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Abstract
The McMurdo Dry Valleys of Antarctica provide a testbed for alteration processes on Mars due to 

the cold, arid, and windy conditions. Analysis of three sediment cores collected from Don Juan Basin, 
Wright Valley, Antarctica, reveals that surface sediment formation is primarily dominated by physical 
alteration. Chemical alteration occurs sporadically in this region and is frequently indicated by the 
accumulation of sulfates and Cl-bearing salts. We investigated the effects of physical and chemical 
alteration in Don Juan Basin by considering major and trace element abundances in the sediments based 
on depth and location. Our results indicate inversely related chemical- and physical-alteration gradients 
with proximity to Don Juan Pond where the current center of the pond represents a more chemically 
altering environment and the perimeter a more physically altering one. Comparing calculated sulfate 
abundances for Don Juan Basin cores to rock and soil samples taken by the rover Curiosity at Gale crater, 
we observed that the core from within Don Juan Pond best matches Curiosity soil sulfate abundances.

A new Chemical Index of Alteration equation that adjusts for salt dilution was also applied to the 
Antarctic cores and Curiosity rocks and soils. Our analysis indicates a significantly higher degree of 
chemical alteration than originally reported for most Antarctic and martian samples. Our investigation 
provides evidence for aqueous-based chemical alteration under cold, hyper-arid conditions in Don Juan 
Basin, Antarctica. Our work also demonstrates the analogous nature of terrestrial microenvironments to 
similar, local-scale sample sites on Mars, thereby supporting past or present chemical alteration on Mars.
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Introduction
This study aims to investigate the type and degree of altera-

tion for samples collected at multiple depths in soil pits in and 
around Don Juan Pond (DJP) of the McMurdo Dry Valleys 
(MDV) region to better understand the processes operating in 
the basin. Alteration signatures are determined through elemental 
and mineralogical analysis and are organized into two general 
modes: physical and chemical. Based on the frigid temperatures, 
high winds, and the extremely dry nature of the MDV, physical 
alteration is assumed to dominate and likely manifests primarily 
as sediment-mixing, freeze-thaw cycling, and aeolian abrasion 
(e.g., Nichols 2009). Chemical alteration is suggested to be 
operating on a secondary scale and is primarily observed as an 
effect of standing water and salt accumulations (e.g., Nichols 
2009). Sediment provenance, surface, and subsurface processes 
are considered together with chemical and mineralogical data to 

provide information on alteration processes.
Due to their similar environmental conditions, the characteriza-

tion of analog sites in the MDV can provide insights to constrain 
the geochemical and geomorphological history of Mars. In this 
study, we investigate relationships among soil pit samples from 
three sites in Wright Valley in or near DJP to determine variations 
due to distance from the center of the pond and depth below the 
surface. We use this data to assess the relative importance of 
chemical and physical alteration in Wright Valley and also to 
provide geochemical and mineralogical results for comparison 
with data collected at Mars. Major element abundances have been 
measured at several sites on the surface of Mars (e.g., Clark 1993; 
McSween 2002; Velbel 2012; McLennan et al. 2014; Vaniman et 
al. 2014; Gellert and Yen 2019), documenting a basaltic planet 
with high salt contents and aqueous alteration at some locations. 
Elemental analyses and X-ray diffraction (XRD) at Gale crater 
indicate the presence of abundant, varying species of Ca-sulfates 
(e.g., McLennan et al. 2014; Nachon et al. 2014; Vaniman et al. 
2018; Tu et al. 2021), similar to the MDV. Additional evidence 
for past aqueous activity on Mars is available through mineralogy 
determined from orbital reflectance spectroscopy (e.g., Murchie 
et al. 2009). Thus, one objective of analyzing the elemental, 
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