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Recurring slope lineae (RSL):  RSL is an im-

portant phenomenon that reveals present-day surface-

near surface processes on Mars, discovered by 

HiRISE-MRO observations in southern mid-latitudes 

and in equatorial regions [1, 2]. RSL formed and grew 

on some equator-facing slopes during warm seasons 

when Tafternoon was in the range of ~ 250 to 300K;  their 

distribution bears some similarity with putative chlo-

ride deposits in the southern hemisphere [3]. A detailed 

CRISM data analysis [4] confirmed again that RLS 

sites do not have spectral signatures that can be as-

signed to water or structural H2O/OH. Although 530 

nm and 950 nm bands (assigned to pyroxene and hem-

atite) in some RSL sites were observed, the lack of 

repeating CRISM observation at RSL sites does not 

support an evaluation on the time variability of spectra.  

HiRISE team has been proposing that salty brines 

could be the source of RSL [1, 2].  

Antarctica Dry Valley (ADV) Slope Streak: 

Similar streak-like features (brightness contrast, Fig. 1) 

were observed on the warmer, equator-facing slopes in 

ADV based on aerial photos and satellite images. A 

ground-truth field investigation on South Fork of upper 

Wright Valley [5] revealed that the only difference 

between the streak and inter-streak areas is the water 

content of subsurface soils. It was found that a small 

amount of liquid water wetting can cause the obvious 

brightness change observable by satellite images, very 

similar to RSL on Mars (Fig. 1). The melting of sur-

face-near surface snow bank during austral summer 

and its recharging during austral winter were suggested 

to be the cause of these ADV wet slope streaks [5].  

Salty Brines: Considering the observed time dura-

tion (days & weeks) for each RSL on Mars, the esti-

mated temperature range of later afternoon at RSL 

sites (250-300K, with higher T peak), instead of liquid 

water (unstable under current Mars atmospheric P, T, 

and PH2O conditions), the salty brines generated by 

deliquescence of hydrous salts at raising T appear to be 

a better candidate to “wet” the near surface soil at RSL 

sites. In order to build a comprehensive understanding 

of the whole process, we need to know the following 

properties of candidate salts: (1) the Vis-NIR spectral 

features of the brines of various types and their dry-out 

products [6]; (2) the quantity of liquid water that can 

be released through the deliquescence of a hydrous 

salt; (3) the T & PH2O (or relative humidity RH) ranges 

for the occurring of their deliquescence; (4) the rates of 

their deliquescence at different Ts relevant to Mars.  

Sulfates (Mg, Fe, Ca, Al, Na, K, etc.), hydrous or 

anhydrous, in crystalline or amorphous forms, all have 

characteristic spectral bands in Vis-NIR spectral range 

observable by OMEGA or CRISM, which is a mis-

match to the non-observation of spectral signatures that 

can be assigned to structural H2O/OH [4]. Further-

more, under the current martian T & PH2O conditions, 

hydrous sulfates would dehydrate through solid-solid 

phase transitions [7, etc], their deliquescence would 

not happen easily (see next section). Therefore, hy-

drous sulfates are unlikely to be the source materials 

of RSL.  Instead, we would support the hypothesis of 

subsurface chloride hydrates (and 

their mixtures with water ice) to be 

the source materials of RSL [8, 9]. 

This hypothesis is built upon the 

basis of their properties (1) chlo-

ride-rich brines or dry-out products 

do not have Vis-NIR bands observ-

able by OMEGA or CRISM; (2) the 

deliquescence of a chloride hydrate 

can generate 90-120% brine in volume ratio. Further-

more, we have conducted a set of 180 systematic ex-

periments on six chloride hydrates to study their prop-

erties (3) and (4).  

Experimental investigation: Although chlorides 

do not have peaks in molecular spectroscopy, the vi-

brational modes of H2O in chloride-hydrates do con-

tribute Vis-NIR, MIR, and Raman peaks. Laser Raman 

Spectroscopy (LRS) is used in our experiments for 

non-invasive phase identification of the molecular 

form, hydration degree, and structural change in the 

starting, intermediate, and final reaction products. 

Non-invasive gravimetric measurements were used to 

derive the number of H2O per molecule is derived 

based on the mass gain or loss.   

We used six chloride hydrates (all are stable at 

room T) to start the experiments, MgCl2.6H2O, 

CaCl2.2H2O, AlCl3.6H2O, KMgCl3.6H2O, FeCl2.4H2O, 

and FeCl3.6H2O. As demonstrated by past LRS studies 

of fluid inclusions in terrestrial minerals using micro-

thermometric stage, these types of chloride hydrates 

would form at low T (in T range of 0 to -60°C depends 

on brine salinity), would be stable in median T range 

(higher than room T for some), and upon the reaching 

of a Tthreshold, their deliquescence would happen abrupt-

Figure 1. Brightness changes of RSL  on Mars and wet slope streaks at ADV on Earth 
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ly [10, etc]. The goal of our experiments is to find the 

T & RH condition for the occurring of their deliques-

cence and the rates of deliquescence as function of T 

and RH. We use RH buffer technology to drive the 

deliquescence processes at three temperature (323, 

294, 278K) and ten RH levels (from 6 to 100%), 30 

experiments for each chloride hydrate, and LRS and 

gravimetric measurements at pre-selected time steps 

(2, 8 hr, … 440 days) to monitor the phase changes.   

a. deliquescence of chloride hydrates happen at mid-

low RH: at 5°C T 50°C, the deliquescence of all six 

studied chloride hydrates happen in an extremely large 

RH range, with deliquescence-solid boundaries occur 

near 33%RH. For comparison, the similar boundary 

occurs at much high RH for sulfates, e.g., 95-100%RH 

for ferrous sulfates, 85-95%RH for Mg-sulfates, 75-

80%RH for ferric sulfates.  

 This result suggests that the deliquescence of chlo-

ride hydrates is much easier to start at the raising of T, 

than the deliquescence of sulfates. The mid-high RH 

within a subsurface salty layer, maintained by salt it-

self as RH buffers, can provide suitable RH environ-

ment at present-day on Mars.   

b. very high deliquescence rates at Mars relevant T & 

RH: Figure 2a & 2b present the deliquescence rates of 

CaCl2.2H2O and MgCl2.6H2O, as function of T and 

RH derived from our 180 experiments. The hollow 

triangles are extrapolation for 300K (later afternoon at 

RSL sites), using the regressions developed from the 

experimental data at 323, 294, 278K (solid triangles).  

These data revealed very high deliquescence rates 

(hours to days for completion) of chloride hydrates at 

Ts relevant to RSL sites on Mars during warm season. 

They show that T plays a major effect while RH has a 

minor effect on deliquescence rates. Among the deli-

quescence processes of CaCl2.2H2O and MgCl2.6H2O, 

T affects more the former, while the later has a gener-

ally higher deliquescence rates.  It is specifically wor-

thy to note the time for complete deliquescence was 

recorded in our experiments (Fig. 2a, 2b). However in 

real world, incomplete deliquescence can still release 

brine that would flow down the slope. Furthermore, a 

very minor amount of brine would be needed to cause 

the appearance of RSL in satellite image, demonstrated 

by ground-truth field investigation of ADV wet slope 

streaks [5].    

Processes to generate Recurring Slope Lineae:  

During the last few high obliquity periods when water-

ice progressed to cover mid-low latitude region (even 

to equatorial region) on Mars, the ice-cover created a 

100% RH environment that facilitated the formation of 

chloride hydrates and other hydrous salts to reach their 

highest hydration degrees. In a mid-low obliquity peri-

od (present-day on Mars), dehydration processes 

would generate anhydrous chlorides [3] and almost-dry 

sulfates at the surface on Mars. However within sub-

surface, the locally low T and high RH maintained [11] 

by the thick layer of salts or salty regolith would slow 

down the dehydration process and could maintain mid-

high degree of hydration of hydrous salts in salty layer 

for very long period of time [12]. 

 The local T raising would cause the deliquescence 

of subsurface chloride hydrates which would release 

salty brine shown as RSL, as supported by our experi-

ments. The following issue is the mechanism to cause 

RSL to re-occur at the same location next year (ob-

served by HiRISE for consecutive 4 years). It will need 

to re-charge the source materials (even if it would be 

an incomplete recharge), i.e., to form chloride hydrates 

during cold season on Mars. Our hypothesis is (1) sub-

surface salty layer with higher thermal inertia would 

always maintain a low T [10]; (2) these salts would 

“cold-trap” atmospheric H2O thus the formation of 

chloride hydrates would be that would facilitated. A 

new set of experiments is designed to test this hypothe-

sis (including measuring the recharging rates). The 

new results will be reported at the meeting.  
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Fig. 2b. MgCl2.6H2O Deliquescence Rates 
as function of  Temperature & Relative Humidity
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Fig. 2a. CaCl2.2H2O Deliquescence Rates
as function of Temperature & Relative Humidity
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