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Introduction:  Because most phyllosilicates de-

tected on Mars are associated with ancient, heavily 

cratered terrains [1-4], it is likely that at least some of 

these deposits were repeatedly subjected to shock heat-

ing subsequent to their deposition. In this proposed 

scenario, phyllosilicates formed prior to the impact 

events and may have been substantially modified by 

crater excavation processes. If this was indeed the case, 

then we would expect thermally altered phyllosilicates 

to be present on the Martian surface today. We test this 

hypothesis by studying the laboratory spectra of heated 

phyllosilicates and examining multiple remote sensing 

data sets for evidence of the existence of these phases. 

Previous laboratory analyses have shown that high 

temperatures lead to significant modification in the 

thermal infrared (TIR) spectra of some phyllosilicates 

while their visible and near infrared (VNIR) spectral 

properties are altered only slightly [5]. 

We hypothesize that dehydrated and/or dehydrox-

ylated phyllosilicates may be present on the Martian 

surface as one of the  consequences of widespread im-

pacts and volcanism during the Noachian and early 

Hesperian periods. The objective of this work is to 

identify, map, and characterized these dehydrated 

and/or dehydroxylated phyllosilicates on Mars, if any, 

using TES and CRISM data. The significant suite of 

our previous laboratory spectra will be the basis for our 

TES and CRISM data analysis. The identificantion of 

these phases on Mars would help provide insights into 

the role of post-depositional thermal alteration of phyl-

losilicate-bearing sediments. 

Datasets and Methods:  We used a variety of 

spectroscopic methods, covering NIR to MIR wave-

lengths. These include (1) global- and local-scale linear 

deconvolution of TES data using a spectral library that 

includes heated phyllosilicates, (2) use of spectral rati-

os of TES data, (3) global and local-scale spectral in-

dex mapping of heated phyllosilicates, based on the 

unique MIR spectral properties of these phases, (4) 

factor analysis and target transformation (FATT) anal-

yses of TES data, and (5) spectral index mapping and 

detailed spectral analysis of CRISM data. 

Results:  Case Study #1: Nontronites in the Nili 

Fossae Region.  Using the above methods, our previ-

ous analysis of remote sensing data suggests that ther-

mally altered (at ~400 °C) nontronite may be present in 

Nili Fossae and mixed with unaltered nontronite [6]. 

Case Study #2: Nontronites in the Marwth Vallis 

Region (Figure 1).  Our spectral mixture analysis 

shows that the average TES spectra covering the sur-

face containing nontronite signatures are modeled with 

a substantial fraction of thermally altered (~400-500 

°C) nontronite. Admixture of thermally altered and 

unaltered nontronite may also be a good candidate to 

the CRISM spectral results. 

Case Study #3: Mg-rich clays in the Nili Fossae 

Region (Figure 2).  Our previous laboratory study 

show that heated Mg-rich phyllosilicates (at 700 °C) 

display an absorption feature at ~930 cm
-1

 which be-

comes strong at 900 °C. Several regions in the Nili 

Fossae area have elevated index values, indicating the 

presence of a strong 930 cm
-1

 band. The deconvolution 

of TES spectra covering these regions also reveal a 

substantial fraction of thermally altered (700-900 °C) 

Mg-rich phyllosilicates. 

Discussion:  Occurrences of thermally altered phyl-

losilicates on Mars likely require a specific set of con-

ditions: (1) an ancient phyllosilicate-rich stratum, (2) 

source of heat, and (3) little or no liquid water availa-

bility. Impacts, volcanic flows, and the cooling of 

Mars’ early crust can serve as heat sources [7]. If im-

pact excavation occurred on ancient Mars, when the 

scale of groundwater aquifers was likely large enough 

to support and promote hydrothermal systems, then 

phyllosilicates were more likely to be hydrothermally 

produced after the formation of impact craters [7-8]. 

On the other hand, cratering or other heating during the 

Hesperian, with ceased hydrothermal activity and low-

er water availability would provide favorable condi-

tions for anhydrous thermal alteration. Additionally, 

the generally cold and dry surface conditions available 

at the time would enable the preservation of dehydrated 

or dehydroxlyated phyllosilicates
 
[9].        
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Figure 1. Spectral characterization of 

thermally altered nontronite in Marwth 

Vallis, Mars. 

Top left: Context image of the Narwth 

Vallis region showing positions of TES 

and CRISM data used for study. 

Top right: Measured surface and mod-

eled TES spectra occurring on the 

nontronite deposits. TES spectra cov-

ering several small regions (A, B, C, 

and D) are modeled with a substantial 

fraction of heated nontronite (at 400 

°C) and pure phyllosilicates (bottom 

table). 

Middle: CRISM I/F spectra shown for 

each of the regions of interest and 

compared to spectra of mixtures of 

pure and thermally altered nontronite. 

CRISM I/F spectra match well with the 

spectra of mixtures of pure and ther-

mally altered Nontronite (at 400 °C). 

 

 

 

 

Figure 2. Spectral characterization of 

thermally altered Mg-rich phyllosili-

cates in Nili Fossae,  

Mars. 

Left top: Regional-

scale map of the 

930 cm
-1

 index in 

the Nili Fossae re-

gion. White rectan-

gle shows the study 

area for TES de-

convolution. 

Right: TES spectra 

covering several 

small regions are 

modeled with a sub-

stantial fraction of 

heated Mg-rich 

phyllosilicates (at 

700-900 °C) (left 

bottom table).
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