHfa gAGK GKS a5Lwod
solidusconditions (i.e. meld S NAYy 3o d a5ANBOG Y2RSft €

is the protolith compsition, including its initial #0 amount (which is generally n

the case).

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

Pag. 101
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Ex 1
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Ex.1 ¢ P-T projection for the AlLSIG system

This exercise explains how to calculate aTPdiagram for the very simple, two
components system Si©AlLOs (Quartz in excess)showing phase relations among the
three aluminosilicate polymorphs.

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

(1) Definition of the poblem (BUILD)

C\PERPLERerplex689build

Perple_X veisn 6.8.9, source updated Jan,3IR0.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

NO is the default (lank) answer to all Y/N prompts
"default" is what Perple_Xssumes if the user simply presses the enter key in response to a prompt.

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

Here you can decide how to name your project

Project names shodlnot include blanks or "." characters, but they may include directory information. The
project name can be up to 100 characters long, but because output files are nhamed using project name plus
various suffixes (e.g., .dat, .plt, .prt, .arf, .tof, .tabjsitunwise to specify names that are longer than 93
characters.

exl

The problem definition file will be nameedx1dat

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

The HP(Holland & Powell)databases are the most used in metamorphic petrghp In this exercise we
will use the hp02 (Holland & Powell, 1998, revised 2002). We will then compare the results with that
obtained using the more recent hp62 database (from the THERMOCALC versi@86Z; Holland &
Powell, 2011).

More information aboutthe HP databases are given https://hpxeosandthermocalc.org/thehpx-eos/
hpO2ver.dat

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

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

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

Explanatiors for each of thes parametersare at: http://www.perplex.ethz.ch/perplex_options.html

Reading computational options from: perplex_option.dat
The current data base components are:
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NA20 MGO AL203 SI02 K20 CAO TIO2 MNO FEO NIO QROMHZT 2CO2

Transfam them (Y/N)?

N

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

This option would permit the user to redefine the database components, e.g., to create FeR2®&e
components FeO and O2 (ikE203 2FEO + 0.5 02).

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

Specify computational mode:

1 - CorvexHull 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 calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D andRNTE reactive transport models)
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagramsphase digram sections with < 3
independent variables.
1
Use option 1 (Convexull minimization) for PROJECTION&chreinemakerdype diagrams) or
CHEMOGRAPHIE®fposition diagramsphase diagrams with > 2 independent variab)etJseoptions 2
or 3 (Constrained nmimization on a 2d grid/1d gridfor PSEUDOSECTIONS8age diagrams or phase
diagram sections with < 3 independent variables

Calculations with a saturated FLUID (Y/N)?

N

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

Calculations with saturated components (Y/N)?

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

NB.If more than one saturated component is specifiedrple_X applies the constraints sequentially, e.g.,

if A203 and ®2 are specified as the first and second components, then the excess phases might be
corundum + andalusite, if the order is reversed thahthe same conditios, the stable phases would be
guartz + andalusite. This sequence is referred to asé#bearation hierarchy

Y

**warning ver015** if you select > 1 saturated component, then the order you enter the components determines the
saturation heirarchy and may effect your results (see Copri@b0).

Select < 6 saturated components from the set:
NA20 MGO AL203 SI02 K20 CAO TIO2 MNO FEO NIO PROHZD2 CO2
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Enter names, 1 per line, press <enter> to finish:
SI02
(NB. It iSCASESENSITIVE

Use chemical potentials, tgties or fugacities amdependentvariables (Y/N)?

N

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

Select thermodynamic components from the set:

NA20 MGO AL203 SI02 K20 CAO TIO2 MNO FEO NIO Q@ROMZD 2CO2

Enter names, 1 per line, press <emtdo 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®hase diagram calculations require the spfication 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 = chemografieésee Ex}
1 = FX or PX diagrams (e.g-XMgO)
2= classical phase diagram projections and sections
See the comment above.

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

2

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

1073

T is expresseim Kelvin

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

12000

P is expressed in bar
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Output a print file (Y/N)?
Y

Exclude pure and/or endmember phases (Y/N)?
N
Here you can specify if you want to exclude some phases from the caloulati

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

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

After finishing with BUILD, a .dat file igenerated within the Perple_X folder. This new file (named
exldat) is the input file for the following calculation steps.

(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:

C\PerplexPerplex68>convex

Perple_X version 6.8.8oure updated Jai30, 2Q20.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

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

This section summarize where CONVEXeads the input data (thermodynamialatabase, input file
generated with build etc.), and whef@ONVEMritesthe resuls (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 solutiomodels 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

Thissectionsummarizes &l (G KS LI N} YSUGUSNE 0 d O2 ¥ LJdzs ISRRA AWl i KSLION 2
specifiedin the perplex_option.dat file.
Perple_X computational option settings for CONVEX:
Keyword: Value: Permitted valde&aplt]:
Auto-refine options:
auto_refine aut off manual [auto]
Schreinemakers andllixed-variable diagram options:
variance 1/99 [1/99], >0, maximum true variance
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increment 0.100/0.025 [0.1/0.025], default searchéraariable increment

efficiency 3 [3]>0<6

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

console_messages on [on] off

short_prirt_file on [on] off

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0208 - [1/48 ], 0 => off
stretch_factor 0.0020 >0{3d

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

pc_perturbation  0.0050 [5€B]
Thermodynamic optios:

solvus_tolerance aut [aut] e T, aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize

T_stop (K) 0.0 [O]

T _melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF

AndersonGruneisen F [FIT

speciation_factor 100. >10 [100] speciation precision = final resolution/speciation_factor

speciation_max_it 100 [100]
hybrid_EoS_H20 4 [4] e, 47

hybrid_EoS_CO2 4 {40
hybrid_EoS_CH4 0 0]
ag_bad_results err [err] 101, 102, 103, ignore
ag_lagged_speciation F [FIT
ag_ion_H+ T [T] F => use-OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
ag_vapa_epsilon 1.0 [1.]
Input/Output options:
dependent_potentials on off [on]
pause_on_error T [TIF
auto_exdude T [TIF

Worstcase Cartesianompositional resolution (mol):
Exploratory stage: 0.521E
Auto-refine stage: O0@BE3
Adapativeminimization will be done with:
4 iterations in he exploratory stage
5 iterations in the autorefine stage
To change these options see: www.penpkthz.ch/perplex_options.html

Summay of makedefinition entities:
si8L  g8L

Summary bsaturatedcomponent entities:
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for: SI02
q trd crst coe stv ofGL
q trd crst  coe stv  g@L q8L

** Starting auto_refine computational stage **

Initial number of divaiant assemblages to be tested is: 1

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

finished with equilibrium ( 2) ky =sill

finished with equilibrium ( 3) and = sill

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

At the end, youhave two new files in the Perple_X folder.nfexLprn file, which is the text file with all
the information about the calculation, andmexLplt file, that is the plot file.

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

Run PSVDRAW to plot theam#hted phase diagram:
CA\PERPLERerplex68>psvdraw

Perple_X version 6 8.source updated Ja80,2020.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

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

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

field_fill T [TTF

field_label T [TIF
field_labd _scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

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

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]+pcale (rel)
130. [0.18]xtranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotation (deg)
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plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->@ [0.025]

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

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

PostScript will be written to file: ex1.ps

Modify the default plot (y/n)?

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 d&ee below).

At the end, you have a new file ex1.ps in the Perple X folder. You can open this file with any graphical
software (e.g. CorelCaw, Adobe lllustrator etc.) and also convert it sapdf file.

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

12000 . . l I . T . I '

9800 [~

7600 [~

P(bar)

5400 —

3200 —

1000 '
593 713 833 953 1073

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

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

Run again PSVDRAW:

CA\PERPLERerplex68>psvdraw

Perple_X version 6 8.source updated J&30, 2(R0.
Copyrght (C) 198&020James A D Connolly <www.perplex.ethz/copyright.html>.

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

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

field_fill T [TTF

field_label T [TIF
field_label_scale 0.75 [0.72] (rel)
font Helvetica

grid F 1 TF

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
replicate_label 0.250 ->@ [0.025]

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

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

PostScript will be written to file: ex1.ps

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

y

Modify xy limits (y/n)?
AnswerY 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 poingsspiecified true variance.
This question is only relevant fanore complex calculations, involving solution models and therefore
considering also pseudanivariant curves (i.e. diariant equilibria involving two pseudocompounds of the
same phase as reactant and produ&ge Ex. .7
n

Restrict phase fields by pbaidentities (y/n)?

answer yes to:

- show fields that contain a specific assemblage

- show fields that do not contain specified phases

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

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

y

Suppress curve labels (y/n)?
n

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

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

Enter minimum fraction of the axes length that@arve 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 le to receive a numeric label-0000):
0 means thata numeric label will be assigned to all those curves that are shorter than the axes length.
0
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Suppress point labels (y/n)?
n

Modify default axes numbering (y/n)?
y

Enter the starting value and intea/for major tick marks othe Xaxis €urrent values are: 473.  160.
Enter the new values:
473
100
Enter the starting value and interval for major tick markghom Y-axs (current values are: 500.390E+04)
Enter the new values:
1000
2000
T T T T T T T T T T T
11000 [~ =
9000 — =
= 7000 — =
©
=
n- — —
5000 — -
L d o
3000 -
1000 1 1 | L | 1 | 1 1
573 673 773 873 973 1073
T(K)

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

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

Open theexldat input file and change its name @x1_hp62dat

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

hp62ver.dat thermodynamic data fil e

The most recent databases such as hp62ver.dat, define thermodynamic components with both upper and
lower case characters (e.g. SiO2, Al203 etc.), opposite to the old databases, in which thermodynamic
components were defined with upper case charactemty (e.g. SIO2, AL203 etc.).

In the input file, change the thermodynamic components accordingly.

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

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

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

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

9800 —

9800

7600 7600 —

P(bar)
P(bar)
T

5400 [~ 5400 —

3200 [~ 3200 -

1000 .
593 713 833 953 1073 593 713 833 953 1073

TK) T(K)

1000 _

Thealuminasilicate triple point isiow modelledat 550°C, 4.4 kbar.

The change in the position of the triple point dates back to the 2004 revision of the HP database. In the
2002 version (hpO2ver.dat) the aluminosilicate triple point is at 3.8 kbar and 50cofGistent with
Holdaway's (1971¢stimate; in the 2004 revision (and in tii@lowing versions, such as hp&#.dat) the
properties of the aluminosilicates have been adjusted to place the triple point at 4.4 kbar and 550 °C to
satisfy a petrological argument of 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 alrojection for the very simple CMSH system;
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\PERPLERerplex689build

Perple_X version 6 8.source updated J&si, 2Q20.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/copyright.html>.

NO is the default (lank) answer to alY/N prompts

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

Ex2

The problem definition file will be namedx2dat

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

The HP(Holand & Powell)databases are the most used in metamorphic petrolog9ne of the most
recent HP databases is hp62 from the THERMOCALC versiB$®Z, Holland & Powell, 2011l)suggest
using the hp62ver.dat database which has been tested in the last yearand has demonstratedo be
reliable for both metapelitic and metabasic systemdore information about the HP databases are given
at https://hpxeosandthermocalc.org/thehpx-eos/

hp62ver.dat

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

Reading computational options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 SiO2 K20 Cg@2 MO FeO NiO ZrO2 G2 H20 CO2 CuO Cr203 SN2 EZhO
Transform them (Y/N)?

N

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

This option would permit the user to redefine the database components, e.g., téecFe2O3from 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 components the program CTRANSF can be used to create a thermodynamice daitd fil
transformed components.

Specify computational mode:
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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 fictionation calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convexdull minimization for Schreinemakers projections or phase diagnaitis > 2 independen
variables. Use constrained minimization for phase diagramsphase diagram sections with < 3
independent variables.
1
Use option 1 (ConveXull minimization) for PROJECTIONESchreinemakerdype diagrams) or
CHEMOGRAPHIE®fposition diagramsphase dagrams with > 2 independent variablgsUseoptions 2
or 3 (Constrained minimization on a 2d grid/1d griidr PSEUDOSECTIONS8ate diagrams or phase
diagram sections with < 3 independent variables

Calculations with a saturated flu(@/N)?

Y

There aretwo important implications to specifying SATURATED PHASE it implies that the phase
components are always present in sufficient quantity to saturate the system in the phase; 2) it implies that
the specified phase is always stable. Thus, if you aerdsted in a system with excess H20, but the
physical conditions of the system may be those at which ice is stahleshould specify H20 as a saturated
component and not as saturated phase. Similarly, if water may not be always present as a puregohase y
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 calculatiore.g.HO, CQor a mixture of HO+CGQ).

NOTE Because specification ¢O as a saturated phase component causes Perple X to exclude any
phases with the D composition that are not named "H20", H20 should not be specified as a saturated
fluid phase in calculations involving a hydrous silicate melt if, as is commonly theticasmelt model
involves a water endnember that is not named "H2Q(e.g. h2oL)This means that, for calculations at
suprasolidus conditions (e.g. meltearing systems)the usermust consider H20 as a normal chemical
component, and not as a saturateldifi phasegsee Ex. 2and Ex. B).

Select the independent saturatdtliid 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 interestspeties
listed here are H20 and CO2, then to constrain O2 chemical potential to be consistent@ithfldid
speciation treat O2 as a saturated component. Refer to the Perple_X Tutorial for details.

H20

Calculations with saturated components (Y/N)?

N

SATURATED COMPONENIF& components whose chemical potentials are determined by the assumed
stability ofa pure phaseconsisting entirely ba saturated componente.g., a system that contains so much

18 | Updated: 2020, Febauy 3



silica that a silica polymorph (e.g., quartz or cogsigestable at all conditions of interest caa bpecified
here by selecting 62 as a saturated component.

If more than one saturated component is specified Perple_X applies the constraints sequentially, e.g., if
Al203 and ®2 are specified as the firgind second components, then the excess phases might be
corundum + andalusite, if the order is reversed thahthe same conditios, the stable phases would be
guartz + andalusite. This sequence is referred to asé#bearation hierarchy

Use chemical gentials, activities or fugacities asdependentvariables (Y/N)?

N

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

Select thermodynamic components from the set:

Na20 MgO AI203 SiO2 KBaOTio2 MnO FeO NiO ZrO2 @2 CO2 CuO Cr203 S2 NEZnO
Enter names, 1 pdine, press <enter> to finish:

MgO

GO

S02

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

Select fluid equationfostate:
0- X(CO2) H2@O2 Modified RedlieKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@0O2 HSMRK Kerrickl&cobs 81
2-X(C0O2) H2@0O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) euffered COH MRK hybrlEoS Connolly & Cesare 93*
12 - X(0)f(S2) cuffered COHS MRK hybiithS Connolly & Cesare 93*
13- X(H2) H2@H2 MRK hybridEoS*
14- X(C0O2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
19- X(OQ-X(S) éuffered COHS MRK hybifichS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24-f(02/CO2N/C Cbuffered COHN MRK hyb+iebS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0O) GSi MRK Connolil
27 - X(OYX(C) 8>-H MRK hybridEoS*
*Hybrid EoS use the following pure species EoS, to change these associations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEo0S Pitzer & Sterri94
CH4- HSMRK Kerrick & Jacobs 1981
5
Here you define th&€QUATION OF STATE (EoS) for the fluid phase
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Most thermodynamic datikases are based on equilibria which involve a fluid phase, and are therefore
derived with a specific fluid equatioof state. When using such databasess usually wise to choose (if
possible) the fluidEoSused in the data derivation for calculationslhus,the Holland & Powell (1991,

1998) EoS(choice 5) is op A Y £ F2NJ ( KS sldatdbdsésyrid Kearickt&/b 62 6 8Q oM
equation of state (choice 1) (or the hybrid equations of state, choices 28or 110 F2 NJ . SNX | y Q:
database. At high pressures above 20 kbar most of the equations of state for water become
thermodynamically unrealistic, CORK (cledb) minimizes this problem.

For rough calculations the differences between tBeSare not important andin the interest of saving

computer time choices 5 and 0 are optimalChoiced2-27 are equations of state for multispecies® H

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

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 geothermal gradieng aloaxes, 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
See the comment above.

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

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

1273

T is expressed in Kelvin

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

2

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

20000

Pis expressed in bar
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Specify sectioning value for: Y(COZ2)
0
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 of the 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 pases compatible with your system. The endmber phases 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. qL) are required for the melt solatidryou can therefore exclude

them for calculations 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 citaon and may
result metastable at lowr.

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & ftitanite€¢ CaS2O5 (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. (200 €Amph 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 Hiland et al., 2013nantle mineralogical model

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

Include solution phases (Y/N)?

N

Solid solutions are not considered this casebecausenve aremodeling reactions betweerend-member
phases.
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Enter calculation title:
Ex2

(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:
C\PerplexPerplex68>convex

Perple_X version 6 8.source updated JaBi, 2Q20.
Copyright (C) 1988020 James A D Connolly <wwperplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex2

Reading problem definition from file: ex2.dat
Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex2.plt

Writing plot output to file: ex2.plt

Reading solutiomodels 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 optiosettings for CONVEX:

Keyword: ValuePermitted values [default]:
Auto-refine options:
auto_refine aut off manual [auto]
Schreinemakers anillixed-variable diagram options:
variance 199 [1/99], >0, maximum true variance
increment 0.100/0.025 [0.1/0.025], default search/trace variable increment
efficiency 3 [8]1>0<6
reaction_format min [min] full stoichiometry S+V evergthin
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 =>1ff
auto-refine stage 0.0208 -1 [1/48 ], 0 => off
stretch_factor 0.0020 >0{3p

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

pc_pertuibation 0.0050 [&8]
Thermodynamic options:

solvus_tolerance aut [aut] e T aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
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T_stop (K) .00 [0]

T_melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF

AndersonGruneisen F [FIT

speciation_factor 100. >10[100] speciation pmetisifinal resolution/speciation_factor

speciation_max_it 100 [100]

hybrid_EoS_H20 4  [a)e7
hybrid_EoS_CO2 4 {0
hybrid_EoS_CH4 0 {D)v
ag_bad results err [err] 101, 102, 103, ignore

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

dependent_potentials on off [on]
pause_on_error T [TIF
auto_exdude T [TIF

Worstcase Cartesianompositional resolution (mol):
Exploratory stage: 0.521E2
Auto-refine stage: 0.868E
Adapativeminimization will be done with:
4 iterations in the exploratory stage
5 iterations in the autorefine stage
To change these options see: www.penpkthz.ch/perplex_options.html

Summay of makedefinition entities:
foBL  g8L cenjh  odi gjL dijL
fok foTL foHL qHL

This is the calculation.
** Starting aub_refine computational stage **

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

Initial number of divariant assemblages to be tested is: 7

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

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

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

finished with equilibrium ( 4) liz = br atg

Testing dvariant assemblage 4, 9 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.
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finished wth equilibrium (

7)diatg =trfo

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=qe

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

finished with equilibrium (
Testing divariant assemblage

71

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

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 divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testng divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
finished with equilbrium (
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Teding divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant ssemblage

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
Testing divariant assemblage
Teding divariant assemblage
Testing divariant assemblage
Testing divariant assemblage
Testing divariant ssemblage

8,
9,
10,
11,
12,
13,
14,
15,
16,
17,

18,
19,
20,
21,
22,
23,
24,
25,
26,
27,
28,
29,

12 assgebleemaining to be tested.

12 assemblages remaining to be tested.
12 assemblages remaining to be tested.
11 assemblages remaibiagested.

11 assemblages remaining to be tested.
11 assemblages remaining to be tested.
11 assemblages remaining to be tested.
11 assemblages remaining to be tested.
12 assemblages remaining to be tested.
11 assemblages remaining to be tested.

18) trfo =dien

14 assemblages remaining to be tested.
15 assemblages remaining to be tested.
15 assemblages remaitiaddsted.

16 assemblages remaining to be tested.
15 assemblages remaining to be tested.
14 assemblages remaining to be tested.
14 assemblages remaining to be tested.
13 assemblages remaining to be tested.
12 assemblages remaining to be tested.

12 assemblages remaining to be tested.

11 assemblages remaining to be tested.
10 assemblages remaining to be tested.

, 3010 assemblages remaining to be tested.

31,
32,
33,
34,
35,
36,
37,
38,
39,
40,
41,
42,
43,

9 assemblages remaining to be tested.
8 assemblages remaining to be tested.
8 assgyeblremaining to be tested.

7 assemblages remaining to be tested.
6 assemblages remaining to be tested.
5 assemblages remaiiaddsted.

5 assemblages remaining to be tested.
4 assemblages remaining to be tested.
3 assemblages remaining to be tested.
4 assemblages remaining to be tested.
5 assemblages remaining to be tested.
6 assemblages remaining to be tested.

5 assemblages remaining to be tested.
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Testing divariant assemblage 44, 5 assemblages remaining to be tested.
Testing divariant assemblage 45, 4 assemblages remaining to be tested.
**warning ver066** Metastable assehiage 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 divariantssemblage 49, 0 assemblages 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\PERPLDftPerplex68>psvdraw

Perple_X version 6.8.8ource updated JaBil, 2020
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
Ex2

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

field_fill T [TIF
field_label T [TTF
field_label _scale  0.75 [0.72])r
font Helvetica

grid F [FIT

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

picture_transformation :
0.180 [0.18%-scale (rel)
0.180 [0.18]+pcale (rel)
130. [0.18]xtranslation (pts)
220. [0.18]yranslation (pts)
0.00 [0.0] rotatin (deg)
plot_aspect ratio 1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->0 [0.025]
splines T [TTF
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tenth_ticks F [FIT
text_scale 1.000[1.] (rel)

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: @gs

Modify the defaultplot (y/n)?

N
20000 T T | T T
16
1
16100 i —
12200 : _
= - =) =
Y c{\ > g
x) nf& 2 -
a £ -
8300 (19 -
4400 ® —
500 | | | I | 417’
633 1113 1273
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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 you want to assign a numeric label (rather thartext label) to (most of) the reaction
curves.

Run again PSVDRAW:

C\PERPLERerplex68>psvdraw

Perple_X vesion 6.8.9, source updated Jan, 2120.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project or it 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 [800]#ength (pts)
800  [800]yength (pts)

field_fill T [TTF

field_label T [TTF
field_label scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

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

picture_transformation :

0.180 [0.18]-scale (rel)

0.180 [0.18]3scale (rel)

130. [0.18]xranslation (pts)

220. [0.18] ytranslation (pts)

0.00 [0.0] rotation (deg)
plot_aspect_ratio  1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->0 [0.025]

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

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

PostScript will be written to file: @qs

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

y

Modify xy limits (y/n)?
Answer Y if you want to modify ¢hT 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.
This question is only relevant for more complex calculatiomgplving solution models and therefore
considering also pseudamivariant curves (i.e. diariant equilibria involving two pseudocompounds of the
same phase as reactant and produ&ge Ex. .7
n

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

answer yes to:

- show fields that contain a specific assemblage

- show fields that do not contain specified phases

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

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

y

Suppress curve labels (y/n)?
n

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

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

Enter minimum fraction bthe axes length that aurve must be to receive a text label{D
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 thatarve must be to receive a numerabkl (01.000):
0 means thata numeric label will be assigned to all those curves that are shorter than the axes length.
0
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Suppress point labels (y/n)?
n

Modify default axes numbering (y/n)?
y

Enter the starting value and interval for major tick maokghe Xaxis ( current values are: 473. 160. )
Enter the new values:

473

100

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

Enter the new values:

1000

4000

17000

13000 -

%\ = =
=
o

9000 [~ -

5000 =

1000 = | | l | l |

573 673 773 873 973 1073 1173 1273

T(K)

Equilibria corresporidg 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 calculasmmposition diagrams (i.e. chemographies) for
the P-T projection of Ex. 2, at the P conditions reported below as-A

T T T T
17000 — —
13000 — =1
4
g B 4
8
o
9000 — —
5000 —
- . —
1000 = | il 1 | =
573 673 773 873 973 1073 1173 1273

T(K)

(1) Definition of the problem (BUILD)

CA\PERPLERerplex689build

Perple_X version 6 8.source updated JaBi, 2Q0.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/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]:
Ex3

The problem dénition file will be named: ex8at

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

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

Reading computational options from: perplex_option.dat

The current data base componis are:
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Na20 MgO AI203 Si02 K20 CaO Nit2 FeO NiO ZrO2 G2 H20 CO2 CuO Cr203R2%2 zZnO
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 calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transjefsmo
Use ConveXull minimization for Schreinemakers projections or phase diagrams with > 2 independent variables. Use
constrained minimization for phase diagrams or phase diagram sections with < 3 independent variables.
1
Use option 1 (ConveXull minimization) for PROJECTIONEchreinemakerdype diagrams) or
CHEMOGRAPHIE®fposition diagramsphase diagrams with > 2 independent variab)etJseoptions 2
or 3 (Constrained minimization on a 2d grid/1d griir PSEUDOSECTIONS8age diagrams or phase
diagram sections with < 3 independent variables

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

Sdect the independent saturatefluid components:
H20 CO2
Enter names, 1 per line, press <enter> to finish:

For CO-H fluids it is only necessary to selleolatile 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. Refer to the Perple_X Tutorial faiade.

H20

Calculations with saturated components (Y/N)?
N

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

Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiOl2@agO2C0O2 CuO Cr203 S2 NE2
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 chemograpHies =
bottom left, second =bottom right, third =top.
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Because the thermodynamic data file identifies: H20 as special components, you will be prompted next for the EoS to
be used for the corresponding composants and mixtures thereof. To override this behavior, e.g., to use a generic
hybrid fluid EoS, deletine special_component section from 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 hybriioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK hybriEoS Connolly & Cesare 93*
12 - X(O¥f(S2) ebuffered COHS MRK hybi#ihS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybrieEoS*
14 - X(C0O2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybriEoS*
19- X(O}X(S) @uffered COHS MRK hybiithS Connbyl & 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 hybrid EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- HSMRK Kerrick & Jacol$81
5

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

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

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:
Same as in Ex. 2
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rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

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

wo | wollastonite CaSiO3

pswo | pseudewollastoniteCaSiO3

wal | wollastoniteCaSiO3

ak | akermanite Ca2Mi207

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 Holland et al., 20h%ntle mineralogical model
cmpv | make definitions for Holland et al., 20b3antle mineralogical model
cpv | make definitions for Holland et al., 20h%ntle mineralogical model

Include solution models (Y/N)?
N

Enter calculation title:
Ex3

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

Specify values for:  P(bar) T(K) Y(COZ2). For calculation 1, enter zeros to finish.

Here you must specify at whichiTPXCO2 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). For calculation 2, 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.
Point C:

7000

843

0

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

0

Specify values for:

Point E:
9000
973

0

Specify values for:

Point F:
11000
1003

0

Specify values for:

Point G:
4000
843

0

Specify values for:

Point H:
5000
963

0

Specify values for:

Point I
6000
1073

0

Specify values for:.

0
0
0

P(bar) T(K) Y(CO2). For calculation 5, enter zeros to finish.

P(bar) T(K) Y(CO2). For calculation 6, enter zeros to finish.

P(bar) T(K) Y(CO2). For calcylatiter zeros to finish.

baf) T(K) Y(CO2). For calculaBioanter zeros to finish.

P(bar) T(K) Y(CO2). For cal@latiter zeros to finish.

P(bar) ) T(KY(COZXor calculationl0, enter zeros to finish.

(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:

CA\PERPLERerplex68Sconvex

Perple_X version 6.8.8ource updatedan 31 2@0.
Copyright (C) 1988020James A Ddninolly <www.perplex.ethz/copyright.html>.
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Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex3

Reading problem definition from file: ex3.dat
Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex3lt

Writing plot output to file: ex3.plt

Reading solutiomodels 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:

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

Solutbn subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0063 -1 [1/160], 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_pertuibation 0.0050 [=8]
Thermodynamic options:
solvus_tolerance aut [aut] erD; aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize

T_stop (K) 0.00] [

T_melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF
AndersonGruneisen F AT
speciation_factor 100. >10 [100] speciation precisiomkrésolution/speciation_factor
speciation_max_it 100 [100]
hybrid_EoS_H20 4 {2] 87
hybrid_EoS_CO2 4 4D
hybrid_EoS_CH4 0 0]

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

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

dependent_potentials on off [on]
pause_on_error T [TIF

auto_exdude T [TIF

Worst-case Cartesianompositional resolution (mol):
Exploratory stage: 0.52%E
Auto-refine stage: 0.5218
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Adapativeminimization will be done with;
4 iterations in the exploratory stage
4 iterations in the autorefine stage
To change these options see: www.pe&npkthz.ch/perplex_options.html

Summay of makedefinition entities:
fo8L 8L cenjh  odi gjL dijL
fo. foTL foHL qgHL

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

cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

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

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the compositional phase relations at condition 3
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the compositional 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 relations at condition 5
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the compositional 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 relations 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
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cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

Computing the compositional phase relations at condition 9
cycle 1 1 1

cycle 2 2 3

cycle 3 4 5

cycle 4 6 7

cycle 5 8 8

(3) Plotting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated chemographies:
CA\PERPLERerplex68$PSVDRAW

Perple_X veisn 6.8.9, source updated Jan 31, 2020.
Copyright (C1986:2002James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
EX3

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

0  [O] ¥min (pts)

0  [0] ymin (pts)
800 [800] xlength (pts)
800  [800]¥ength (pts)

field_fill T [TTF

field_label T [TIF
field_label_scale 0.75 [0.72] (rel)
font Helved

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]xranslation (pts)

220. [0.18]yranslation (pts)

0.00 [0.0] rotation (deg)
plot_aspect_ratio 000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->([0.025]

splines T [TTF
tenth_ticks F AT
text_scale 1.000 [1.](rel)
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To change these optioreslit or create the plot option file
Seewww.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to fileex3ps

Modify the default plot (y/n)?
N

P(bar) =0.300E+04
. T(K) = 573.
Na Y(CO2) = 0.00
/0 (fluid saturated)

\

“\.\‘ \
gt \t\a

\\

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

\ /
lime br [ime

P(bar) =0.700E+04
, T(K) = 843.
/4 Y(CO2) =0.00
W\ (fluid saturated)

f*-'\\(a

AN

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

“br

‘lime *br “lime

39 | Updated: 2020, Febauy 3


http://www.perplex.ethz.ch/perplex_plot_options.html

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

e X i
N S

‘lime “br “lime

P(bar) =0.400E+04
‘ T(K) = 843.
/a Y(CO2) = 0.00
/AN (fluid saturated)

| oo /

k. b \\ // / 4

P(bar) =0.110E+05
T(K) =0.109E+04
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
/N9 Y(CO2)=10.00
\\ (fluid saturated)

“lime per

br
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Ex4
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Ex.4 ¢ P-T pseudosection for the CMSH system (no solid solutions)

This exercise explains how to calculate a very simple pseudosectionh.involving solid
solutions for a generic ultramafic composition (MgO=50, $#35, CaO=5 mol%:; red dot
in the figure below)

SiO2

Combined with Ex. 2 and Ex. 3, this exercise is useful to understand the differgnce
between RT projections and A pseudosections.

(1) Definition of the problem (BUILD)

C\PERPLERerplex689build

Perple_X veisn 6.8.9, source updategan 31 220.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/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_prgect]:
Ex4

The problem definition file will be nameédx4.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 computational options from: perplex_option.dat

The current data base components are:

42 | Updated: 2020, Febauy 3



Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiC20QR20 CO2 CuO Cr203 S2NBZnO
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 calculations

6 - 0-d Infiltration-reactiomation-fractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagram phase diagram sections with < 3
independent variables.
2
Use option 1 (ConveXull minimization) for PROJECTIONEchreinemakerdype diagrams) or
CHEMOGRAPHIE®fiposition diagramsphase diagrams with > 2 independent variab)etJseoptions 2
or 3 (Constrained minimization on a 2d grid/1d gridpr PSEUDOSECTIONSate diagrams or phase
diagram sections with < 3 independent variables

Calculations with a saturatetuid (Y/N)?
y

Select thandependent saturated fluidomponents:
H20 CO2
Enternames, 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 ¥iHH €Quid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

Calculations with saturated components (Y/N)?
N

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

Select thermodynansicomponents from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NIiO @802002 CuO Cr203 S2 NE2
Enter names, 1 per line, press <enter> to finish:

MgO

J02

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

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(CO2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK hybriEoS Connolly & Cesare 93*
12 - X(O¥f(S2) ebuffered COHS MRK hybi#ihS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybrideoS*
14 - X(C0O2) H2@O?2 Pitzer & Sterner 9¥plland & 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) @uffered COHS MRK hybiithS Connolly & Cesare 93*
20- X(O}X(C) COHS MRK hybEdS Connoll§ 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 #issseiations modify the hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- HSMRK Kerrick & Jacobs 1981

5

The data base has P(bar) and T(K) as defaafiendent 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 compond is specifiedor the Y(CO2phase, its equation of statpermits use of its
compositional variable: *X(C1) can not be selected as theiyvariable
2

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

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

44 | Updated: 2020, Febary 3



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 determined by the number of I€geis _levels) and the resolution at the
lowest level m the % and Ydirections(x_nodesand y_nodes) these parameters are currently set for the exploratory
and autorefine cycleas follows:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 40 40 40 x 40 nodes

auto-refine 4 40 04 313 x313 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

Here you canspecify the bulk composition of yosample either in wt%{by mass)r in mol%. In this
example, that refers to genericultramafic rock rather than to a real sample, | have chosen mol% because
it is eader to visualize a mol% composition on the chemodpiep.

Enter molaramounts of the components:
MgO SD2 @O

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 peme, press <enter> to finish:
Same as in Ex. 2 and Ex. 3.

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & ftitanite¢ CaS2O5 (one Si replaces Ti)
wo | wollastonite CaSiO3

pswo | pseudewollastoniteCaSiO3

wal | wollastanite CaSiO3

ak | akermanite Ca2MgSi207
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merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(0OH)2

cen | clinoenstatite Mg2Si206

cumm | cummingtonite Mg7Si8022(0OH)2

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

woL | wollastonite LIQUID

limL | lime LIQUID

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

Include solution phases (Y/N)?
N

Enter calculation title:
Ex4

(2) Doing the calculationM\ERTEX

Run VERTEX to make the calculation:

C\PERPLERerplex689vertex

Perple_X veisn 6.8.9, soure updated Jan 312Q0.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex4

Reading problem definition from file: ex4.dat
Reading thermodynamic dafeom file: hp633ver.dat
Writing print output to file: ex4.plt

Writing plot output to file: ex4.plt

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

Perple_X computatioal option settings for VERTEX:

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

Free energy minimization options:
final_resolution:
exploratory stage 0.1E [1e2], target value, see actual values below
auto-refine stage  0.2E [le3], target value, see actual valuesite
resolution_factor 2 >=2[2]
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refinement_points 5 [aut] o~12; aut = automatic

refinement_switch F [TTF

solvus_tolerance Il aut ->0[0.2]

global_reach_increment 0 >D

reach_increment_switch on [on] off all

zero_mode 1E05 0>1 [1le6]; < 0 => off
2D grid options:

X_hodes 40/ 40 [20/40], >0, <2048; effectigsatution 40 / 313 nodes
y_nodes 40/ 40 [20/40], >0, <2048; effectivagsolution 40/ 313 nodes
grid_levels 1/4 [1/4], >0, <10

linear_modé on off [on]

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ©-1[1/16], 0 => off
auto-refine stage 0.0208 -1 [1/48 ], 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

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

T _melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF

AndersonGruneisen F [FIT

speciation_factor 100. >10 [100] speciation precision sdswltion/speciation_factor
speciation_max_it 100 [100]

hybrid_EoS_H20 4 {2] 87

hybrid_EoS_CO2 4 {40

hybrid_EoS_CH4 0 0]

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

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

ag_solvent_solvus T [TIF

ag_vapa_epsilon 1.0 [1]
Input/Output options:

dependent_potentials on off [on]

pause_on_error T [TIF

auto_exclude T [TIF

logarithmic_p F [FIT

bad_number NaN [NaN]

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

option_list_files F [F] T; echo computational options
pseudocompound_file F [F] T; echo static pseudocompound compositions
auto_refine_file T [T] F; echo argfine compositions
seismic_data file T [F] T; echo seisavespeed options

Worst-case Cartesianompositional resolution (mol):
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Exploratory stage: 0.522E
Auto-refine stage: 0.868E3
Adapativeminimization will be done with;
4 iterations in the exploratory stage
5 iterations in the autorefine stage
To change these options see: www.perplex.ethz.ch/perplex_options.html

Summay of makedefinition entities:
fo8L 8L cenjh  odi gjL dglL.  foTL foHL qgHL

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

** Starting auto_refine computational stage **
0.3% done with low level grid.
2.9% done with low level grid.
5.4% done with low level grid.
8.0% done with low levegrid.
10.5% done with low level grid.
13.1% done with low level grid.
15.7% done with low level grid.
18.2% done with low level grid.
20.8% done with low level grid.
23.3% done with low level grid.
25.9% done with low level grid.
28.4% done wittow level grid.
31.0% done with low level grid.
33.5% done with low level grid.
36.1% done with low level grid.
38.7% done with low level grid.
41.2% done with low level grid.
43.8% done with low level grid.
46.3% done with low level grid.
48.9% doe with low level grid.
51.4% done with low level grid.
54.0% done with low level grid.
56.5% done with low level grid.
59.1% done with low level grid.
61.7% done with low level grid.
64.2% done with low level grid.
66.8% done with low level grid.
69.3% done with low level grid.
71.9% done with low level grid.
74.4% done with low level grid.
77.0% done with low level grid.
79.6% done with low level grid.
82.1% done with low level grid.
84.7% done with low level grid.
87.2% done with low levejrid.
89.8% done with low level grid.
92.3% done with low level grid.
94.9% done with low level grid.
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97.4% 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 minimizatiorgone)
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 miniizations done)
...working ( 1336 minimizations done)
refinement at level 4 involved 1363 minimizations
4137 minimizations required of the theoretical limit of 98596

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

Run PSSECT to e calculated pseudosection:
C\PERPLEBRerplex689pssect

Perple_X version 6.8.8ource updated Jan 32Q0.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [defauly_project]:
Ex

Reading Perple_Xptions from: perplex_option.dat

Perple_X plboptions 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]3ength (pts)
800  [800]¥ength (pts)

field_fill T [TIF

field_label T [TIF
field_label_scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

half_ticks T [TTF
line_width .00 09 [1.] (pts)

picture_transformation :
0.180 [0.18]-scale (rel)
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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
replicate_label 0.250 ->0 [0.025]

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

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

PostScriptvill be written to fike: ex4.ps

Modify the default plot (y/n)?

n
20000 T T T T T T

16100 [~

12200 —

~foendi

di tr atg

P(bar)

8300 [~

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 N GSR o0& aNBFrftéeé NBIOGAZ2Y OdzZNBSax

APSd dmel £! wl

variance. However, this is a very special case: pseudosections generally contakvanaidti field

assemblages.

NB. The variance of each field is 2 HgH2; c=4 (CMSH); p=4 (remember that each field also cattad)]
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(4) Comparison between pr@ction and pseudosection

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

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

17000

13000

br

br

= i G P(bar) =0.700E+04 P(bar) =0.800E+04
8 T(K) = 843. D T(K) = 893.
bt Y(CO2) = 0.00 Y(CO2) = 0.00
9000 - (fluid saturated) (fluid saturated)
5000 —
br br
] E P(bar) =0.900E+04 | P(bar) =0.110E+05
T(K) = 973. T(K) =0.109E+04
1000 | Y(CO2) = 0.00 Y(CO2) = 0.00
1o (fluid saturated) (fluid saturated)
973 1073 1173 1273
20000 T
ime br br
16100 m 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
B (fluid saturated) (fluid saturated)
12200 -
== foend
3 i
g
8300 — br ime br
P(bar) =0.600E+04 _
4 I T(K) =0 107e+04  |(8) ta = g anth
Y(CO2) = 0.00 _
(fluid saturated) (9) ta=qgen
Ha00 7 (12) ta fo = anth
i (13)tafo=en
(14) anth fo =en
L

500

(16) atg =ta fo

633 793 953 1113 1273
T(K)

per

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&phidk

CKA& aLISOATAO 0 diie]lis soBiMd i) anly $om2 ¢f thé r@abtidris predicted by

the P-T projection.
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ExX 5
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Ex.5 ¢ T-X(CQ) projections and pseudosectionfor the CMSH,O-CG

system (0 solid solution3

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

This exercise is useful to understand the difference betweeX(ICQ) 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\PERPLERerplex689build

Perple_X veisn 6.8.9 source updated JaBil, 2020
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/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 bt for all output file names) [default =
my_project]:
Ex5 1

The problem definition file will be named: ®x.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 computational options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiOR2ZO®2H20 QG2CuO Cr203 §2N2 ZnO
Transbrm 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
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5 - 1-d Phase fractionation ¢aulations

6 - 0-d Infiltration-reactionationfractionation

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

Calculations with a saturateftlid (Y/N)?
y

Select the independent saturated fluid components:

H20 CO2

Enter names, 1 per line, press <entéxfinish:

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 ¥H €Quid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

CO2

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 griavith calcite in excesstherefore we must consider CaO as a saturated
component.

**warning ver015** if you select > 1 saturated component, then the order you enter the components determines the
saturation hierarchy and may effect your results (see Copri@p0).

NOTEIf more than one saturated component is specified Perple_Xegphie 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 @02 MnO FeO NiO ZrO2 QR CuO Cr203 $2 N2 ZnO
Enter names, 1 per line, press <enter> to finish:

GO

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

Select thermodynamic components from the set:

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

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

MgO

j02

Because the thermodynamic data file identifies: H20 CO2 as special components, you will be prarpfedthe

EoS to be used for the corresponding composants and mixtures thereof. To override this behavior, e.g., to use a
generic hybrid fluid EoS, delete the special_component section from the thermodynamic data file header.

54 | Updated: 2020, Febauy 3



Select fluid equation oftate:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et al 74
1- X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrbS*
10- X(O) ebuffered COH MRK hybtlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) @uffered COHS MRK hybi#ithS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14- X(CO2) H2@O2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H3 H20GH2 low T MRK hybriHoS*
16- X(O) HO MRK hybridEoS*
17- X(O¥(S2) HO-S MRK hybrigEoS*
19- X(O}X(S) duffered COHS MRK hybiihS Connolly & Cesare 93*
20- X(0O}X(C) COHS MRK hykBEdS Connolly & Cesare 93*
24 -f(02/CO2)N/C Chuffered COHN MRK hyb#iebS*
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 hybrigwBais ke the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- HSMRK Kerrick & Jacobs 1981
5

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

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

2

Select xaxis vaiable:
1 - P(bar)
2-T(K)
3-Y(C0O2)

3

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 XCO2 P&ai@2 < 1-6);
therefore, it is suggested to satXCO2 minim value different from 0 (e.g. 0.00001)

Select yaxis variable:
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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

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

Y

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

n

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

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

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & fitanite¢ Ca205 (one Si replacds)
ty | tilleyte Ca5Si207(C03)2

spu | spurrite Ca5Si208(CO3)

ak | akermanite Ca2MgSi207

merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(0OH)2

cen | clinoenstatite Mg2Si206

Include sdution phases (Y/N)?
N

Enter calculation title:
Ex5 1

(2) Doing the calculation (CONVEX)

Run CONVEX to make the calculation:
C\PERPLERerplex68%convex

Perple_X veisn 6.8.9, source updated Jan,2120.
Copyright (C) 1988020 James A D Connollyww.perplex.ethz/copyright.html>.
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Enter the project name (the name assigned in BUILD) [default = my_project]:

B 1

Reading problem definition from file: ex5_1.dat
Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex5_1.plt

Writing plot output to file: ex5_1.plt

Reading solutiomodels 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 computédnal option settings for CONVEX:
Keyword: ValuePermitted values [default]:

Auto-refine options:

auto_refine aut
Schreinemakers anilixed-variable diagram options:

off manual [auto]

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 [8]1>0<6

reaction_format min [min] full stoichiometry S¥&tgthing

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 [1/48 ], 0 => off

stretch_factor 0.0020 >0{2p
non_linear_switch F [F1T
subdivision_override off [off] lin str
hard_limits off  ffloon
refine_endmembers F [FIT
pc_pertuibation 0.0050 [=8]

Thermodynamic options:
solvus_tolerance aut [aut] e T, aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [O]
T_melt (K) 873.0 [873]
order_check on off [on]
approx_alpha T [TTF
AndersonGruneisen F [FIT
speciation_factor 100. >10 [100] specigtietision = final resolution/speciation_factor
speciation_max_it 100 [100]
hybrid_EoS_H20 4  [a]e7
hybrid_EoS_CO2 4 {)o
hybrid_EoS_CH4 0 {0
ag_bad_reslis err [err] 101, 102, 103, ignore
ag_lagged_speciation F [FIT
ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
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ag_vapa_epsibn 1.0 [1.]

Input/Output options:
dependent_potentials on off [on]
pause_on_error T [TIF
auto_exdude T [TTF

Worstcase Cartesianompositional resolution (mol):
Exploratory tage: 0.521R
Auto-refine stage: 0.868&
Adapativeminimization will be done with;
4 iterations in the exploratory stage
5 iterations in the autorefine stage
To change these options see: www.pe&npkthz.ch/perplex_options.html

Summay of makedefinition entities:
cumm_dgf fo8L  g8L cenjh  odi gL folL foTL mcpv cmpv  faitlL

Summary bsaturatedcomponent entities:
for: CaO
lime cc arag limL

** Starting aub_refine computational stage **

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

Initial number ofdivariant assemblages to be tested is: 3

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

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

Probable cause is extreme independent variable limigsy.( xco2=0) or poor convergence criteria in the
thermodynamic da file. In routine: COFACE

finished with equilibrium (1) dol = br

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

**warning ver079** univeq failed on aedge for the following equilibrium.

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

finished with equilibrium ( 2) tr = atg di

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

finished with equilibrium ( 3) g =wo

finished with equilibrium ( 4) di = wo fo

**warning ver020** sfol2

finished withequilibrium ( 5) di =wo br

**warning ver047** univariant field 6 terminates at an invariant fielthat could not be located within the
tolerance specified in the thermodynamdata file (PTOL= 0.3000G0E).

finished with equilibrium ( 6) di br =fo

**warning ver020** sfol2

finished with equilibrium ( 6) drk fo

finished with equilibrium ( 7) fo = wo br

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

finished with equilibrium ( 8) dol ta = atg

finished with equilibrium ( 9) dol tr = atg

finished with equilibrium ( 10) ta = atg tr

58 | Updated: 2020, Febauy 3



finished with equilibrium ( 11) ta = dol tr
finished with eailibrium ( 12) atg dol = fo
**warning ver047** univariant field 13 terminates at an invariant fiekcht could not be located within the
tolerance specified in thenermodynamidata file (PTOL= 0.3000C0E).
finished with equilibrium ( 13) atg =tr fo
**warning ver020** sfol2
finished with equilibrium ( 13) atg =tr fo
finished with equilibrium ( 14) dol tr = fo
finished with equilibrium ( 15) dol g = ta
finished with equilibrium ( 16) dol g = tr
finished with equilibrium ( 17)taq=tr
finished wih equilibrium (1) dol = br
**warning ver047** univariant field 18 terminates at an invariant fiekcht could not be located within the
tolerance specified in the thermodynamiata file (PTOL= 0.3000C0E).
finished with equilibrium ( 18) atg br = fo
**warning ver020** sfol2
finished with equilibrium ( 18) atg br =fo
finished with equilibrium (1) dol = br
finished with equilibrium ( 19) tr = dol di
finished with euilibrium ( 20) dol di = fo
**warning ver047** univariant field 21 terminates at an invariant fi¢ldit could not be located within the
tolerance specified in the thermodynandata file (PTOL= 0.300000E).
finished withequilibrium ( 21) tr = fo di
**warning ver047** univariant field 21 terminates at an invariant figkcht could not be located within the
tolerance specified in the thermodynandata file (PTOL= 0.300000E).
finished with equilibium ( 21) tr =fo di
**warning ver047** univariant field 21 terminates at an invariant fi¢ldit could not be located within the
tolerance specified in the thermodynandata file (PTOL= 0.3000C0E).
finished with equilibrium (  21) tr=fd d
**war ning ver047** univariant field 21 terminates at an invariant figtddt could not be located within the
tolerance specified in the thermodynandata file (PTOL= 0.300000E).
finished with equilibrium ( 21) tr =fo di
**warning ver020** sfol2
finished with equilibrium ( 21) tr =fo di
finished with equilibrium ( 22) dol g =di
finished with equilibrium ( 23)trg =di
**warning ver066** Metastable assemblage into FLIPIT:
atg dol
v=1000.00 873.000 0.267547E0.00000 0.00000
Testing divariant assemblage 5, 4 assemblages remaining to be tested.
Testing divariant assemblage 6, 4 assemblages remaining to be tested.
Testing divariant assemblage 7, 5 assemblages remaining to be tested.
Teding divariant assemblage 8, 4 assemblages remaining to be tested.
Testing divariant assemblage 9, 4 assemblages remaining to be tested.
Testing divariant assemblage 10, 4 assemblages remaining to be tested.
Testing divariantssemblage 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 divariant assemblage 12, 3 assemblagesmiemto be tested.
Testing divariant assemblage 13, 2 assemblages remaining to be tested.
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finished with equilibrium ( 5) di = wo br
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.
finished with equilibrium ( 24) atg = di br
finished with equilibrium ( 6) fo = di br
finished with equilibrium (2 atg = di fo
finished with equilibrium ( 2) tr = di atg
finished withequilibrium ( 21) tr = di fo
*warning ver074** no new equilibria identified, if degenerate segments haveeen skipped increase the
computational reliabiliy level.
**warning ver066** Metastable assemblage into FLIPIT:

di br
v =1000.00 873.000 0.10000@E0.00000 0.00000
Testing divariant assemblage 17, 5 assemblages remaining to be tested.
Testing divariant assemblage 18, 4 ass@ebleemaining 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 remaihiadgested.
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.
Tesing divariant assemblage 25, 1 assemblages remaining to be tested.
Testing divariant assemblage 26,  Orabisges remaining to be tested.

WARNING!! The stdlty fields of the following equilibria may
have been entirely or partily skipped in the calculation:

( 21)dol=br

( 21)tr=diatg

(3) Plotting the calcuhted phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated phase diagram:
CA\PERPLERerplex68$psvdraw

Perple_X version 6.8.9ource updated Jan 32Q20.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/copyright.html>.

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

Perple_X plboptions 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)
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800 [800]*ength (pts)
800  [800]¥ength (pts)

field_fill T [T1F

field_label T [TTF
field_label scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

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

picture_transformation :
0.180 [0.18]-scale (rel)
0.180 [0.18]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
replicate_label 0.250 ->@ [0.025]
splines T [T]F
tenth_ticks F [FIT
text_scale 1.000 [1.](rel)
To change these options edit or create the plot option file
See: www.perplex.éiz.ch/perplex_plot_options.html

PostScript will be written to file: ex5.(ds

Modify the default plot (y/n)?
y

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

y

Modify xy limits (y/n)?
n

Restrict phase fields by variance (y/n)?

answer yes to:

- suppress pseudounivaridcurvesand/or pseudoinvariant points o& specified true variance.
n

Restrict phase fields by phase identities (y/n)?
answer yes to:
- show fields that contain a specific assemblage
- show fields that do not contain specified phases
- showfields that contain any of a set of specified phases

y
To simplify, we will exclude all those reaction curves that involve brucite.
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WARNING: You can not specify saturated phases or phases determinedniponent saturation
constraints in these restrictien

Show only with assemblage (y/n)?
n

Show only without phases (y/n)?
y

Enter the name of a phase absent in all fields (left justified, <cr> to finish):
br

Enter the name of a phase absent in all fields (left justified, <cr> to finish):
enter

Show aly with phases (y/n)?
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 curgegments (y/n)?
y

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

Enter minimum fraction of the axes length that@arve must be to receive a text label{D
1

Enter minimum fraction of the axes length thatarve must be to receive a numeric &l§0-1.000):
0

Suppress point labels (y/n)?
n

Modify default axes numbering (y/n)?
y

Enter the starting value and interval for major tick markdfun Xxaxis ¢urrent values are: 0.00 0.200 )
Enter the new values:

0

0.2
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Enter the starting valerand interval for major tick marks @ne Y-axis €urrent values are: 573. 60.0 )
Enter the new values:

573

100

873

773

<
|_
673 (14) dol tr=fo ]
(15) dol g =ta
(2) tr=diatg (16) dol q =tr
(3)a=wo (17)taq=tr
(4) di=wofo (19) tr = dol di
(8) dol ta = atg (20) dol di=fo
(9) dol tr = atg (21) tr = di fo
(10) ta =dol tr (22) dol q = di
(12) atgdol=fo  (23)trq=di
(13) atg =tr fo (25) atg =di fo
573 | ] | 1 | ]
0.00 0.200 0.400 0.600 0.800 1.00

Y(CO2)

Ex. 5.2 ¢ Isobaric TXCQ pseudosection of a siliceous dolomite for t

composition 2Qtz2Dok1Cal (see Bucher & Grapes, 201Hig. 6.8)

(1) Definition of the problem (BUILD)

CA\PERPLERerplex68$build

Perple_X veisn 6.8.9, source updated Jan 2D20.
Copyright (C) 1988020James A D Connolly <wmperplex.ethz/copyright.html>.

NO is the default (blank) answer to all Yjfdmpts
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Enter a name for this project (the name will be used asrtize for all output file names) [default =
my_project]:
ex5 2

The problem definition file will be named: ®xX2.dat

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

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

Reading Perple_X options from: perplex_option.dat

The current data base components are:

Na20 MgO AI203 Si02 K20 CaO TiO2 MOEON#Zro2 Cl202 H20CO2 CuCCr203 S2 A22 ZnO
Transform them (Y/N)?

n

Specify computational mode:

1 - ConvexHull minimization

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

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use ConveXull minimization for Schreinemalseiprojections or phase diagramgth > 2 independent
variables. Use constrained minimization for phase diagramsphase diagram sections with < 3
independent variables.
2

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

Select the independent saturated ftlcomponents:

H20 CO2

Enter names, 1 pdine, 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 paktdibe consistent with {©O-H fluid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

H20

CO2

Calculations with saturated components (Y/N)?
N

Use chemical potentials, activities or fugacities as independaritbles (Y/N)?
N
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Select thermodynamic components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NIiO D2 @i Cr203S2 F2
Enter names, 1 per line, press <enter> to finish:

MgO

CaO

Si02

Because the thermodynamic datdefidentifies: H2O CQds special components, you will be prompted
next for the EoS to be used ftine corresponding composants and mixtures thereof. To override this
behavior, e.g., to use a generic hybrid fluid EoS, delete the special component redotim the
thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2-X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORHolland & 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) @uffered COHS MRK hybi#thS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14- X(CQ) H2GCO?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybriEoS*
19- X(0O)X(S) duffered COHS MRK hybifithS Connolly & Cesare 93*
20- X(O)X(C) COHS MRK hybEGS 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 followingupe 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- HSMRK Kerrick & Jacobs 1981
5

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

Select xaxis variable:

1 - P(bar)

2-T(K)

3-Y(CO2)

4 - Composition X_C1* (user defined)
*X_C1 canat be selected as the-gxis variable
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3

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

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

2

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

Specify sectioningalue for: P(bar)
1000

For gridded minimization, grid resolution is determined by the number of levels (grid_levels) and the resolution at the
lowest level in the Xand Y¥directions (x_nodes and y_nodes) these parameters are currently set for the exylorat

and autorefi ne cycles as follows:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 40 40 40 x40 nodes

auto-refine 4 40 40 313 x313 nodes

To change these options edit 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 unitsd#fime the molar amount of
the system
The starting composition 2Qtz +2Dol + 18abns:2Si02 + 2MgO + 3Ca0

Enter themolaramounts 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 be prompted for phases (Y/N)?
n

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

rnk | rankinite Ca3Si207

Irn | larnite Ca2SiO4

cstn | & fitanite€ CaS205 (one Si replaces Ti)
ty | tilleyte Ca5Si207(@3)2

spu | spurrite Ca5Si208(C0O3)

ak | akermanite Ca2MgSi207

merw | merwinite Ca3MgSi208

mont | monticellite CaMgSiO4

chum | clinohumite Mg9Si4016(OH)2

cen | clinoenstatite Mg2Si206

Include solution models (Y/N)?
n

Enter calclation title:
Ex5 2

(2) Doing the calculation\ERTEX

Run VERTEX to make the calculation:
CAPERPLERerplex68Svertex

Perple_X veisn 6.8.9, source updated Jan,21R0.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/copyright.html>.

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

Reading problem definition from file: ex5_2.dat
Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex5_2.plt

Writing plot output to file: ex5_2lt

Writing phase assemblage data to file: ex5_2.blk
Reading solution models from file: not requested
Reading Perple_X options from: perplex_option.dat
Writing seismic data options to: ex5_2_seismic_data.txt
Writing Perple_X option summary to: not requedt

Perple_X computational option settings for VERTEX:

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

Free energy minimization options:
final_resolution
exploratory stage 0.1E [1e2], target value, see actual values below
auto-refine stage  0.2E [le3], target value, see actual values below
resolution_factor 2 >=2[2]
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refinement_points 5 adt] or 1->12; aut = automatic

refinement_switch F [TTF

solvus_tolerance Il aut ->0[0.2]

global_reach_increment 0 >=0[0]

reach_increment_switch on [on] off all

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

X_hodes 40/ 40 [20/40], >0, <2048; effectigsatution 40 / 313 nodes
y_nodes 40/ 40 [20/40], >0, <2048; effectigegtution 40 /313 nodes
grid_levés 1/4 [1/4], >0, <10

linear_model on off [on]

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0208 -1 [1/48 ], O=> 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

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

T _melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF

AndersonGruneisen F [FIT

speciation_factor 100. >10 [100] speciation precision = final resolution/speciation_factor
speciation_max_it 100 [100]

hybrid_EoS_H2 4  [4D47

hybrid_EoS_CO2 4 {40

hybrid_EoS_CH4 0 0]

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

ag_ion_H+ T [T] F => use-OH

ag_oxide_components F [FIT

ag_solvent_solvus T [TIF

ag_vapor_epsilon 1.0 [1.]
Input/Output options:

dependent_potentials on off [on]

pause_onerror T [TTF

auto_exclude T [TIF

logarithmic_p F [FIT

bad_number NaN [NaN]

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

option_list_files F [F] T; echo computational options
pseudocompound_file F [F] T; echo static pseudocompound compositions
auto_refine_file T [T] F; echo anefine compositions
seismic_data file T [F] T; echo seismic wavespeed options

Worst-case Cartesian compositional resolution (mol):
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Exploratory stage: 0.522E
Auto-refine stage: 0.868&

Adapative minimization will be done with:
4 iterations in the exploratorytage
5 iterations in the autorefine stage
To change these options see: www.pe&npkthz.ch/perplex_options.html

Summay of makedefinition entities:
cumm_dqgf fo8L 8L cenjh

odi

gjdijL

fojL

foTL

mcpv

cmpv

faL

**warning ver099** no data for aqueous species, aq_output and aq_laggjeeciation disabled.
** Starting aub_refine computational stage **

0.3% done with low level grid.
2.9% done with low level grid.
5.4% done with low level grid.
8.0% done with low level grid.

10.5% done with low level grid.

13.1% done with lowelel grid.

15.7% done with low level grid.
18.2% done with low level grid.
20.8% done with low level grid.
23.3% done with low level grid.
25.9% done with low level grid.
28.4% done with low level grid.
31.0% done with low level grid.

33.5% done vilh low level grid.

36.1% done with low level grid.
38.7% done with low level grid.
41.2% done with low level grid.
43.8% done with low level grid.
46.3% done with low level grid.
48.9% done with low level grid.
51.4% done with low level grid.

54.0%done with low level grid.

56.5% done with low level grid.
59.1% done with low level grid.
61.7% done with low level grid.
64.2% done with low level grid.
66.8% done with low level grid.
69.3% done with low level grid.

71.9% done with low level grid

74.4% done with low level grid.
77.0% done with low level grid.
79.6% done with low level grid.
82.1% done with low level grid.
84.7% done with low level grid.
87.2% done with low level grid.
89.8% done with low level grid.

92.3% done with low kel grid.

94.9% done with low level grid.
97.4% done with low level grid.
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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 d 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

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

Run PSSECT to plot the calculaiedudosection:
C\PERPLEBRerplex686pssect

Perple_X veien 6.8.9, source updated Jan,2120.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Bx5 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  [800]¥ength (pts)

field_fill T [MF

field_label T [MF
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)
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130. [0.18]stranslation (pts)
220. [0.18] stranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect_ratio 1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->Q [0.025]
splines T ]HT
tenth_ticks F [FIT
text_scale 1.000 [1.](rel)
To change these options edit or create the plot option file
See: www.perplex.ethz.ch/perplex_plot_options.html

PostScript will be written to file: ex5_2.ps

Modify the default plot (y/n)?
N

873 T I | I T I T T

o di cc dol

813 -

753

° tr cc dol

=
l_
693
633
573 ' '
0.200 0.400 0.600 0.800 1.00
Y(CO2)
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Comparison between projectiomand pseudosectios

873

3
o 4 £
2 =
1
(14) doltr=fo |
(15) dol g =ta
(2)tr=diatg (16) dol q =tr
(3)g=wo (17)taq=tr
(4) di=wofo (19) tr = dol di
(8) dol ta =atg (20) dol di=fo -
(9) dol tr =atg (21)tr=difo
(10) ta = dol tr (22) dol q = di
(12)atgdol=fo  (23)trq=di
(13) atg =tr fo (25) atg =di fo
I P M 573 e
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800 1.00
Y(CO2) Y(CO2)

Comparison between thésobaric TX(CQ) projection for a generic siliceous dolomite containing exct
calcite (Ex.5.1) and the pseudosection calculated for allb composition MgOZ Ca0=3Si022 mol%

(2Qtz+2Dol+1CaEx.5.2.¢ KA a &ALISOAFTFAO odzZ | O2YLRAAGAZ2Y
reactions predicted by the H projection.
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Ex.5.3 ¢ Isobaric TX(CQ) projection for a generic siliceousimestone containing

(1) Definition of the problem (BUILD)

The problem is the same @3 Ex. 5.1 except for thechoice of the excess componetitat is now SiO2
(quartzisin excess)You can edit theex5 1dat input file (change the name iax5 3). The thermodynamic
componens are now MgO and CaQwhereas the saturated componeigJ02.

begin thermodynamic component list

MgO 0 0.00000 0.00000 0.00000 unconstrained amount

CaO 0 0.00000 0.00000 O .00000 uncon strained 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\PERPLERerplex68&convex

Perple_X veien 6.8.9 source updated JaBil, 2Q20.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

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

Reading problendefinition from file: ex5_3.dat
Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex5_3.plt

Writing plot output to file: ex5_3.plt

Reading solutiomodels from file: not requested
Reading Perple_X options from: perplex_optaat
Writing complete reaction list to: not requested
Writing Perple_X option summary to: not requested

Perple_X computatioal option settings for CONVEX:

Keyword: ValuePermitted values [default]:
Auto-refine options:
auto_refine aut off manual [auto]
Schreinemakers andllixed-variable diagram options:
variance 1/99 [1/99], >0, maximum true variance
increment 0.100/0.025 [0.1/0.025], default search/trace variableriremt
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
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Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0208 - [1/48 ], 0 => off
stretch_factor 0.0020 >0{3p

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

pc_pertuibation 0.0050 [=8]

Thermodynamic options
solvus_blerance aut [aut] o=@ ; aut = automatic, 0 => p=c pseudocompounds,
T_stop (K) 0.0 [O]

T_melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T TIkF

AndersonGruneisen F [FIT

speciation_factor 100. >10[100] speciation precision = final resolution/speciati
speciation_max_it 100 [100]

hybrid_EoS_H20 4 {2 87

hybrid_EoSCO2 4 [4p07

hybrid_EoS_CH4 0 0]

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

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

ag_vapa_epsilon 1.0 [1.]
Input/Output options:

dependent_potentials on off [on]
pause_on_error T [TIF

auto_exdude T [TIF

Worstcase Cartesianompositional resolution (mol):
Exploratory stage: 0.521E
Auto-refine stage: 0.868&
Adapativeminimization will be done with:
4 iterations in the exploratory stage
5 iterations inthe autorefine stage
To change these options see: www.penpkthz.ch/perplex_options.html

Summay of makedefinition entities:
cumm_dqgf fo8L  g8L cenjh i odgjL dijL fojL foTL mcpv  cmpv

Summary bsaturated-component entities:

for: SiO2

q trd crst  coe stv  q8fiL

q trd crst  coe stv. g84L qjL gHL

** Starting aub_refine computational stage **
cycle 1 1 1
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cycle 2 2 2
cycle 3 3 3
Initial number of divariant assemblages to be tested is: 3
Testing dvariant assemblage 1, 2 assemblages remaining to be tested.
finished withequilibrium ( 1)tacc =tr
**warning ver047** univariant field 2 terminates at an invariant fi¢kdht could not be located within the
tolerance specified in ththermodynamicdata file (PTOL= 0.3000G0E).
finished with equilibrium ( 2) ta dol = tr
**warning ver020** sfol2
finished with equilibrium ( 2) ta dol = tr
finished with equilibrium ( 3) dol =ta cc
finished with equilibrium ( 4) dol =dc
finished with equilibrium ( 5) tr cc = di
**warning ver047** univariant field 6 terminates at an invariant fi¢kdht could not be located within the
tolerance specified in the thermodynandata file (PTOL= 0.3000G0E).
finished with equilbrium (- 6) dol = di
**warning ver020** sfol2
finished with equilibrium ( 6) dol = di
finished with equilibrium ( 6) dol = di
**warning ver066** Metastable assemblage into FLIPIT:
ta tr
v=1000.00 742.369 1.00000 @000 0.00000
Testing divariant assemblage 2, 2 assemblages remaining to be tested.
Testing divariant assemblage 3, 2 assemblages remaining to be tested.
finished with equilibrium ( 7) cc = wo
Testing divariant assemblage 42 assemblages remaining to be tested.
Testing divariant assemblage 5, 3 assemblages remaining to be tested.
Testing divariant assemblage 6, 3 assemblages remaining to be tested.
Testing divariant assemblage 7, 2 assemblagnaining to be tested.
Testing divariant assemblage 8, 2 assemblages remaining to be tested.
finished with equilibrium ( 8) mag =ta
finished with equilibrium ( 2) dol ta = tr
finished with equilibrium ( 9) dol mag = tr
finished wth equilibrium ( 8) mag =ta
finished with equilibrium ( 10) mag = en
finished with equilibrium ( 11) dol en = tr
finished with equilibrium ( 10) mag = en
finished with equilibrium ( 12)ta=en
finished with equilibrium ( 10) mag = en
finished with equilibrium ( 6) dol = di
finished with equilibrium ( 6) dol = di
finished with equilibrium ( 13)tr=endi
finished with equilibrium ( 14) ta = anth
finished with equilibrium ( 15) anth = en
**warning ver066** Metastable asemblage into FLIPIT:
dol ta
v=1000.00 873.000 0.742901 0.00000 0.00000
Testing divariant assemblage 9, 2 assemblages remaining to be tested.
Testing divariant assemblage 10, 2 assemblages remainingetidak t
Testing divariant assemblage 11, 2 assemblages remaining to be tested.
Testing divariant assemblage 12, 2 assemblages remaining to be tested.
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Testing divariant assemblage 13, 2 assemblages remaining to be tested.
Testing dvariant assemblage 14, 1 assemblages remaining to be tested.
Testing divariant assemblage 15, 1 assemblages remaining to be tested.
Testing divariant assemblage 16, 0 assemblages remaining to be tested.
Testing divariant assendgle 17, 1 assemblages remaining to be tested.
Testing divariant assemblage 18, 0 assemblages remaining to be tested.
Testing divariant assemblage 19, 0 assemblages remaining to be tested.
Testing divariant assemblage 200 assemblages remaining to be tested.

(3) Plotting the calculated phase diagram (PSVDRAW)

Run PSVDRAW to plot the calculated phase diagram:

CA\PERPLERerplex68%psvdraw

Perple_X veisn 6.8.9 source updated JaBil, 2Q20.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

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_scel  1.20 [1.2] (rel)
bounding_box :
0  [0] min (pts)
0  [O] ymin (pts)
800 [800]#ength (pts)
800  800] ylength (pts)

field_fill T [TIF

field_label T [TTF
field_label _scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

half ticks T [TTF

line_width 1.00 -90[1.] (pts)

picture_transformation :

0.180 [0.18]-scale (rel)

0.180 [0.18]3scale (rel)

130. [0.18]xranslation (pts)

220. [0.18]yranslation (pts)

0.00 [0.0] rotation (deg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250  ©-1[0.025]

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

To change these options edit or create the plot option file
See: www.perplex.ethz.ch/pelgx_plot_options.html
PostScript will be written to file: ex4_3.ps
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Modify the default plot (y/n)?
n

873

813

753
=
|—

693

633

573 ' '

0.200 0.400 0.600 0.800
Y(CO2)

1.00

Ex. 5.4 ¢ Isobaric TXCQ pseudosection ofa siliceous limestone for th

composition6Qtz¢2Dolk1Cal (see Bucher & Grapes, 2011; Fig. 6.12)

(1) Defnition of the problem (BUILD)

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

ex5 4) (see belav).

begin thermodynamic component list

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

end thermodynamic component list

amount
amount
amount
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(2) Doing the calculation\ERTEX

Run VERTEX to make the calculation:
C\PERPLERerplex68Svertex

Perple_X veisn 6.8.9, source updated Jan 31, 2020
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project nme (the name assigned in BUILD) [default = my_project]:
Ex5 4

Reading problem definition from file: ex5_4.dat
Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex5_4.plt

Writing plot output to file: ex5_4.plt

Writing phase asemblage data to file: ex5_4.blk
Reading solutiomodels 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 comput#nal option settings for VERTEX:

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

Free energy minimization options:
final_resolution:
exploratorystage 0.1E [le2], target value, see actual values below
auto-refine stage  0.2E [le3], target value, see actual values below

resolution_factor 2 >=2[2]

refinement_points 5 [aut] 0~12; aut mautomatic

refinement_switch F [TIF

solvus_tolerance_Il  aut ->@[0.2]

global_reach_increment O >=0 [0]

reach_increment_switch on [on] off all

zero_mode 1E05 0>1[1e6]; < 0=> off
2D grid options:

X_nodes 40/40 [20/40], >0, <2048; effectigsotution 40/ 313 nodes
y_nodes 40/ 40 [20/40], >0, <2048; effectigegtution 40/ 313 nodes
grid_levels 1/4[1/4], >0, <10

linear_modé on off [on]

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stage 0.0208 -1 [1/48 ], 0 => off
stretch_factor 0.0020 >0 2§

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

solws_tolerance aut [aut] opQ; aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.0 [O]

T_melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF

AndersonGruneisen F [FIT

speciation_factor 100. >10 [100] speciation precision = final resolution/speciation_factor
speciation_max_it 100 [100]

hybrid_EoS_H20 4[4] 0-2, 47

hybrid_EoS_CO2 4 A0

hybrid_EoS_CH4 0 0]

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

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

ag_vapa_epsilon 1.0 [1.]
Input/Output options:

dependent_potentials on off [on]
pause_on_error T [T]IF

auto_exclude T [TTF

logarithmic_p F [FT

bad_number NaN [NaN]

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

option_list_files F [F] T; echo computational options
pseudocompound_file F [F] T; echo static pseudocompound compositions
auto_refine_file T [T] F; echo aefine compositions

seismic_data file T [F§cho seismic wavespeed options

Worstcase Cartesianompositional resolution (mol):
Exploratory stage: 0.521E
Auto-refine stage: 0.868&
Adapativeminimization will be done with:
4 iterations in the exploratory stage
5 iterations in the autorefine stage
To change these options see: www.penpkthz.ch/perplex_options.html

Summay of makedefinition entities:
cumm_dqgf fo8L  g8L cenjlodi giL dijL fojL foTL mcpv cmpv  faiHL

**warning ver099** no data for aqueous species, aq_output and aq_lagged_speciation disabled
** Starting aub_refine computational stage **
0.3% done with low level grid.
2.9% done with low level grid.
5.4% done with low level grid.
8.0% done with low level grid.
10.5% done with low level grid.
13.1% done with low level grid.
15.7% doe with low level grid.
18.2% done with low level grid.
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20.8% done with low level grid.
23.3% done with low level grid.
25.9% done with low level grid.
28.4% done with low level grid.
31.0% done with low level grid.
33.5% done with low level grid.
36.1% done with low level grid.
38.7% done with low level grid.
41.2% done with low level grid.
43.8% done with low level grid.
46.3% done with low level grid.
48.9% done with low level grid.
51.4% done with low level grid.
54.0% done with low levejrid.
56.5% done with low level grid.
59.1% done with low level grid.
61.7% done with low level grid.
64.2% done with low level grid.
66.8% done with low level grid.
69.3% done with low level grid.
71.9% done with low level grid.
74.4% done withdw level grid.
77.0% done with low level grid.
79.6% done with low level grid.
82.1% done with low level grid.
84.7% done with low level grid.
87.2% done with low level grid.
89.8% done with low level grid.
92.3% done with low level grid.
94.9% doe with low level grid.
97.4% 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 requéd of the theoretical limit of 6241
366 grid cells to be refined at grid level 3
...working (66 minimizations done)
...working ( 567 minimizations done)
refinement at level 3 involved 705 minimizations
2741 minimizatns required of the theoretical limit of 24649
682 grid cells to be refined at grid level 4
...working ( 363 minimizations done)
...working (864 minimizations done)
refinement at level 4 involved 1270 minimizations
4011 ninimizations required of the theoretical limit of 98596
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(3) Plotting the calculated phase diagram (&SC)I

Run PSSECT to plot the calculated pseudosection:
C\PERPLEBRerplex689pssect

Perple_X veisn 6.8.9, source updated Jan,2120.
Copyright C) 19862020James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
EX%_4

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

field_fill T [TTF

field_label T [TIF
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_aspectratio  1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->Q [0.025]
splines T [TTF
tenth_ticks F [FIT
text_scale 1.000 [1.](rel)

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

PostScript will be written to file: & 4.ps

Modify the default plot (y/n)?
n
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Comparison betweemhe isobaric TX(CO2)rojection for a generic siliceous limestone containing exc
quartz (Ex.5.3) and the pseudosection calculated for a bulk composition My@a0=3Si028 mol%

(6Qtz+2Dol+1CaEx5.4).¢ KA a4 aLISOAFA O 0 dzf is s€ngiblelidd énly Some of th
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 calculaselvusrelations in the system CaGMgCQ. In

this system two miscibility gaps exist, and the phases on either side of the gaps are
calcite/dolomite, and dolomite/magnesite, respectively. The amounts of Mgi@Ccalcite in
equilibrium with dolomite, and that of CaG{@ magnesite in equilibrium with doioite, change as

a function of temperature, and can be used as geothermometers. The effect of pressure on the
CatDol and DeMag solvi is investigated by calculating theame phase diagram at different
pressures.

The issue can be treated as a simple isabal-X pseudosection, where X (XMg) varies betwepn

0 (XMg=0; Cal) and 1 (XMg=1; Mag). Opposite to Ex. 4 aiB8Db|D SOLUTIONS MUST NOW BE
CONSIDERBD t SNLJ SE RSIfa 6AGK a2t AR az2ftdziazy o0&
(intermediate compositims), and treating each of them like a separate phaskaus, if
carbonate with composition Galhas a lower free energy than @t a particular PT condition,

Cabo will be considered as the stable carbonate.

Pseudocompounds are indicated with abbigions, whose meaning is sometimes not
immediately understandable. To understand the meaning of these abbreviatiorssiggest
changing to T (true) the default value of the pseudocompound file keyword in the
perplex_option.dat file.Doing in this way, VEETEX will create an additional output file, listing the
composition of each pseudocompound.

(1) Definition of the problem (BUILD)

CA\PERPLERerplex68$build

Perple_X veisn 6.8.9, source updated Jan 31, 2020
Copyright(C) 198&2020James A D Conlip <www.perplex.ethz/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]:
ex6_5kbar

The problem definition file will beamed: ex6_5kbar.dat

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

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

Reading Perple_Xptions from: perplex_opon.dat
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The current data base components are:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO Fe@rdCCI202 H20 CO2 CuO Cr20F3R2 ZnO
Transform them (Y/N)?

n

Specify computational mode:

1 - ConvexHull minimization

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

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation BEAC2D and TITRATE reactive transport models)
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagramsphase diagram sections with < 3
independent variales.
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 fluid components:
H20 CO2
Enter names, 1 pemie, 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 \@H Quid speciatin treat O2 as a
saturated component. Refer to the Perple_X Tutorial for details.

CO2

Calculations with saturated components (Y/N)?
n

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

Select thermodynamic components frothe set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO DP®2H2R2 CuO Cr203 $2N2 ZnO
Enter names, 1 per line, press <enter> to finish:

MgO

CaO

Because the thermodynamic data file identifies: CO2 as special componentsijliybe prompted next for the EoS to
be used for the corresponding composants and mixtures thereof. To override this behavior,e.g., to use a generic
hybrid fluid EoS, delete the special_component section from the thermodynamic data file header.
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Select flid equation of state:
0- X(C0O2) H2@O2 Modified Redlickwong (MRK) DeSantis et al 74
1- X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybriBoS*
10- X(O) ebuffered COH MRK hybtlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) @uffered COHS MRK hybi#ithS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14- X(CO2) H2@O2 Pitzer & Sterner 94; Holland & Powell ngxda
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybridEoS*
17- X(O¥(S2) HO-S MRK hybrigEoS*
19- X(O}X(S) duffered COHS MRK hybiihS Connolly & Cesare 93*
20- X(0O}X(C) COHS MRK hykBEdS Connolly & Cesare 93*
24 - f(O2/CO2N/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 heobifprid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- HSMRK Kerrick & Jacobs 1981
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) phigsequation of statgpermits useof its
compositional variable:
*X_C1 can not be selected as thaxis variable
4

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

2

Enter minimum and maximum values, respectively, for: T(K)
573
1273
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Specify sectioning value for: P(bar)
5000

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

For gridded minimization, grid resolution is determined by the number of levels (grid_levels) and the resolution at the
lowest level in the Xand Y-directions (Xx_nodes and y_nodes) these parameters are currentiyos¢hé exploratory

and autorefne cycles as follows:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 40 40 40 x 40 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 nexteed not be normalized; regardless of units, thigfine the molar amount of
the system

The bulk composition of the system will be computed as:
C=C0*(eX Cl)+C1*X C1
where X_C1 varies between 0 and 1, and C0O and C1 are the compaosimifeednext.
To compute bulk compositions as: C = CO + Cl*Xh@dge the computational option keyword
closed_c_space.

Enter the molar amounts of the components:

MgO CaO

to define the composition CO

Composition C8hould beCaCO3, therefore it is defined £a0=1, MgO=0
0

1

Enter the molar amounts of the components:

MgO CaO

to define the composition C1

Composition € should beMgCO3, therefore it is defined as CaDKMgO4
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)?
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n
Enter names, 1 per line, press <enter> to finish:

per

dol

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

Include solution models (Y/N)?
Y

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

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

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

fluid models: COHFluid COHFluid+

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

or read the commentary in the solution model file.

Do(AE)

Cc(AE)

Do(AE) and Cc(AE) are tbelution malels for dolomite and magnesite fromAnovitz & Essen¢l987),
respectively. Cc(AE) also models-tédite.

GThe Do(AE) model requires fictivesdaucture endmembers that have a standard state G 20920 j > than
the Calstructure endmember, these are made here by a "DQF" correctibms a ¢ ¥ NJ/ 3 € 0aS:
solution_model.dat file)implies that the dol endmember must be excluded from the calculation

Enter calculation title:
Ex6 5kbar

(2) Doing the calculation\ERTEX

Run VERTEX to make the calculation:
CAPERPLERerplex689wertex

Perple_Xerdon 6.8.9, source updated Jan,21R0.
Copyright (C) 19880209James A D Connolly <www.perplex.ethz/copyright.html>.

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

Reading problem definition from file: ex6_Sidxdat

Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex6_5kbar.plt

Writing plot output to file: ex6_5kbar.plt

Writing phase assemblage data to file: ex6_5kbar.blk
Reading solution models from file: solution_model.dat
Readng Perple_X options from: perplex_option.dat
Writing auto refine summary to: ex6_5kbar_auto_refine.txt
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Writing seismic data options to: ex6_5kbar_seismic_data.txt
Writing pseudocompound glossary to: ex6_5kbar_pseudocompound_glossary.txt
Writing Perple_X gtion summary to: not requested

Perple_X computational option settings for VERTEX:

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

Free energy minimizatiooptions:

final_resolution:
exploratory stage 0.1E [1e2], target value, see actual values below
auto-refine stage 0.1 [le3], target value, see actual values below

resolution_factor 2 >=2[2]
refinement_points 4 [aut] o>112; aut = automatic
refinement_switch F [TTF
solvus_tolerance_Il  aut ->@[0.2]
global_reach_increment O >=0 [0]
reach_increment_switch on [on] off all
zero_mode 046B 0>1[le6]; <0 => off
2D grid options:
X_nodes 40/40 [20/40], >0, <2048; effectigsotution 40/ 313 nodes
y_nodes 40/ 40 [20/40], >0, <2048; effectigsgtution 40/ 313 nodes
grid_levels 1/4 [1/4], >0, <10
linear_model on off [on]
Composition options:
closed_c_space T F[T]

Solution subdivision options:
initial_resolution:
exploratorystage 0.0625 -%1 [1/16], 0 => off
auto-refine stage 0.0208 -1 [1/48 ], 0 => off
stretch_factor 0.0020 >0{2d

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

Thermodynamic options:
solvus_tolerance aut [aut] erD; aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
T_stop (K) 0.¢0]

T_melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF
AndersonGruneisen F AT
speciation_factor 100. >10 [100] speciation precisforakresolution/speciation_factor
speciation_max_it 100 [100]
hybrid_EoS_H20 4  {2]e7
hybrid_EoS_CO2 4 4D
hybrid_EoS_CH4 0 {D)v

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

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

Input/Output options:
dependent_potentials on off [on]
pause_on_error T [TIF
auto_exclude T [TTF
logarithmic_p F [FIT
bad_number NaN  Nja

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_refine_file T [T] F; echo awtiine compositions

seismic_data_file T [F] T; echo seismic wavespeed options

Worst-case Cartesian compositional resolution (mol):
Exploratory stage: 0.521E
Auto-refine stag: 0.868E3
Adapative minimization will be done with:
4 iterations in the exploratory stage
5 iterations in the autorefine stage
To change these options see: www.perplex.ethz.ch/perplex_options.html

**warning ver099** no data for aqueous spies, ag_output and ag_lagged_speciation disabled.

Solution model summary:
**warning verl14** the following endmembers are missing for Do(AE)
sid
15 pseudocompounds gerated for: Do(AE)
**warning ver114** the following endmembers are missing for Cc(AE)
sid
15 pseudocompounds generated for: Cc(AE)

Total number of pseudocompounds: 30

Summay 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 keywdnds. highest is the number of

pseudocompounds, the longest is the calculation (and the virtual memory consumed).

For pseudosection calculatia(involving solid solutions), VERTEX divides the calculation in
stages.TheEXPLORATORY STA€aksed to roughly establish the stable solatimompositions; in
the AUTOREFINE STAGEERTEX refines the previous calculation by:

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

WO

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

calkculation

3) Increasing resolution of compositions within these restricted ranges.
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This is the beginning of EXPLORATORY STAGE
** Starting expgoratory computational stage **
2.5% done with low level grid.
5.0% done with low level grid.
7.5% done with lar 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% donaewvith 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 leverigl.
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 lovevel 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.

Endmentoer fractions for model: Do(AE)
Endmember  Minimum Maximum
cc 0.48438 0.56250
mag 0.43750 0.51562

Endmenter fractions for model: Cc(AE)
Endmember Minimum Maximum
mag 0.15625H 1.0000
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cc 0.0000 1.0000

Solution model summary:
6 pseudocompounds generated for: Do(AE)
47 pseudeompounds generated for: Cc(AE)
Total number of pseudocongunds: 53

Summay of included solution models:
Do(AE) Cc(AE)

This is the beginning of the AU'REFINE STAGE
** Starting auto_refine computational stage **
0.3% done with low level grid.
2.9% done with low level grid.
5.4% done with low levegrid.
8.0% done with low level grid.
10.5% done with low level grid.
13.1% done with low level grid.
15.7% done with low level grid.
18.2% done with low level grid.
20.8% done with low level grid.
23.3% done with low level grid.
25.9% done witlow level grid.
28.4% done with low level grid.
31.0% done with low level grid.
33.5% done with low level grid.
36.1% done with low level grid.
38.7% done with low level grid.
41.2% done with low level grid.
43.8% done with low level grid.
46.3% doe with low level grid.
48.9% done with low level grid.
51.4% done with low level grid.
54.0% done with low level grid.
56.5% done with low level grid.
59.1% done with low level grid.
61.7% done with low level grid.
64.2% done with low level grid.
66.8% done with low level grid.
69.3% done with low level grid.
71.9% done with low level grid.
74.4% done with low level grid.
77.0% done with low level grid.
79.6% done with low level grid.
82.1% done with low level grid.
84.7% done with low levejrid.
87.2% done with low level grid.
89.8% done with low level grid.
92.3% done with low level grid.
94.9% done with low level grid.
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97.4% done with low level grid.
100.0% done with low level grid.

Beginning grid refinement stage.
167 grid cellso be refined at grid level 2
refinement at level 2 involved 353 minimizations
1953 minimizations required of the theoretical limit of 6241
321 grid cells to be refined at grid level 3
...working (148 minimizations done)
refinement at level 3 involved 632 minimizations
2585 minimizations required of the theoretical limit of 24649
633 grid cells to be refined at grid level 4
...working (17 minimizations done)
...working (518 minimizations den
...working ( 1019 minimizations done)
refinement at level 4 involved 1236 minimizations
3821 minimizations required of the theoretical limit of 98596

Endmentoer fractions for model: Do(AE)

Endmember Minimum Maximum
cc 0.48264 0.56424
mag 0.43576 0.51736

Endmember fractions for modeCc(AE)

Endmember Minimum Maximum
mag 0.0000 1.0000
cc 0.0000 1.0000

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 (&EC)I

Run PSSECT to plot the cal®dgseudosection:
C\PERPLEBRerplex689pssect

Perple_Xersion 6.8.9source updatedan 312010.
Copyright (C) 1988019 James A D Connolly <www.perplex.ethz/copyright.html>.

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

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)
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field_fill T [T] F

field_label T [TTF
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]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
replicate_label 0.250 ->Q [0.025]

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

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

PostScript will be vitten to file: ex6_5kbar.ps

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

Because the Cc(AE) solution model treats simultaneously both theaMiie and magnesite solid solutions,
they are indicated with the same name on the diagra®e. careful to assign the correct name to each
phase.
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http://www.perplex.ethz.ch/perplex_plot_options.html
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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 contain one phase.

The red ellipse highlight I ao0dzA¢ > GKAOK OFYy 0S StAYAWlgrid8sed 6& A
by VERTEX during tggdded minimizatiorcalculation.

(4) Increasing the resolution of the-y grid

For gridded minimizationVERTEX uses a multilevel grid refinenstrategy 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_levelsg 1) by bisection (Connolly 2005). Tkenodes, y_nodes, grid_levelsarameters are set by
keywads of the same namé the perplex_option file Each 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 autorefine stage.

There is no simple fe for the best choices for x_nodes or y_nodes as they depend on the scale of the
diagram and the heterogeneity of its phase fields, the default values are 40 and 40 for exploratory and
auto-refinement stages of a calculation. The default values of gneldeare 1 and 4 for exploratory and
auto-refinement stages.

Increase the resolution of the gricby increasing the number ofyxnodesfor the auto-refinement stageof
calculationfrom 40 to 60 (open the perplex_option.dat file and modify the defaulueabf the x_nodes
and y_nodes parameters).
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X_nodes
X grid resolution
y_nodes
y grid resolution

40 60 | [40 40] exploratory and autaerefine (grid parameters keyword group), lowestlevel

40 60 | [40 40] exploratory and autcerefine (grid parameters keyword group), lowestlevel

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

1273 T T T T T T T 3 lkbar
L Mg-Cal D4l Mag]
1133 [~ —
993 = =
Dol+Mag
o L Mg-Cal+Dol 1
oy
853 = —
713
573 1 | 1 | IJ | 1 | 1
0.200 0.400 0.600 0.800 1.00
X(C1)

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

The influence of gessure on the Cdbol and DeMag solv can be investigated by calculating the same
phase diagram at different pressures (5 to 30 kbar, every 5 kbar). Yaditahe input file, by specifying a
different pressureremember to rename the filg. Pressurés reported at the end of the input file:

5000.00 1273.00 1.00000 0.00000 0.00000
5000.00 573.000 1.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000 0.00000

max p, t, xco2, ul, u2
min p, t, xco2, ul, u2
unused place holder post 06

Run again VERTEX and PSESECT for calculation at 10, 15, 20, 25 and 30 kbar, respectively.
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1273 T T T T T T T T —‘ T T T
- Mg-Cal | - Mg-Cal Dal
1133 =
993 |-
Dol+Mag Dol+Mag
L Mg-Cal+Dol Mg-Cal+Dol
853 |-
713 Arg+Mg-Cal
Mg-Cal2 DolS0
L LArag
Arag+Dol
573 L | 1 1 1 1 1 | 1 | | 1
0.200 0.400 0.600 0.200 0.400 0.600
1273 T T T T T T T T T T T
= JI ll
Mg-Cal Mg-Cal
1133 |- ]
i Mg-Cal+Dol Mg-Cal+Dol i
L Dol+Ma Dol+Ma s
= ¢ \\ Mg-Cal10 Dol54 €
>l Arag+Mg-Cal ]
Arag+Mg-Cal
stk g+VIg g
Mg-Calé Dol52 Arag+Dol
_ Arag — Arag i
Arag+Dol Dol50 Mag98
713 |-
Dol48 A géﬁMag
Arag+Mag
573 L | L | = | 1 | 1 | I 1 1 | 1
0.200 0.400 0.600 0.200 0.400 0.600 0.800 1.00
1273 T T T T T T T T T T T 30 |kbar
Mg-Cal L! = M
o - a
-\ Ve bdl Mg-Cal+Dol [dI o
\ g-Call7 Dols
133 |- Mg-Cal+Dol \ I -
. Arag+Mag-Ca
N Me-Calla __ Dol5a € g Dol+Mag
993 |- AragFMg-Cal Dol+Mag Arag+Dol =
B Arag+Dol i
Dol50 Mag96
853 - d
Dol50
~Arag - Arag
Arag+Mag
n Arag+Wag
573 1 | 1 1 : | 1 | 1 1 1 1 | | 1 | 1
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800 1.00

What happens at the T (and P) conditions indicated by the blue, red arahge 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 calculate RT projection for the CaC@MgCQ system,
using solidsolutions (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 problem (BUILD)

CA\PERPLERerplex68$build

Perple_X version 6.8.8ource updated JaBil, 2020
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/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 rin& for all output file names) [default
my_project]:
ex’

The problem definibn file will be named: ex7.dat

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

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

Reading Perple_X options from: perplex_option.dat

The current data base components are:

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

n

Specify computational mode:

1 - ConvexHull minimization

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

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use Convelull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrainedimmization for phase diagramr phase diagram sections with < 3 independent
variables.
1
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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 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 ¥iH €uid speciation treat O2 as a
saturated componentRefer to the Perple_X Tutorial for details.

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 AI2G802 RO CaOrio2 MnO FeO NiO ZrO2 G2 H20CuO Cr203S2 K2zZnO
Enter names, 1 per line, press <enter> to finish:

MgO

CaO

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

Select fluid equation of state:
0- X(CO2H20C02 Modified RedlieKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2 - X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) euffered COH MRK hybrH0S Connolly & Cesare 93*
12 - X(0)f(S2) cuffered COHS MRK hybi#ithS Connolly & Cesare 93*
13- X(H2) H2@H2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRKybrid-EoS*
16- X(O) 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(C) COHS MRK hybBEdS Connolly & Cesare 93*
24-f(02/CO2N/C Cbuffered COHN MRK hy8-EoS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0O) GSi MRK Connolly 16
27 - X(OYX(C) 8>-H MRK hybridEoS*
*Hybrid EoS use the following pure species EoS, to change these associatitifisthe hybrid_EoS keywords in the
perplex_option file:
H20 - PSEOS Pitzer & Sterner 1994
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CO2- PSEoS Pitzer & Sterner 1994
CH4- HSMRK Kerrick & Jacobs 1981
5

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

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

2

Select xaxis variable:
1-P(ba)
2-T(K)
3-Y(CO2)
*Although only one component is specified for the Y(CO2) phase, its equdtitate permits use of its
compositional variable:
2

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

1273

Same T range as Bx.6

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

2

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

30000

Same P range as iBx. 6

Specify sectioning value for: Y(CO2)
1

Output a print file (Y/N)?
y

Exclude pure and/or endmeloer 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
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dol
Same as irEx. 6

Include solution models (Y/N)?

y

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

[enter]

X

Sekct models from the following list, enter 1 pkne, press <enter> to finish

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

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

Do(AE)

Cc(AE)

Same as irEx. 6

Enter calculation title:
ex’

(2) Doing the calculationGONVEX

RunCONVE make the calculation:
CA\PERPLERerplex689zonvex

Perple_X version 6.8.8ource updated JaBil, 2Q20.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex7

Reading prolem definition from file: ex7.dat

Reading thermodynamic data from file: hp633ver.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_ioptdat
Writing complete reaction list to: not requested
Writing auto refine summary to: ex7_auto_refine.txt
Writing pseudocompound glossary to: not requested
Writing Perple_X option summary to: not requested

Perple_X computational option settings for OZK:
Keyword: ValuePermitted values [default]:
Auto-refine options:
auto_refine aut off manual [auto]
Schreinemakers anldlixed-variable diagram options:
variance 1/99 [1/99], >0, imaxn true variance
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increment 0.100/0.025 [0.1/0.025], default search/trace variable increment
efficiency 3 [3]>0<6
reaction_format min [min] full stoichiometry S+V everything
reaction_list off [off] on
console_messages on [on] off
short_print file on [on] off
Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refinestage 0.0208 -#1 [1/48 ], 0 => off
stretch_factor 0.0020 >0{3p

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

pc_pertuibation 0.0050 [=8]

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

T_melt(K) 873.0 [873]
order_check on off [on]
approx_alpha T [TIF
AndersonGruneisen F [FIT

speciation_factor 100. >10 [100] speciation precision = final resédpaiation_factor
speciation_max_it 100 [100]

hybrid_EoS_H20 4 {2 87
hybrid_EoS_CO2 4 {40
hybrid_EoS_CH4 0 0]
ag_bad_results err [et€)1, 102, 103, ignore

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

dependent_potentials on off [on]
pause_on_error T [TIF
auto_exdude T [TIF

Worstcase Cartesianompositional resolution (mol):
Exploratory stage: 0.521E
Auto-refine stage: 0.868B
Adapativeminimization will be done with:
4 iterations in the exploratory stage
5 iterations in the autorefine stage
To change these options see: www.perplex.ethz.ch/perplex_options.html

Solution model summary:
**warning verl114** the following endmembers are missing for Do(AE)
sid
15 pseudocompounds generated for: Do(AE)
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**warning ver114** the following endmembers are missing for C§(AE
sid
15 pseudocompounds generated for: Cc(AE)

Total number of pseudocompounds: 30

Summay of included solution models:
Do(AE) Cc(AE)

** Starting exporatory computational stage **
cycle 1 1 1
cycle 2 2 2
Initial number of divariant assemblages to be tested is: 2
Testing divariant assemblage 1, 1 assemblages remaining to be tested.
Testing divariant assemblage 2, 2 assemblages remaining to be tested.
Testing divariant assemblage 3, 3 assemblages remaining to be tested.
Testing divariant assemblage 4, 4 assemblages remaining to be tested.
Testing divarianassemblage 5, 4 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 6, 4 assemblagesniag to be tested.
Testing divariant assemblage 7, 5 assemblages remaining to be tested.
Testing divariant assemblage 8, 5 assemblages remaining to be tested.
Testing divariant assemblage 9, 5 assemblages remaining &idak te
**warning ver066** Metastable assemblage into FLIPIT:

mag arag
v=30000.0 895.993 1.00000 0.00000 0.00000
Testing divariant assemblage 10, 6 assemblages remaining to be tested.
**warning ver066** Metastable assmblage into FLIPIT:

mag_6.2 arag
v=27500.0 1273.00 1.00000 0.00000 0.00000
Testing divariant assemblage 11, 5 assemblages remaining to be tested.
Testing divariant assemblage 12, 4 assemblages remaininte&iduk
Testing divariant assemblage 13, 5 assemblages remaining to be tested.
Testing divariant assemblage 14, 5 assemblages remaining to be tested.
Testing divariant assemblage 15, 4 assemblages remaining to be tested.
Testingdivariant assemblage 16, 4 assemblages remaining to be tested.
Testing divariant assemblage 17, 3 assemblages remaining to be tested.
Testing divariant assemblage 18, 3 assemblages remaining to be tested.
Testing divariant assentdge 19, 4 assemblages remaining to be tested.
Testing divariant assemblage 20, 4 assemblages remaining to be tested.
Testing divariant assemblage 21, 3 assemblages remaining to be tested.
Testing divariant assemblage 223 assemblages remaining to be tested.
Testing divariant assemblage 23, 3 assemblages remaining to be tested.
Testing divariant assemblage 24, 2 assemblages remaining to be tested.
Testing divariant assemblage 25, 2 assembiag®sning to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

arag mag_18.8
v=30000.0 1133.00 1.00000 0.00000 0.00000
Testing divariant assemblage 26, 1 assemblages remaining to be tested.

104 | Updated: 2020, Febauy 3



Testing diariant assemblage

27, 0 assemblages remaining to be tested.

Endmentoer fractions for model: Do(AE)

Endmember Minimum Maximum
cc 0.50000 0.56250
mag 0.43750 0.50000

Endmenter fractionsfor model: Cc(AE)

Endmember Minimum Maximum
mag 0.62500H.  0.93750
cc 0.62500ED1 0.93750

Solution model summary:

10 pseudocompounds generated for; Do(AE)
47 pseudeompounds generated for: Cc(AE)

Total number of pseudocompounds:

57

Summary of inluded solution models:

DO(AE) Cc(AE)

** Starting aub_refine computational stage **

cycle 1 1
cycle 2 2
cycle 3 3
cycle 4 4

1
2
3
4

Initial number of divaant assemblages to be tested is: 4

Testing divariant assemblage 1,

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

Testing divariant assemblage 2,
Testing divariant assemblage 3,

finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilbrium (
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) Do(AE)(cc_47.9) = Cc(AE)(mag_97.9)

2) Cc(AE)(mag) aragAB)(cc_47.9)

3) Cc(AE)(mag) arag = Cc(AE)(mag_97.9)

4) Cc(AE)(mag_97.9) arag = Do(AE)(cc_47.9)

5) Do(AE)(cc_47.9) = Cc(AE)(mag_97.9) Do(AE)(cc_50.0)
6) Do(AE)(cc_47.9) arag = Do(AE)(cc_50.0)

7) Cc(AE)(mag_97.9) arag = Do(AE)(cc_50.0)

8) Cc(AE)(mag_97.9) arag = Cc(AE)(mag_95.8)

9) Cc(Mirag_97.9) Do(AE)(cc_50.0) = Cc(AE)(mag_95.8)
10) arag Cc(AE)(mag_95.8) = Do(AE)(cc_50.0)

4 assemblages remaining to be tested.

4 assenmblageaining to be tested.

11) Do(AE)(cc_50.0) Cc(AE)(mag_2.1) = Cc(AE)(mag_4.2)
12) Do(AE)(cc_50.0) arag = Cc(AE)(mag_2.1)

13) Do(AE)(cc_50.0) arag = Cc(AE)(2ag_4.

14) Cc(AE)(mag_4.2) arag = Cc(AE)(mag_2.1)

15) Do(AE)(cc_50.0) Cc(AE)(mag_4.2) = Do(AE)(cc_52.1)
16) Do(AE)(cc_50.0) arag = Do(AE)(cc_52.1)

17) arag Do(AE)(cc_52.1) = Cc(AE)(mag_4.2)

18) arag Cc(AE)(mag_6.2) = Cc(AE)(mag_4.2)

19) Cc(AE)(mag_4.2) Do(AE)(cc_52.1) = Cc(AE)(mag_6.2)
20) arag [2df)(cc_52.1) = Cc(AE)(mag_6.2)

21) arag Do(AE)(cc_52.1) = Cc(AE)(mag_8.3)

22) arag Cc(AE)(mag_8.3) = Cc(AE)(mag_6.2)
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finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with euilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with equilibrium (
finished with egqilibrium (
finished with equilibrium (

23) Do(AE)(cc_52.1) Cc(AE)(mag_6.2) = Ca(AB)8n

24) arag Do(AE)(cc_52.1) = Do(AE)(cc_54.2)

25) arag Do(AE)(cc_54.2) = Cc(AE)(mag_8.3)

26) Do(AE)(cc_52.1) Cc(AE)(mag_8.3) = Do(AE)(cc_54.2)
27) arag Cc(AE)(mag_10.4) = Cc(AE)(mag_8.3)

28) arag Do(AE)(cc_54.2) = Cc(AE)(mag_10.4)

29) Cc(AE)(mag_8.3) Do(AE)(cc_54.2) = Cc(AE)(mag_10.4)
3@rag Do(AE)(cc_54.2) = Cc(AE)(mag_12.5)

31) arag Cc(AE)(mag_12.5) = Cc(AE)(mag_10.4)

32) Do(AE)(cc_54.2) Cc(AE)(mag_10.4) = Cc(AE)(mag_12.5)
33) arag Do(AE)(cc2pb4.Cc(AE)(mag_14.6)

34) arag Cc(AE)(mag_14.6) = Cc(AE)(mag_12.5)

35) Do(AE)(cc_54.2) Cc(AE)(mag_12.5) = Cc(AE)(mag_14.6)
36) arag Do(AE)(cc_54.2) = Do(AE)@f_56.

37) arag Do(AE)(cc_56.2) = Cc(AE)(mag_14.6)

38) Do(AE)(cc_54.2) Cc(AE)(mag_14.6) = Do(AE)(cc_56.2)
39) arag Cc(AE)(mag_16.7) = Cc(AE)(mag_14.6)

40) arag Do(AE)(cc_56.2) = Cc(AE)(mag_16.7)

41) Cc(AE)(mag_14.6) Do(AE)(cc_56.2) = Cc(AE)(mag_16.7)

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

finished with equilibrium ( 42) arag = Cc(AE)(cc)

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

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

Testing divariant assemblage 7, 4 assemblages remainingetsidze t

Testing divariant assemblage 8, 5 assemblages remaining to be tested.

Testing divariant assemblage 9, 5 assemblages remaining to be tested.

Testing divariant assemblage 6 assemblages remaining to be tested.

Testing dvariant assemblage 5 assemblages remaining to be tested.

Testing divariant assemblage 5 assemblages remaining to be tested.

Testing divariant assemblage 13, 5 assemblages remaining to be tested.

finished with equilibrium(  43) Cc(AE)(mag_95.8) Do(AE)(cc_50.0) = Cc(AE)(mag_93.8)
Testing divariant assemblage 14, 7 assemblages remaining to be tested.

Testing divariant assemblage 15, 7 assemblages remaining to be tested.

finished with equilibrium ( 44)o(AE)(cc_50.0) = Do(AE)(cc_52.1) Cc(AE)(mag_91.7)
Testing divariant assemblage 16, 8 assemblages remaining to be tested.

Testing divariant assemblage 17, 9 assemblages remaining to be tested.

Testing divariant assemblage 18, as$emblages remaining to be tested.

Testing divariant assemblage 19, 8 assemblages remaining to be tested.

finished with equilibrium ( 45) Cc(AE)(mag_93.8) Do(AE)(cc_50.0) = Cc(AE)(mag_91.7)

Testing divariant assemblage 20, 10 assemblagnaining to be tested.
Testing divariant assemblage 21, 9 assemblages remaining to be tested.
Testing divariant assemblage 22, 8 assemblages remaining to be tested.
Testing divariant assemblage 23, 8 assemblages remaibiagested.

finished with equilibrium ( 46) Do(AE)(cc_52.1) Cc(AE)(mag_91.7) = Cc(AE)(mag_89.6)

Testing divariant assemblage 24, 10 assemblages remaining to be tested.
Testing divariant assemblage 25, 11 assemblages remaining to be tested
Testing divariant assemblage 26, 10 assemblages remaining to be tested.
Testing divariant assemblage 27, 11 assemblages remaining to be tested.
Testing divariant assemblage 28, 10 assemblages remaining to be tested.
Testing divaant assemblage 29, 10 assemblages remaining to be tested.

Testing divariant assemblage 30, 9 assemblages remaining to be tested.
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Testing divariant assemblage 31, 9 assemblages remaining to be tested.
Testing divariant assemblage32, 9 assemblages remaining to be tested.
Testing divariant assemblage 33, 9 assemblages remaining to be tested.
finished with equilibrium ( 47) Cc(AE)(mag_89.6) Do(AE)(cc_52.1) = Cc(AE)(mag_87.5)
Testing divariant assemblage 3410 assemblages remaining to be tested.
Testing divariant assemblage 35, 9 assemblages remaining to be tested.
Testing divariant assemblage 36, 9 assemblages remaining to be tested.
Testing divariant assemblage 37, 8 assemblagesning to be tested.
Testing divariant assemblage 38, 9 assemblages remaining to be tested.
Testing divariant assemblage 39, 9 assemblages remaining to be tested.
Testing divariant assemblage 40, 9 assemblages remaininteiidat
Testing divariant assemblage 41, 8 assemblages remaining to be tested.
Testing divariant assemblage 42, 8 assemblages remaining to be tested.
Testing divariant assemblage 43, 9 assemblages remaining to be tested.
Testingdivariant assemblage 44, 9 assemblages remaining to be tested.
Testing divariant assemblage 45, 8 assemblages remaining to be tested.
Testing divariant assemblage 46, 7 assemblages remaining to be tested.
Testing divariant asseolage 47, 7 assemblages remaining to be tested.
Testing divariant assemblage 48, 8 assemblages remaining to be tested.
Testing divariant assemblage 49, 7 assemblages remaining to be tested.
Testing divariant assemblage 507 assemblages remaining to be tested.
Testing divariant assemblage 51, 7 assemblages remaining to be tested.
Testing divariant assemblage 52, 6 assemblages remaining to be tested.
Testing divariant assemblage 53, 6 assembiaegesning to be tested.
Testing divariant assemblage 54, 6 assemblages remaining to be tested.
Testing divariant assemblage 55, 5 assemblages remaining to be tested.
Testing divariant assemblage 56, 5 assemblages remaininte&idak
Testing divariant assemblage 57, 6 assemblages remaining to be tested.
Testing divariant assemblage 58, 6 assemblages remaining to be tested.
Testing divariant assemblage 59, 6 assemblages remaining to be tested.
Testingdivariant assemblage 60, 6 assemblages remaining to be tested.
Testing divariant assemblage 61, 5 assemblages remaining to be tested.
Testing divariant assemblage 62, 4 assemblages remaining to be tested.
Testing divariant asseolage 63, 5 assemblages remaining to be tested.
Testing divariant assemblage 64, 5 assemblages remaining to be tested.
Testing divariant assemblage 65, 5 assemblages remaining to be tested.
Testing divariant assemblage 665 assemblages remaining to be tested.
Testing divariant assemblage 67, 5 assemblages remaining to be tested.
Testing divariant assemblage 68, 6 assemblages remaining to be tested.
Testing divariant assemblage 69, 6 assembiagesning to be tested.
Testing divariant assemblage 70, 5 assemblages remaining to be tested.
Testing divariant assemblage 71, 4 assemblages remaining to be tested.
Testing divariant assemblage 72, 4 assemblages remaininteRidae
Testing divariant assemblage 73, 4 assemblages remaining to be tested.
Testing divariant assemblage 74, 3 assemblages remaining to be tested.
Testing divariant assemblage 75, 4 assemblages remaining to be tested.
Testingdivariant assemblage 76, 3 assemblages remaining to be tested.
Testing divariant assemblage 77, 2 assemblages remaining to be tested.
Testing divariant assemblage 78, 2 assemblages remaining to be tested.
Testing divariant asseolage 79, 2 assemblages remaining to be tested.
finished with equilibrium ( 48) Cc(AE)(mag_16.7) Do(AE)(cc_56.2) = Cc(AE)(mag_18.8)
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Testing divariant assemblage 80, 4 assemblages remaining to be tested.
Testing divariant assemblage81, 3 assemblages remaining to be tested.
**warning ver066** Metastable assemblage into FLIPIT:

mag_16.7 arag
v =30000.0 1150.50 1.00000 0.00000 0.00000
Testing divariant assemblage 82, 2 assemblages remainintegidab
finished with equilibrium ( 49) Cc(AE)(mag_18.8) Do(AE)(cc_56.2) = Cc(AE)(mag_20.8)
Testing divariant assemblage 83, 4 assemblages remaining to be tested.
Testing divariant assemblage 84, 3 assemblages remaining to be tested.
Testing divariant assemblage 85, 3 assemblages remaining to be tested.
Testing divariant assemblage 86, 3 assemblages remaining to be tested.
Testing divariant assemblage 87, 2 assemblages remaining to be tested.
Testing divarianassemblage 88, 1 assemblages remaining to be tested.
Testing divariant assemblage 89, 0 assemblages remaining to be tested.

Endmembe fractions for model: Do(AE)

Endmember Minimum Maximum
cc 0.47917 0.56250
mag 0.43750 0.52083

Endmenter fractions for model: Cc(AE)

Endmember Minimum Maximum
mag 0.20833H 0.97917
cc 0.20833H 0.97917

(3) Plotting the calculated phasdiagram (PSDRAWY

RunPSWDRAWS plot the calculated pseudosection:
C\PERPLERerplex689psvdraw

Perple_X veien 6.8.9, source updated Jan,2120.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project or plofile name [i.e., without the .plt suffix]:
ex7

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)

field_fill T [TIF

field_latel T [TIF
field_label_scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

half_ticks T [TIF
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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] ytranslation (pts)
0.00 [0.0] rotation (deg)
plot_aspect_ratio 1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->Q [0.025]

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

To change these options edit or create the plot option file
Seewww.perplex.ethz.ch/perplex_plobptions.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 = pyseundcunivariant equilibria
(i.e. equilibria among pseudocompounds, involving two psmcompounds of the same phase on both
sides of the reaction; variance F2Pseudeunivariant equilibria are not true univariant reactions, and it is
convenient not to plot themoptherwise the resultingliagramwould befull of curves.

Modify drafting gtions (y/n)?
answer yes to modify:
- x-y plotting limits
- axes numbering

n

Restrict phase fields by variance (y/n)?
answer yes to:
- suppress pseudounivariant curves and/or pseudoinvariant points gpecified true variance.
y
This isa key promptd 2 S | NS AYyOiSNBadGSR (G2 d&adNXzS¢ dzy A D NR Iy
pseudceunivariant curves (i.e. diariant equilibria involving two pseudocompounds of the same phase on
both sides of the reaction). Therefore we must suppresthealcurves that have a varianée (i.e. we must
show 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 egtiefault]
2 - show all fields with a specified true variance
1
2SS INB AYyGSNBadGSR (2 adNHzS¢é dzyADENRI yG NBFOGA2YaA
with true variance <2.

Enter the true variance to be used for this restrict[@r99, default = 2]:
2
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Suppress pseudoinvariant points (y/n)?

N

Pseudoinvariant points are useful for visualizing how a phase changes its composition along a true
univariant curve (see below).

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

answer s to:

- show fields that contain a specific assemblage

- show fields that do not contain specified phases

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

Modify default equilibrium labeling (y/n)?
answer yes to:
- modify/suppress [pseudq 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 fraction of thexaes length that a

curve must be to receive a text labet1]x

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(@00):

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

Suppress point labels (y/n)?
N

The resulting diagram shows three univariant equilibria. Two of them are divided in several parts (each on
with a numeric label) by pseudavariant points (small 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 equilibrianadpe ex7.prn file. At the end of

this file, the(pseude) univariant equilibria are summarized
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30000 T T T T T T T 7 T
(10 / (13)
i 37

25000 —

20000 —

P(bar)
T

Arag + Dol = Mg-Cal
(12) Do(AE)(cc_50.0) arag = Cc(AE)(mag_2.1)
(13)Do(AE)(cc_50.0) arag = Cc(AE)(mag_4.2)
(17) arag Do(AE)(cc_52.1) = Cc(AE)(mag_4.2)
(20) arag Do(AE)(cc_52.1) = Cc(AE)(mag_6.2)
(21) arag Do(AE)(cc_52.1) = Cc(AE)(mag_8.3)
(25) arag Do(AE)(cc_54.2) = Cc(AE)(mag_8.3)
(28) arag Do(AE)(cc_54.2) = Cc(AE)(mag_10.4)
2) Cc(AE)(mag) arag = Do(AE)(cc_47.9) (30) arag Do(AE)(cc_54.2) = Cc(AE)(mag_12.5)
4) Cc(AE)(mag_97.9) arag = Do(AE)(cc_47.9) | |(33) arag Do(AE)(cc_54.2) = Cc(AE)(mag_14.6)
7) Cc(AE)(mag_97.9) arag = Do(AE)(cc_50.0) | |(37) arag Do(AE)(cc_56.2) = Cc(AE)(mag_14.6)
10) arag Cc(AE)(mag_95.8) = Do(AE)(¢c_50.0)| | (40) arag Do(AE)l(cc_SG.ZI = Cc(AE)(mag_16.7)

718 853 993 1133 1273
T(K)

15000

10000

5000 L

Note that each segment of the same univariant curve differs from the others for the composition dqf one
phase. This implies that the composition of saa@utions (Mgcalcite, dolomite and magnesite) changgs
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 sectionsbtained in Ex. 6.

30000 l I T

25000

Mag + Arag = Dol

(2) Mag100 + Arag = Dol48
(4) Mag98 + Arag = Dol48
(7) Mag98 + Arag = Dol50
(10) Mag96+Arag = Dol50

S S
Mg-Cal13 (&4

(o |

Arag + Dol = Mg-Cal
(12) Arag + Dol50 = Mg-Cal2
(13) Arag + Dol50 = Mg-Cal4
(17) Arag + Dol52 = Mg-Cal4 4
(20) Arag + Dol52 = Mg-Cal6
(21) Arag + Dol52 = Mg-Cal8
(25) Arag + Dol54 = Mg-Cal8 —
(28) Arag + Dol54 = Mg-Cal10
(30) Arag + Dol54 = Mg-Cal12
(33) Arag + Dol54 = Mg-Cal15 —
(37) Arag + Dol56 = Mg-Call5
(40) Arag + D?ISG = Mg-Call7
] 1

5000 | | | | |

713 853 993
T(K)

1133 1273

Note that the two types of diagram provide the same information, but in different way.

In the P-T projectior= G KS az2f AR

a2t dzirzya

O2YLRAAGAZ2ZYIE Ay

understand how solid solutions change theimgmosition as a function of P and T by carefully analysing

each segment of the univariant curves.

In the isobaric FX sections solid solutions compositions are explicitly indicated, but you need more than
one diagram to understand how these compositiohamge as a function of pressure.
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1273 T T T T T T T

T T T T T
- Mg-Cal Dal - Mg-Cal DJI
1133 |- -
993 = -
Dol+Mag Dol+Mag
B Mg-Cal+Dol | Mg-Cal+Dol
853 |- -
713 —{ Arg+Mg-Cal
2 Mg-Cal2 Dol50
- LArag
Arag+Dol
573 1 1 1 | 1 L | 1 1 1 Il | H | L
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800
1273 T T T T T T T 15 |kbarl T T T T T
L DJI Mag] | DL!I
Mg-Cal Mg-Cal
1133 5
-
Mg-Cal+Dol Mg-Cal+Dol
= N | Dol+M
993 Dol+Mag . Mg-Cal10 _— ol+Mag
s L 1\
= Arag+Mg-Cal
Arag+Mg-Cal
853 - grNE 4
Mg-Cal6 Dol52 Arag+Dol
AragJ 1 EArag
Arag+Dol ! Dol50
713 =
Dol48 Mag98 | A ag§+Mag
Arag+Ma5g
573 1 | L 1 L 1 I 1 L | 1 1 i | | | 1 2
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800 1.00
25 kbar 30 kbar
1273 T T T T T T T T T T T T T T T
: g-Cal v
Mg-Ca Ma a
- 8 Je]] o | Mg-Cal+Dol |Dql £
= Mg-Call7 Dolsé
1133 [~ Mg-Cal+Dol 4 F \ _
Arag+Mag-Cal |
\\ Mg-Cal13 __ Dol54 1 L Bakthag i
gosi= Arag#Mg-Cal Dol+Mag 1 L Arag+Dol _
< L Arag+Dol 4 L J
§ . Dol50 Mag96
853 [- - =
Dol50 Mag98
CArag [ Arag :
Arag+Mag
LAE Arag+Mag r
573 1 | 1 1 i | 1 | 1 L | 1 1 l | 1 1 1
0.200 0.400 0.600 0.800 1.00 0.200 0.400 0.600 0.800 1.00
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Ex 8
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Ex.8 ¢ AFM chemographies in the KFMASH system

This exercise explains how to calculaie K S G Of  8aAOFf ¢ ¢K2YLAZ2)
metapelites in the KFMASH system. Opposite to Ex. 3, solid solut@wasonsidered.

COMPONENT TRANSFORMATIQ@INS necessary in order to compute ede phase
diagrans. In the classical AFM projection, compositions are reduced through] the
projection hierarchy H20, SiO2 (g), KAI3O5 (mu) into thecsufposition MgGFeQ
Al203.

(1) Projection through muscovite implies that muscovite component must be define
(MU = 0.5 K20 + 1.5 AI203hlong the KAI3OSIO2 join, Keldspar has a negative
composition and it will be therefore rejected. This means titat calculation will onlybe
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 (=1L.5MgO ¢ 0.5A1203)and ANN (=1.5 FeO¢ 0.5A1203) to replace the normal Fep
and MgO componenisso that biotite plots inside the composition space considereq by
CONVEX.

=N

(1) Definition of the problem (BUILD)

CA\PERPLERerplex68$build

Perple_X version 6.8.8ource updatd Jar30, 2020
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/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_roject]:
Ex8

The problem definibn file will be named: ex8.dat

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

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

Reading Perple_X options from: perplex_option.dat

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 defineere:

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 charactee$, justified:

MU

Enter old component to be replaced with MU

K20

Enter other components (< 11) in MU 1 per line, <enter> to finish:
Al203

Enter stoichiometric coefficients of:
K20 AI203
in MU  (in above order):
Muscovitehas the formulaKAIBi3010(OH)2f SiO2 and H20 are considered in excess, its compaosition 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 TiOMnO FeONIiO ZrO2 CR2 H20 CO2 CuO Cr203 SNE2nO
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
Enterold component to be replaced with PHL :

MgO

Enter other components (< 11) in PHL 1 per line, <enter> to finish:
Al203

Enter stoichiometric coefficients of:
MgO AI203
in PHL (in above order):
Phlogopite has the formula: KMg3AISi3010(OH}®nsideng H20, SiO2 and KAI3O5 in excess, its
composition is defined as PHL = (3MgA&I203) or, reduced, PHL = (1.5MgQ5AI203).
15
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-0.5

PHL =1.50 MgO -0.50AI203
Is this correct (Y/N)?

Y

The current data base components are:

Na20 PHIAI203 SIOMU CaO TiO2 MnO FeO NMiO2 Cl202 H20 CO2 CuCr203 S2 F2 NAO
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 hame, < 6 characters, letified:

ANN

Enter old component to be replaced with ANN :

FeO

Enter other components (< 11) in ANN 1 per line, <enter> to finish:

Al203

Enter stoichiometric coefficients of:
FeO AI203
in ANN (in above order):
Annite has the formula: RE3AISI30OQ(OH)2 Considering H20, SiO2 and KAI3O05 in excess, its composition
is defined as ANN = (3Fe@I203) or, reduced, ANN = (1.5Fe@5AI203).
15
-0.5
ANN =1.50FeO -0.50AI203
Is this correct (Y/N)?

y

The current data base components are:

Na20OPHL AI203 Sid2U CaO TiO2 MnO ANN N@D2 Cl202 H20 CO2 CuO Cr203 SNF2nO
Transform them (Y/N)?

Note that the newly defined ANN component has replaced FeO in the list of the database components.
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 calculations

6 - 0-d Infiltration-reactionationfractionation

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

117 | Updated: 2020, Febauy 3



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 sel 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 ¥iH €uid speciation treat O2 as a
saturated component. Refer to the Perple_X Tutorial fetads.
H20

Calculations with saturated components (Y/N)?

y
Si02 and MU (KAI305) must be considered as saturated component, in this specific order.

Select < 6 saturated components from the set:

Na20 PHL AI3Csi02 MU CaO TiO2 MnO ANID ZrO2CI202 CO2 CuOr203S2 F2 NAO
Enter names, 1 per line, press <enter> to finish:

Sio2

MU

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

Select thermodynamic components from the set:

Na20 PHL Al2@xO TiO2 MnO ANN NiO ZrO2 CI2 0O2CuCOZr203S2 F2 24D

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

ANN

PHL

Al203

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

Because the thermodynamic data file identifies: CO2 as special components, you will be prompted next for the EoS to

be used for the corresponding composants and mixtures thereof. To override this behaviotpaige a generic
hybrid fluid EoS, delete the special_component section from 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 &das 81
2-X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@0O2 CORK Holland & Powell 91, 98
8- (02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK hybtEoS Connolly & Cesare 93*
12 - X(O¥f(S2) ebuffered COHS MRK hybi#S 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 hybrioS*
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16- X(0O) HO MRK hybrideoS*
17 - X(0O)f(S2) HO-S MRK hybriEoS*
19- X(O)X(S) ebuffered COHS MRK hybiithS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2N/C Chuffered COHN MRK hyb#tbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(O)X(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 & Stern€&9u
CH4- HSMRK Kerrick & Jacobs 1981
5

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

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

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 nanes, 1 per line, press <enter> to finish:
Excludek-bearing phases other than muscovite and biotite.
fstp  |Fe-stilpnomelane

mstp | Mg-stilpnomelane

cel | celadonite KMgAISi4010(OH)2

fcel | Feceladonite KFeAlSi4010(0OH)2

kem | K-cymrite KAISi308 - H20

wa | wadeleite K2Si409

hol | hollandite KAISi308

kis | kalsilite KAISIO4

Ic | leucite KAISi206

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

IcL | leucite liquid

119 | Updated: 2020, Febauy 3



Include solution models (Y/N)?

y

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

X

Select models from the followingst, enter 1 per line, press <enter> to finish
biotite models: Bio(TCC) Bi(W) Bi(HGP) Bio(WPH) Bio(HP)
clinoamphibole models: cAmph(G) Cumm cAmph(DP)
clinopyroxene models: Cpx(HGP) Augite(G) Cpx(JH)

X

X

For details on these models seewww.perplex.ethz.ch/perplex_solution_model_glossary.htat read the
commentary in the solution model file.

Chi(W)

Bi(W)

Gt(W)

Ctd(W)

St(W)

Crd(W)

Enter alculation 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 fiish.
8000
843
0

Specify values for:
P(bar) T(K) Y(CO2)
For calculation2, enter zeros to finish.
8000
853
0

Specify values for:
P(bar) T(K) Y(CO2)
For calculation 3enter zeros to finish.
8000
863
0

Specify valuefor:
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P(bar) T(K) Y(CO2)
For calculatiord, enter zeros to finish.
8000
873
0

Specify values for:
P(bar) T(K) Y(CO2)
For calculatior®, enter zeros to finish.
0
0
0

(2) Doing the calculationGONVEX

RunCONVEX makethe calculation:
C\PERPLERerplex689zonvex

Perple_X version 6.8.8ource updated JaBil, 2Q20.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.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: hp633ver.dat
Writing print output to file: ex8.plt

Writing plot output to file: ex8.plt

Reading solution modslfrom file: solution_model.dat
Reading Perple_X optiofrom: perplex_option.dat
Writing auto refine summary to: ex8_auto_refine.txt
Writing pseudocompound glossary to: not requested
Writing Perple_X ption summary to: not requested
Perple_X computatioal option settings for CONVEX:

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

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ->Q [1/16], 0 => off
auto-refine stagg  0.0063 -61 [1/160], O => off
stretch_factor 0.0020 >0{3p

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

pc_perturbation  0.0050 [5€B]
Thermodynamic options:

solvus_tolerance aut [aut] e T aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize
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T_stop (K) 0.0 [O]
T_melt (K) 873.0 [873]

order_check on off [on]

approx_alpha T [TIF

AndersonGruneisen F [FIT

speciation_factor 100. >10 [100] speciation precision = final resolutioi@spe_factor

speciation_max_it 100 [100]

hybrid_EoS_H20 4  [a)e7
hybrid_EoS_CO2 4 {0
hybrid_EoS_CH4 0 {D)v
ag_bad_results err [err] 1002, 103, ignore

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

dependent_potentials on off [on]
pause_on_error T [TIF
auto_exdude T [TIF

Worstcase Cartesianompositional resolution (mol):
Exploratory stage: 0.521E
Auto-refinestage: 0.31E3
Adapativeminimization will be done with:
4 iterations in the exploratory stage
4 iterations in the autorefine stage
To change these options segww.perplex.ethzch/perplex_options.html

Summay of makedefinition entities:

for fchum fphA  fatg atgts cumm_dgfun_dqgf fanth_dq ged_dqf sil8L fo8lfa8L q8L cfs
cenjn  gjL fojL fajlfoTL faTL cfsg mfpv cmpv chaypv fcor hmgts  foHL faHL
qHL

Summary bsaturatedcomponent entities:
for: Si02
q trd crst  coe stv q8fL
q trd crst  coe stygLg8L gjL gHL
for: Si02 MU
mu
*solutions may also have compositions consisting entirely of saturated components

**warning ver013** the total amount of thehermodynamic components in: san  is €t @Qvill be rejected from the
thermodynamic composition space. If nefemental (e.g.pxide) components are in use this rejection criterion may
be incorrect. When this ighe case redefine the data base compote so that the total amount of the
thermodynamic components insan  is > 0.

Solution model summary:
**warning ver114** the following endmembers are missing for Chl(W)
mnchl  ff3cli  f3clin
**warning ver101** eliminated polytope [Mn][Mn] during reformation of Chl(W) due to mis
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**warning ver102** reformulated polytope [M][M,T] of Chl(W)due to missing endmembers.
2597 pseudocompounds generated for: @)

**warning ver114** the following endmembers are missing for Gt(W)
spss  gr fmn_ifkho_i khol andr_i
**warning ver050** reformulating polytopic solution: Gt(W)  because of missing endmembers.
(reformulation can be contradd explicitly by esluding additional endmembers).
15 pseudocompounds generated for; Gt(W)

**warning ver114** the following endmembers are missing for Ctd(W)
ctdo
15 pseudocompounds generated for; Ctd(W)

**warning ver114** the following enchembers are missing for St(W)
mstt  msto  mnst
15 pseudocompounds generated for: St(W)

**warning verl14** the following endmembers are missing for Bi(W)
mnbi  fbi_d fbi ftbi_d tbi
**warning ver1l01** eliminated polytopeNin][Mn] during reformdation of Bi(W)  due to mis
**warning ver102** reformulated polytope [M,T][M] of Bi(W) due to missing endmembers.
286 pseudocompounds generated for: Bi(W)

**warning verl114** the following endmembers are missing fad V)
mncrd  hmncerd_i
**warning ver050** reformulating polytopic solution: Crd(W) because of missing endmembers.
(reformulation can be controlled explicitly by@wuding additional endmembers).
286 pseudocompounds generated for: Crd(W)

Totalnumber of pseudocompounds: 3214

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

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

cycle 1 1 1

cycle 2 2 2

X

X

Computing the compositional phase relations at condition 2
cycle 1 11

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 conditi
cycle 1 1 1
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cycle 2 2 2

X
X
Compositions fosinglepolytope model: Chl(W)
Simplex 1
Composition Minimum Maximum

X_Mames  0.11250 0.42500
X_Mafchl 0.0000 0.0000
X_Mcin  0.57500 0.88750

Simplex 2
Composition Minimum Maximum
X_ Mg 0.0000 0.60000
X_Fe 0.40000 1.0000

Endmenber fractions for model: Gt(W)

Endmenber Minimum Maximum
alm 0.87500 0.99375
py 0.625002 0.12500

Endmenber fractions for model: St(W)
Endmember  Minimum Maximum
fst 0.57500 0.99375
mst 0.62500ED2 0.42500

Compositionsdr singlepolytope model: Bi(W)

Simplex 1
Composition Minimum Maximum
X_Mg 0.0000 1.0000
X_Fe 0.0000 1.0000

Simplex 2

Composition Minimum  Maximum
X_AlTs 0.0000 0.27500
X_MBo 0.72500 1.0000

The failure rate during speciation (orddisorder) calculations is 0.00Q@%t of a totd of

Average number of iterations per spetitan calculation: 5.1

385820. calculations.

(3) Plotting the calculated phase diagram (PBRAWY

RunPSWDRAW plot the calculated pseudosection:

CA\PERPLERerplex68$psvdraw

Perple_X veien 6.8.9, source updated Jan,2120.

Copyright (C) 1988020 James A D Connolly vaw.perplex.ethz/copyright.html>.

Enter the project or plot file name [i.e., without the .plt suffix]:
Ex8

Perple_X plboptions are currently set as:
Keyword: Value: Permitted values [default]:
axis_label_scale 1.20[1.2] (rel)
bounding_box :
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0  [0] xmin (pts)

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

field_fill T [T1F

field_label T [TTF
field_label scale  0.75 [0.72] (rel)
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]4gcale (rel)

130. [0.18]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
replicate_label 0.250 ->Q [0.025]

splines T [TTF
tenth_ticks F [FIT
text_scale 1.000 .][tel)

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

PostScript will be written to file: ex8.ps
Modify the default plot (y/n)?

N
P(bar) =0.800E+04 P(bar) =0.800E+04

. T(K) = 843. . T(K) = 853.

ky Y(CO2) = 0.00 ky Y(CO2) = 0.00

‘ (fluid saturated) (fluid saturated)
fﬁﬂstssﬁs L LU ’fﬁs@m +qmu

A\
L\ '\
‘é{mmm_ozs “dlaim_STAIBIS89026

| “.3 /
“ann ann ph

phl
P(bar) =0.800E+04 P(bar) =0.800E+04
. T(K) = 863. . T(K) = 873.
;aky Y(CO2) = 0.00 “ky Y(CO2) = 0.00
(fluid saturated) (fluid saturated)
f&&_@t&" qmu fs’&msam# amu
/*almim_88: e384 'almm_é?-Mng

\‘L‘ P | ‘\.“: x

ann phl ann phl
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In the resulting diagrams white fields are thrphases fields (+Qz+Mu+H20), grey fields arefihases
fields (+Qz+Mu+H20) and black fields are-phase fields (+Qz+Mu+H20)
P =8 kbar

T=580°C
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The AFM diagrams predict the stable mineral assemblages and compositions at spedifaoRditions, 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 expins how to calculate a H 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 consideredn the next exercise (E£0). At the end, some practical tips for redrawing
the PerpleX outputs are givenand the comparison with the AFM chemographies
calculated in Ex. 8 will be done

This exercise also explains how to calcutaimpositional ISOPLEBdndISOMODES

The exercise is based on the paper by Tinkham et al. (2001) [Geol. Mat. Res-423]. The
modelled sample iIAWBZ (see Table 1 arheir Fig. 3.

Total bulk compositionmol%; SiO2 in excess):

Al203=37.99, Fe0=21.93, MgO=19.59, Mn@2;a0=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\PERPLERerplex68%build

Perple_X veisn 6.8.9, source updated Jan,2120.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/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 rames) [default =
my_project]:
E»9

The problem definition file will be named: &gat

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

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

Reading Perple_X options from: perplex_option.dat

The current data base components are:
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Na20 MgO AI203 Si02 K20 CaO TiO2 Mn®liGe@rO2 CI®2 H20 COZuOCr203 S2 FRI2
Transform them (Y/N)?
n

Spedy 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 calculations

6 - O-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use ConveXull minimization for Schreinemakers projections or phase diagmaitis > 2 independent
variables. Use constrained minimian for phase diagramsor 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 presetieirsolids 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

Calculations with saturated components (Y/N)?
Y

**warning ver015** if you select > 1 saturated component, then the order you enter the components determines the
saturation heirarchy and may effect your resuége Connolly 1990).

Select < 6 saturated components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO D2 @2 CuO Cr203 S2 NE2
Enter names, 1 per line, press <enter> to finish:

S02

Use chemical potentialactivities or fugacities as independerdriables (Y/N)?
N

Select thermodynamic components from the set:

Na20 MgO AI203 K20 CaO TiO2 MnO FeO NIiO ZrO2G2 Q20 Cr203 S2 N2
Enter names, 1 per line, press <enter> to finish

MgO

Al203

K20
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FeO

Because the thermodynamic data file identifies: H20 as special components, you will be prompted next for the EoS to
be used for the corresponding composants and mixtures thereof. To override this behavior, e.g., to use a generic
hybridfluid EoS, delete the special_component section from 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(CO2) H2-CO2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8- f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) @uffered COH MRK 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(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
19- X(0O)X(S) duffered COHS MRigbridEoS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24-f(02/CO2N/C Cbuffered COHN MRK hyb+iebS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0) GSi MRK Connolly 16
27 - X(OYX(C) >-HMRK hybricEoS*

*Hybrid EoS use the following pure species EoS, to change these assoaiatidifig the hybrid EoS
keywords in the perplex_option file:

H20 - PSEO0S Pitzer & Sterner 1994

CO2- PSEoS Pitzer & Sterner 1994

CH4- HSMRKerrick & Jacobs 1981
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 opstatés use of its
compositional variable:
*X(C1) can not be selected as thaxis variable
2

Enter minimum and maximum valuegspectively, for: T(K)
698
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973

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

2

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

Specify sectioning value for: Y(CO2)
0

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

stage grid_levels xnodesoglas effective resolution

exploratory 1 04 40 40 x Minodes

auto-refine 4 60 60 473 x 473 nodes

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

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

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

Specify component amounts loyass(Y/N)?
N

The amounts you enter next need not be normalized; regardless of unitsdéfane the nolar amount of
the system

Enter the molar amounts of the components:
MgO AI203 K20 FeO

for the bulk composition of interest:

22.13

42.92

10.18

24.77

Output a print file (Y/N)?
Y

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

Include solution modelgY/N)?
y

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

Select models from the following list, enter 1 per line, press <enter> to finish
clinopyroxene models: Cpx(H) Augite(G) Cpx(JH)

clinoamphibole models: cAmph(Gumm cAmph(DP) cAmph(G)_lI

X

X

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

Chlw)

Bi(W)

Gt(W)

Ctd(W)

StW
CrdW)

Enter calculation title:
Ex8

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

CA\PERPLERerplex68Svertex

Perple_X version 6.8, source updated Jan 31, 2020
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (theame assigned in BUILD) [default = my_project]:
Ex9

Reading problem definition from file: ex9.dat
Reading thermodynamic data from file: hp633ver.dat
Writing print output to file: ex9.plt

Writing plot output to file: ex9.plt

Writing phase assemblage datafile: ex9.blk

Reading solution modslfrom file: solution_model.dat
Reading Perple_X options from: perplex_option.dat
Writing auto refine summary to: ex9_auto_refine.txt
Writing seismic data options to: ex9_seismic_data.txt
Writing pseudocompound glossato: ex9 _pseudocompound_glossary.txt
Writing Perple_X option summary to: not requested

Perple_X computatioal option settings for VERTEX:

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

Free energy minimization options:
final_resolution:
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exploratory stage 0.1E [1e2], target value, see actual values below
auto-refine stage 0.1 [le3], target value, see actual values below

resolution_factor 2 >=2[2]

refinement_points 6 [aut] o~12; aut = automatic

refinement_switch F [TTF

solvus_tolerance_Il aut ->@[0.2]

global_reach_increment 0 >=0[0]

reach_increment_switch on [on] off all

zero_mode 1E05 0>1 [1e6]; < 0 => off
2D grid options:

X_hodes 40/ 60 [20/40], >0, <2048; effectigsatution 40 /473 nodes
y_nodes 40/ 60 [20/40], >0, <2048; effectivagsolution 40 /473 nodes
grid_levels 1/4 [1/4], >0, <10

linear_modé on off [on]

Solution subdivision options:
initial_resolution:
exploratory stage 0.0625 ©-1 [1/16], 0 => off
auto-refine stage 0.0208 -1 [1/48 ], 0 => off
stretch_factor 0.0020 >0{2d
non_linear_switch  F [FIT
subdivision_override off [off] lin str
hard_limits off [off] on
refine_endmembers F [FIT
Thermodynamic optins:
solvus_tolerance aut [aut] erD; aut = automatic, 0 => p=c pseudocompounds, 1 => homogenize

T_stop (K) 0.0 [O]
T_melt (K) 873.0 [873]
order_check on off [on]
approx_alpha T [TIF
AndersonGruneisen F AT
speciation_factor 100. >10[100] speciation precision = findlitiesdspeciation_factor
speciation_max_it 100 [100]
hybrid_EoS_H20 4  [a]e7
hybrid_EoS_CO2 4 4D
hybrid_EoS_CH4 0 0]
ag_bad_results err [err] 101, 102, 103, ignore
aqg_lagged_speciation F [FIT
ag_ion_H+ T [T] F =>use OH
ag_oxide_components F [FIT
ag_solvent_solvus T [TIF
aqg_vapa_epsilon 1.0 IL.
Input/Output options:
dependent_potentials on off [on]
pause_on_error T [TTF
auto_exclude T [TTF
logarithmic_p F [FIT
bad_number NaN [NaN]
interim_results  aut [auto] off manual
Information file output options:
option_list_files F [F] T; echo computational options
pseudocompound_file T [F] T; echo static pseudocompound compositions
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auto_refine file T [T] F; echo atgfine compositions
seismic_data_file T [F@dho seismic wavespeed options
Worst-case Cartesianompositional resolution (mol):
Exploratory stage: 0.521E
Autorefine stage: 0.88E3
Adapativeminimization will be done with:
4 iterations in the exploratory stage
5 iterations in the autorefine stage
To change these options see: www.penpkthz.ch/perplex_options.html

Summay of makedefinition entities:

for fchum fphA  fatg atgts cumm_dgiun_dqgf fanth_dq ged_dqgf silBL fo8L  fag§BL
cenjh  gjL fojL fajlfoTL faTL cfsg mfpv cmpv cfmapv fcor hmgts  kjdh
faHL gHL kjL

Summary bsaturatedcomponent entities:

for: Si02

q trd crst  coe stv g8l

q trd crst  coe stv. g84L qjL gHL

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

Solution model summary:
**warning verl14** the following endmembers are missing for Chl(W)
mnchl  ff3cli  f3clin
**warning ver1l01** eliminated polytope [Mn][Mn] during reforntation of Chl(W)  due to mis
**warning ver102** reformulated polytope [M][M,T] of Chl(W)due t missing endmembers.
2597 pseudocompounds generated for: Chl(W)

**warning ver114** the following endmembers are missing for Gt(W)
spss  gr fmn_ifkho_i khol andr_i
**warning ver050** reformulating polytopic solution: Gt(W) because of missing endmembers.
(reformulation can be controlled explicitly by dxding additional endmembers).
15 pseudocompounds generated for: Gt(W)

**warning verl14** the following endmembers are missing for Ctd(W)
ctdo
15 pseudocomponds generated for: Ctd(W)

**warning verl114** the following endmembers are missing for St(W)
mstt msto  mnst
15 pseudocompounds generated for: St(W)

**warning ver114** the following endmembers are missing for Bi(W)
mnbi  fbi_d fbi ftbi_d tbi
**warning ver101** eliminated polytope [Mn][Mn] during reformation of Bi(W)  due to mis
**warning ver102** reformulated polytope [M,T][M] of Bi(W) due to missing endmembers.
286 pseudocompounds generated for: B)(W

**warning ver114** the following endmembers are missing for Crd(W)
mncrd  hmncerd_i

cfs
foHL
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**warning ver050** reformulating polytopic solution: Crd(W) because of missing endmembers.
(reformulation can be controlled explicitly byauding additional edmembers).
286 pseudocompounds generated for: Crd(W)

Total number of pseudocompounds: 3214

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

This is the beginning tfhe EXPLORATORY COMPUTATIONAGE
** Starting exporatory 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 igk.
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 lovevel 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 vth low level grid.
52.5% done with low level grid.
55.0% done with low level grid.
57.5% done with low level grid.
60.0% done with low level grid.
62.5% done with low level grid.
65.0% done with low level grid.
67.5% done with low level grid.
70.0% done with low level grid.
72.5% done with low level grid.
75.0% done with low level grid.
77.5% done with low level grid.
80.0% done with low level grid.
82.5% done with low level grid.
85.0% done with low level grid.
87.5% done with low level gri
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.
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Compositions fosinglepolytope model: Chl(W)
Simplex 1
Composition Minimum  Maximum
X_Mames  0.16146 0.66146

X_Mafchl  0.0000 0.0000

X Mcin 0.33854 0.83854
Simplex 2

Composition Minimum Maximum

X_Mg 0.36458 0.52815
X_Fe 0.47185 0.63542

Endmenber fractions for model: Gt(W)

Endmember Minimum Maximum
alm 0.73438 0.88021
py 0.11979 0.26562

Endmenter fractions for model: Ctd(W)
Endmember Minimum Maximum
fctd 0.88021 0.91667
mctd 0.83333@L 0.11979

Endmenber fractions for model: St(W)
Endmember  Minimum Maximum
fst 0.66667 0.84375
mst 0.15625 0.33333

Compositionsdr singlepolytope model: Bi(W)
Simplex 1
Composition Minimum Maximum
X Mg 0.42188 0.69792
X_Fe 0.30208 0.57812
Simplex 2
Composition Minimum Maximum
X AlTs 0.13542 0.43229
X_MBio 0.56771 0.86458

Compositions fosinglepolytope model: Crd(W)
Simplex 1
Composition Minimum Maximum
1 0.26562 0.46018
2 053982 0.73438
Simplex 2
Composition Minimum Maximum
1 0.33333 0.65625
2 0.34375 0.66667
The failure rate during speciation (orddisorder) calculations is 0.00@%t of a totd of 4194148.atculations.
Average number of iterationsgp speciation calculation: 4.2

Solution model summary:
520 pseudocompounds generated for: Chl(W)
9 pseudocompounds gerated for: Gt(W)
4 pseudocompounds generated for: Ctd(W)
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10 pseudocompounds generated for: St(W)
240 pseudocompounds generated for: Bi(W)
187 pseudaompounds generated for: Crd(W)

Total number of pseudocompounds:

Summary ofncludedsolution models:
Chi(W) Gt(W) Ctd(W) St(W)

970

Bi(W)

Crd(W)

This is the beginning die AUTGREFINSTAGE

** Starting aub_refine computational stage**

0.2% done with low level grid.
1.9% done with low level grid.
3.6% done with low level grid.
5.3% done with low level grid.
7.0% done with low level grid.
8.7% done with low level grid.

10.4% done with low level grid.

12.1% done with low leel grid.

13.7% done with low level grid.
15.4% done with low level grid.
17.1% done with low level grid.
18.8% done with low level grid.
20.5% done with low level grid.
22.2% done with low level grid.
23.9% done with low level grid.

25.6% done wit low level grid.

27.3% done with low level grid.
29.0% done with low level grid.
30.7% done with low level grid.
32.3% done with low level grid.
34.0% done with low level grid.
35.7% done with low level grid.
37.4% done with low level grid.

39.1%done with low level grid.

40.8% done with low level grid.
42.5% done with low level grid.
44.2% done with low level grid.
45.9% done with low level grid.
47.6% done with low level grid.
49.3% done with low level grid.
51.0% done with low level grid.
52.6% done with low level grid.
54.3% done with low level grid.
56.0% done with low level grid.
57.7% done with low level grid.
59.4% done with low level grid.
61.1% done with low level grid.
62.8% done with low level grid.

64.5% done with low leal grid.

66.2% done with low level grid.
67.9% done with low level grid.
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69.6% done with low level grid.
71.2% done with low level grid.
72.9% done with low level grid.
74.6% done with low level grid.
76.3% done with low level grid.
78.0% done witlow level grid.
79.7% done with low level grid.
81.4% done with low level grid.
83.1% done with low level grid.
84.8% done with low level grid.
86.5% done with low level grid.
88.2% done with low level grid.
89.9% done with low level grid.
91.5% dne with low level grid.
93.2% done with low level grid.
94.9% done with low level grid.
96.6% done with low level grid.
98.3% done with low level grid.
100.0% done with low level grid.

Beginning grid refinement stage.

584 grid cells to be refinealt grid level 2

...working ( 501 minimizations done)

...working ( 1003 minimizations done)

refinement at level 2 involved 1244 minimizations
4844 minimizations required of the theoretical limit of 14161
1027 grid cells to beefined at grid level 3

...working (261 minimizations done)

...working ( 763 minimizations done)

...working ( 1264 minimizations done)

...working ( 1765 minimizations done)

refinement at level 3 involved 1856 mirhizations
6700 minimizations required of the theoretical limit of 56169
1743 grid cells to be refined at grid level 4

...working ( 410 minimizations done)

...working (911 minimizations done)

...working ( 1412 minimizatiendone)

...working ( 1914 minimizations done)

...working ( 2415 minimizations done)

...working ( 2916 minimizations done)

refinement at level 4 involved 2916 minimizations
9616 minimizations required of the theoreticahit of 224676

**warning ver991** The compositions of the following solutions reached inteiimaits that were automatically
relaxed:

Chl(W)

Ctd(w)

St(W)

Crd(W)
Restriction during the auteefine stage is usually unimportant. If desir confirmby comparing the ranges kmv to
those in the *.arf file.
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NOTE: unintentional restrictions encountered during the exploratory stage mayrbklematic, refer to the
*_auto_refine.txt file for the exploratory stage warnings.

Compositions fosingle-polytope model: Chl(W)
Simplex 1
Composition Minimum Maximum
X_Mames  0.15712 0.66233
X_Mafchl  0.86806E3 0.8680683
X_Mcin  0.33681 0.84201
Simplex 2
Composition Minimum  Maximum
X_Mg 0.35677 0.52815
X _Fe 0.47185 0.64323

Endmenber fractions for model: Gt(W)

Endmember Minimum Maximum
alm 0.73351 0.88194
py 0.11806 €629

Endmenter fractions for model: Ctd(W)
Endmember  Minimum Maximum
fctd 0.87066 0.91667

mctd 0.83333@L 0.12934

Endmenber fractions for model: St(W)

Endmember Minimum Maximum
fst 0.66146 0.85503
mst 0.14497 0.33854

Compositionsdr singlepolytope model: Bi(W)
Simplex 1
Composition Minimum Maximum
X Mg 0.42101 0.69444
X _Fe 0.30556 0.57899
Simplex 2
Composition Minimum Maximum
X_AlTs 0.13281 0.43056
X_MBio 0.56944 0.86719

Compositions fosinglepolytope model: Crd(W)
Simplex 1
Composition Minimum Maximum
1 0.25955 0.45976
2 0.54024 0.74045
Simplex 2
Composition Minimum Maximum
1 0.32639 0.65365
2 0.34635 0.67361
The failure rate during speciationrfter-disorder) calculations is 0.000%
out of a total of 13665971. calculatioAserage number of iterations per speciation céddion: 6.3

At the end of the calculation, a number of new files appear in the Perple_X folder. The most useful are the
*** prn and the *** plt files (i.e. the text file and the plot file).
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(3) Plotting the calculated phase diagram @EC)I

Run PSSECT to plot the calculated pseudosection:

C\PERPLEBRerplex689pssect

Perple_X veisn 6.8.9, source updated Jan 31, 2020
Gopyright (C) 198@020James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
E»9

Reading Perple_Xptions from: perplex_option.dat

Solution model summary:

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

field_fill T [TTF

field_label T [TIF
field_label scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

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

picture_transformation :

0.180 [0.18]-scale (rel)

0.180 [0.18]3scale (rel)

130. [0.18]xranslation (pts)

220. [0.18]yranslation (pts)

0.00 [0.0] rotation (deg)
plot_aspect_ratio  1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->Q [0.025]

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

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

PostScript will be written to file: &qps

Modify the default plot (y/n)?
N
There are 5 fields for: Bio Crd mu san
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Quartz and kD are in excess.

In the calculated pseudosection, field assemblages have different arages. Fields with the
same grey colour have the same variance. Colour code is as follows: light geeyariant fields
(6 phases) medium grey =3-variant fields (5 phases), dark grey =vhariant fields (4 phases)
Darker is the colour, higher is the viance (and lower is the number of phasgs
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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 nottroduce 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 Byphases (P8; light greyfields in thepseudosection) are d
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 by
(n+1) or (nl)-variant field, except when they are separated by a true univariant curve.
(4) Lines between fields always mark the APPEARANCE or DISAPPEARANCE of a phase

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

—— Als
— Bt
— Ch
— Cr¢
— Ctc
gl — Gri
— Kfs

Mt
§ — St

74 /{CrdKfs'

/‘ B:::IAI? 7

Crd Kfs 5
l.l.l.l»l.|.|,15/’V.|.||l.|.||1

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

In the diagram on the left,ariance of each fielts reported in brackets. The thick blackenare
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

+Qz + H,0
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Comparison betweerAFM diagrams (EX.&alculated at FI' 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%sed dot in theAFM diagrams

Mineral assemblages predicted by AFM diagrams for this specific bullk rm@mposition (red
dot) must correspond to the assemblages predicted by thd Ppseudosection at the same-P
conditions.
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(6) Calculating ISRIODES (WERAMI)

This section explains how to calculate the variation in the modal amounts of e
mineral phase(vol%), for the modelled pseudosection.

hch

C\PERPLERerplex68%werami

Perple_X veisn 6.8.9, source updated Jan,2120.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUIt€R{It = 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/Qutput options:
agueous_output T [FI T
ageuous_species 20 [2aD0
ag_solvent_composition y [y] m: y => mol fraction, m => molality
ag_solute_composition m y [m]: y => mol fraction, m edality
spreadsheet T [FIT
logarithmic_p F [FIT
bad_number NaN [NaN]
composition_constant F [FIT
composition_phase  mol [mol] wt
composition_system wt [wt] mol
proportions vol [vol] wt mol
absolute F AT
cumulative F [FIT
fancy_cumulative_modes F [FIT
interpolation on [on] off
melt_is_fluid F [FIT
solution_names mod [model] abbreviation full
structural_formulae T [TTF
species_output T [TTF
species_Gibbs_energies F [FIT
seismic_output  som [some] none all
pause_on_error T [TIF
poisson_test F [FIT
interim_results aut [auto] off manual
sample_on_grid T [TIF
auto_exclude T [T]IF
Information file output options:
option_list_files F [F] T; echo computational options
Thermodynamic options:
approx_alpha T [TIF
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AndersonGruneisen F [FIT

hybrid_EoS_H20 4 [4] e, 47

hybrid_EoS_CO2 4 A0

hybrid_EoS_CH4 0 {0]D

fd_expansion_factor 2.0 >0 [2]

finite_difference_p 0.1D+05 >0 [1d4]; fraction = 602D [1d2]
Seismic waespeed 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 J@tl off; Poisson ratio = 0.35
seismic_output som [some] none all
poisson_test F [FT

Tisza_test F [FIT

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

Solution model summary:

Select operationamode:
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
0-EXIT

2

Select a property [enter O to finish]:
1 - Specific Enthalpy (J/m3)
2 -Densiy (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 proportion) of a phase
8 - Compositon (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
16 - Specific entropy (J/K/m3)
17 - Entropy (J/K/kg)
18- Enthalpy (J/kg)
19- Heat Capacity (J/K/kg)
20 - Specific mass of a phase (kghsyastem)
21- Poisson ratio
22 - Molar Volume (J/bar)
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http://www.perplex.ethz.ch/perplex_options.html

23 - Dependent potentials (J/oi, 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 modlus 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

7

Erter solution or compound (left justified):
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 computas vol%mol% or wt%. Theefault value is vol%. You can control this parameter

Y2RAFEAY3I (GKS GLINRPLRNIAZ2YAE

Select a property [enter O to finish]:
-

Enter solution or compound (left justified):
Chl(W)

18862NR AY

Include fluid in computation of aggratg (or modal) properties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter O to finish]:
-

Enter solution or compound (left justified):
Ctd(w)

Include fluid in computation of aggreiga(or modal) properties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter O to finish]:
7

Enter solution or compound (left justified):

iKS

LIS NLI S
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St(W)

Include fluid in computation of aggregafer modal) properties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter O to finish]:
7

Enter solution or compound (left justified):

Bi(W)

Include fluid in computation of aggregater (modal) properties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter O to finish]:
7

Enter solution or compound (left justified):

mu

Include fluid in computation of aggregate (or dad) properties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter 0 to finish]:
7

Enter solution or compound (left justified):

Crd(W)

Include fluid in computation of aggregate (or naddproperties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter O to finish]:
7

Enter solution or compound (left justified):

san

Include fluid in computation of aggregate (or modaipperties (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportioya/del.

Select a property [enter O to finish]:
7

Enter solution or compound (left justified):

ky

Include fluid in computation of aggregate (or modal) prdjgs (y/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.
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Select a property [enter O to finish]:
7

Enter solution or compound (left justified):

sill

Include fluid in computation of aggregate (or modal) propestfy/n)?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter O to finish]:
7

Enter solution or compound (left justified):

and

Include fluid in computation of aggregate (or modal) propertign)@?

n

Fractions are Wt, Vol, or Mol depending on the perplex_option.dat proportions keyword.

Select a property [enter O to finish]:
0

Change default variable range (y/n)?
n

Select the grid resolution (to use an arbitrary grid set sample_on_grid to F):
1- 60x 60 nodes
2-119x 119 nodes
3- 237 x 237 nodes
4- 473 x 473 nodes [default]

4

X
X

Data ranges excluding values equal to bad_number ( Mabljied in perplex_option.dat:

Gt(W),vo% Chl(W),vo% QYo% St(W),vo% Bi(W),vo% mu,vo% Crd(W),vo%
ky,vo% sill,vo% and,vo%
min 0.793861H02 0.120039001 0.776031402 0.999109002 0.103286001 7.00851
0.236460 0.15364411 0.1219768€01 0.26787E002
max 14.4877 42.3855 2.20469 27.3600 66.0825 57.7831 59.744& 25.817
29.4427 29.8888
Output has been written to the 2d tab format file: exOtab

2d tab format files can be processedwth:
PSTABLEa Perple_X plotting program
PERPLE_X_PLGIMATLAB plotting script
PYWERAMIgithub.com/ondrolexa/pywerami
spreadsheet programs, e.g., EXCEL

for details on tab format refer to:
perplex.ethz.ch/perplex/faq/Perpl X_tab_file_format.txt
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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
0 EXIT
0

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

(6) Calculating ISBLETHSNVERAM)

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

In this example, the XMg (Mg/Mg+Fe) fohlorite, staurolite, garnet and biotite is
calculated.

C\PERPLERerplex68%werami

Perple_X veisn 6.8.9, source updated Jan,21R0.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex9

Reading Perple_X optiofrom: perplex_option.dat
Writing Perple_X option summary to file: 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@D0

ag_solvent_composition y [y] m: y => mol fraction, m => molality
ag_solute_composition m y [m]: y => mol fraction, m => molality
spreadsheet T TF]

logarithmic_p F [FT

bad_number NaN [NaN]

composition_constant F [FT

composition_phase  mol [mol] wt

composition_system  wt [wt] mol

proportions vol [vol] wt mol

absolute F [FIT

cumulative F [FIT

fancy_cumulative_modes F [FIT

interpolation on [on] off

melt_is_fluid F [FIT

solution_names mod [model] abbreviation full
structural_formulae T [TIF
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species_output T [TTF

species_Gibbs_energies F [FIT
seismic_output som [some] none all
pause_on_aior T [TIF
poisson_test F [FT
interim_results aut [auto] off manual
sample_on_grid T [TIF
auto_exclude T [TTF
Information file output options:
option_list_files F [F] T; echo computational options
Thermodynamic options:
approx_alpha T [TIF
AndersonGruneisen F [FIT
hybrid_EoS_H20 4  [a)e7
hybrid_EoS_CO2 4 [4)ea, 7
hybrid_EoS_CH4 0 {D)v

fd_expansion_factor 2.0 >0 [2]
finite_difference_p 0.1D+05 >0 [1d4]; fraction = 602D [1d2]
Seismic wavespeed computational options:

seismic_dataife T [FIT

bounds VRH [VRH] HS

vrh/hs_weighting 0.5 [0.5}k0

explicit_bulk_modulus T [TTF

poisson_ratio on [on] all off; Poisson ratio = 0.35
seismic_outpt som [some] none all

poisson_test F [FIT

Tisza_test F [FT

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

Solution model summary:

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
0-EXIT

2

Select a property [enter O to finish]:
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 - 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)
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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

16 - Specific entropy (J/K/m3)

17 - Entropy (J/K/kg)

18- Enthalpy (J/kg)

19- Heat Capacity (J/K/kg)

20 - Specific mass of a phase (kghsyastem)

21- Poisson ratio

22 - Molar Volume (J/bar)

23 - Dependent potentials (J/mol, bar, K)

24 - Assemblage Index

25 - Modesof 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 &/o 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 omposition in terms of the species/endmembers of\@}( (y/n)?

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

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

Answer YES to define a comjtim® in terms of the solid solution eachembers (e.g. Prp, Alm, etc.)

Units (mass or molar) are controlled by the composition keyword in perplex_option.dat.

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

LI N} YSGSNI Y2RATFeAY3d (KS aO02YLRaAAGA2YPLIKFasSé (1Seg?2
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 (<13)?
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We want to calculate the ratio Mg/(Mg+Fe), this means that weehane component in the numerait
(MgO) and two components ithe denominator (MO + [EO)
1

Enter component indices and weighting factors for the numerator:
1-MgO
2-A203
3-K20
4-FeO
5-302
6-H20
The WEIGHTING FACTOR corresponds to the number of cations in each component (egg@. fog M
weighting factor is 1; for K20 the weighting factor is 2 etc.)
1
1

How many components in the denominator of the composition (<12)?
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
5-3902
6-H20
| index for MgO
| weighting factor for MgO
| index for FeO
| weighting factor for FeO

L N

The compositional variable is:
1.0 MgO
divided by
1.0 MgO + 1.0 EO
Change it (y/n)?
n
This composition will be designatedGE(W)1]

Select a property [enter O to finish]:
8

Enter solution (left justified):

Chi(W)

Define the composition in terms of the species/endmembers of\@d((y/n)?
Answer no to define a composition in terms oéthystems components.
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Units (mass or molar) are controlled by the composition keyword in perplex_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 ament of component |
w(j) = weighting factor of component j (usually 1)
How many components in the numerator of the composition (<13)?
1

Enter component indices and weighting factors for the numerator:
1-MgO
2-A203
3-K20
4-FeO
5-302
6-H20
1
1

How many components in the denominator of the composition (<12)?
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
5-902
6-H20

L N

The compositional variable is:
1.0 MgO
divided by
1.0MgO +1.0E0
Change it (y/n)?
n
This composition will be designatedGidWV)2]

Select a property [enter O to finish]:
8

Enter solution (left justified
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Stw)

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

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

Units (mass or molar) are controlled by the composition keyword in perplex_option.dat.
n

Compositbns 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 numeaa of the composition (<13)?
1

Enter component indices and weighting factors for the numerator:
1-MgO
2-A203
3-K20
4-FeO
5-902
6-H20
1
1

How many components in the denominator of the composition (<12)?
Enter zero to usehe numerator as a composition.
2

Enter component indices and weighting factors for the denominator:
1-MgO
2-A203
3-K20
4-FeO
5-902
6-H20

e N

The compositional variable is:
1.0 MgO
divided by
1.0 MgO + 1.0 Re
Chang it (y/n)?
n
This conposition will be designated: S{\V)3]
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Select a property [enter O to finish]:
8

Enter solution (left justified):
Bi(W)
Define the composition in termaf the species/endmembers of B¥) (y/n)?

Answer no to define a composition ferms of the systems components.
Units (mass or molar) are controlled by the composition keyword in perplex_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 j
w(j) = weighting factor of component j (usually 1)
How many components in the numerator of the composition (<13)?
1

Enter component indices and weighting factors for the numerator:
1-MgO
2-A203
3-K20
4-FeO
5-902
6-H20
1
1

How many components in the denominator of the composition (<12)?
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
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1.0MgO +1.0E0

Change it (y/n)?

n

This conposition will be designated: BiW)4]

Select a property [enter O to finish]:
0

Change default vaable range (y/n)?
n

Select the grid resolution (to use an arbitrary grid set sample_on_grid to F):
1- 60 x 60 nodes
2- 119 x 119 nodes
3- 237 x 237 nodes
4- 473 x 473 nodes [default]

4

X
X

Data ranges excluding values eqimabad _number ( NaN) specified in perplex_option.dat:
C[Gt(W)1] C[Chi(W)2] C[St(W)3] CI[Bi(W)4]

min 0.118056 0.471855 0.144965 0.305556

max 0.266493 0.643229 0.338542 0.578993

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

2d tab format files can be processed with:
PSTABLEa Perple_X plotting program
PERPLE_X_PLGIMATLAB plotting script
PYWERAMIgithub.com/ondrolexa/pywerami
spreadsheet programs, e.gEXCEL

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 - as in3, but input from file
0-EXIT
0
At the end, you have a new filex9 2.tab) in the Perple_X folder.

156 | Updated: 2020, Febauy 3



(7) Plotting isomodes and compositional isopleths (PYWERAMI)

Use PYWERAMI to plot the calculated isomodes and compositional isopleths.

You can dowload Pywerami at this link from the Perple_X website (PyWerama free
alternative to MatLab):https://petrol.natur.cuni.cz/~ondro/oldweb/pywerami:home
Install Pywerami on your pc.

Run PYWERAMI to plot isopleths and isomodes.

From Pywerami, pen the .tab file.
Use the dropdown menu on the right to select the property you want to plot (e.dV@t0%

You can modify the minimum and maximum values to be plotted, as well as theahtsetween the
isopleths/isomodes.

You can save the image in .jpg BETTER IF YOU WANT TO MODIFY THE FIGpRE

P (kbar)

Grt XMg

Lt

1 =L : d 2
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C) = 430 450 470 490 510 530 550 570 590 610 630 650 670 T (°C)
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Ex D
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Ex.10g P-Tpseudosectiorfora METAPELITE the MNNKCFMASHyste

This exercise is intended to explorée influence of some minor components (Na, CaO
and MnO) on the topology of the pseudosection calculated for the metapelite sample
investigated in Ex9. The exercise also explains how to calcul@éMULATIVEIODES
along a geothermal gradient

This execise is based on the paper by Tinkham et al. (2001) [Geol. Mat. Res.;43]. IThe
modelled sample is AWBZ (see Tablard their Fig.5a).

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

Al203=37.99, Fe0=21.93, Mg0=19.59, Mn0=0.42, Ca0=4.95, Na2Q<B0:0.01
T=425700°C

P=1-10 kbar

(1) Definition of the problem (BUILD)

Because the problem is the same as in%except for the addition of Na20O, CaO and MnO components
you can edit the e®Q.dat input file (remember to rename the file asExXL0). 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 0.00000 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 thermodynami ¢ 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(w)

St(W)

Crd(W)

feldspar

end solution phase list

(2) Doing the calculation\ERTEX

Run VERTEX to make the calculation:
C\PERPLERerplex68Svertex

Perple_Xersion 6.8.9source updatedan 31 2Q20.
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Copyridnt (C) 19862020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex10
X

(3) Plotting the calculated phase diagram GECI

Run PSSECT to plot the calculated pseudosection:
CA\PERPLERerplex689pssect

Perple_X veisn 6.8.9, source updated Jan,2120.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex10

Reading Perle_X options from: perplex_option.dat

Solution model summary:

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

field_fill T [TIF

field_label T [TIF
field_label _scale  0.75 [0.72] (rel)
font Helvetica

grid F [FIT

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

picture_transformation :

0.180 [0.18]-scale (rel)

0.180 [0.18]3scale (rel)

130. [0.18]xranslation (pts)

220. [0.18]yranslation (pts)

0.00 [0.0] rotationdeg)
plot_aspect ratio  1.000 [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->0 [0.025]

splines T [TTF
tenth_ticks F AT
text_scale 1.000 .][tel)

To change these options edit or create the plot option file
Seewww.perplex.ethz.ch/perplex_plot_options.html
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PostScript will be written to file: 4%.ps

Modify the default pbt (y/n)?

N

There are 5 fields for: Fsp Fsp Mica Bio Crd
There are 9 fields for: Fsp Gt Mica St Bio sill
There are 5 fields for: Fsp Gt Mica St Bio ky
There are 14 fields for: Fsp Chl Mica Bio zo ab
There are 4 fields for: Fsp Chl Gt Mica Biozo a

In the resulting diagram, both plagioclase and 6§t Ra LI NJ I N NBLRZ2 NI SR |
containing two feldspars contain both plagioclase anfldspar, whereas those containing one
feldspar can contain either plagioclase efefdspar.To know which of the two feldspars is stable

in a given field, use WERAMI option 1 (properties at specified conditipag). at 753 K, 3000 bar:

Stable phases at:
T(K) = 753.000
P(bar) = 3000.
Y(CO2) = 0.00000

Phase Compositions (molar proportions):
wt% vol% mol% mol Na20 MBO3 K20 CaO MnO FeO SiO2 H20

a

Fsp 2770 29.75 39.80 15.7 0.34089 0.00000 0.65651 0.00260 0.31301 0.00000 0.00000 2.68699 0.C

Chl 17.66 17.11 10.85 4.28 0.00000 2.58176 1.22842 0.00000 0.00000 0.05789 2.13193 2.77158 4.0
Mica 31.79 32.05 30.76 12.1 0.06219 0.03171 1.44604 0.43645 0.00272 0.00000 0.02360 3.05260 1.0

Bio 2285 21.09 1859 7.34 0.00000 1.10997 0.66190 0.50000 0.00000 0.02344 NODDOEO 2.83810

Phase speciation (molar proportions):

Fsp abh: 0.68178, an: 0.31301, san: 0.00521

Chl mnchl: 0.01158, daph: 0.46485, ames: 0.22927, afchl: 0.19442, clin: 0.29344, ocB1:9B88031, och2:
Mica n81759, pa: 0.12437, mal_dgf: 0.00272, cel: 0.03171, fcel: 0.02360

Bio mnbi: 0.00781, east: 0.16190, abn; pHH73.27273, ebi01602

Structural formulae for 688 format solution models:

The tldspar stable af53 K, 3000 bar is@agioclase.

0000 +Qz +Bt +PI/Ab +H,0

8200

6400

4600

Grt Mu / Kfs Als
Crd Als r'/
Crd Kfs Als

2800
,/> Mu Crd
(5) Als (5)
Mu Crd Crd Kfs

1
1000 o s o 918 a7 430 450 470 490 510 530 550 570 590 610 630 650 670T (°C)

In the diagram on the right,ariance of each fielt reported in brackets.
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Ex9 (KFMASH) Ex.10 (MNNCKFMASH)
+Qz + H,0

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

— Als 10 . U — Als
— Bt ~Chl Grt Mu — Ab
— ) _Pa Z0 ['P'] ‘ / — Bt
— Crd = Chl Grt Mu N—( G |
—— Ctd 8 Pa Zo — 7
—_— Grt L Chl Grt — Grt
— Kfs 7 Mu Zo — Kfs
—— Mu - Mu
_—St =~ Pa
§ 6 — Pl
: — St
> — 20
4
3
2
. 3 1 )
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C) 430 450 470 490 510 530 550 570 590 610 630 650 670 T (°C)

Comparing this pseudosection with that modelled in Ex. 9 (KFMASH system), it appearshthantroduction of NaO, CaO and MnO has th}
following consequences:

1 The garnet stability field is significantly enlarged toward low P and T with restpge the pseudosection of Ex.;9
Chloritoid is no more stable;

The biotite stability field is significantly enlarged toward lowd (biotite is predictedo be stable in all the fields);
Plagioclaseand/or albite is predicted to be stable in most of the fields;

= =4 =2 =1

Zoisite appears at low T.
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(4) Calculating cumulative modes along a geothermal gradi@MERAM)

This section explainsolv to calculate thevariation in the modal amountsf all the phase
(vol%)along a geothermal gradient defined as: P (bar) = 15 @ 835 (corresponding t@
the white dashed line reported in the pseudosection below).

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

Pa Zo [-PI]
4

Chl Grt Mu
Pa Zo

Chl Grt

1 o
430 450 470 490 510 530 550 570 590 610 630 650 6707 (°C)

Use an excel spreadsheet to credhe input file 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®Qr3D
(703973 K), and temperature values with an interval of 1°C; derive pressure values according to
the equationP (bar) = 15T (K)65450 { | &S GKS FAtS & | oGEG FAES

Run WERAMI to calculate the MODEZ&Idf thephases.
CA\PERPLERerplex689werami

Perple_X version 6 8. source updated Jan 31, 2020.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz.ch/copyright.html>.

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

Reading Perple_X dpnhs 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:
aqueous_output T [FIT
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ageuous_species 20 [2aD0

ag_solvent_composition y [y] m: y => mol fraction, m => molality
ag_solute_composition m y [m]: y => mol fraction, m => molality
spreadsheet T TF]
logarithmic_p F [FIT
bad_number NaN [NaN]
composition_constant F [FIT
composition_phase  mol [mol] wt
composition_system  wt [wt] mol
proportions ol [vol] wt mol
absolute F [FIT
cumulative T [FIT
fancy_cumulative_modes F [FIT
interpolation on [on] off
melt_is_fluid F [FIT
solution_names abb [model] abbreviation full
structural_formulae T [TIF
species_output T [TTF
species_Gibbs_energies F [FT
seismic_output som [some] none all
pause_on_eror T [TIF
poisson_test F [FIT
interim_results aut [auto] off manual
sample_on_grid T [TIF
auto_exclude T [TTF
Information file output options:
option_list_files F [F] T; echo computational options
Thermodynamic options:
approx_alpha T [TIF
AndersonGruneisen F AT
hybrid_EoS_H20 4  [a]e7
hybrid_EoS_CO2 4 41,7
hybrid_EoS_CH4 0 0]

fd_expansion_factor 2.0 >0 [2]
finite_difference_p 0.1D+05 >0 [1d4]; fraction = 60BD [1d2]
Seismic wavespeed computational options:

seismic_data fe T [F1T

bounds VRH [VRH] HS

vrh/hs_weighting 0.5 [0.5}k0

explicit_bulk_modulus T [TTF

poisson_ratio on [on] all off; Poisson ratio = 0.35
seismic_output  som [some] none all

poisson_test F [FIT

Tisza_test F [FIT

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

Solution model summary:

Select operational mode:
1 - properties at specified conditions
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2 - properties on a 2d grid
3 - properties along a 1d pha
4 -asin 3, but input from file
0-EXIT
4
Select option 4 if you would like to use the geothermal gradient as defined in the grad.txt file.

Path will be described by:
1 - afile containing a polynomial function
2 - a file containing dist of xy points
Enter 1 or 2:
2

Enter the file name:
grad.txt

File contains 271 points

every nthplot 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 [enter O to finish]:
1 - Specific Enthalpy (J/m3)
2 - Density (kg/m3)
3 - Specific heat capacity (J/K/m3)
4 - Expansivig (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 thermiaratio
10- Adiabatic bulk modulus (bar)
11- Adiabatic shear modulus (bar)
12- Sound velocity (km/s)
13- P-wave velocity (Vp, km/s)
14 - Swave velocity (Vs, km/s)
15-Vp/Vs
16 - Specific entropy (J/K/m3)
17 - Entropy (J/K/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)
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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 dafative (km/s/bar)

32- P-wave velocity P derivative (km/s/bar)

33- Swave velocity P derivative (km/s/bar)

34 - Adiabatic bulk modulus P derivative (unitless)

35- Shear modulus P derivative (unitless)

36- All phase &/or system properties

37 - Absolute amount (Vol, Mol, or Wt) of a phase

38 - Multiple property output

39 - Heat capacity ratio (Cp/Cv)

40- Lagged or backalculated aqueous solute chemistry
25

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

Output cumulative modes (y/n)?

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

n

lf 0K2dAK 2dzNJ FAY Aa G2 OFftOdAFGS /lal[!¢L+9 ah59/{
KSNB>X 0SOlFdzaS AG Aa Y2 N@Ee. nbtlcamulatiie usihgf EXTEL fayiet thanlthie & Y
GOdzydzZf F A @S¢ Y2RSa dzaay3a t{{9/ ¢

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

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

the shear modulus of: Chl

is missingr invalid and has been estimated from the default poisson ratio
X

X

Data ranges excluding values equal to bad_number ( Wabified in perplex_option.dat:

Fsp Fsp Chl Mica Mica Bln Z0 Gt
min  27.9798 0.100000E+100 0.131809 20.7551 0.100000E+100 13.2322 20.2230 0.10396¢
0.568945EL
max 31.3606 -0.100000E+100 21.5735 38.3471-0.100000E+10037.3788 20.5769 6.29250
14.7562

Output has beemvritten to two files:
plt format is in file: ex101.plt
1d tab format is in file: ex1Q..tab

plt format files can be plotted with:
PSVDRAW

1d tab format files can be praessed with:
PSTABLEa Perple_X plotting program
PERPLE_X_ PL@IMatlab plotting script
spreadsheet programs, e.g., EXCEL
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for details on tab format refer to:
perplex.ethz.ch/perplex/fag/Perple_X_tab_file format.txt

Select operatioal mode:
1 - properties at specified conditions
2 - properties on a 2d grid
3 - properties along a 1d path
4 -asin 3, but input from file
0-EXIT

At the end, you have a new fi{ex10 1.tab) in the Perple_X folder.

You can openhte ex10_1.tab file using EXCEL,; replace the NaN values with O and plot the data
using the option Area Graph.

A&

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

Mucrd ~~ Crd Kfs

610
630
650
670
690

o O o o o o
n v N O «d o
S & & & 00

~

1 -0 wn wn wn
430 450 470 490 510 530 550 570 590 610 630 650 670T (°C) T.(°C)
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Ex 11
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Ex.11¢ T-XMg pseudosection for a METAPELITE in the MNNKCFMASH 3

This exercise is intended to explore theflnence of bulk XMg [MgO/(MgO+FeQ)] on the
stability field of the main mineral assemblages, for the same metapelite sample
investigated in Ex9 and 10.

The exercise provides the opportunity to calculate an isobatic 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 FXMg pseudosection is calculdteat a fixed pressure of 3.5 kbar and for XMg ranging
between 0 and 1. The XMg of the metapelite investigated irl@&s XMg=0.47.

Thetwo bulk compositiors to be usedare (mol%; SiO2 in excess):

XMg=0: Al203=37.99, Fe0=41.52, MgO=0.M1n0=0.42, Ca&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

Ly GKS LISNLI SEp2LIiA2y FAf ST OKinygrdebto shéwSin the2 f dzi A
output - the abbreviation namérather than the whole model naméyr solution models

(1) Definition of the problem (BUILD)

CA\PERPLERerplex68$build

Perple_X veisn 6.8.9, source updated Jan 31, 2020
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/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]:
Ex11

The problem definitia file will be named: eXl.dat

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

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

The current data base components are:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FenQRiCCl202 H20 CO2 CuO Cr2032R2 ZnO
Transform them (Y/N)?

N

Specify computational mode:

1 - ConvexHull minimizaion

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

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATE reactive transport models)
Use ConveXull minimization for Schreinemakers projections or phase diagmaitis > 2 independent
variables. Use constrained minimization for phase diagramsphase diagram sections witk 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 GO-H fluids it is only necessary to select volatilecee present irithe solids of interest. If the species
listed here are H20O and CO2, thendonstrain O2 chemical potential to be consistent wittO-El fluid
speciationtreat O2 as a saturated component. Refer to ferple_X Tutorial for details.

H20

Catulations with saturated components (Y/N)?

Y

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

Na20 MgO AI203 Si02 KBaO TiO2 MnO ®eNiO ZrO2 CI2 02 CO2 CuO Cr263282 zZnO
Si02

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

Select thermodynamic components from the set:

Na20 MgO AI203 K20 CaO TiO2 MaO NiO ZrO2 CI2 @22 CuO Cr203 B2ZnO
Enter names, 1 per line, press <enter> to finish:

Na20

MgO

A203
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K20
(0:10)
MnO
FeO

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

NOTE: the EoS choice specified here will aderthe EoS choice specified the hybrid EoS option, tooverride this
behavior delete the special_componesection from the the thermodynamic data file header.

Select fluid equation of state:
0- X(C0O2) H2@O2 Modified RedlicKwong (MRK) DeSantisa 74
1-X(C0O2) H2@O2 HSMRK Kerrick & Jacobs 81
2- X(C0O2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrlEoS*
10- X(O) euffered COH MRK hybrlEoS Connolly & Cesare 93*
12 - X(0)f(S2) cuffered COHS MRK hybiithS Connolly & Cesare 93*
13- X(H2) H2aH2 MRK hybridEoS*
14- X(CO2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
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 Chuffered COHN MRK hybsitbS*
25- X(CO2X(NaCl) H2@O2NaCl Araovich 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 associatitifisthe hybrid_EoS keywords in the
perplex_optiorfile:
H20 - PSEOS Pitzer & &ter 1994
CO2- PSEoS Pitzer & Sterner 1994
CH4- HSMRK Kerrick & Jacobs 1981

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

Selet x-axis variable:
1-P(bar)
2-T(K)
3-Y(CO2)
4 - Composition X_C1* (user defined)
*Although only one component is specified for the Y(CO2) phase, its equation opstatés useof its
compositional variable:
*X_C1 can not bselected as the-gxis variable
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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, TgK)
698
973

Specify sectioning value for: P(bar)
3500

Specify sectioning value for: Y(CO2)
0

For gridded minimization, grid resolution is determined by the number of levels (grid_levels) and the resolution at the
lowest level in the Xand ¥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 40 40 0 x40 nodes

auto-refine 4 60 60 473 x 473 nodes

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

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

All thermodynamic components must be constrainednstrain saturated componés also (Y/N)?
N

Specify component amounts Inyass(Y/N)?
N

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

The bulk composition of the system will be computed as:
C=C0*(tX_C1) €1*X_C1
where X_C1 varies between 0 and 1, and C0O and C1 are the compagiemifeed next.

To compute bulk compositions as: C = CO + C1*X_C1 change the computational option keyword closed_c_space.

Enter the molar amounts of the components:
Na20 MgOAI203 K20 CaO MnO FeO
to define the composition CO

This corresponds to XMgO=0

6.11

0.00
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37.99
9.01
4.95
0.42
41.52

Enter molar amounts of the components:
Na20 MO A203 K20 & MO O
to define the composition C1

This corresponds togO=1

6.11

41.52

37.99

9.01

4.95

0.42

0.00

Output a print file (Y/N)?
Y

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

Include solution models (Y/N)?
Y

Enter solution model file name [default = solution_model.dat] left justified, < 100 characters:
[return]

X

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

biotite models: Bio(TCC) Bi(W) Bi(HGP) Bio(WPH) Bio(HP)

ternary-feldspar models: feldspar feldspar_B PI(I1,HP) Fsp(C1)

X

X

For details on thesenodels see:www.perplex.ethz.ch/perplex_solution_model_glossary.btmdad the commentary
in the solution model file.

Chi(W)

Bi(W)

Mica(W)

Gt(W)

Ctd(W)

St(W)

Crd(W)

feldspar

Enter calculation title:
Ex11
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(2) Doing the calculatio VERTEX

Run VERTEX to make the calculation:
C\PERPLERerplex68Svertex

Perple_Xersion 6.8.9sourceupdated Jan 312Q20.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned WIHD) [default = my_project]:
Ex11
X o

(3) Plotting the calculated phase diagram @EBC)

Run PSSECT to plot the calculated pseudosection:

CAPERPLERerplex689pssect

Perple_X veisn 6.8.6, source updated Jan,2120.
Copyright (C) 1988020James A [Zonnolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex11

Reading Perple_Xptions from: perplex_option.dat

Solution model summary:

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

field_fill T [TIF

field_label T [TTF
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]+pcale (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
replicate_label 0.250 ->@ [0.025]
splines T [TTF
tenth_ticks F FT
text_scale 1.000 [1.](rel)

[1.0] x_axis_length/y_axis_length

To change these options edit or create the plot option file

Seewww.perplex.ethz.ch/perplex_plot_options.html

PostSapt will be written to file: ex1Ips

Modify the default plot (y/n)?

N

There are 2 fields for: Fsp Fsp Gt Mica Bio sill
There are 17 fields for: Fsp Chl Mica Bio zo ab
Thereare 2 fields for: Fsp Chl Gt Mica Ctd Bio

973

918

863

808

753

698
0.600

X(C1)

0.800 1.00

0.200 0.400

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

Grt Kfs Crd Kfs
Als Crd Kfs Als
[-Bt] / Crd Kfs

T(°C)

a
~N
o

650
630 — Mu Crd Als
610
590
570
550
530
510
490
470

450

0.0 0.2 0.4 0.6 08 Xwmg 1.0
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490

470

XMg=0.47 (Ex.10)

Comparison between the-P pseudosection calculated in BX. (XMg0=0.47) and theeXMgO calculated at 3.5 kbarhe sequence of mineral
assemblages at increasing T should correspond in the two pseecisns.
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Ex.12¢ DIRECT modelling ahanatecticMETAPELITRKCFMASH syste

¢tKAad SESNDAAS DWSI ¢&a ¥2AREKE {iAKYST sadple atl supresBlidus LIS £ A
conditions (i.e. meltd S I NADjréttnwdelfing means that youknow which is the protolith
composition includingits initial H;O amounté ¢ KA OK A & 3 Sy S Nih dtHerdaword2 (i G K
we will consider a generic metapelite (with an average composition) and we will see what happens

to this metapelite if it is head enough to experience partial melting.

This exercise is based on the paper\tite et al. (2001) J. metam. Geol., 19, 139853]. TheP-T
pseudosection is reported in their Fig.

Bulk composition(mol%; SiO2 in excess):

Al203=30.66, Fe0=23.74, Mg®47, Ca0=0.97, Na20=1.94, K20=9%-8%)=20.39
T=6301000°C

P=0-12 kbar

(1) Definition of the problem (BUILD)

CA\PERPLERerplex68$build

Perple_X version 6.8.9, source updated Jar2820.
Copyright (C) 1988020 James A D Connolly <www.perplex.ettogyright.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]:
ex12

The problem definition file will be named: exilat

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

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

Reading Perple_X options from: perplex_option.dat

The current déa base components are:

Na20 MgO AI203 Si02 K20 Te2 MnO FeO NiO ZrO2 @RH20CO02CuO Cr203 SB2 N2 ZnO
Transform them (Y/N)?

n

Specify computational mode:
1 - ConvexHull minimization
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2 - Constrained minimization on a 2didj[default]

3 - Constrained minimization on a 1d grid

4 - Output pseudocompound data

5-1-d Phase fractionation calculations

6 - 0-d Infiltration-reactionationfractionation

7 - 2-d Phase fractionation (FRAC2D and TITRATEveensport models)
Use Convedull minimization for Schreinemakers projections or phase diagnaitis > 2 independent
variables. Use constrained minimization for phase diagramsphase diagram sections with < 3
independent variables.
2

Calculations wh a saturated fluid (Y/N)?

Because specification ob@® as a saturated phase component causes Perple X to exclude any phases with
the O composition that are not named "H2®120 should not be specified as a saturated fluid phase in
calculations involvinga hydrous silicate meltf, as is commonly the case, the melt model involves a water
end-member that is not named "H20(e.g. h2oL) This means that, for calculations at supsmlidus
conditions (e.g. mekbearing systems), the user must consider H20 asoamal chemical component,

and not as a saturated fluid phase.

n

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 magffect your results (see Connolly 1990).

Select < 6 saturated components from the set:

Na20 MgO AI203 Si02 K20 CaO TiO2 MnO FeO NiO DP2H22 CO2 CuO Cr203S2 F2
Enter names, 1 per line, press <enter> to finish:

Sio2

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

Select thermodynamic components from the set:

Na20 MgO AI203 K20 CaO TiO2 MnO FeO NiO ZrO2H20 @®2 CuO Cr203 S2NZF2
Enter names, 1 pdine, press <enter> to finish:

Na20

MgO

Al203

K20

CaO

FeO

H20

Because the thermodynamic data file identifies: H20 as special components, you will be prompted next for the EoS to

be used for the corresponding composants and mixtures thereof. To overrideb#tiavior, e.g., to use a generic
hybrid fluid EoS, delete the special_component section from the thermodynamic data file header.

Select fluid equation of state:
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0- X(C0O2) H2@O2 Modified RedlicKwong (MRK) DeSantis et al 74
1-X(C0O2) H2@O2 ISMRK Kerrick & Jacobs 81
2- X(CO2) H2@O2 MRK hybrioS*
5-X(C0O2) H2@O2 CORK Holland & Powell 91, 98
8-f(02/C0O2) duffered COH MRK hybrleoS*
10- X(O) @uffered COH MRK hybrlEoS Connolly & Cesare 93*
12 - X(O¥f(S2) ebuffered @HS MRK hybriloS Connolly & Cesare 93*
13- X(H2) H2eH2 MRK hybridEoS*
14 - X(C0O2) H2@O?2 Pitzer & Sterner 94; Holland & Powell mixing 03
15- X(H2) H2eH2 low T MRK hybriHoS*
16- X(0O) HO MRK hybrideoS*
17 - X(O¥f(S2) HO-S MRK hybridEoS*
19- X(O)X(S) ebuffered COHS MRK hybiithS Connolly & Cesare 93*
20- X(0O)X(C) COHS MRK hybBEdS Connolly & Cesare 93*
24 -f(0O2/CO2N/C Chuffered COHN MRK hyb#tbS*
25- X(CO2X(NaCl) H2@O2NaCl Aranovich et al 10
26- X(0O) &S 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- PSEoSiRer & Sterner 1994
CH4- HSMRK Kerrick & Jacobs 1981
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-Par)

2-T(K)

3 - Composition X_C1* (user defined)
*X_C1 can not bselected as the-gxis variable
2

Enter minimum and maximum values, respectively, for: T(K)
903
1273

Enter minimum and maximum values, respectively, for: P(bar)
0.1
12000

Forgridded minimization, grid resolution is determined by the number of levels (grid_levels) and the resolution at the
lowest level in the Xand Ydirections (Xx_nodes and y_nodes) these parameters are currently set for the exploratory
and autorefi ne cycleas follows:

stage grid_levels xnodes ynodes effective resolution

exploratory 1 40 0 4 40x 49O nodes

auto-refine 4 60 60 473 x 473 nodes
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To change these options edit or create the file perplgtion.dat
See: www.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 na@imed; regardless of units, thelefine the molar amount of
the system

Enter the molar amounts of the components:
Na20 MgO AI203 K20 CaO FeO H20
for the bulk composition of interest:

1.94

12.74

30.66

9.83

0.97

23.74

22.39

Output a print file Y/N)?
y

**warning ver056** the EoS specified for H20 by the hybrid_EoS optioroweliridden by the EoS specified in the
problem definition file. To prevent thibehavior delete the special_component section from the header of the
thermodynamic data file

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]

X
X

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

biotite models: Bio(TCC) Bi(W) Bi(HGP) Bio(WPH) Bio(HP)
ternary-feldspar models: feldspar feldspar B PI(I1,HP) Fsp(C1)

X

X

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

an | Updated: 2020, February 3



Mica(W)
Gt(W)
St(W)
Crd(W)
Opx(W)
feldspar
melt(W)

Enter calculation title:
Ex12

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

CAPERPLERerplex68Svertex

Perple_X veisn 6.8.9, source updated J&a, 2(R0.
Copyright (C) 1988020 James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex12

X
X
**error verl80** too many pseudocompounds 2888888 generated subdividing sifestlotion: melt(W)
this error can usually be eliminated by one of the following actions (best listed first):

- increase the 1st value of the initial_resolution keyword in perplex_option.dat

- restrict the subdivision range for the solution

- if nonlinear subdivision is specified for the solution then increaseréselution parameters or change to
linear subdivision

- increase parameter k13 and recompile

NOTE!! melt(W) specifies nonlinear subdivision schemes, the number of psewgounds genated by
nonlinear subdivision is independent of initial_resolutionless the non_linear_switch option is T (true).
For additional information omonlinear subdivision refer to the commentary in the header of the solution
modelfile. If you do not undersind nonlinear subdivision use linear subdivision.

Press Enter to quit...

The @lculation ends abruptly with an error message explaining that VERTEX has geféd@elANY
PSEUDOCOMPOUNDBS NJ (1 KS az2fdziAz2y Y2RSt aYSt io6rkané this ¢ KS NJ
problem (i.e. to decrease the number of generated pseudocompounds): suggestion (1) implies to make
changes in the perplex_option file, suggestions (2) and (3) imply to make changes in the solution_model
file, whereas suggestion (4) is out of aach (it means that it is necessary to recompile VERTEX).

| suggest to follow suggestion (1), i.e. to modify the initial_resolution values in the perplex_option.dat

file.
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The default values of the initial_resolution keyword are currently set as: Bjldratory stage) and 1/48
(auto-refine stage).
The new suggested values at#9 (exploratory stage) and 1/14auto-refine stage)

initial_resolution 1/9 1/14 |[1/16 1/48]*>0,<1 resolution for static compositions

| suggest to rename the perplex_optifite (e.g. perplex_option_ex12.datemember to change the name
of the perplex_option file in the input file
Run again VERTEX

CA\PERPLERerplex68Svertex

Perple_X veisn 6.8.9, source updated Jan,2120.
Copyright (C) 1988020 James A D Connokyvww.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex12
X

(3) Plotting the calculated phase diagram @EBC)I
Run PSSECT to plot the calculated pseudosection:

CA\PERPLERerplex689pssect

Perpk_X ver®on 6.8.9, source updated Jan,2120.
Copyright (C) 1988020James A D Connolly <www.perplex.ethz/copyright.html>.

Enter the project name (the name assigned in BUILD) [default = my_project]:
Ex12

Reading Perple_Xptions from: perplex_option.at

Solution model summary:

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] xlength (pts)
800  [800]¥ength (pts)

field_fill T [MF

field_label T [TIF
field_label_scale  0.75 [0.72] (rel)
font Helvetic

grid F [FIT

half_ticks T [TTF
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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.@ [1.0] x_axis_length/y_axis_length
replicate_label 0.250 ->Q [0.025]

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

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

PostSapt will be written to file: ex13s

Modify the default plot (y/n)?
n

There are 9 fields foFsp Fsp Mica Bio sill H20
There are 10 fields for: Fsp Fsp Opx Bio Crd H20
There are 3 fields for: Fsp Fsp Gt Melt Opx Crd
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