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A systematic study:  S, Cl, H, O, C are the most 

mobile elements on Mars. Current atmosphere-surface 

interactions can induce the alteration of salts, as well 

as the transformation of salts to brines.   

Following the identification of martian salts by 

Mars Express, MER, MRO, Phoenix, and MSL, the 

Planetary Spectroscopy Team at Washington 

University in St. Louis (WUSTL) started a systematic 

study on the fundamental properties of martian salts, 

supported by NASA Mars Fundamental Research 

Program (MFRP), Mission of Opportunity (MoO) for 

ESA ExoMars-RLS project, and Solar System 

Working Program (SSW).   

Thermodynamics and kinetics are the center of this 

study, i.e., the stability fields of salts (sulfates, 

chlorides, oxychlorine salts), the pathways of phase 

transformations, and the rates of reactions under the 

current environmental conditions at Mars surface and 

in shallow subsurface. Among various salt-affecting 

processes during the different periods on Mars, our 

emphasis has been the post-deposition processes, i.e., 

the phase transformation of salts in modern-day on 

Mars that directly links to the mission observations.  

Our study has been emphasized on two aspects of 

atmosphere-surface interactions:  (1) dehydration – 

rehydration - deliquescence of salts induced by diurnal 

temperature variation, atmospheric global circulation, 

and martian obliquity cycle; (2) heterogeneous 

electrochemical reactions induced by the radicals and 

atoms/molecules at excited states produced in martian 

dust activities. From this set of studies, the team 

published 34 papers in peer-reviewed journals.  

 

Methodology: We used mission observations, 

analog sites study, and laboratory simulations in these 

studies. Spectroscopy has been our tools.  Analog sites 

(Atacama Desert and Tibet Plateau) provide 

climatically similar environments, and especially, the 

long-duration (millions years) for phase equilibrium 

development that is superior to the limited duration 

(years) of any laboratory simulation.  

Due to the mobility of S, Cl, H, O, C under Mars 

conditions, simulation experiments within reasonable 

temperature window can move fast enough, from 

which the kinetic information on the reaction rates can 

be extracted. In addition, we built a Planetary 

Environmental Chamber with multiple in situ sensors 

(PEACh), and used it for many experiments. Study of 

Martian meteorites brought in additional information.  

 

Modern-day salts and brines on Mars: On the 

basis of mission observations and the results from 

analog site studies and laboratory simulations, we built 

up the following understanding which addressing the 

five big questions about the Modern-day salts and 

brines on Mars.  

1. Two major hydrous sulfates: Monohydrated 

Mg-sulfate and polyhydrated sulfate are the most 

common and abundant hydrous sulfates observed thus 

far on Mars. On the basis of results from three sets of 

experiments and observations at DLT saline playa in a 

hyperarid region on the Tibet Plateau [1, 2], we were 

able to set constraints on the nature and origin of these 

two major Martian sulfates. Starkeyite (MgSO4·4H2O) 

is the best candidate for polyhydrated sulfate. 

MgSO4·H2O in the form of “LH-1w,” generated from 

dehydration of Mg-sulfates with high degrees of 

hydration, is the most likely mineral form for the 

majority of monohydrated Mg-sulfate. Two critical 

properties of Mg-sulfates are responsible for the 

coexistence of these two phases with very different 

degrees of hydration: (1) the meta-stability of a sub-

structural unit in starkeyite at relatively low 

temperatures on Mars, and (2) catalytic effects 

attributed to co-precipitated species (sulfates, 

chlorides, oxides, and hydroxides) from chemically 

complex brines that help overcome the meta-stability 

of starkeyite. The combination of these two properties 

controls the coexistence of the LH-1w layer and 

starkeyite layers at many locations on Mars, which 

sometimes occur in an interbedded stratigraphy.  

2. High RH in salty subsurface: Salty soils 

(enriched with hydrous sulfates and oxychlorine salts) 

were dogged out by rovers and lander. At the Martian 

surface, relative humidity (RH) is controlled by the 

partial pressure of H2O (PH2O) in the atmosphere, but 

the salty soils in subsurface can keep a much higher 
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RH. Our experiments revealed that the RH value 

maintained by a hydrous salt (in the form of dry 

grains) in a quasi-closed space approaches its 

RHbuffer(T) value that is consistent with its 

deliquescence-phase boundaries defined by stability 

field experiments. In addition, we demonstrated that 

the RH values kept by common hydrous chlorides and 

oxychlorine salts (HyCOS) and hydrous sulfates in 

enclosures have a general trend as RHsulfates > 

RHperchlorates > RHchlorides (with same type of cation) in 

wide T range [3]. This finding supports the color 

change observed using Pancam of Spirit rover on the 

excavated hydrous ferric sulfates at Tyrone site. The 

VNIR spectral changes matches with a dehydration of 

ferricopiapte to rhomboclase [4], and confirmed again, 

the salty martian subsurface has high RH that is 

extremely different from the environment at surface. 

3. HyCOS as the source materials for RSL: Our 

experimental study on dehydration–rehydration- 

deliquescence of hydrous chlorides and oxychlorine 

salts (HyCOS) supports a brine-related hypothesis for 

the recurring slope lineae (RSL) on Mars, in which the 

subsurface HyCOS are the potential source materials 

[3]. We found that within the observed RSL T range, 

TRSL(250–300 K), the deliquescence of HyCOS could 

occur in mid-low RH range that can be provided by co-

existing salts. Furthermore, we found a strong 

temperature dependence of the deliquescence rates for 

all tested HyCOS, e.g., duration of 1–5 sols for all 

HyCOS at the high end (300 K) of TRSL, and of 20–70 

sols at the low end (250 K) of TRSL. These 

deliquescence rates are consistent with the observed 

seasonal behavior of RSL on Mars. To support the 

recurrence of RSL in consecutive Martian years, we 

found the rehydration of HyCOS can occur in a few 

minutes, under Mars relevant P-T-RH conditions, 

which support the rehydration of remnant HyCOS 

layers during a local cold season through atmospheric 

H2O-to-salt direct interaction. This rehydration would 

facilitate the recharge of H2O back into subsurface 

HyCOS reservoir, to serve as the source material that 

will form RSL in a subsequent warm season. 

4. Cl-cycle enabled by Martian dust activates: 

Our new ESD (electrostatic discharge) experiments 

that simulate the effect of martian dust activity on 

common chlorides suggest that chlorine could cycle on 

modern‐day Mars between atmosphere and surface, 

driven by heterogeneous electrochemistry induced by 

dust storms, dust devils, and grain saltation. Two 

evidences demonstrate the instantaneous release of 

chlorine from seven common chlorides (Mg, Fe
2+

, 

Fe
3+

, Ca, Na, K, Al) during a medium strength ESD 

process in a Mars environmental chamber [5]. (1) a 

direct detection of a plasma emission line at 837.8 nm 

of the first excited state of the Cl atom; (2) the 

characterization of Cl‐deposition on the upper 

electrode using Raman, XRD, SEM, EDX, and XPS. 

This study is consistent with the most recent TGO 

observation, the HCl in martian atmosphere, and 

especially, the variation of its values positively 

correlated with 2018 global dust storm [6]. 

Furthermore, the Cl-release from chlorides induced by 

dust events added the last pieces of puzzles in the 

recurrence of RSL(Figure 1), i.e., the Cl-bearing gases 

can help to replenishing the Cl-bearing salts onto 

martian surface and then into shallow subsurface, thus 

to maintain the HyCOS reservoir for RSL.  

5. Salt -- potential host for biomarker: Three Ca-

sulfates, gypsum, bassanite, and anhydrite (β-CaSO4) 

were identified on Mar, by CheMin on Curiosity rover 

[7]. The 4
th

 Ca-sulfate, γ-CaSO4, was found widely 

distributed and enriched in Martian meteorite and in 

the soils of hyperarid region on Earth (Atacama Desert 

and Tibet Plateau). Ordinary γ-CaSO4 is metastable but 

those in Martian meteorite and from hyperarid regions 

show an abnormally high stability.  Using multiple 

microanalysis, we found these abnormal γ-CaSO4 

phases are chemically impure, with Si and Si+P 

entering its structural tunnels along the C-axis, which 

blocked the entrance of atmospheric H2O, and kept its 

abnormally high stability in ambient conditions [8]. 

Similarly, CH3OH was found to fill the tunnels of 

CaSO4·0.5CH3OH in another study [9]. Because γ-

CaSO4 and bassanite have very similar structures with 

their XRD lines heavily overlapped, thus cannot be 

distinguished by CheMin. We would suggest some 

martian bassanite could be γ-CaSO4 actually. Its 

structural tunnels would allow ions and ionic groups to 

fill. Thus this porous mineral has the potential to host 

biomarkers. The ID of γ-CaSO4 can be achieved by 

Raman system on Perseverance and ExoMars rover.   
Conclusion: Our study indicates that salts and 

brines are extremely active intergradient in modern-

day Martian geochemistry. The Cl-cycle between 

surface and atmosphere (Figure 1), driven by T, PH2O, 

circulation and dust-induced electrochemistry, may 

impact Martian isotope geochemistry as well.  
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