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Introduction:  Chloride salts have been identified 
on Mars using the Mars Odyssey Thermal Emission 
Imaging System (THEMIS) and Mars Reconnaissance 
Orbiter Compact Reconnaissance Imaging Spectrome-
ter for Mars (CRISM) [1-5]. They are identified in 
TES and THEMIS data by the presence of a distinctive 
blue slope over the 8-12 μm spectral range. These 
same deposits show a featureless red slope relative to 
the surrounding terrain over the ~1-2.6 μm range in 
CRISM data.  

The identification of chloride salt-bearing deposits 
on Mars has been somewhat controversial due to the 
lack of diagnostic spectral features of anhydrous chlo-
rides in both the VNIR and MIR spectral ranges. De-
spite this, these materials have spectral properties that 
are quite distinct from most other materials present on 
planetary surfaces. For example, the distinctive blue 
slope of chloride deposits in MIR data is due to the low 
emissivity of chloride salts. Laboratory data  also show 
that the characteristic CRISM spectra for these regions 
can be matched by mixtures of anhydrous chloride 
salts and silicates [6]. 

Here, we report on a new spectral class of chloride 
salt-bearing deposits found on Mars and, for the first 
time constrain the abundances of salts present in these 
deposits.  

The new class of deposits exhibit the same distinct 
blue slope in THEMIS data, but they have high 
emissivities in bands 4, 5, and 6, with spectra that re-
semble silicate transmission spectra. The best explana-
tion for this spectral behavior is that these deposits are 
composed of fine-grained silicates (< ~10 μm) inti-
mately mixed with a low emissivity, transparent mate-
rial such as anhydrous chloride salt. Although low 
emissivity in the MIR is unusual, it is not unique to 
chlorides. However, the transparency of anhydrous 
chlorides  results in other unusual spectral properties 
that can also be used to confidently identify and distin-
guish these materials. Where transparent chlorides are 
mixed with fine-grained absorbing materials (such as 
silicates), the associated spectra contain inverted ab-
sorption features (Figures 1-3). These mixtures can 
occur where the martian dust is mixed with the chlo-
ride deposits. Each of the new class of units identified 
thus far occurs in a relatively dusty high-albedo region 
of Mars.  

     Anhydrous chloride salts are the only geologi-
cally plausible minerals that are transparent and have a 
low emissivity over the required wavelength ranges. 

The spectral differences between the two classes of 
chloride salt deposits can be best explained simply by 
the grain sizes of the intimately mixed silicate compo-
nents. 

THEMIS Data:  An analysis of chloride salt-
bearing deposits identified by [4] found three examples 
that display unusual spectral behavior compared to the 
rest (Figure 1). These three deposits are located in high 
albedo terrains on Mars and can be found in THEMIS 
images I39307007, I36943002, and I41227002.. 

Laboratory Data:  Laboratory emissivity spectra 
of basalt/salt mixtures at coarse (250-355 μm) and fine 
(< 10 μm) grain sizes show similar patterns to those 
observed in the THEMIS data and help to constrain 
both the grain size and concentration of salt-bearing 
deposits on Mars. For fine-particulate mixtures (Figure 
2), as salt content increases from 1 to 25 wt.%, the 
overall emissivity from ~800 to 1000 cm-1 increases 
slightly, while the emissivity decreases substantially at 
> ~1200 cm-1. At > 25 wt.% salt, overall emissivity 
drops substantially, resulting in a pronounced concave-
down spectral shape between 800 and 1200 cm-1 that 
has not been observed in THEMIS data.   

For coarsley particulate mixtures there is little 
change in the spectral shape for low salt abundances. 
At 25% salt, overall spectral contrast is reduced and a 
slight blue slope is present in the spectrum. At 50% or 

Figure 1. THEMIS surface emissivity spectra show 
the difference between previously reported chloride 
salt-bearing deposit spectra (black) and the new de-
posits described here (red). The new deposits have an 
inverted silicate absorption between 1300 and 800 
cm-1.  
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more salt, overall emissivity is strongly reduced be-
tween  800 and 1600 cm-1.  

Initial results indicate that laboratory emissivity 
spectra convolved to THEMIS spectral sampling (Fig. 
2b), are spectrally similar to fine-grained mixtures of 
salt and silicate with salt abundances < ~25 wt%.  

Spectral Modeling: We used the Multiple Sphere 
T-Matrix code of [7] to model the emissivity of a 
close-packed cluster of 5 μm spheres consisting of salt 
and Mars dust at several mixing ratios (Figure 3). Mars 
dust optical constants are from [8], and halite optical 
constants were measured for this work. Scaterring pa-
rameters derived from the MSTM model were input 
into the thermal emissivity model of [9] to generate the 
emissivity spectra shown in Figure 3. The shapes of 
the modeled spectra are consistent with the pattern 
seen in Figure 2. 

Summary: Both laboratory data and light scatter-
ing models support the hypothesis that we have dis-
covered a new spectral class of chloride salt-bearing 

deposits composed of mixtures of anhydrous salt and 
fine-grained silicates (<10 μm). Anhydrous chloride 
salt is the only geologically reasonable material that 
can account for both classes of deposits. The spectral 
differences between the two types of deposits can pri-
marily be explained by the grain size of the silicate 
component. Initial results indicate that salt abundances 
at all observed locations on Mars appear to be < ~25%.  
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Figure 2. a) Laboratory emissivity spectra of bas-
alt/salt mixtures. <10 μm particulates. The gray re-
gion highlights the relevant THEMIS spectral cover-
age. b) Spectra convolved to THEMIS spectral sam-
pling. An averaged salt deposit spectrum from 
THEMIS image I41227002 is shown for comparison. 

Figure 3. a) Modeled dust/salt mixtures for a cluster 
of 5 μm spheres. The gray region highlights the rele-
vant THEMIS spectral coverage. b) Spectra con-
volved to THEMIS spectral sampling. An averaged 
salt deposit spectrum from THEMIS image 
I41227002 is shown for comparison. 
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