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Abstract
Geobarometers are commonly used to determine the pressure (and hence depth) of magmatic bodies. 

For instance, at equilibrium, the concentration of dissolved volatiles in a vapor-saturated melt can be 
used as a barometer: this is the pressure of vapor-saturation (Pv

sat). Most determinations of Pv
sat assume that 

melt and vapor contain only oxidized C-O-H species. However, sulfur is the third most abundant volatile 
element in magmas, and oxygen fugacity (fO2) exerts a strong influence on the speciation of the melt and 
vapor. To explore how S and fO2 affect calculations of Pv

sat, we model a Hawaiian tholeiite that contains 
both reduced and oxidized C-O-H-S species in the melt and vapor. We find that excluding reduced C-
O-H species in the system can result in significant underestimations of Pv

sat under reducing conditions 
(ΔFMQ < 0). The effect of S on Pv

sat is small except in the vicinity of the “sulfur solubility minimum” 
(SSmin; 0 < ΔFMQ < +2), where excluding S-bearing species can result in underestimates of Pv

sat.
The implications of these results depend on the volatile concentration of the system being investigated, 

its fO2, and the melt composition and temperature. Our results suggest there will be little impact on Pv
sat 

calculated for mid-ocean ridge basalts because their fO2 is above where reduced C-O-H species become 
important in the melt and vapor and yet below the SSmin. However, the fO2 of ocean island and arc basalts 
are close enough to the SSmin and their S concentrations high enough to influence Pv

sat. However, high-CO2 
and high-H2O concentrations are predicted to reduce the effect of the SSmin. Hence, Pv

sat calculated for 
shallowly trapped melt inclusions and matrix glass are more affected by the SSmin than deeply trapped 
melt inclusions. Lunar and martian magmas are typically more reduced than terrestrial magmas, and 
therefore accurate Pv

sat calculations for them require the inclusion of reduced C-O-H species.
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Introduction
The concentrations of dissolved volatiles (e.g., H2O, CO2) 

in the melt phase of magma are widely used to determine total 
pressure (P) (e.g., Anderson et al. 1989; Blundy and Cashman 
2008). Such determinations are based on analyses of volatile 
components in quenched glasses coupled with the assumption 
that the melt from which the glass formed was in equilibrium 
with a vapor prior to quenching. The basis of this approach is that 
for a given temperature (T) and assumed value of P, the partial 
pressure of each species in vapor (pi) coexisting with melt can 
be calculated from the concentrations of volatile components 
dissolved in the melt. The pressure of vapor-saturation of the 
melt (Pv

sat) is then the unique P at which the sum of all the pi 
values matches the total P.

This approach for determining Pv
sat for magmas has been 

widely applied to melt inclusions and matrix glasses, subject 
to several caveats [e.g., issues related to the fidelity with which 
glassy melt inclusions preserve the volatile concentrations pres-

ent at the time of their entrapment: Anderson (1974); Roedder 
(1979); Anderson and Brown (1993); Portnyagin et al. (2008); 
Steele-Macinnis et al. (2011); Gaetani et al. (2012); Bucholz et al. 
(2013); Maclennan (2017); and the possibility of supersaturation 
of erupting melts with respect to vapor: Fine and Stolper (1986); 
Dixon et al. (1988); Jendrzejewski et al. (1997); Saal et al. (2002); 
Soule et al. (2012); Le Voyer et al. (2015, 2019); Aubaud (2022)]. 
For melt inclusions, this approach has led to many minimum 
estimates of the P (and therefore depth) of inclusion entrapment 
(e.g., Anderson et al. 1989; Blundy and Cashman 2008), and such 
estimates have also been used to “image” magmatic plumbing 
systems (e.g., Colman et al. 2015; Wanless et al. 2015; Camejo-
Harry et al. 2018, 2019; Black and Andrews 2020; Wieser et al. 
2021). When applied to sub-aqueously erupted matrix glass, it 
has been used to estimate eruption depths (e.g., Seaman et al. 
2004; Coombs et al. 2006; Lund et al. 2018; Belgrano et al. 2021). 
This approach also returns the composition of the vapor phase in 
equilibrium with the melt at Pv

sat. This vapor composition can be 
used to understand whether the melt has undergone closed- or 
open-system degassing or has been buffered by a large volume of 
fluid (e.g., Spilliaert et al. 2006; Caricchi et al. 2018; Moretti et 
al. 2018). The vapor composition can also be used to reconstruct 
bulk melt inclusion compositions at entrapment if a “shrinkage” 
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