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Abstract
Understanding past and present aqueous activity on Mars is critical to constraining martian aqueous 

geochemistry and habitability, and to searching for life on Mars. Assemblages of minerals observed 
at or near the martian surface include phyllosilicates, sulfates, iron oxides/hydroxides, and chlorides, 
all of which are indicative of a complex history of aqueous activity and alteration in the martian past. 
Furthermore, features observed on parts of the martian surface suggest present-day activity of subsurface 
brines and at least transient liquid water. Terrestrial analogs for younger and colder (Hesperian–Ama-
zonian) martian geologic and climatic conditions are available in the McMurdo Dry Valleys (MDV) 
of Antarctica and provide opportunities for improved understanding of more recent aqueous activity 
on Mars. Here, we study the VXE-6 intermittent brine pond site from Wright Valley in the MDV 
region and use coordinated spectroscopy, X-ray diffraction, and elemental analyses to characterize 
the mineralogy and chemistry of surface sediments that have evolved in response to aqueous activity 
at this site. We find that brine pond activity results in mineral assemblages akin to aqueous alteration 
products associated with younger sites on Mars. In particular, surficial chlorides, a transition layer 
of poorly crystalline aluminosilicates and iron oxides/hydroxides, and a deeper gypsum-rich interval 
within the upper 10 cm of sediment are closely related at this Antarctic brine pond site. Activity of the 
Antarctic brine pond and associated mineral formation presents a process analog for chemical altera-
tion on the martian surface during episodes of transient liquid water activity during the late Hesperian 
and/or more recently. Our results provide a relevant example of how aqueous activity in a cold and 
dry Mars-like climate may explain the co-occurrence of chlorides, clays, iron oxides/hydroxides, and 
sulfates observed on Mars.
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Introduction
Understanding the history of liquid water on Mars is central 

to constraining the planet’s geochemical and possible biologi-
cal evolution. Liquid water appears to have been present in the 
martian past, based on both mineralogical evidence (e.g., Carr 
1987, 1996; Squyres et al. 2004; Mustard et al. 2008; Murchie 
et al. 2009, 2019; Ehlmann and Edwards 2014; Carter et al. 
2015) and geomorphological features such as valley networks, 
dendritic channels, and deltas that indicate frequent flowing 
water and fluvial erosion on early Mars (e.g., Craddock and 
Howard 2002; Ansan et al. 2008; Fassett and Head 2011), but 
liquid water is not currently stable on the surface (Haberle et al. 
2001; Wordsworth 2016).

Mineralogical evidence for past aqueous activity on Mars 
includes the identification of sulfates (including gypsum, kie-
serite, and polyhydrated Fe and Mg sulfates, e.g., Langevin et al. 
2005; Murchie et al. 2009), hydrated phyllosilicates (including 
smectite, mica, chlorite, and kaolinite, e.g., Bibring et al. 2005; 
Poulet et al. 2005; Bishop et al. 2008; Ehlmann et al. 2009), 
and chlorides (Osterloo et al. 2008). Phyllosilicates indicate 
a complex history of aqueous alteration on early Mars (e.g., 
Murchie et al. 2009; Carter et al. 2015), with associations of 
phyllosilicates, sulfates, and other minerals suggesting variable 
aqueous environments on the martian surface (Bishop 2018). 
In particular, colder environments support formation of poorly 
crystalline aluminosilicates rather than crystalline phyllosili-
cates (Bishop et al. 2018). These poorly crystalline materials 
are abundant across the surface of Mars (Rampe et al. 2012), at 
the top of the clay profile in areas with abundant phyllosilicates 
(Bishop and Rampe 2016) and in all of the samples investigated 
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