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Introduction: Liquid water has played a signifi-

cant role in Mars’ history, providing a mechanism for 

both geomorphological change and chemical evolu-

tion. Ancient reservoirs (upwelled groundwater, lakes, 

ponds, and channels) of liquid water can only be stud-

ied today by the textural and compositional remnants 

they left behind. Evaporite deposits, which on Earth 

include carbonates, sulfates, chlorides, and other minor 

minerals, are the key to understanding the water/brine 

reservoirs from which they are derived [1]. An ideal 

evaporite sequence is determined by solubility, where 

carbonates and sulfates precipitate out of a drying body 

of water first due to evaporative concentration. Be-

cause they are the most soluble species in these sys-

tems, chlorides are the last minerals to precipitate; as 

such, they represent the final stages of liquid water in a 

given system. 

Chlorides have been identified on Mars using 

thermal infrared (TIR) emission spectra [2]. They are 

identifiable because they are spectrally featureless and 

exhibit non-unit emissivity in the TIR.  Multiple chlo-

ride deposits on Mars have polygonal fractures, as seen 

in high-resolution images of the martian surface [3, 4]; 

polygonal fractures are the result of final desiccation of 

a drying body of water. Fine-scale (~mm-cm) textures, 

which may have a significant impact on chloride spec-

tra, cannot be resolved using current orbital imaging 

techniques. Even high-magnification cameras on Mars 

rovers could not directly observe such features unless 

the rover was within touching distance of the material. 

Fine-scale features include efflorescent crusts, mushrooms, 

hopper crystals, unconsolidated powders, and many others 

[5]. Each of these features is created by a specific formation 

process; the most common textures are shown in Table 1. 
 

Table 1. Representative field samples of chloride textures 

and associated formation processes. 

Type Texture Formation Process 

1 Efflorescent crust Thin film of evaporating brine 

2 Polygonal crack Large standing body of brine 

3 Mushroom Evaporation at air-water interface 

4 Hopper crystal Subsurface pore space brine  

5 Large crystal Slow brine evaporation 

 

The purpose of this study is to investigate the po-

tential for identifying the textures of chloride deposits 

using TIR remote sensing techniques. If consistent and 

measureable variations in spectra are observed for each 

texture shown in Table 1, these variations can be used 

to identify textures in chloride deposits using remote 

sensing. Textures can then be linked to specific for-

mation processes. 

Studying these features will allow the composition 

and texture of martian chlorides to be characterized 

without the need for sample contact or return. While 

chlorides are featureless in the wavelength range of the 

Thermal Emission Imaging System (THEMIS, 6.5-15 

μm) currently orbiting Mars [6], future instruments 

will be sensitive to longer wavelengths. This analysis 

will therefore be most applicable to rovers and orbiters 

which have an enhanced long-wavelength (>25 μm) 

detection capability. The results of this work will shed 

light on one of the most significant periods in martian 

history, when the last vestiges of liquid water existed 

on the martian surface. 

Methods: This study uses halite as the representa-

tive chloride because it is both anhydrous like martian 

chlorides [7] and a common terrestrial evaporite. The 

fundamental absorption features (reststrahlen bands) of 

chlorides are in the 25+ μm range; Osterloo et al. 

(2008) and Baldridge (2008) characterized these fea-

tures for multiple chloride species. Textural changes 

are expected to have the greatest impact on these fea-

tures in terms of their band position and depth. Addi-

tionally, increased roughness will result in decreased 

band depth/lower spectral contrast and higher overall 

emissivity [8]. A full characterization of chloride sam-

ple spectra will be conducted to look for other spectral 

effects. 

This work consists of two parts: a field component 

(presented here) and a laboratory component (in work). 

Samples from numerous evaporite deposits in the Mo-

jave Desert, primarily Bristol Dry Lake, CA, were col-

lected in March and October 2016. The suite of sam-

ples, a subset of which is shown in Fig. 1, represents 

the various processes described in Table 1. Control 

samples included laboratory-grown crusts (halite and 

sylvite) using reagent-grade powders and pressed wa-

fers of varying thickness. Thermal emission spectra of 

each sample were collected in Arizona State Universi-

ty’s Thermal Emission Spectroscopy Laboratory using 

the techniques described in [9]. Distinct spectral fea-

tures were characterized for each sample and compared 

with each other and control samples. 

Results: Thermal emission spectra of select field 

and control samples, ranging from 2000-200 cm-1, are 

shown in Fig. 2. Because spectra of the field samples 

showed high emissivity and low spectral contrast rela-

tive to the control samples, they were also plotted sep-

arately in Fig. 3. Control samples had significantly 
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lower emissivities than field samples (Fig. 2) due to 

the larger number of individual grains; chloride grains 

are highly transmissive and numerous grain-air inter-

faces increase reflectance, which result in decreased 

absorption/emission. Adsorbed water (~1650 cm-1) and 

contaminants (~1050 cm-1) in the reagent-grade pow-

der are sources of emission and therefore have a strong 

transmission-like signature in the TIR. 

 

 
Figure 1. Select field samples. Top row (left to right): Large 

halite crystals (Stop8Transp1 and 2), halite crystal displaying 

ridges and spikes (Stop3Ridged), translucent large halite 

crystal (Stop3Transl). Bottom row: Efflorescent crust 

(Stop12EffCrust) and halite mushroom. 

 

Figure 2. Thermal emissivity spectra of all samples.  Sam-

ples from Stops 3, 8 and 12 are field samples from the Moja-

ve Desert. Other samples are laboratory controls. 

 
Figure 3. Thermal emissivity spectra of select field samples 

from the Mojave Desert.  Spectra have been offset for clarity.  

 

The majority of field samples showed fundamental 

absorptions at or near 200 cm-1. The darkened tone of 

the translucent halite crystal (Fig. 1, top right) is likely 

due to impurities, which manifest in a higher-

wavenumber location for the reststrahlen band. Emis-

sion peaks at ~1650 cm-1 are due to adsorbed water or 

water inclusions; the presence of water inclusion has 

been confirmed using petrographic microscopy. The 

efflorescent crust showed a broad absorption feature 

centered at ~1850 cm-1, where it also had a small emis-

sion peak; it was the only sample with this feature. 

Few spectral features are seen in the ~830-530 cm-1 

range, where CO2 emissions in the martian atmosphere 

prevent collection of surface spectra from orbit. A 

sharp emissivity peak at ~675 cm-1 is likely due to im-

purities. The ridged/spiked sample (top-center in Fig. 

1) had the lowest spectral contrast of all the field and 

control samples. 

Discussion: Compositional variations in field sam-

ples provide the greatest hurdle to identifying spectral 

features due to texture. However, common impurities 

in chloride deposits include adsorbed water/water in-

clusions and sulfates, which have distinct features in 

the TIR that allow them to be identified. On Mars, the 

ubiquity of basalt may introduce transmission-like fea-

tures (emissivity peaks) in chloride spectra in the 

1000-1100 range [10]. The ~1850 cm-1 feature in the 

translucent sample is most likely due to impurities in 

the crystal, though the source of contamination has not 

been positively identified. 

Due to hardware limitations in the long-wavelength 

(low wavenumber) detection capability, the center of 

the reststrahlen band for each sample could not be de-

termined. However, spectral contrast across the TIR 

for each sample generally correlates to the roughness 

of the sample; the ridged/spiked sample has the highest 

roughness and lowest spectral contrast. There was not 

a significant difference in spectral contrast between the 

transparent large halite crystals and the efflorescent 

crust; therefore, it may be difficult to distinguish be-

tween these textures using remote sensing. Geologic 

context may provide additional information that can be 

used to positively discriminate between differing tex-

tures with similar spectra. Future work will reproduce 

field textures using halite powder to remove the effects 

of compositional variations. Synthetic crystal spectra 

will then be compared to field spectra. 
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