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What Lurks in the Martian rocks and soiL? investigations of suLfates, PhosPhates, and PerchLorates

Spectral and thermal properties of perchlorate salts and implications for Mars
Janice L. BishoP1,2,*, richard Quinn1,2 and M. darBy dyar3
SETI Institute, Carl Sagan Center, Mountain View, California, 94043, U.S.A.
Space Science and Astrobiology Division, NASA-Ames Research Center, Moffett Field, California, 94035, U.S.A.
3
Department of Astronomy, Mount Holyoke College, South Hadley, Massachusetts, 01075, U.S.A.
1

2

aBstract
K+, Na+, Ca2+, Mg2+, Fe2+, Fe3+, and Al3+ perchlorate salts were studied to provide spectral and thermal
data for detecting and characterizing their possible presence on Mars. Spectral and thermal analyses
are coordinated with structural analyses to understand how different cations and different hydration
levels affect the mineral system. Near-infrared (NIR) spectral features for perchlorates are dominated
by H2O bands that occur at 0.978–1.01, 1.17–1.19, 1.42–1.48, 1.93–1.99, and 2.40–2.45 m. Mid-IR
spectral features are observed for vibrations of the tetrahedral ClO4–
at 1105–1130 cm–1 (~8.6–9 m), 760–825 cm–1 (~12–13 m), 630 cm–1 (~15.9 m), 460–495 (~20–22
m), and 130–215 (~50–75 m). The spectral bands in both regions are sensitive to the type of cation
present because the polarizing power is related to the band center for many of the spectral features.
energies for the ClO4– and H2O groups connected to different octahedral cations. Differential scanning
calorimetry (DSC) data show variable patterns of water loss and thermal decomposition temperatures
for perchlorates with different cations, consistent with changes in spectral features measured under
varying hydration conditions. Results of the DSC analyses indicate that the bond energies of H2O in
perchlorates are different for each cation and hydration state. Structural parameters are available for Mg
perchlorates (Robertson and Bish 2010) and the changes in structure due to hydration state are consistent
with DSC parameters and spectral features. Analyses of changes in the Mg perchlorate structures with
H2O content inform our understanding of the effects of hydration on other perchlorates, for which the
2+
and Fe3+ perchlorates changed
C or measurement under low-moisture conditions indicating that
they are less stable than other perchlorates under dehydrated conditions. The perchlorate abundances
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introduction
Chlorine has long been known to be an important component
of the martian regolith, but the molecular form of this element
was unknown (e.g., Clark et al. 1977, 2005). One of the achievements of the Phoenix mission was to identify perchlorate as the
predominate form of soluble chlorine in the regolith at the landing
site (Hecht et al. 2009). Recent Phoenix Wet Chemistry Laboratory (WCL) measurements of soluble anions and cations indicate
that the perchlorate anion is likely present at a level of 0.6 wt%
as a combination of Ca(ClO4)2 nH2O and Mg(ClO4)2 nH2O in
the soil (Kounaves et al. 2014). Remote sensing analyses of soil
features in 12 trenches observed with Phoenix’s Stereo Surface
Imager (SSI) instrument found a band at 0.967 m consistent
with hydrated salts such as perchlorate (Cull et al. 2010b). Re* E-mail: jbishop@seti.org
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mote sensing studies by the Compact Reconnaissance Imaging
Spectrometer for Mars (CRISM) of the Phoenix site with 18
m/pixel ground sampling show water ice (Cull et al. 2010a),
but no evidence of perchlorate. On the Curiosity rover, Sample
Analysis at Mars (SAM) instrument results indicate the presence
of Ca perchlorate at the Rocknest site in Gale Crater (Glavin et
al. 2013; Leshin et al. 2013) and possibly Fe-perchlorates at the
John Klein and Cumberland sites at Yellowknife Bay in Gale
Crater (Ming et al. 2014).
At about the same time Phoenix identified perchlorates in the
soil, orbital remote sensing analyses using thermal IR data led to
the detection of a widespread region containing small chloride
salt deposits with unusually high emissivity at shorter wavelengths in the southern highlands (Osterloo et al. 2008, 2010;
Glotch et al. 2013). Most of these chloride-bearing outcrops
occur in topographic lows and are attributed to brines formed in
evaporitic environments. Anhydrous chloride salts are difficult to
confirm on Mars using CRISM, but have been identified at sites
such as Terra Sirenum by a weaker 3 m band and an increasing
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