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Introduction: Chloride salt-bearing deposits in the 

southern highlands of Mars have been observed and 
characterized by both mid-infrared (MIR) and visible-
to-near-infrared (VNIR) remote sensing instruments 
[1-3]. The chloride salt-bearing deposits exhibit a 
distinctive blue slope (decrease in emissivity with 
increasing wavelength) over the 8-12 µm (MIR) 
spectral range, and a featureless red slope (increase in 
reflectance with increasing wavelength) relative to the 
surrounding terrain over the ~1-2.6 µm (VNIR) 
spectral range. Laboratory spectral measurements of 
salt/silicate mixtures and light scattering models have 
been used to approximate the unusual spectral 
properties of the chloride salt-bearing deposits and 
have provided constraints on the abundances (10-25 
wt%) and particle sizes (generally 63-180 µm, with a 
few instances of finely particulate <10 µm surfaces) of 
salt in the Martian chloride deposits [4-6]. 

On Earth, chlorides typically occur as evaporite 
salts associated with other evaporite minerals such as 
carbonate and sulfate, and chemical weathering 
products like clays. However, Martian chloride-bearing 
deposits appear to be two-component mixtures of 
chloride salt and the regional silicate regolith, and no 
additional evaporite minerals or chemical weathering 
products have been identified in relation to the chloride 
salt-bearing deposits. 

The goal of this work is to characterize the VNIR 
reflectance and MIR emissivity spectral properties of 
multi-component chloride salt-bearing mixtures and 
constrain the detection limits of carbonate, sulfate and 
phyllosilicate phases in salt/silicate mixtures. 

Sample Preparation: We obtained single minerals 
of halite, labradorite, calcite, gypsum, and nontronite 
to represent the carbonate, sulfate, and phyllosilicate 
mineral groups, respectively. Samples were ground 
and dry sieved to 3 size fractions (<10 µm, 63-90 µm, 
180-250 µm). We prepared halite/labradorite mixtures, 
with 10 and 20 wt% halite based on the constraints of 
Glotch et al. [6]. Then we kept the halite/labradorite 
mixture constant and a third component (either calcite, 
gypsum, nontronite) was added into halite/labradorite 
mixtures until abundances of 0.1, 0.5, 1, 5, 10 and 20 
wt% for each particle size were achieved. 

Laboratory Spectroscopic Measurements: We 
collected VNIR reflectance spectra of our samples 
using an ASD FieldSpec3 Max spectroradiometer and 
MIR emissivity spectra on a Nicolet 6700 FTIR 

spectrometer at Stony Brook University’s Center for 
Planetary Exploration (CPEx). 

Results: The laboratory work presented here shows 
that systematic variations in bulk spectral 
characteristics are clearly apparent as the 
concentrations of minor minerals and particle sizes are 
varied in the halite/labradorite mixtures. 

In VNIR reflectance spectra within each ternary 
series, the absorption bands associated with calcite 
(2.35 and 2.5 µm) (Figure 1), gypsum (1.4, 1.75, 1.9, 
2.2, and 2.45 µm), and nontronite (0.5, 0.68, 1.0, 1.4, 
1.9, and 2.3 µm) become more and more significant 
with the increased content of calcite into 
halite/labradorite mixture for relatively coarse size 
fractions (180-250 µm and 63-90 µm). However, the 
reduced spectral contrast in extremely fine-grained 
(<10 µm) samples make absorption features very 
weak. 

 

 
Figure 1. Laboratory VNIR reflectance spectra of 
halite/labradorite and calcite mixtures. 
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At MIR wavelengths, we see that the diagnostic 
band features of individual minerals become 
significant according to the weight percentage of the 
third component. For example, the calcite absorption 
band at ~1530 cm–1 for coarse particle sizes (180-250 
µm and 63-90 µm) and the ~1300 cm–1 transparency 
feature for the smallest size fraction (<10 µm) (Figure 
2), as well as the water peak features found in the <10 
µm gypsum and nontronite spectra are clear evidence 
of spectral trends according to the compositional 
variation. 

The emissivity maximum position in the very fine 
particle size fraction (<10 µm) samples also changes 
with the abundance variations of the third component. 
For instance, the emissivity maximum position of 
10%halite/90%labradorite shifts to lower frequencies 
when calcite abundance is 5 wt% or more, while this 
maximum region of 20%halite/80%labradorite remains 
at the same position. In contrast, for gypsum and 
nontronite, the emissivity maximum position of 
10%halite/90%labradorite stays at the same position 
regardless their content change, whereas the emissivity 
maximum region of 20%halite/80%labradorite shifts to 
higher frequencies when gypsum or nontronite 
abundance is 5 wt% or more. 

 

 
Figure 2. Laboratory MIR emissivity spectra of 
halite/labradorite and calcite mixtures. 

Discussion: Laboratory spectral measurements of 
chloride-salt bearing assemblages show that both 
VNIR reflectance and MIR emissivity spectra of our 
ternary mixtures display complementary systematic 
variations with changes in minor phase concentration. 

Parameterization of band depth in VNIR 
reflectance spectra, and minimum or maximum value 
of the typical features as well as CF position in MIR 
emissivity spectra were used to quantitatively analyze 
the detection limit of minor phases in 
halite/laboradorite mixtures. These numerical 
parameters illustrate that for the chloride-bearing 
mixtures we explored here, those containing >1-5 wt% 
minor phases generally can be identified from the 
chloride/silicate mixtures. 

Future Work: While the well-controlled, 
systematic data set produced here provides a 
framework for developing applications to more 
complex remotely acquired spectra from the Martian 
surface, several other factors such as physical textures 
(e.g. halite coating) of chloride-bearing mixtures (other 
than intimate mixing) need to be tested. We will make 
halite coatings on labradorite/minor phases and take 
the VNIR reflectance and MIR emissivity spectra to 
explore the correlation of their spectral properties with 
coating thickness. 

In addition to the strictly controlled laboratory 
experiments, the validation of theoretical spectroscopic 
modeling approaches would provide leverage for 
continuing to investigate more complex set of 
conditions that characterize Martian chloride-bearing 
deposits. We will model the VNIR reflectance and 
MIR emissivity spectra of intimate mixtures and 
coating medium of chloride-bearing assemblages using 
several light scattering techniques to provide direct 
comparisons to laboratory measurements and evaluate 
the capabilities of theoretical models to reproduce 
laboratory spectra. 
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