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Introduction:   Mars soils allow an investigation of the 

integrated history of the surface, including interactions 

with potential volatiles such as water that may result in 

crust formation (e.g., [1]). These soil crusts contribute 

to Mars geomorphology [2], and have important 

implications for future returned Mars samples and 

potential human exploration.  

       In arid environments on Earth such as the Atacama 

Desert, salty soil crusts form near the surface [3]. 

Multiple salts have also been detected on Mars, 

including Ca, Mg, Fe, and Na sulfates; chlorides; and 

perchlorates (e.g. [4]). When atmospheric humidity is 

sufficiently high, hygroscopic salts such as perchlorates 

and chlorides can absorb moisture from the air, 

deliquescing and forming brines that have been shown 

to form crusts in Mars analog regolith in laboratory 

experiments [5]. Rock surfaces at Jezero crater are also 

observed to have crusts with compositions similar to 

global Mars dust [6], such as on the PIXL target Naltsos 

(sol 125), and may be related to soil crusts. 

    Here we examine the prevalence of soil crusts at 

Jezero crater; the hydration of the soil surface; and the 

correlation of elemental compositions.   
Fig. 1. Rear 
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Methods:  

To examine 

the prevalence of soil crusts at Jezero crater, Rear 

HazCam images were examined from each rover stop 

from sol 9 through 291, and where Rear HazCam 

images did not contain evidence of crusts, NavCam 

images were also examined. These images allow 

examination of locations where the surface of the soil 

has been disturbed by the wheels and can display 

evidence of crust such as fracturing (Fig. 1). Images that 

did not show evidence of a crust do not necessarily 

indicate that a crust was not present – a crust might have 

not been disturbed in such a way that it was visible in 

Rear HazCam or NavCam images.  

Repeated LIBS measurements in the same location 

form small excavation pits, allowing chemical 

variations in the top 1-2 mm of the soil [7] to be 

examined. To examine the composition of the soil crust, 

the hydrogen ICA score, which is a unitless measure of 

the hydrogen peak that can correspond to hydrogen 

content [8], was compared to elemental compositions as 

well as S and Cl scores. Large grains in the soil that 

would affect the results were removed based on a 

preliminary analysis. Averaged chemical data and H, S, 

and Cl scores, and shot-to-shot data were analyzed using 

Principal Component Analysis (PCA) in OriginPro.  

Results and Discussion:   

Prevalence of soil crusts at Jezero crater. Rear 

Hazcam/NavCam images revealed soil crusts at 37 of 75 

locations, indicating their prevalence (Fig. 2). 
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Hydrated surfaces. An examination of the shot-to-

shot data for soils indicates a characteristic increase in 

the H ICA score towards the surface (e.g. Fig. 3), with 

many soils displaying this trend. These measurements 

were all made during the daytime, and hydration may 

differ at night.  

 
Fig. 3. H score versus shot number (shot 1 is at the soil 

surface) for ten spots in the regolith target Chambares, 

showing scatter expected in soil [9], and an increase in 

H scores towards the surface.  

 

Correlation of elements. PCA analysis of the 

averaged shots for each point shows that H, Cl, and S 

are tightly correlated for the averaged soil shots, and that 

K2O is also correlated (Fig. 4) indicating association of 

Cl, S, and K2O with H. In addition, PCA analysis of the 

shot-to-shot data shows the correlation of cations with 

the H and S scores (e.g. Fig. 4). These results suggest 

the presence of hydrated salts that may be contributing 

to the formation of the soil crusts.  

Conclusions and Future Work:  Soil crusts on 

Mars are important for understanding both past surface 

processes, as well as the characteristics of the soil that 

future human explorers will interact with. Changes in 

atmospheric humidity through time impact the 

atmosphere-soil water cycle, and the potential use of 

hydrated soils for In Situ Resource Utilization. More 

work, including examination of additional crusts and 

rock coatings on Mars with additional techniques such 

as Infrared Spectroscopy and MastCam-Z [10], Earth 

and laboratory analogs, atmospheric measurements, and 

soil sampling for return to Earth, is needed to allow a 

comprehensive understanding of the soil crust-forming 

processes on Mars.   
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Fig. 4. PCA analysis using OriginPro of the averaged 

shot data (top) and shot-to-shot data for Chambares 

point 2 (bottom). The averaged data (top) show the  

correlation of H, S, and Cl, with K2O also correlated, 

and shot-to-shot data for Chambares point 2 (bottom) 

show the correlation of S with Mg and H, which 

suggests the potential presence of hydrated salts.   
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