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Introduction and Rationale: Most Mars surface 

missions to date have encountered duricrusts [1, 2, 3]. 

These surficial, weakly salt-cemented materials form 

due to the precipitation of minerals in the voids of 

soils. Duricrusts range from <1 cm to >10 cm  in thick-

ness, and have been fractured or penetrated by rover 

wheels or contact instruments. Regolith beneath a ce-

mented crust can be very loose or weak, and therefore 

the collapse of a duricrust can cause rover mobility 

issues. Of particular relevance is the case of the indu-

rated soil that was encountered by the rover Spirit. 

Spirit was immobilized when it broke through the crust 

and became embedded in unconsolidated fines [4, 5].  

Current Mars rover driving strategies require hu-

man operators to study images of the terrain ahead of 

the rover to plan safe traverses. Research is now focus-

ing on automating non-geometric hazard detection and 

terrain assessment via machine learning [6], though to 

date the efficiency and capability of operations work-

flows that incorporate these techniques have not been 

tested. Mission Control Space Services is developing 

an Autonomous Soil Assessment System (ASAS). 

ASAS combines proprioceptive and exteroceptive de-

tection of soil properties to learn and facilitate the real-

time identification of hazardous terrain ahead of Mars 

rovers, and minimize the necessity for human-in-the-

loop decision-making. ASAS is currently at TRL 4 and 

being validated in several planetary analogue terrains.  

The goals of this study were to: 1. Develop duri-

crust simulants with properties similar to those docu-

mented by previous Mars missions; 2. Characterize 

these materials with laboratory techniques to verify 

mineralogy and texture in order to validate the feasibil-

ity of non-contact detection; and 3. Enhance the current 

capabilities of ASAS to include autonomous detection 

and trafficability prediction of duricrusted terrain. 

Background: Duricrust likely forms via the mobi-

lization of salt ions within a layer of water adsorbed by  

regolith [1]. Recent modelling using humidity, temper-

ature, and mineralogy data from Mars Science Labora-

tory (MSL) suggests there may be a daily water cycle 

on Mars, with transient brines forming nightly within 

the top 10’s of cm’s of the surface due to the absorp-

tion of atmospheric water vapour by hygroscopic salts, 

(e.g., perchlorates; [7]) and evaporation after sunrise. 

This is consistent with previous hypotheses [8, 9].  

Results from the Viking Lander X-ray Fluorescence 

Spectrometer indicated that crusted soils contained 

significant concentrations of Cl and S [10]. Cementa-

tion by sulfate salts has been proposed to explain the 

higher sulfate abundance in duricrusts, with magnesium 

as the likely cation [11]. Numerous regions on Mars 

have intermediate thermal inertial and albedo values 

that are thought to be diagnostic of regionally extensive 

cemented material (duricrust) analogous to the smaller 

patches documented at landing sites [11]. The mecha-

nism of formation of the crusts, the time scales in-

volved, and the age of formation are still unconfirmed. 

Duricrust Simulant Composition: Of the salts 

known to exist on Mars, sulfate salts are most abun-

dant, followed by carbonates, chlorides, nitrates, and 

perchlorates [12]. In the literature, duricrusts have most 

commonly been associated with elevated S and Cl lev-

els, however precise mineralogy measurements of mar-

tian duricrust have not been made. Therefore it is not 

clear which salts play the most important role in the 

formation of duricrusts. For the purpose of our study, 

we focused on sulfates and chlorides, due to their rela-

tive abundances on Mars, and the detections of S and 

Cl in associate with duricrust. Two of the most com-

mon types of sulfate minerals detected on Mars are 

calcium sulfates and magnesium sulfates. Conclusions 

from [9] and [11] indicate that magnesium sulfates are 

more likely to be involved with duricrust formation.  

Therefore, in this study duricrust simulants were 

produced using varying concentrations of NaCl, Ca-

sulfate, and Mg-sulfate, combined with Ottawa Sand, 

and “superfine grade” MMS-1 Mojave Mars Simulant, 

with particles smaller than 0.6mm. 

 

 
Fig. 1. A: 2-3 cm thick duricrust layer, Gusev Crater. Image 

2P169853678EFFAAE0P2422L7M1. B: Duricrust simulant pro-

duced using Ottawa sand and sulfate salts; 3 mm thick. 
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Duricrust Simulant Production: Duricrust simu-

lants were produced via three different methods of in-

troducing and mixing the salt “ingredients” with MMS-

1: air pluviation, 2. water pluviation, and 3. moist 

tamping. Dry air-pluviation closely replicates the parti-

cle fabric of aeolian sands, and water-pluviated sam-

ples replicate the particle fabric of fluvial and hydraulic 

fill sands [13, 14]. Moist tamping [15] replicates the 

particle fabric of moist-dumped fill sands [16]. In all 

cases, techniques used more water than is likely in-

volved with duricrust formation on Mars. However, 

these techniques minimized compaction of the underly-

ing loose sediment, therefore allowing for the produc-

tion of a thin crust overlying unconsolidated fines.  

Trials using different ratios and quantities of NaCl, 

Ca-sulfate, and Mg-sulfate were conducted first using a 

pure quartz sand (Ottawa Sand) until an optimal range 

of crust thicknesses and strengths was achieved. Next, 

the same ingredients and techniques were applied using 

MMS-1, and adjusted to account for minor sulfate and 

carbonate content native to the MMS-1. Samples were 

dried via oven heating at 120°C for 48 hrs to ensure the 

complete loss of moisture. To control for the role of 

heat in low temperature phase changes, additional 

samples were created and dried in low humidity/room 

temperature conditions, and in a vacuum chamber.  

Duricrust Simulant Characterization: To verify 

composition, duricrust simulants were analyzed via 

Bruker D8 Discover Micro X-ray Diffractometer 

(XRD) at Western University’s Powder and Micro 

XRD Facility. Additionally, samples were impregnated 

with epoxy and thin sections were made, to analyse 

cement texture and confirm cement mineralogy.  

Additionally, duricrust simulants were analyzed us-

ing non-contact instruments similar to those that will be 

available on future Mars rovers, in order to identify 

distinguishing features that could be used by a trained 

classifier algorithm in the exterioceptive detection of 

duricrusts. These instruments included the PANalytical 

ASD TerraSpec Halo NIR spectrometer (on loan from 

NASA Ames), which provides reflectance spectral data 

in the 350-2500 nm range, and the Renishaw InVia 

Raman microscope at Western Surface Science. In 

particular, these instruments were used as proxies for 

components of the Mars 2020 SuperCam. 

Results:  

XRD: Duricrust production trials using MMS-1 

proved to be challenging, as the MMS-1 source materi-

al contained a greater abundance of cementing agents 

than anticipated. XRD analysis of both dry and duri-

crusted samples indicated the (previously unreported) 

presence of clay minerals in MMS-1. This phenome-

non of excessively cemented duricrust was observed in 

all cases where MMS-1 was used (oven-dried, room-

temperature-dried, and vacuum-dried). Additional 

XRD analyses and thin section analyses are underway. 

Spectroscopy: Based on the limited samples col-

lected and the two instrument data sets, preliminary 

observations were made on classifying both the duri-

crust and non-crusted samples for machine learning 

purposes. Both instruments, and other similar field 

instruments, provide data in the form of spectral wave-

forms. The waveforms take on different shapes and 

characteristics dependent upon the sample and condi-

tion. For classification purposes, features need to be 

extracted from the waveforms. The following features 

were the most diagnostic from a machine-learning/ 

classification perspective: 1. For a given peak (or 

trough, in the case of absorption features), the: a. loca-

tions of peaks, b. prominences of peaks, and c. width of 

the peaks at half of the maximum value of the peak. 2. 

For NIR reflectance spectra, the average reflectance 

value. When the dry and duricrust samples were com-

pared, the duricrust samples had a lower overall aver-

age reflectance.  

Conclusions: This study has produced initial sam-

ples of simulated duricrusts, with chemical or physical 

similarities to true martian duricrust. A follow-on study 

will aim to produce chemically and physically accurate 

simulants, and will utilize additional non-contact char-

acterization instruments to advance the capabilities of 

ASAS to detect and avoid duricrust. 
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