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Introduction:  Serpentinization is a geochemical 

process resulting from the aqueous alteration of ultra-

mafic rocks. A common byproduct of serpentinization 

is the generation of biologically available hydrogen, 

which is a basal energy source for life. Therefore, un-

derstanding the conditions controlling hydrogen gener-

ation during serpentinization (e.g. silica activity, tem-

perature, pH, rock composition and water/rock ratio) 

has been an important effort [1, 2, 3, 4]. Additionally, 

serpentine type minerals are not restricted only to Earth 

and have been discovered on Mars [5]. Therefore, pre-

sent day serpentinization may be occurring on Mars 

and possibly in Ocean Worlds of our Solar System 

(e.g. Europa and Enceladus) [6]. However, the geo-

chemistry resulting from brines reacting with rocks on 

these planetary bodies is poorly constrained. In this 

work, we computationally explore the effects of salini-

ty on hydrogen generation during serpentinization.  

Using the computer code EQ3/6, we evaporated 

seawater to create a series of brines with different wa-

ter activities (aw). Then, we used reaction path model-

ing to examine the generation of hydrogen as a result of 

serpentinization of a harzburgite rock because 

harzburgites are the common ultramafic rocks that un-

dergo serpentinization on Earth.  

Our preliminary results indicate that water activity 

strongly affected the ultimate degree of hydrogen gen-

eration, especially above 200 °C, with hydrogen con-

centrations decreasing with decreasing water activity. 

We observed a sharp transition in hydrogen concentra-

tion below aw = 0.7, however there was still ~25% of 

maximum dissolved hydrogen present at activities as 

low as 0.3 compared to hydrogen generation during 

serpentinization with seawater.  

Different hypotheses explain this concentration 

shift. Iron likely plays an important role because parti-

tioning of iron into different phases (e.g. magnetite, 

serpentine, brucite) has crucial consequences for hy-

drogen generation during serpentinization [7, 8]. How-

ever, our model results indicate that a fraction of iron is 

captured in FeCl2 and thus prevents Fe2+ from oxidat-

ing into Fe3+. At water activities smaller than 0.7, we 

observed that FeCl2 forms, in exceeding 475 mM at 

350 °C. Furthermore, FeCl2’s concentration follows a 

positive trend with decreasing water activity. At sea-

water and brines with water activities closer to sea-

water values, we did not observe FeCl2 formation.  

Considering the potential of serpentinization with 

various brine compositions across diverse planetary 

bodies such as on Mars, Jupiter’s moon Europa and 

Saturn’s moon Enceladus, our computational models 

provide additional insight on the habitability on these 

systems, given that salts provides a sink for ferrous 

iron, thus limiting high-temperature hydrogen genera-

tion during serpentinization. 
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