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Experience with phase equilibrium modelling Experience with phase equilibrium modelling software packages 

• An overview of what Perple_X is and some of the things it can do
• A discussion of some of the strategies it employs
• An introduction to how calculations are structured

What this talk will involve



Experience with phase equilibrium modelling Experience with phase equilibrium modelling software packages 

• A detailed ‘how to’ for any given problem in Perple_X
• An overview of all of the parameters required for a ‘good’ result
• A deep dive into everything that Perple_X can do and exactly how it does it

What this talk will not be



Experience with phase equilibrium modelling Experience with phase equilibrium modelling software packages 

• A statement about whether Perple_X is better or worse than any other package
What this talk will not be



Key topics and objectives of the lecture

• What is Perple_X and where can I find it?

• How is Perple_X’s strategy different to THERMOCALC’s

• In practice, what does a calculation involve?

• What end-member and solid solution models are available?

• Can Perple_X replicate results calculated with THERMOCALC?

• Calculating phase abundances and compositions, and ‘physical properties’

• Phase fractionation

• Strengths and weaknesses

• Additional reading
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What is Perple_X?
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• Perple_X is a modular set of command-line operated programs, which 
are available from here: http://www.perplex.ethz.ch

• That website also has links from which you can download 
thermodynamic data appropriately formatted for use in Perple_X

• There are also some tutorials, though they are mostly out of date 
because the code has evolved substantially in the last decade

• There is also a user group, that you can register for here: 
https://groups.io/g/PerpleX
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http://www.perplex.ethz.ch/


• Perple_X is very flexible, calculating:

• PT projections

• Bulk-rock dependent phase diagrams

• Compatibility diagrams

• Mixed-variable diagrams

• µ-µ diagrams

• Diagrams in which one or several phases are progressively  
fractionated from the ‘bulk-rock’ composition

• Perple_X may be initially confusing because of the scope of what it 
can calculate.
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• Perple_X is very flexible, calculating:

• PT projections

• Bulk-rock dependent phase diagrams

• Compatibility diagrams

• Mixed-variable diagrams

• µ-µ diagrams

• Diagrams in which one or several phases are progressively  
fractionated from the ‘bulk-rock’ composition

• Perple_X has been widely adopted by the geodynamics community 
(for reasons that will hopefully become clear soon)
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• Perple_X is written and maintained by Jamie Connolly (ETH Zürich)

• Perple_X is written in FORTRAN. Source code is not available for open 
download

• The algorithm dates back to the late 1980s, but Perple_X has 
undergone substantial updates (particularly in the last 15 years)

Connolly, J.A.D., Kerrick, D.M., 1987. An algorithm and computer program for calculating composition phase diagrams.
Computers and Geosciences 11, 1-55.

Connolly, J.A.D., 1990. Multivariable phase diagrams: an algorithm based on generalized thermodynamics. Am. J. Sci.
290, 666-718.

Kerrick, D.M., Connolly, J.A.D., 2001. Metamorphic devolatilization of subducted marine sediments and the transport of
volatiles into the Earth's mantle. Nature 411, 293-296.

Connolly, J.A.D., Petrini, K., 2002. An automated strategy for calculation of phase diagram sections and retrieval of rock
properties as a function of physical conditions. J. Metamorph. Geol. 20, 697-708.

Connolly, J.A.D., 2005. Computation of phase equilibria by linear programming: A tool for geodynamic modeling and its
application to subduction zone decarbonation. Earth Planet. Sci. Lett. 236, 524-541.

Connolly, J. A. D. & Galvez, M. E., 2018. Electrolytic fluid speciation by Gibbs energy minimization and implications for 
subduction zone mass transfer. Earth and Planetary Science Letters, 501, 90-102.
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Perple_X calculates the configuration of phase identities, abundances
and compositions that yields the lowest Gibbs free energy at a given PT
condition. The user identifies the range of phases (minerals, melts, fluids)
that Perple_X should consider and the program decides which subset of
these is stable. This requires one absolutely critical assumption.

THERMOCALC finds the conditions at which a smaller group of phases
can be arranged into a equilibrium with ∆Greaction = 0. This requires a non-
linear solver and starting guesses of phase compositions.

How Does Perple_X Differ from THERMOCALC?

Background – Strategies – The shape of a calculation  – Assessing results – Contours etc



Pr
es

su
re

Temperature

THERMOCALC: along this line, Gsill = Gky

THERMOCALC: along this line, Gand = Gky

THERMOCALC: along this line, Gand = Gsill
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Kyanite

Sillimanite

Andalusite
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Perple_X: At this PT condition, Gsill < Gky or Gand

Perple_X: At this PT condition, Gsill < Gky or Gand

Perple_X: At this PT condition, Gsill < Gky or Gand
Perple_X: At this PT condition, Gsill < Gky or Gand

Perple_X: At this PT condition, Gand < Gky or Gsill

Sillimanite



Perple_X presents the user 
with options to control how 
this works:

• x_nodes & y_nodes define 
the number of red dots

• grid_levels defines the 
amount of refinement of this 
grid
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Gridded minimization

Key strategy 1:



Background – Strategies – The shape of a calculation  – Assessing results – Contours etc

Diagram calculated in 
KFMASH (K2O-FeO-MgO-
Al2O3-SiO2-H2O). All fields 
also contain fluid.

Calculated with a 2002 
update to the Holland & 
Powell (1998) dataset and 
mineral solution (a-X) models 
from THERMOCALC.

Calculation took ~5 minutes 
for me to setup and ~ 15 
seconds for Perple_X to run.

Unmodified diagram shown.

Gridded minimization

Key strategy 1:
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Gridded minimization

Key strategy 1:

Diagram calculated in 
KFMASH (K2O-FeO-MgO-
Al2O3-SiO2-H2O). All fields 
also contain fluid.

Calculated with a 2002 
update to the Holland & 
Powell (1998) dataset and 
mineral solution (a-X) models 
from THERMOCALC.

Calculation took ~5 minutes 
for me to setup and ~ 90 
seconds for Perple_X to run.

Unmodified diagram shown.



Gridded minimization

Key strategy 1:

Calculated considering CaO, 
MgO, FeO, SiO2, H2O and 
CO2. Fluid saturated, with 
fluid composition on x-axis

Calculated with a 2002 
update to the Holland & 
Powell (1998) dataset and 
mineral solution (a-X) models 
from THERMOCALC.

Calculation took ~5 minutes 
for me to setup and ~ 120 
seconds for Perple_X to run.

Unmodified diagram shown.
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• Do(HP) = dolomite-ankerite 
solution after Holland & 
Powell (1998)

• q = quartz
• mag = magnesite
• sid = siderite



Perple_X’s can solve problems like these because of a 
fundamental assumption… ‘pseudocompounds’

This assumption is one of the reasons that Perple_X is 
so flexible and is also the source of many of its 

difficulties
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This is a pseudocompound
And this is another
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Pseudocompounds

Key strategy 2:

Perple_X generates these pseudocompounds across the solution space of every phase 
before minimization begins.

These define phase compositions for which Gphase can be easily calculated as a function 
of P and T.



This is a pseudocompound
And this is another
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Pseudocompounds

Key strategy 2:

The minimizer then finds which set of pseudocompounds result in the lowest Gsystem, 
subject to the constraint that their compositions must sum to the system composition.
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Pseudocompounds

Key strategy 2:

This approximation works well if the G-X surface for each phase is densely populated 
with pseudocompounds.



Background – Strategies – The shape of a calculation  – Assessing results – Contours etc

Pseudocompounds

Key strategy 2:

And poorly otherwise.
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Pseudocompounds

Key strategy 2:

This matters, because each pseudocompound needs a little memory and adds a little 
time to the minimization.



Fe Mg

e.g. 
garnet:
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Pseudocompounds

Key strategy 2:

Olivine Opx Garnet



Fe Mg

Fe Mg

Ca

Fe Mg

Mn

Cae.g. 
garnet:
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Pseudocompounds

Key strategy 2:



The White et al 2001 haplogranite melt model has 8 dimensions

8 dimensions = an enormous amount (potentially many millions) of pseudocompounds

An enormous amount of pseudocompounds = a huge memory and time requirement
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Pseudocompounds

Key strategy 2:



Solid solution models in Perple_X

• More pseudocompounds (higher sampling density across each
solution phase) is desirable for smoother tracking of G-X surfaces
(up to a point) and thus smaller uncertainties and better phase
boundaries

• Fewer pseudocompounds are desirable for more rapid
calculation

• Sampling of complex (multi-dimensional, e.g. amphibole or melt)
phases can easily produce > 106 pseudocompounds – which
requires more memory than most computers have (or will allow)

• Perple_X and its helper program Paralyzer have strategies for
handling this

Background – Strategies – The shape of a calculation  – Assessing results – Contours etc
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Two main approaches solve this requirement of balancing ‘less’ 
with‘more’ (calculations could take days if we’re not careful):

• ‘Adaptive refinement’
• ‘Pseudocompound iteration’
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Solid solution models in Perple_X
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Solid solution models in Perple_X

Strategy I: ‘adaptive refinement’
1. do a few minimizations at low compositional resolution to 

create a‘rough’ P-T diagram
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Solid solution models in Perple_X

Strategy I: ‘adaptive refinement’
2. use this to guide the code where the ranges of stable phase 

compositions are for the P-T-X of interest, discarding other 
possible phase compositions
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Solid solution models in Perple_X

Strategy I: ‘adaptive refinement’
3. re-do the calculation, but only for the range of ‘apparently 

stable compositions’, and at significantly higher resolution
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Solid solution models in Perple_X

Strategy II: ‘pseudocompound iteration’
If a pseudocompound of a phase seems to be stable in a 
minimization at any one P & T, make extra pseudocompounds
around it and try again
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Benefits:

Automatically finds the lowest free energy surface

Little chance of mistakenly calculating a meta-stable phase diagram… 
(but what if you want to do that)?

Requires almost no user input once the calculation parameters have 
been defined

Weaknesses:

Less useful as a pedagogical tool than THERMOCALC

Every end-member in your dataset of choice is considered (revealing 
areas of PT space in which their calibration ‘fails’)

Minimization can take many hours
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In practice, what does a calculation look like?

Background – Strategies – The shape of a calculation  – Assessing results – Contours etc



Build
(Problem setup)

Pssect
(Postscript plot generator)

Werami
(Secondary data 

extraction)

Vertex
(Free energy 
minimisation)

Meemum
(single PT point stability 

calculator)

Illustrator/Coreldraw/etc
(Making it look better)

Matlab (pscontor)
Contouring routine
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Problem (.dat) file

Build
(Problem setup)

(Can modify later with 
a text editor)

End-member thermo 
data (e.g. HP)

USER
INPUT

solution models
(solution_model.dat)
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‘USER INPUT’ includes:

• What chemical system should Perple_X use?

• Are fluids or phases saturated?

• What equation of state for fluid? Should we do anything else special with fluid?

• What are the axes of the diagram (P, T, X, f, a, µ, etc)?

• What thermodynamic dataset and what equations for solution phases (a-X
models)?
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What end-member and a-X models are available?
• Berman 1988 (and subsequent revisions)
• Berman and Aranovich 1996 (the TWQ 

database)

• Multiple versions of the THERMOCALC (Holland 
& Powell) database from 1998 onwards

• Versions of both Berman and H&P 
supplemented with the Harrison & Sverjensky
(2013) Deep Earth Water database

• Versions of H&P data supplemented with shear 
moduli from Kerrick & Connolly (2002)

Contrib Mineral Petrol (2014) 168:1089 
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Thermodynamic constraints on porphyroblast growth 
and quartz stability

Perple_X version 6.6.6_5 (Connolly 1990; Connolly 2005) 
was used to calculate pseudosections, mineral modal abun-
dances and compositions for the bulk composition of each 
sample. Thermodynamic data were from Holland and 

Powell (1998; THERMOCALC v3.33), and the solid–solu-
tion models used are listed in the appendix.

Thermodynamic modelling and its limiting conditions

P–T pseudosections, phase abundance and phase composi-
tion diagrams (Figs. 5, 6, 7) were calculated for the rep-
resentative bulk compositions for each zone with H2O in 
excess (Table 2). The pseudosection for staurolite zone 
sample 35084 was also taken to be representative of the 
compositionally similar studied sillimanite zone sample. 
Sample 36020 was used to represent both garnet zone sam-
ples. Garnet and staurolite zone samples were collected 
from areas that have been interpreted as experiencing dif-
ferent metamorphic histories, with a distinct thermal pulse 
associated with magma emplacement postulated for higher-
grade rocks (Vorhies and Ague 2011). We emphasise here 
that although the evidence of this pulse may be found by 
comparing the apparent P–T histories of garnet-grade and 
sillimanite-grade rocks (e.g. Fig. 6), our discussion of the 
evolution of mineral assemblages neither requires nor pre-
cludes that these rocks experienced ‘Barrovian metamor-
phism’ sensu stricto rather than a combination of ‘regional’ 
and ‘regional contact’ metamorphism. A more important 
assumption in the context of this work is that the composi-
tion of each hand specimen crushed for XRF is representa-
tive of the rock volume of equilibration during metamor-
phism, and that no significant changes in the bulk chemistry 
occurred during or since prograde conditions. Such bulk 
chemistry changes may be induced by fluid infiltration or 
loss, or by fractionation of phases into subsequently ‘inert’ 
mineral phases (e.g. garnet porphyroblasts) that may then 
sporadically release material upon partial resorption. Frac-
tionation of material into new grown phases and loss of 
fluid during progressive metamorphism are easily modelled 
(e.g. Konrad-Schmolke et al. 2008; Baxter and Caddick 
2013), but we find here that an assumed fixed composition 
is appropriate for explaining mineral reaction sequences 
associated with the key textural observations.

Constraints on porphyroblast growth and quartz stability

The main difference between the pseudosections of garnet 
zone and the higher-grade samples is the predicted occur-
rence of low-T chloritoid in the latter (Fig. 5, with pseudo-
section for garnet zone samples available in supplementary 
material). Chloritoid stability is not predicted in calcula-
tions for lower Al garnet zone samples, consistent with 
their position below the chlorite–garnet tie line in AFM 
space (Fig. 4). Chloritoid stability for rocks of the staurolite 
and sillimanite zone is terminated by the appearance of gar-
net and staurolite (c. 530–500 °C in Fig. 5).

Fig. 4   AFM diagram showing bulk composition of samples. Shaded 
area displays bulk rock analyses of Atherton and Botherton (1982)

Fig. 5   Pseudosection for staurolite and sillimanite zone samples. 
Geothermobarometry results from two samples described in text are 
shown

Farber et al., 2014
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formation of bornite followed by formation of chalcopy-
rite. At high fO2, an increase in fS2 results in the formation 
of chalcocite before forming bornite, chalcopyrite, then 
covalite and higher sulfur phases (Fig. 8a, b). Accordingly, 
if primary chalcopyrite is present, a decrease in fS2 should 
first result in the formation of bornite and/or chalcocite 
and then native copper. Importantly, higher temperatures 
significantly increase the stability field of native copper to 
both higher oxygen and sulfur fugacities. Thus, a fluid with 
a given composition could produce chalcopyrite and pyr-
rhotite at 200 °C while producing native copper at 350 °C 
(Fig. 8a, b). Additionally, H2S and H2O are favored at low 
temperatures.

In summary, the calculations show that decomposition 
of chalcopyrite caused by decreasing fO2 and fS2 results 
in the formation of bornite, chalcocite and, at lowest fS2, 
native copper. Conversely, they show that Cu-bearing 
sulfides can form by combined oxidation and sulfidation 
of primary native copper. However, since all of the stud-
ied assemblages point to highly reducing conditions, we 
exclude the possibility that the Cu-bearing sulfides in the 
Santa Elena peridotites formed through late stage cou-
pled oxidation and sulfidation of primary native copper, 
as for example suggested for Cu-bearing assemblages in 
the Horoman Complex (Ikehata and Hirata 2012). Thus, 
we infer that the observed Cu-bearing assemblages may 
have formed due to interaction with sulfur-depleted fluids 

during serpentinization at <250 °C. This may have caused 
primary sulfides to (partly) breakdown, releasing Cu into 
the fluid and forming a new mineral assemblage, e.g., Cu-
bearing pentlandite, sugakiite, samaniite, rare bornite and 
native copper. Note that none of the samples that contain 
native copper preserve any chalcopyrite (chalcopyrite 
was only detected in one sample in association with vio-
larite and smythite, which is inferred to have formed as a 
result of late, low-temperature weathering), suggesting 
that all initial chalcopyrite was replaced during desulfuri-
zation. An alternative hypothesis requires incorporation of 
Cu into pentlandite and subsequent release of this Cu dur-
ing pentlandite breakdown. In the next section, we further 
test whether decomposition of these primary sulfides due 
to highly reducing and sulfur-depleted serpentinizing con-
ditions could have resulted in the formation of the rela-
tively large amounts of native copper observed in the thin 
sections.

A mass balance test of copper exsolution from primary 
sulfides

A mass balance calculation based on element distribu-
tion maps of three representative sulfide grains allows us 
to evaluate whether breakdown of the Cu component of 
either (1) pentlandite or (2) pentlandite + chalcopyrite, 
due to thermodynamic instability during highly reducing 
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Fig. 8   Stabilities of mineral assemblages in the system MgO, 
SiO2, Fe, S, Cu, H and O calculated by Gibbs free energy minimi-
zation. Stability fields are calculated at 0.5 kbars and temperatures 
of a  200 °C, representing the main stage of serpentinization, and b 

350 °C, representing conditions during a higher temperature postser-
pentinization event. The shaded areas represent the stability field of 
native copper. Colored fields represent the volatile phase (H2, H2S or 
H2O) in equilibrium with the assemblage
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comprised of CaO + FeO + MgO + Al2O3 + Na2O + SiO2 (Table 1). For “average” or “ambient” mantle, we
considered pyrolite [Ringwood, 1975] and lherzolite [Delavari et al., 2009], with more evolved lithologies
represented by basaltic (eclogitic) and pyroxenite compositions: “MORB” is based on the average major
element composition of 430 mid-ocean ridge basalt samples [Gale et al., 2013] and “pyroxenite” is a silica-
deficient garnet pyroxenite that high-pressure melt experiments have identified as a possible source for
ocean island basalt primary melts [Kogiso et al., 2003]. The compositions of all lithologies tested are given
in the supporting information (SI), which also includes discussion of results for several additional potential
pyroxenitic compositions.

Calculated mineralogy of pyrolite and lherzolite mantle are unsurprisingly similar, experiencing the well-
documented phase changes occurring in the transition zone: structural transformations convert olivine
into its polymorphs wadsleyite then ringwoodite, before forming perovskite plus ferropericlase with
increasing depth (Figures 2a and 2b). The pyroxenite and basalt are too silica rich to contain a substantial
fraction of olivine and thus experience no significant, sharply focused mineral reactions within the
410–660 km transition zone, where clinopyroxene and majoritic-garnet comprise ~90% of each rock
(Figures 2c and 2d). They instead experience gradual breakdown of pyroxene to depths of 500–600 km
and relatively rapid loss of garnet at ~800 km, with the absolute position and sharpness of these reactions
depending on the rock composition considered (see also supporting information, and compare with Xu
et al. [2008] and Hirose et al. [1999]). Deeper reactions are more prominent in the MORB composition,
where stishovite is available for reaction with ferropericlase to form additional perovskite with
increasing depth.

3. Conversion Factors

Conversion of seismic velocity anomalies derived from tomographic models into physical parameters that
can be used in geodynamical models is a difficult but important task that can reveal fundamental insights
into the structure and composition of the mantle. This conversion can now be done far more accurately than
previously possible, thanks in part to manipulation of the thermodynamic data used to obtain Figure 2.
Conversion between seismic velocity anomalies and mantle temperature anomalies thus here utilizes the
equation δT ¼ ∂v

vref
1
AVT

; where ∂vr/vref is the velocity anomaly retrieved from tomography models and AVT is

the temperature derivative of the seismic velocity computed using the thermodynamic data for each

Figure 2. Phase abundances calculated along a reference geothermal gradient for (a and b) “normal” and (c and d)
“pyroxenitic” mantle compositions from Ringwood [1975], Delavari et al. [2009], Gale et al. [2013], and Kogiso et al. [2003]
(compositions given in the supporting information). Black-on-white curves correspond to the conversion factors between
vs and dT represented in Figure 3.
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Problem (.dat) file

Build
(Problem setup)

USER
INPUT
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An extract of a thermodynamic data table formatted for 
Perple_X

fo EoS = 2
MGO(2)SIO2(1)
G0 = -2053098 S0 = 95.1 V0 = 4.366  
c1 = 233.3 c2 = .1494E-2 c3 = -603800 c5 = -1869.7  
b1 = .613E-4 b5 = -.613E-3 b6 = 1250000. b7 = -187.5 b8 = 4  
end

fa       EoS = 2
SIO2(1)FEO(2)
G0 = -1378935 S0 = 151 V0 = 4.631  
c1 = 201.1 c2 = .1733E-1 c3 = -1960600 c5 = -900.9  
b1 = .505E-4 b5 = -.505E-3 b6 = 1330000. b7 = -199.5 b8 = 4  
end

teph EoS = 2
SIO2(1)MNO(2)
G0 = -1631705 S0 = 155.9 V0 = 4.899  
c1 = 219.6 c3 = -1292700 c5 = -1308.3  
b1 = .505E-4 b5 = -.505E-3 b6 = 1200000. b7 = -180 b8 = 4  
end

EOS 2 = normal polynomials for α, CP, KT; 
Murnaghan for V (e.g., Holland & Powell 1998)

Reference state G, S and V

CP(T,Pr) = c1 + c2·T + c3/T2 + c4·T2 + c5/T1/2

The isobaric expansivity (α) at the reference pressure is

α(T,Pr) = b1 + b2·T + b3/T + b4/T2 + b5/T1/2

Volume at the reference pressure is

V(T,Pr) = V0·[1 + integral(α(T,Pr),T=Tr..T)]



Problem (.dat) file

Build
(Problem setup)

(Can modify later with 
a text editor)

USER
INPUT

A simple activity-composition model, formatted for Perple_X

begin_model
O(HP) | HP '98 olivine solution                                                                            
2                                     | model type: Margules, macroscopic

3                                     | 3 endmembers
teph fo fa            
0  0  0                           | endmember flags

0.0 1.0  0.1   1                    | range and resolution for X(Mn), imod = 1 -> 
asymmetric transform subdivision

0.0 1.0  0.1   0                    | range and resolution for X(Mg), imod = 0 -> cartesian 
subdivision

begin_excess_function
W(fo fa) 8400. 0. 0.              
end_excess_function

1                                     1 site entropy model

3 2.                                 3 species, site multiplicity = 2.
z(mg) = 1 fo
z(fe) = 1 fa 

end_of_model
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A simple activity-composition model, formatted for Perple_X

--------------------------------------------------------
begin_model

Gt(WPPH)           | Ca-Fe2+-Mg-Al-Fe3+ Garnet model after White, Pomroy, 
Powell & Holland (JMG, 2005)

7                            | model type: Margules with dependent endmembers .

2                            | the number of independent subcompositions, reciprocal 
solution if > 1.

4  2                      | 4 species on site 1, 2 species on site 2. 
| M2 and M1 can be identified as sites 1 and 2, respectively. 
| the species that mix on site 1 are Mn-Mg-Fe-Ca and the 
| species that mix on site 2 are Al-Fe3+.                                                                          

spss alm py gr    | endmember names 
fmn_i fkho_i kho andr_i

3                                 | number of dependent endmembers 

andr_i = 1 kho - 1 py +1 gr  
fkho_i = 1 kho + 1 alm -1 py
fmn_i = 1 kho + 1 spss -1 py

0  0  0  0  0  0  0  0            | endmember flags

(…Continued)

0. .2   0.1 1                     | imod = 0 -> cartesian subdivision (xmn) on X
0. 1.   0.1 0                     | imod = 0 -> cartesian subdivision (xfe) on X
0. 1.   0.1 0                     | imod = 0 -> cartesian subdivision (xmg) on X
0. 1.   0.1 0                     | imod = 0 -> cartesian subdivision x(fe3+) on Y

--------------------------------------------------------
begin_excess_function
w(alm py)    2.5d3 0. 0.
w(alm kho)  22.5d3 0. 0.
w(py gr)     33d3 0. 0.
w(gr kho)   -7d3 0. 0. 
w(spss kho) 20d3 0. 0. 
end_excess_function

2                                     |2 site entropy model

4 3.                                  |4 species, site multiplicity 3
z(x,mn) = 1 spss
z(x,fe) = 1 alm
z(x,ca) = 1 gr

2 2.                                  |2 species, site multiplicity 2
z(y,al) = 1 spss + 1 alm + 1 py + 1 gr

end_of_model



solution models
(solution_model.dat)

Vertex
(Free energy 
minimisation)

Problem (.dat) file

End-member thermo 
data (e.g. HP)

Other options

models:
(solution_model.dat)

thermodynamic data: 
(hp04ver.dat)

perplex_option.dat

Print file Plot data Glossary file Some other 
junk

Problem (.dat) file

Background – Strategies – The shape of a calculation  – Assessing results – Contours etc



Pssect
(Image generator)

Image (.ps) file

Glossary filePlot dataPrint file

models:
(solution_model.dat)

thermodynamic data: 
(hp04ver.dat)

perplex_option.dat

Problem (.dat) file

Some other 
junk
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Pssect
(Image generator)

Image (.ps) file

Glossary filePrint file

models:
(solution_model.dat)

thermodynamic data: 
(hp04ver.dat)

perplex_option.dat

Problem (.dat) file

Some other 
junk
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Table of 
properties (.tab) 

file

Werami
(Extra data extraction)

Glossary filePlot dataPrint file

models:
(solution_model.dat)

thermodynamic data: 
(hp04ver.dat)

perplex_option.dat

Problem (.dat) file

Some other 
junk

USER
INPUT

Matlab, pywerami, 
python
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Table of 
properties (.tab) 

file

Werami
(Extra data extraction)

USER
INPUT

Matlab, pywerami, 
python
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Modal proportion biotite



Can Perple_X replicate results calculated with THERMOCALC?

Background – Strategies – The shape of a calculation  – Assessing results – Contours etc

• Can the code do it?

• Can the user set up the problem with exactly the same 
parameters?

THERMOCALC Perple_X
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Figure 6 of White, Powell & Holland’s ‘Progress relating to calculation 
of partial melting equilibria for metapelites’,  Journal of Metamorphic 
Geology 2007.       Melt-bearing, Na-Ca-KFMASH

Perple_X version, approximately 5 hours 
calculation time
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It’s sometimes easier to set it running than 
it is to think…

3 kJ/mol reduction to annite enthalpy
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Volume % cordierite (0–24 %)

Xgrossular (0.02–0.32)

Xalmandine (0.62–0.86)

Phase abundances can be output as volume %, molar % or 
wt%, and can be output as a proportion of the system, or the 
system minus any accompanying fluid
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Volume % melt (0–90 %)
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Wagner et al. Oceanic Crust and Deep Seismicity

FIGURE 2 | Schematic diagram of our hypothesis: (A) Simplified trench-parallel cross section based on geometry shown in Figure 1. Section has been simplified so
that the plate is perfectly flat across the interior 400 km (⇠150 km on either side of the ridge) and so that all seismicity is projected to the depth range of our
proposed hydrated mantle lithosphere (lateral distribution still the same as in the cross section in Figure 1). Green region indicates dry oceanic mantle lithosphere.
Blue indicates hydrated oceanic mantle lithosphere. White circles/triangles are seismic events (same symbols as in Figure 1). Light brown region is oceanic crust
(MORB). Yellow region indicates possible mantle material trapped between the oceanic crust and the overlying continental crust (grayscale). Black dashed line is
depth to the base of “normal” oceanic crust (i.e., top of hydrated mantle lithosphere). Magenta line is proposed maximum depth of hydration into the oceanic plate.
Bottom: Mineralogically bound H2O contents of hydrated MORB (B) and peridotite (C), based on phase equilibria calculations. Dashed lines show pressures
corresponding to lines of the same color in the cross section above. Boxes 1, 2, and 3 indicate regions where oceanic mantle undergoes significant dehydration at
pressures experienced by hydrated mantle lithosphere. Versions of these diagrams labeled with the mineral assemblages associated with the H2O contents are
available in Supplementary Information.

Lefeldt et al., 2012). We note that in order for our model to hold,
the penetration depth of water simply needs to be greater than
normal oceanic crustal thickness, and less than or equal to the
ridge crustal thickness. For clarity, we have projected seismicity
from cross-section A,A0 (Figure 1) vertically to depths between
the normal oceanic Moho and the maximum penetration depth
of water into the slab. This allows us to demonstrate along-strike
variability in intermediate depth seismicity, and is reasonable
given that (a) the slab is unlikely to be perfectly horizontal along
the cross section and (b) depth errors in hypocentral locations
typically significantly exceed errors in latitude and longitude.

According to our hypothesis, the blue region in Figure 2A
(hydrated mantle lithosphere) generates seismicity at these
depths because it is undergoing dehydration reactions and the
brown region (oceanic crust) is not dehydrating, and is therefore
not generating seismicity. Because there is no hydrated mantle

below the thick crust of the Nazca Ridge, there is a seismic gap.
The discriminating region, then, lies between the 77 km depth
of normal oceanic Moho (black dashed line in Figure 2C) and
the assumed 88 km depth that marks the lowermost penetration
depth of water into outer rise faults (magenta dashed line in
Figure 2C). If our hypothesis is correct, the temperature of this
region should correspond to a P/T condition at which hydrated
peridotite would dehydrate but hydrated MORB would not,
based on the assumption that temperature would be the same
at these depths, regardless of whether the material is MORB or
hydrated oceanic mantle lithosphere.

Figures 2B,C show the amount of structurally bound H2O
that can be incorporated into altered crust and depleted mantle,
respectively. These diagrams are based on phase equilibria that
were calculated for a composite crustal composition from DSDP
sites 417 and 418 (Staudigel et al., 1989, 1996) and for harzburgitic

Frontiers in Earth Science | www.frontiersin.org 5 July 2020 | Volume 8 | Article 244
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Contour plots or color maps almost always need tidying up in Illustrator or equivalent

Wagner et al., (2020)



Phase fractionation
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It is straightforward to 
progressively remove the 
compositions of phases that 
have been calculated as stable 
in previous steps.

This obviously implies a path 
dependency, so Perple_X needs 
to be given a PT path to work 
on



Phase fractionation
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Any garnet and fluid calculated to be stable at a 
step were removed from the bulk-rock composition 
before successive steps

Caddick & Baxter (2013)
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Supplemental Material: Garnet as a proxy for subduction zone dehydration Baxter & Caddick 
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Figure DR-3.  Phase abundances calculated for a hydrated MORB on the Nicaragua 
geotherm.  Calculations involve different assumptions: (a) garnet and fluid are progressively 
fractionated from the bulk rock composition as they form, (b) fluid is fractionated but garnet 
is not, (c) no phases are fractionated.  Bold curves highlight garnet abundance (right-hand 
axis), bold dashed curves denote amount of bulk rock H2O (excluding in fluid).  Option (a) as 
in Figure 1c.  Note that in (c) the persistence of a fluid phase could also lead to wet-melting 

With no phases fractionated
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Figure DR-3.  Phase abundances calculated for a hydrated MORB on the Nicaragua 
geotherm.  Calculations involve different assumptions: (a) garnet and fluid are progressively 
fractionated from the bulk rock composition as they form, (b) fluid is fractionated but garnet 
is not, (c) no phases are fractionated.  Bold curves highlight garnet abundance (right-hand 
axis), bold dashed curves denote amount of bulk rock H2O (excluding in fluid).  Option (a) as 
in Figure 1c.  Note that in (c) the persistence of a fluid phase could also lead to wet-melting 

With just fluid fractionated

Caddick & Baxter (2013)



Perple_X Strengths and Weaknesses

Strengths:
Extremely flexible

Automatically finds the lowest free energy surface

Little chance of mistakenly calculating a meta-stable phase diagram… (but what 
if you want to do that)?

Requires almost no user input once the calculation parameters have been 
defined

Weaknesses:
Less useful as a pedagogical tool than ‘by hand’ calculation

Every end-member in your dataset of choice is considered (revealing areas of 
PT space in which their calibration ‘fails’)

Minimization can take many hours
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