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Cl-enriched regolith on Mars could liquefy at -30 to -50 °C in near surface environments. This study aims to understand the conditions where transient liquid salty brines can exist 
on Mars. In this study, we used three volcanic samples as Mars analogs mixed with 40% CaCl2 and 10% Mg(ClO4)2 salts to probe possible phase changes of liquid and frozen H2O
from -90 to 25 °C using Fourier Transform Infrared (FTIR) Spectroscopy in mid-IR region (4000-800 cm-1). Each of these martian analogs revealed varied responses to formation of 
water or ice in our experiments. This study highlights the complex relationships of Cl salts in low temperature soil/brine systems and the presence of liquid salty phases well below 0 °C .

Summary

What is the role of Cl- bearing salts on Mars?

• Chloride (Cl) bearing salts are distributed along the surface and near surface 
of Mars [1-3]. 

• The salts depress the freezing point of water and favor salty liquid water 
in near surface environments, which has also been detected on Mars below 
the south polar ice caps using Radar data [4]. 

• Previous studies pointed out that liquid salty brines could also be 
responsible for formation of recurring slope lineae (RSL) [5]. 

• Each type of salt shows specific deliquescence/efflorescence features under 
different conditions; for instance, Mg-perchlorate reveals a lower eutectic 
temperature (~ -73 °C, 43.7%) [6], than CaCl2 (~ -51 °C, 30%) [3]. 

Martian Analogs
• Two altered volcanic samples collected from Mauna Kea (MK 91-16) [7], 

and Haleakala (JB399) [8] as well as the Mojave Mars Simultant (MMS)
material [9] were dry sieved to < 250 µm and then mixed with aqueous 40% 
CaCl2 and 10% Mg(ClO4)2 solutions. 

• MK 91-16 (Mauna Kea, Hawai) 

• JB399 (Haleakala crater, Hawai)

• MMS (Mojave Mars Simulant, NASA-JPL) 

Plagioclase, pyroxene (Ca-rich), 
minor amounts of ilmenite (Fe, Ti

oxide) and hematite (Fe2O3)

Palagonitic (mainly) 
material with similar 
composition to basalt, 
mixed with poorly-
crystalline aluminosilicates 

Plagioclase (NaAlSi3O8) and 
pyroxene mixed with poorly-
crystalline aluminosilicates

Cryogenic-FTIR

STRATEGY

Experimental Part

• Coat the suspension/mixtures 
directly on the cold stage (-90 °C)

• Keep the temperature stable for 
15 min (-90 °C)

• Increase the temperature 25 °C
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Chemometric  Analysis
• The Single-Value Decomposition 
(SVD) method was used to reduce 
noise from the collected time-
resolved IR spectra. 
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Figure 1. Experimental diagram of 
Cryogenic-FTIR system.

FTIR Spectroscopy of Ice and Cryosalts formed on Martian Analogs

Figure 2. a) Phase diagram of CaCl2. b) Spectra of MK 91-16+40% CaCl2 mixture in 
H2O/O-H stretching region from -90 to 25 °C. (c) H2O/ O-H stretching region of ice and

frozen 40% CaCl2 presented in black. The letters A (-90), B (-50), C (-20), and D (25 °C) 
show the spectra of MK 91-16 + 40% CaCl2 mixtures following the experimental
conditions in Figure 2a. The dried spectrum of MK 91-16 + 40% CaCl2 at 25°C is 

presented in red to compare with the frozen mixtures. 

Figure 3. Spectra for hydration process of samples
mixed with Cl brine from -90 to 25°C. While the left

graph exhibits the results of samples mixed with
CaCl2, the right graph presents hydration of samples

mixed with Mg(ClO4)2.

• 40% CaCl2 and 10% Mg(ClO4)2 below -90 °C 
form hexahydrates including CaCl2.6H2O 
(antarcticite) [11] (Figure 2 a-c) and
Mg(ClO4)2.6H2O [6,11]  (Figure 3) and these
hexahydrates coexist with ice at -90 °C.

• Mg(ClO4)2.6H2O presents a significant band at 
3580 cm-1, attributed to weak coordination of 
H2O molecules to the ClO4

- anion [12-13] 
(Figure 3). 

• CaCl2.6H2O+ice at -90 °C  reveal a stronger
coordinated H-bonding network at ~3100 cm-1

than with H2O ice (~3140 cm-1) [10].

Solutions at -90 °C

40% CaCl2 mixtures from -90 to 25 °C
• The spectra of MMS, MK 91-16 and JB399 at -90 °C contain bands

resembling ice and antarcticite, however JB399 spectra notably presents
the signature of ice.

• Above the eutectic point of CaCl2 at -51°C, ice bands at 3140 and 3225 
cm-1 significantly decreased for the MK 91-16 and JB399 samples through
heating up to -30°C. This could be explained by the presence of transient
liquid salty water between -51°C to 0 °C in our samples-and perhaps on 
Mars too.

• Upon further heating to 25 °C, water quickly effloresced for the MK 91-16 
sample, while the MMS and JB399 samples presented thin water films
formed on the samples [10].

• While the MMS and JB399 10% Mg(ClO4)2 mixtures exhibited similar
spectra to those of ice and Mg(ClO4)2.6H2O mixtures at -90°C, MK 91-16 
mixture is more comparable to a 10% Mg(ClO4)2 solution at -90°C [6]. 
The MK 91-16 sample may have more fine-grained particles that were
able to provide surface area for the perchlorate.

• Heating further to 25 °C resulted in elimination of the 3225 and 3140 
cm-1 bands, that were replaced with 3380 and 3220 cm-1 bands are
similar to the spectra of aqueous Mg-perchlorate suspensions.

Conclusions and Future Studies
• Mars analog samples containing different Cl-bearing salts

present different hydration responses.
• As the insoluble minerals also play a role in formation of 

crystalline H2O below 0 °C [10, 14], further investigation is 
warranted on the role of the samples in affecting the conditions
of transient liquid salty brines on Mars. 

• Future VNIR spectra will complement the spectral database for
analysis of CRISM at Mars and orbital spectrometers at icy
bodies.
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