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Introduction:  Salts and basalt are widespread on the 

surface of Mars [1-2] and evidence of salts on the 

surface of Mars has been detected by orbital 

observations and show sulfates, chlorides, and 

perchlorates exist across vast stretches of the planet 

[3].  These salts have the potential to lower the 

freezing point of water to within the diurnal 

temperature and pressure conditions present in 

equatorial regions [4].  The brines that possibly form 

from wetting events have the potential to react with the 

basalt on the surface and shallow subsurface. 

Therefore, basalt-brine interactions may have 

significant effects on both the aqueous history of the 

planet, and near-surface alteration assemblages.   Such 

assemblages could be a significant factor to early life 

on Earth and possibly Mars by providing redox 

reactions where key elements can form into biotically 

usable molecules [5].   

Controlled laboratory studies using 

McKinney basalt have the potential to demonstrate 

such geochemical processes and chemical products 

proposed to exist on the surface of Mars.  This basalt 

has been shown to have similar bulk geochemical 

properties to multiple locations on the Martian surface. 

[6].  

Methodology: We crushed McKinney basalt 

from Idaho, USA to 0.5-5.0 mm diameter with one 

chip being 3.0-5.0 mm diameter and added them to 

reactors filled with one of nine solutions:  18.2 MΩ 

ultrapure H2O, endmember near-saturated brines of 

NaCl, Na2SO4, NaClO4, CaCl2, MgCl2, MgSO4, and 

mixed brines containing Na2SO4+NaClO4 or 

MgSO4+MgCl2.  The reactors containing the brines 

and chips were agitated on a shaker table for 12 

months.  We sampled the solution pH adding the 

basalt, after one day, and after 1,3,6, and 12 months of 

reaction.  We harvested and analyzed basalt chips from 

each reactor after one, three, six and 12 months using 

a Renishaw InVia Raman spectroscope employing a 

532 nm and 785 nm laser.  

Results: Raman spectra show secondary 

minerals present in multiple reacted samples which 

were not observed in the Raman or XRD analysis of 

the unreacted samples.  Carbonates observed on 

multiple basalt chips in different brines suggest carbon 

dioxide from the basalt dissolved into solution and 

subsequently reacted with ions in solution (figure 1).  

Iron oxide and secondary minerals were also observed 

in Raman spectra of the basalt chips after reacting in 

the solutions. Such secondary minerals show how 

these brines can contribute to the abundance of iron 

oxides and clays found on the surface of Mars [8].  

Discussion:   Raman spectroscopy of 

McKinney basalt samples show secondary 

mineralization of iron oxides, hydrated sulfates, 

amorphous silica, phosphates, and carbonates. This 

work demonstrated that major classes of alteration 

phases can be distinguished using Raman spectra with 

resolution similar to those expected from the Raman 

instruments aboard the Perseverance and Rosalind 

Franklin rovers. In addition, observations of carbonate 

minerals within alteration assemblages suggest CO2 

from the atmosphere readily reacted with ions released 

via basalt dissolution to form the carbonates.  

The results of the experiments in this study 

demonstrate that secondary carbonate minerals can 

form from the reaction of Mars analogous basalt and 

near-saturated brines under relatively short time spans. 

In our experiments, we interpret that atmospheric CO2 

was likely the main source of carbon needed for 

carbonate precipitation. Similar processes may have 

formed carbonates on the surface of Mars. If such 

processes occurred, Raman spectroscopy is a viable 

tool for identifying carbonate minerals present on the 

surface. Indeed, as Perseverance begins its scientific 

journey on the Martian surface, Raman spectroscopy 

has the potential of performing key scientific 

discoveries while conserving energy and without 

sample processing. 
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