Supplementary Material for 

Hughes, E., Liggins, P., Wieser, P. and Stolper, E. (2025) “VolFe: an open-source tool for calculating melt-vapor equilibria including silicate melt, carbon, hydrogen, sulfur, and noble gases”, Volcanica, 8(2), pp. 457–481. doi: 10.30909/vol/imvc1781.
1. Parameterisations for model dependent variables
[bookmark: _Ref170066107][bookmark: _Ref171353078]New parameterisations
The solubility function for water in rhyolite was parameterised from the experimental data of Blank et al. (1993), Kadik et al. (1972), and Silver et al. (1990) in Figure 3 of Blank et al. (1993) as shown in Figure S1 and eq. (S1).
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[bookmark: _Ref171352830]Figure S1. Water concentration squared (mole fraction) against fH2O (bar) for rhyolitic melts from the experimental data of Blank et al. (1993), Kadik et al. (1972), and Silver et al. (1990) in Figure 3 of Blank et al. (1993). The coefficient in the equation is the solubility function for water in rhyolite where water concentration is in mole fraction and fH2O is in bars. 
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The solubility functions for Ar and Ne in basalt and rhyolite were parameterised from the experimental data of Iacono-Marziano et al. (2010) as shown in Figure S2 and eq. (S2–5).
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[bookmark: _Ref171101966]Figure S2. Concentration (ppmw) against partial pressure (bar) for Ar (squares) and Ne (circles) in basalt (blue) and rhyolite (red) using experimental data from Iacono-Marziano et al. (2010). The coefficient in each equation is the value of the solubility function in ppmw/bar.
	
	(S2)

	

	(S3)

	

	(S4)

	
	(S5)



[bookmark: _Ref171587203]Currently available parameterisations in VolFe
Experimental conditions (P, T, and melt composition) of the data used to calibrate the various parameterisations of model dependent variables are listed in Table S2 to Table S10 as an indication of the range of conditions they might be appropriate for. Also indicated is whether the parameterisation could be independently benchmarked, with worked calculations for the benchmarking exercise provided as Jupyter Notebooks in the GitHub and ReadTheDocs.

[bookmark: _Ref151980361]Table S1. Equilibrium constants for homogeneous vapor equilibria in Table 1 of the main text.
	Equilibrium constant
	Benchmark
	Reference

	KH
	-
	Reaction (d) in Table 1 of Ohmoto and Kerrick (1977) 

	KC
	-
	Reaction (c) in Table 1 of Ohmoto and Kerrick (1977)

	KS
	-
	Reaction (f) in Table 1 of Ohmoto and Kerrick (1977)

	KCH
	-
	Reaction (e) in Table 1 of Ohmoto and Kerrick (1977)

	KHS
	-
	Reaction (h) in Table 1 of Ohmoto and Kerrick (1977)

	KSC
	Calculation in their text
	Eq. (8) in Moussallam et al. (2019) 

	KS2*
	Supplementary spreadsheet
	Eq. (6b) in O’Neill and Mavrogenes (2022) 


Note: *KS2 = fSO3/fO21.5fS20.5 – this is not a reaction in VolFe (i.e., SO3 is not a vapor species present), but this is required to use the O’Neill and Mavrogenes (2022) sulfate capacity.
[bookmark: _Ref151998762]Table S2. Fugacity coefficients for vapor species and their calibration ranges.
	Species
	P (bar)
	T (°C)
	Benchmark
	Reference

	All
	1
	n/a
	Value is 1
	Ideal 

	O2
	51–20000
	-118–2227
	EVo (Liggins et al., 2020)
	Shi and Saxena (1992)

	H2
	1–3040 
	0–1000 
	Their Table 3
	Shaw and Wones (1964)

	S2
	73–20000
	-65–2227
	EVo (Liggins et al., 2020)
	Shi and Saxena (1992)

	CO
	35–20000
	-140–2227
	EVo (Liggins et al., 2020)
	Shi and Saxena (1992)

	H2O
	1–50000
	400–1400
	EVo (Liggins et al., 2020)
	Eq. (4, 6: T > 673 K, A1, A2, A3) and Table 1 in Holland and Powell (1991)

	
	0–10000 
	0–1300 
	-
	Flowers (1979) correction of Holloway (1977) modified from MIMiC (Rasmussen et al., 2021) originally from VolatileCalc (Newman & Lowenstern, 2001)

	CO2
	74–20000
	31–2227
	-
	Shi and Saxena (1992)

	
	1–8000 
	200–1600 
	EVo (Liggins et al., 2020)
	Eq. (8) and Table 1 Holland and Powell (1991)

	
	1–8000 
	200–1600 
	-
	Eq. (8, 9) and Table 2 Holland and Powell (1991)

	
	1–8000 
	200–1600 
	-
	Eq. (4, A1, A2, A3) and Table 2 Holland and Powell (1991)

	
	1000–10000 
	100–1000 
	-
	Flowers (1979) correction of Holloway (1977) modified from MIMiC (Rasmussen et al., 2021) originally from VolatileCalc (Newman & Lowenstern, 2001)

	SO2
	78–20000
	158–2227
	Sulfur_X (Ding et al., 2023)
	Shi and Saxena (1992)

	
	78–20000
	158–2227
	VolFe is the benchmark
	Figure S1 from Hughes et al. (2022) based on Shi and Saxena (1992)

	H2S
	90–20000
	101–2227
	EVo (Liggins et al., 2020)
	Shi and Saxena (1992)

	
	90–20000
	101–2227
	VolFe is the benchmark
	Figure S1 from Hughes et al. (2024) based on Shi and Saxena (1992)

	CH4
	46–20000
	-82–2227
	EVo (Liggins et al., 2020)
	Shi and Saxena (1992)

	OCS
	66–20000
	105–2227
	EVo (Liggins et al., 2020)
	Shi and Saxena (1992)



[bookmark: _Ref152014248]Table S3. Solubility functions for CO2,T and range of conditions of experiments used for calibration.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	P
	1170–1600
	201– 15000
	MORB
	Their Table 5
	Bullet (5) of summary from Dixon et al. (1995), which includes values from Pan et al. (1991) 

	P, Xsil
	1170–1600
	1000–15000 
	Basalt
	-
	Eq. (7) from Dixon (1997) as shown in eq. (1, 5) from Witham et al. (2012), which includes values from Pan et al. (1991)

	P, SiO2
	1170–1600
	1000–15000 
	Basalt (North Arch)
	-
	Eq. (8) from Dixon (1997), which includes values from Pan et al. (1991)

	P, Xsil
	1200
	269– 2059
	Basalt
	-
	Eq. (25, 26) from Lesne et al. (2011a)

	P
	1200
	269– 2059
	Alkali basalt (Vesuvius)
	-
	VES-9 in Table 4 from Lesne et al. (2011a)

	P
	1200
	269– 2059
	Alkali basalt (Etna)
	-
	ETN-1 in Table 4 from Lesne et al. (2011a)

	P
	1200
	269– 2059
	Alkali basalt (Stromboli)
	-
	PST-9 in Table 4 from Lesne et al. (2011a)

	P, T
	1200
	10000–20000 
	Basanite
	-
	Basanite in Table 5 of Holloway and Blank (1994) 

	P, T
	1200–1600
	1000–20000 
	Leucitite
	-
	Thibault and Holloway (1994)

	P, T
	750–1150
	200–6600
	Rhyolite
	Their Figure 2
	Figure 2 caption from Blank et al. (1993), based on data from Blank (1993) and Fogel and Rutherford (1990)



Table S4. Equilibrium functions for CO2,mol and CO32- and range of conditions of experiments used for calibration.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	Constant
	n/a
	n/a
	Basalt
	Matches stated constant value
	Based on observation that all oxidised carbon is CO32- in basalts (e.g., Fine and Stolper, 1986)

	T
	1100–1300
	2000–5000
	Andesite
	Their Figure 12
	Eq. (8) from Botcharnikov et al. (2006)

	T
	1250
	1000–5000
	Dacite
	Their Figure 12
	Eq. in the text from Botcharnikov et al. (2006), based on data from Behrens et al. (2004)

	Constant
	n/a
	n/a
	Rhyolite
	Matches stated constant value
	Based on observation that all oxidised carbon is CO2,T in rhyolites (e.g., Blank et al., 1993a)



[bookmark: _Ref163380433]Table S5. Solubility functions for H2OT and range of conditions of experiments used for calibration.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	Constant
	1050–1250
	109–5000
	Basalt (<6 wt% H2OT)
	Matches stated constant value
	Figure S2 from Hughes et al. (2024b) based on data compilation from Allison et al. (2022)

	Constant
	850–1200 
	49–2000 
	Rhyolite
	Matches stated constant value
	Eq. (S1) based on data from Blank et al. (1993), Kadik et al. (1972), and Silver et al. (1990) 



[bookmark: _Ref163382294]Table S6. Solubility functions for sulfide and range of conditions of experiments used for calibration.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	T, Xsil
	1200–1500 
	1
	Anhydrous basalt to rhyolite
	Supplementary spreadsheet
	Eq. (10.34) from O’Neill (2021) (with or without dilution from H2O), based on data from Haughton et al. (1974), O’Neill and Mavrogenes (2002), and Tuff and O’Neill (2010) 

	T, Xsil
	1045–1500 
	1–15000 
	Hydrous basalt to rhyolite
	-
	Eq. (10.34, 10.49) from O’Neill (2021)

	T, Xsil
	1000–1500 
	1
	Anhydrous basalt to andesite
	-
	Eq. (6) from Boulliung and Wood (2023a)

	T, Xsil
	1000–1500
	1
	Anhydrous basalt to rhyolite
	Supplementary spreadsheet
	Eq. (7) from Boulliung and Wood (2023a)



[bookmark: _Ref163382313]Table S7. Solubility functions for sulfate and range of conditions of experiments used for calibration.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	T, Xsil
	1200–1500
	1
	Anhydrous basalt to rhyolite
	Supplementary spreadsheet
	Eq. (12a) from O’Neill and Mavrogenes (2022) (with or without dilution from H2O)

	T, Xsil
	1200–1500 
	1
	Anhydrous basalt to rhyolite
	-
	Eq. (5) from Boulliung and Wood (2023b)

	P, T, Xsil
	1200–1500 
	1
	Anhydrous basalt to rhyolite
	-
	Eq. (5) from Boulliung and Wood (2023b) and eq. (8) from Boulliung and Wood (2022)

	T, Xsil
	1200–1500 
	1
	Anhydrous basalt to rhyolite
	Supplementary spreadsheet
	Eq. (9) from Boulliung and Wood (2023a), using data from Boulliung and Wood (2022)

	T, Xsil
	1200–1500 
	1
	Anhydrous basalt to rhyolite
	Supplementary spreadsheet
	Eq. (11) from Boulliung and Wood (2023a), using data from Boulliung and Wood (2022)



[bookmark: _Ref163383260]Table S8. Solubility functions for H2, CO, CH4, H2S, and noble gases and range of conditions of experiments used for calibration.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	H2

	P
	1400–1450
	7000– 30000 
	Basalt (Fe-free)
	VolFe is the benchmark
	Table S4 from Hughes et al. (2024b) based on data from Hirschmann et al. (2012)

	P
	1400
	10000–30000 
	Andesite (Fe-free)
	VolFe is the benchmark
	

	CO

	P
	1340–1617
	350–32000
	Basalt
	VolFe is the benchmark
	Table S4 from Hughes et al. (2024b) based on data from Armstrong et al. (2015), Stanley et al. (2014), and Wetzel et al. (2013)

	CH4

	P
	1400–1450 
	7000–30000 
	Basalt (Fe-free)
	-
	Eq. (7a) from Ardia et al. (2013)

	CH2S

	Constant
	1050
	2980–3120 
	Basalt
	Matches stated constant value
	Figure S6 from Hughes et al. (2024b) based on data from Lesne et al. (2015) and Moune et al. (2009)

	Constant
	1050
	2040–3040
	Basaltic andesite
	Matches stated constant value
	

	“X”

	Constant
	1200
	49–308 
	Ar in basalt
	Matches stated constant value
	Eq. (S2), based on data from Iacono-Marziano et al. (2010)

	Constant
	1200
	104–360
	Ar in rhyolite
	Matches stated constant value
	Eq. (S3), based on data from Iacono-Marziano et al. (2010)

	Constant
	1200
	68–296
	Ne in basalt
	Matches stated constant value
	Eq. (S4), based on data from Iacono-Marziano et al. (2010)

	Constant
	1200
	100–299
	Ne in rhyolite
	Matches stated constant value
	Eq. (S5), based on data from Iacono-Marziano et al. (2010)



[bookmark: _Ref152014271]Table S9. Oxygen fugacity (fO2) to Fe3+/Fe2+ relationships and their calibration ranges.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	T, P, Xsil
	1200–1630 
	1
	Basalt to andesite
	Thermobar (Wieser et al., 2022)
	Eq. (7) in Kress and Carmichael (1991) 

	T, P, Xsil
	1200–1630
	1
	Basalt to andesite
	-
	Eq. (A-5,6) in Kress and Carmichael (1991)

	T, P, Xsil
	–
	1
	<60 wt% SiO2
	Supplementary spreadsheet from O’Neill and Mavrogenes (2022)
	Eq. (9a) in O’Neill et al. (2018) 

	T, P, Xsil
	1195– 1636
	1
	Basalt to dacite
	-
	Eq. (4) in Borisov et al. (2018)



[bookmark: _Ref152014283]Table S10. Sulfide, anhydrite, and graphite saturation conditions and their calibration ranges.
	Variables
	T (°C)
	P (bars)
	Composition
	Benchmark
	Reference

	Sulfide content at sulfide saturation*

	T, P, Xsil, Xsulf
	1150–1800  
	1–55000 
	Anhydrous basalt to rhyolite
	Supplementary spreadsheet
	Eq. (10.34, 10.43, 10.45, 10.46) in O’Neill (2021) (with or without dilution from H2O) (option to use PySulfSat; Wieser and Gleeson, 2023)

	T, P, Xsil, H2O Xsulf
	1045–1800 
	1–55000 
	Hydrous basalt to rhyolite
	-
	Eq. (10.34, 10.43, 10.45, 10.46, 10.49) in O’Neill (2021)

	T, P, Xsil, H2O
	785–1500 
	1–20000
	Hydrous basalt to rhyolite
	-
	Eq. (9) in Liu et al. (2007)

	T, P, Xsil, H2O
	1050–1800 
	1–90000
	Hydrous Basalt to rhyolite
	By PySulfSat
	Eq. (7) in Fortin et al. (2015) using  PySulfSat (Wieser and Gleeson, 2023)

	T, P, H2O, Xsulf
	1250–1400 
	10000–25000
	Hydrous basalt
	By PySulfSat
	Eq. (2) in Liu et al. (2021) using PySulfSat (Wieser and Gleeson, 2023)

	T, P, Xsil, Xsulf
	1150–1800  
	1–55000 
	Anhydrous basalt to rhyolite
	By PySulfSat
	O’Neill and Mavrogenes (2022) using PySulfSat (Wieser and Gleeson, 2023)

	T, Xsil
	1150–2160 
	1–240000 
	Hydrous basalt to rhyolite
	By PySulfSat
	Smythe et al. (2017) using PySulfSat (Wieser and Gleeson, 2023)

	T, Xsil, H2O
	785–1600  
	1500-30000
	Hydrous basalt to rhyolite
	By PySulfSat
	Eq. (19) in  Li and Zhang (2022) using PySulfSat (Wieser and Gleeson, 2023)

	T, Xsil, H2O
	1150–2350 
	1–240000 
	Hydrous basalt to rhyolite
	By PySulfSat
	Eq. (11) in Blanchard et al. (2021) using PySulfSat (Wieser and Gleeson, 2023)

	T, Xsil, H2O
	1150–2350 
	1–240000 
	Hydrous basalt to rhyolite
	By PySulfSat
	Eq. (12) in Blanchard et al. (2021) using PySulfSat (Wieser and Gleeson, 2023)

	Sulfate content at anhydrite saturation

	T, Xsil, H2O
	700–1325 
	1000–30000 
	Basalt to rhyolite
	By PySulfSat
	Eq. (8) using Table 5 in Chowdhury and Dasgupta (2019) using PySulfSat (Wieser and Gleeson, 2023)

	T, Xsil, H2O
	700–1325
	300–30000 
	Basalt to rhyolite
	By PySulfSat
	Eq. (8–14) in Zajacz and Tsay (2019) using PySulfSat (Wieser and Gleeson, 2023)

	T, Xsil, H2O
	700–1350 
	300–50000 
	Basalt to rhyolite
	-
	Eq. (4) in Liu et al. (2023)

	Graphite saturation

	P, T
	–
	–
	n/a
	Unavailable
	Eq. (3) KI in Holloway et al. (1992) 


Note: *If sulfide composition is required, it is assumed to be pure FeS unless specificed by the user.

Table S11. Oxygen fugacity buffers.
	Buffer
	Benchmark
	Reference

	FMQ
	Thermobar (Wieser et al., 2022)
	Frost (1991)

	FMQ
	Supplementary spreadsheet from O’Neill & Mavrogenes (2022)
	O’Neill (1987)

	NNO
	Thermobar (Wieser et al., 2022)
	Frost (1991)



[bookmark: _Ref167565925]Melt composition renormalisation
[bookmark: _Ref189339433]Table S12. Example of how the user inputted melt composition (Ala02-16A from Brounce et al., 2014) is recalculated for use in VolFe calculations.
	
	Unit
	Inputted by user
	Used in calculations

	SiO2
	wt%
	43.97
	44.02

	TiO2
	wt%
	0.7
	0.70

	Al2O3
	wt%
	19.09
	19.11

	FeOT
	wt%
	9.36
	9.37

	MnO
	wt%
	0.22
	0.22

	MgO
	wt%
	6.76
	6.77

	CaO
	wt%
	13.28
	13.29

	Na2O
	wt%
	1.46
	1.46

	K2O
	wt%
	0.37
	0.37

	P2O5
	wt%
	0.11
	0.11

	H2O
	wt%
	4.32
	4.32

	CO2
	ppm
	999
	999

	ST
	ppm
	1544.07
	1544.07

	“X”
	ppm
	0
	0

	Non-volatile total
	wt%
	95.32
	95.43

	Volatile total
	wt%
	4.5743
	4.5743

	Total
	wt%
	99.89
	100.0000



Degassing and regassing calculations
We start each re- or degassing calculation by determining Pvsat and the speciation of the volatiles in the melt at Pvsat as described in Hughes et al. (2024). This sets the bulk composition of the system, especially for oxygen, which is distributed between the volatiles (i.e., CO2,T, H2OT, SO42-, and CO) and iron (i.e., FeO and FeO1.5) in the melt according to eq. (30) and (31) in the main text. Note that the mass balance constraint for oxygen does not include oxygen in the silicate melt component which does not exchange between melt and vapor, as this does not partake in degassing. If the inputted melt composition (including volatiles and fO2 estimate) does not represent the bulk composition (i.e., there is vapor present), the vapor must be added back to calculate the bulk composition (eq. 22 in the main text). At each P, the mass balance constraint for each component distributed between melt and vapor must be satisfied as described in eq. (22–33) in the main text.

Here we outline the approach for calculating vapor and melt compositions and proportions described in Section 4.3 of the main text in more detail (a flow chart of this calculation is shown in Figure 6 of the main text).
1) The inputs for the calculation are T, major element composition of the melt, concentrations of volatile components in the melt (H2O-eq, CO2-eq, and S-eq), fO2 or Fe3+/FeT. The step-size of P can also be set. Options are either closed- or open-system re- or degassing.
2) Pvsat and the melt/vapor speciation is calculated.
3) Bulk composition of the system is calculated, either:
a) The melt composition at Pvsat is the bulk composition of the system, or
b) The proportion of vapor present at Pvsat is given, which is inputted as wTv in eq. (22) in the main text as well as the melt and vapor composition calculated at Pvsat, enabling wTi’s for all volatiles (i.e., C, O, S, and H) to be calculated, or
c) The initial amount of CO2-eq in the melt is given, in which case eq. (22) in the main text is used to calculate wTv given wTC and the melt and vapor composition at Pvsat. Then the wTi’s for all volatiles (i.e., O, S, and H) to be calculated using eq. (22) in the main text.
4) P is de/increased.
5) xvi’s are calculated:
a) Initial guesses for xvO2, xvCO, and xvS2 are taken from the previous P step.
b) Equilibrium constants (Ki) and fugacity coefficients (γi) are calculated at the given T and P.
c) Using γi and P, xvO2, xvCO, and xvS2 in eq. (4, 5, 9) in the main text are used to calculate xvCO2 and xvSO2, from which xvOCS can be calculated using eq. (8, 9) in the main text.
d) Given the sum of all xvi’s must be one, xvH2O can be calculated using eq. (3–9) in the main text, from which xvH2, xvH2S, and xvCH4 can be calculated using the same equations.
e) Using γi and P in eq. (9) in the main text, xvO2, xvCO, and xvS2 are converted to fO2, fCO, and fS2.
6) wmi’s are calculated:
a) Solubility (Ci) and equilibrium, (Ki) functions are calculated at the given T, P, and melt composition. Note: if Ci depends on a melt component that is influenced by the iterative calculation – e.g., H2O or Fe3+/FeT – this will use the value from the previous P step and is currently not updated during the iterative calculation. Melt compositions changes are typically small between consecutive P steps; hence, this is unlikely to cause large errors.
b) All xvi’s are converted to fi’s using eq. (9) in the main text.
c) Each wmi’s is calculated from the appropriate equation in eq. (11–20) in the main text.
d) Fe3+/FeT is calculated from fO2 using eq. (21) in the main text.
7) Iteration to find solution:
a) Weight fraction of vapor (wTv) implied for each volatile (i.e., C, H, O, and S) is calculated from eq. (22) in the main text using xvi’s and wmi.
b) Difference between wTv based on C and each other volatile (i.e., H, O, and S) is calculated. If the difference is below the specified tolerance, the solution has been found.
c) If the solution has not been found, new guesses for xvO2, xvCO, and xvS2 are created using a Newton Raphson/Jacobian Matrix approach (a Jupyter Notebook for deriving the differential equations used in the solver is available in the GitHub repository), and steps 5–7 are repeated.
d) If a solution cannot be found after 50 iterations, the Newton Raphson step size is reduced by a factor of ten. If a solution still cannot be found, the guessed species are switched to xvO2, xvH2, and xvS2 or xvO2, xvCO, and xvH2. If a solution still cannot be found, a different pressure step is tried. Eventually, the calculation is terminated.
8) Once the solution has been found, melt and vapor composition and proportions are calculated. Return to step 4 until final P is reached.
[bookmark: _Hlk199096536]Numerical convergence performs well because the value of the mole fraction of three independent species in the vapor phase are guessed, from which the mole fractions of all other species can be calculated, after which the mass balance constraint is applied. For instance, the total amount of each volatile component in the system varies by <0.001 ppm during closed-system degassing (first four panels in Figure S3). The variation in fO2 (which should change during degassing) is smooth and an order of magnitude less than the value itself, suggesting good numerical convergence (final panel in Figure S3). This is because the mole fraction of O2 (from which fO2 can be directly calculated) is always one of these “guessed” species as its value has a large influence on the value of all other vapor species even though it has an insignificant mass in the system. Because of the small absolute value of O2, it would be difficult to calculate subsequently via mass balance.

[image: ]
[bookmark: _Ref199096252]Figure S3. Each panel shows the difference in the value between consecutive pressure steps: total oxygen, total, carbon, total hydrogen, total sulfur, and fO2. The initial value (i) for each parameter is shown in square brackets.

[bookmark: _Hlk199273118][bookmark: _Hlk199355774]Worked examples as Jupyter Notebooks
A variety of worked examples for different calculation types and options are available in the GitHub repository and ReadTheDocs, which will be updated as new options and calculation types are added. For Pvsat and total-melt-sulfur-oxybarometer calculations, worked examples as Jupyter Notebooks currently include:
· One analysis (i.e., melt composition) entered directly.
· Multiple analyses (i.e., melt compositions) read from a csv file.
· Using default vs. user-specified options (e.g., for parameterisations of model dependent variables).
· Including uncertainties on inputs into the calculation outputs.
· Different identities of the volatile species “X” (Pvsat only).
For the degassing and regassing calculations, worked examples as Jupyter Notebooks currently include closed- and open- re- and degassing options where the calculation starts without and with vapor (using both amount of vapor and initial CO2) and sulfur can or cannot saturate as sulfide/anhydrite. Additionally, examples for different volatiles systems (e.g., CHOS, HSO, CSO, CHOAr, CHONe) are included.
Additionally, worked examples as Jupyter Notebooks are available for:
· Fugacity coefficients at various P and T.
· Solubility functions at various P, T, and melt compositions.
· Pure solubilities for H2O and CO2.
· Isobars for H2 O-CO2.
· Monte Carlo approach for analytical uncertainties on melt composition.
· The full Marianas workflow.

Comparison to isobar calculations using Dixon model in VESIcal
Benchmarking calculations is a few steps up from benchmarking model dependent variables and would answer “how do you know a correct solution is reached”. To benchmark a calculation like isobars or degassing, all the model dependent variables employed in the tool used as a benchmark must be the same as in VolFe (i.e., fugacity coefficients, solubility functions, equilibrium constants etc.). If they are not the same, the answer will not be the same even if the calculation is working. Unfortunately, no melt-vapor equilibria tools available use the exact same combination of species, solubility functions, fugacity coefficients, etc. as in VolFe and so the results for the same calculation will not produce the same results. Therefore, unfortunately, we are not able to benchmark VolFe calculations against any other tools to check it produces the “right” answer. However, we can still compare the results to see how similar/different they are, such as the closed-system degassing curves in Figure 3e–g in the main text.
In Figure S4 we compare isobars created using VESIcal and the Dixon model (i.e., simplification of the Dixon, 1997, model as implemented in VolatileCal, Newman & Lowenstern, 2002) with the closest match of model-dependent variables possible in VolFe (a Jupyter Notebook for this comparison is available in the GitHub repository and ReadTheDocs). The Dixon (1997) CO2 solubility function requires SiO2 (wt%): VolFe normalises SiO2 to the volatile-free melt composition; whereas as a default, VESIcal does not normalise the melt composition. This makes a big difference and hence we calculate it with and without normalisation to the volatile-free melt composition in VESIcal. 
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[bookmark: _Ref199272647]Figure S4. Isobars for melt H2O and CO2 at P = 500, 1000, 1500, and 2000 bar calculated for the melt composition shown in Table S12. The blue solid curve uses VolFe, whilst the black curves use the Dixon model in VESIcal with a normalised (solid) or no normalisation (dashed) melt composition.
[bookmark: _Hlk199273137]Model options for VolFe are chosen to be as close to the Dixon model as implemented in VESIcal (all others are the default options, as shown in Table S13):
· Only CO2 and H2O species are present in the melt and vapor, as in VESIcal.
· The CO2 solubility function is 'NorthArchBasalt_Dixon97' (eq. 8 from Dixon, 1997), which is the same model as the Dixon model of VESIcal.
· The fugacity models of CO2 and H2O are the Flower's (1979) correction of Holloway (1977), which is the same model as in VESIcal.
The key difference is that VolFe only considers total H2O (H2OT), whereas the Dixon model in VESIcal considers a regular solution of OH- and H2Omol. Therefore, the water models are quite different. The VolFe (blue solid) results agree well for CO2 solubility when Dixon in VESIcal uses the normalised composition (black solid) but are very different when VESIcal use the inputted composition as is (i.e., no normalisation: black dashed), highlighting the importance of understanding whether normalisation has been applied or not. The water solubility models are different and diverge more and more with higher pressure. The shapes of the curves are similar given these differences, suggesting the calculations are consistent aside from model dependent variable differences.

Reference table for calculations
[bookmark: _Ref161420680]Table S13. Parameterisations used for model dependent variables in calculations using VolFe shown in the main text.
	Model dependent variable
	Reference

	O2 fugacity coefficient
	Shi and Saxena (1992)

	CO fugacity coefficient
	Shi and Saxena (1992)

	H2 fugacity coefficient
	Shaw and Wones (1964)

	S2 fugacity coefficient
	Shi and Saxena (1992)

	CO2 fugacity coefficient
	Shi and Saxena (1992)

	H2O fugacity coefficient
	Eq. (4, 6: T > 673 K, A1, A2, A3) and Table 1 in Holland and Powell (1991)

	SO2 fugacity coefficient
	Shi and Saxena (1992) as modified in Fig. S1 of Hughes et al. (2022)

	CH4 fugacity coefficient
	Shi and Saxena (1992)

	H2S fugacity coefficient
	Shi and Saxena (1992) as modified in Fig. S1 of Hughes et al. (2024)

	OCS fugacity coefficient
	Shi and Saxena (1992)

	CO2 equilibrium constant
	Reaction (c) in Table 1 of Ohmoto and Kerrick (1977)

	H2O equilibrium constant
	Reaction (d) in Table 1 of Ohmoto and Kerrick (1977)

	SO2 equilibrium constant
	Reaction (f) in Table 1 of Ohmoto and Kerrick (1977)

	CH4 equilibrium constant
	Reaction (e) in Table 1 of Ohmoto and Kerrick (1977)

	H2S equilibrium constant
	Reaction (h) in Table 1 of Ohmoto and Kerrick (1977)

	OCS equilibrium constant
	Eq. (8) in Moussallam et al. (2019)

	H2OT solubility function
	Fig. S2 in Hughes et al. (2024)

	CO2,T solubility function
	Bullet (5) in Dixon et al. (1995)

	H2,mol solubility function
	Table S4 in Hughes et al. (2024)

	COmol solubility function
	Table S4 in Hughes et al. (2024)

	CH4,mol solubility function
	Eq. (7a) from Ardia et al. (2013)

	*S2- solubility function
	Eq. (10.43) from O’Neill (2021) (including the effect of H2O dilution)

	SO42- solubility function
	Eq. (12a) from O’Neill and Mavrogenes (2022) (including the effect of H2O dilution)

	H2Smol solubility function
	Fig. S6 in Hughes et al. (2024)

	CO2,T equilibrium constant
	All CO32- as basalt

	Fe3+/FeT
	Eq. (A-5, 6) from Kress and Carmichael (1991)

	FMQ buffer
	Frost (1991)

	S2-CSS
	Eq. (10.34, 10.43, 10.45, 10.46) in O’Neill (2021)

	S6+CAS
	Eq. (8) in Chowdhury and Dasgupta (2019) using PySulfSat (Wieser et al., 2023)

	Graphite equilibrium constant
	Eq. (3) in Holloway et al. (1992)


Notes: Melt species considered were H2OT, OH-, CO2,mol, CO32-, H2,mol, COmol, CH4,mol, *S2-, SO42-, and H2Smol; vapor species considered were O2, CO, H2, S2, CO2, H2O, SO2, CH4, H2S, and OCS.
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