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abstraCt

Pyroxene minerals are a significant component of Shergottite-Nakhlite-Chassignite (SNC) meteorites 
(e.g., Velbel 2012) and detected across large areas of Mars’ surface (e.g., Mustard et al. 2005). These 
minerals are associated with chloride, sulfate, and perchlorate salts that may represent briny waters 
present in Mars’ history. Previous textural analyses by Velbel and Losiak (2010) comparing pyroxenes 
and amphiboles from various natural weathering environments showed no correlation between apparent 
apical angles (describing the morphology of denticular weathering textures) and mineralogy or aqueous 
alteration history in relatively dilute solutions. However, high-salinity brines preferentially dissolve 
surface species, potentially leading to different textures dependent on the brine chemistry. In this study, 
we performed controlled pyroxene dissolution experiments in the laboratory on a well-characterized 
diopside to determine if aqueous alteration in different high-salinity brines, representative of potential 
weathering fluids on Mars, produce unique textural signatures. 

Following two months of dissolution in batch reactors, we observed denticles on etch pit margins and 
pyroxene chip boundaries in all of the solutions investigated: ultrapure water (18 MΩ cm–1; aH2O = 1); low-
salinity solutions containing 0.35 M NaCl (aH2O = 0.99), 0.35 M Na2SO4 (aH2O = 0.98), and 2 M NaClO4 
(aH2O = 0.9); and near-saturated brines containing 1.7 M Na2SO4 (aH2O = 0.95), 3 M NaCl (aH2O = 0.75), 
and 4.5 M CaCl2 (aH2O = 0.35). No systematic change in denticle length or apical angle was observed 
between any of the solutions investigated, even when altered in brines with significantly different salinity, 
activity of water, and anion composition. Based on these and previous results from natural systems, apical 
angle measurements are not a useful proxy for determining the extent or nature of aqueous alteration. 
However, since denticles form relatively slowly during weathering at circum-neutral pH, denticle length 
may be a useful proxy for chemical weathering duration. All of the experimental solutions produced me-
dian denticle lengths ≤1 µm, likely due to the brief weathering experiments. However, perchlorate brines 
produced a significantly wider range of denticle lengths than those observed in all the other experimental 
solutions tested. Since perchlorate is likely a common constituent in martian soils (Glotch et al. 2016), 
denticle length measurements should be used cautiously as proxies for extent of aqueous alteration on 
Mars, particularly in samples that also contain perchlorate.

Keywords: Weathering texture, pyroxene, denticles, apical angles, Mars, perchlorate, brines

introduCtion

Interpreting the history of aqueous alteration on Mars relies 
on chemical, mineralogical, and textural clues recorded in rocks 
and minerals. Nano- to microscale textural features on primary 
rock-forming minerals frequently contribute to interpretations of 
mineral-fluid interactions in terrestrial samples (e.g., Hochella 
and Banfield 1995). However, micro-/nanoscale textural analyses 
of minerals from Mars remain mostly limited to observations of 
SNC meteorites. Pyroxene minerals are a significant component 
of SNC meteorites (McSween 1994; Treiman 2005; Velbel and 
Losiak 2010; Velbel 2012), indicative of their abundance in the 
martian crust (Bandfield et al. 2000). They typically display indi-
cators of weathering formed through aqueous alteration on Mars 
(Treiman 2005; Velbel 2012; Ling and Wang 2015), including the 

formation of secondary clay minerals and Fe-oxides (Treiman et al. 
1993; Ling and Wang 2015) and dissolution textures on primary 
mineral phases. For example, jarosite, hematite, cristobalite, and 
iddingsite are observed in veins in the Miller Range meteorite 
MIL 03346 (Ling and Wang 2015). In addition, denticles formed 
during pyroxene dissolution have been observed in the Allen 
Hills meteorite ALH 84001 (Thomas-Keprta et al. 2009; Velbel 
2012). Pre-terrestrial alteration in these meteorites has been estab-
lished using cross-cutting relationships including impact-related 
features overprinting alteration textures and minerals, as well as 
weathering features predating the fusion crust (Gooding et al. 
1988; Velbel 2011).

In addition to alteration textures, salts are observed in SNC 
meteorites (Wentworth and Gooding 1994; Velbel 2012). Per-
chlorate salts were observed in Mars meteorite EETA 9001 
(Kounaves et al. 2014). Sulfates, including gypsum, anhydrite, 
and epsomite, as well as chlorides, including halite, are common 
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