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Introduction and background: Phyllosilicates de-

tected on the surface of Mars are primarily associated 

with heavily cratered Noachian terrains[1-4]. It has 

been suggested that at least some phyllosilicates on 

Mars were likely formed from long-lived hydrothermal 

systems initiated by impact processes (e.g.[5]), then 

pre-existing phyllosilicates were excavated by follow-

ing repeated impact events [6]. Abramov and Kring [7] 

modeled an impact-induced hydrothermal system on 

Mars and the results indicated that temperatures as high 

as 1200 °C could last for thousands of years. Fairen et 

al. [6] calculated the temperature increases in a transi-

ent crater resulting from an impact, and their model 

showed that temperatures can reach close 1000 °C in a 

certain area around the point of impact. In the laborato-

ry, 400-500 °C is efficient for phyllosilicates to lose 

their interlayer H2O and most phyllosilicates can be 

completely dehydroxylated at 900 °C (e.g. [8]). These 

previous conclusions lead us to propose that phyllosili-

cates on Mars may have been affected by impact pro-

cesses, with an emphasis on postshock heating and that 

dehydrated and/or dehydroxylated phyllosilicates may 

occur on the present-day Martian surface. 

In order to (1) study how the infrared spectra of 

phyllosilicates change with exposure to increasingly 

higher temperatures and (2) provide a reference data-

base for future searches for dehydrated and/or dehy-

droxylated phyllosilicates resulting from impact-

induced high temperatures on Mars, we acquired atten-

uated total reflectance (ATR), mid-to-far-IR specular 

reflectance, mid-to-far-IR emissivity, near-IR diffuse 

reflectance spectra of incrementally heated phyllosili-

cate samples [8, 9]. Here we present the summary of 

spectroscopic study of dehydrated and/or dehydrox-

ylated phyllosilicates and the implication for Martian 

exploration. 

Methods:  We would like to provide a comprehen-

sive spectral library for thermally treated alumino-

silicate minerals, so fourteen phyllosilicates from four 

structural groups (kaolinite, smectite, sepiolite-

palygorskite, and chlorite) and two natural zeolites 

(mordenite and clinoptilolite) were selected for this 

study. Most of the minerals we have chosen to study 

have been identified or tentatively identified on Mars 

in OMEGA or CRISM data [1-4, 10]. All samples de-

scribed in this study were prepared to <2 μm size frac-

tions prior to heat treatments. The phyllosilicates and 

zeolites were then heated for 24 hours to 100, 200, 

300, 400, 500, 600, 700, 800, and 900 °C. All heated 

products were stored in a desiccator before spectral 

measurements. 

Infrared spectra of thermally treated phyllosilicates 

and zeolites were acquired at Stony Brook University 

in the Vibrational Spectroscopy Laboratory (VSL) us-

ing a Nicolet 6700 FTIR spectrometer. Table 1 shows a 

summary of analysis techniques which were performed 

on dehydrated and/or dehydroxylated samples. 

        Table 1 Summary of measurements 
Measurements spectral 

range 

Equipment description 

Mid-IR specular 

reflectance 

400-4000  

cm-1 

Baseline FT-30 accessory, 

KBr beamsplitter, TE-cooled 

deuterated L-alanine doped try-

glycine sulfate (DLaTGS) detec-

tor, KBr window  

Far-IR specular 

reflectance  

 

100-600 

cm-1 

Baseline FT-30 accessory, 

Thermo Fisher Solid Substrate 

beamsplitter, DLaTGS detector, 

polyethylene window  

NIR diffuse 

reflectance  

 

1.2-2.5 

μm  

 

Nicolet diffuse reflectance acces-

sory, CaF2 beamsplitter, InGaAs 

detector  

Attenuated total 

reflectance  

 

400-4000  

cm-1  

Smart Orbit single bounce ATR 

accessory with a type Ⅱ A dia-

mond ATR element  

Mid-IR emissivi-

ty  

400-2000 

cm-1 

KBr beamsplitter, DLaTGS de-

tector  

Far-IR emissivity 100-600 

cm-1 

Thermo Fisher Solid Substrate 

beamsplitter, DLaTGS detector 

     Summary of spectral results:  (1) The OH stretch-

ing (~3600 cm
-1

), OH bending (~590-950 cm
-1

), and/or 

H2O bending (~1630 cm
-1

) bands all become very weak 

or completely disappear upon heating to temperatures 

>500 °C for phyllosilicates and zeolites; (2) The spec-

tral changes associated with SiO4 vibrations (~1000 

cm
-1

 and ~500 cm
-1

) show large variations depending 

on the compositions and structures of phyllosilicates. 

Spectral features of kaolinite change significantly at 

~400 °C and the new bands are relatively stable until 

900 °C. Most smectite samples display two distinct 

spectral changes with increased temperature, which 

may be related to their dehydration and dehydroxyla-

tion processes respectively. Clinochlore also exhibited 

dual changes in spectral features on heating, likely due 

to the presence of two different types of hydroxyl 

groups. The modulated tetrahedral sheets of palygor-

skite/sepiolite minerals showed more complex spectral 

changes upon heating than other phyllosilicates includ-

ed in this study. Compared to the phyllosilicates, the 

spectral features of two natural zeolites, clinoptilolite 

and mordenite, are less affected by thermal treatments. 

Even after heating to 900 °C, the IR spectral features 

do not show significant differences from those of un-
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heated zeolites. These spectral results are consistent 

with the fact that the three-dimensionally rigid crystal 

structure of zeolite is more stable than the layer struc-

ture of phyllosilicates. (3) The composition of octahe-

dral sites showed a great influence on spectral behav-

iors of phyllosilicates: IR spectra of Al
3+

 rich smectites 

are more stable than those of Fe
3+

 rich smectites; the 

stability of Al
3+

 rich smectites decreases as the Al
3+

 

abundance decreases; spectral behaviors of Mg
2+

 rich 

phyllosilicates are distinctly affected by the formation 

of new crystal phases around 700 °C; phyllosilicates 

with a small amount of Mg
2+

 in their octahedral sites 

all showed new spectral bands at ~920 cm
-1

 upon heat-

ing to 700 °C or higher temperatures (Figure 1). (4) 

NIR spectral results showed that 14 of 16 samples ana-

lyzed in this study exhibited a new spectral band near 

1.365 μm as temperature increased. The two excep-

tions are nontronites NAu-1 and NAu-2. This new fea-

ture varied between the different minerals. This new 

band disappeared simultaneously with the complete 

disappearance of other bands in near-IR region. 

 
Figure 1. The 900 °C emissivity spectra of phyllosilicates 

containing Mg2+ cation. (hectorite: 19.77wt% MgO, sepio-

lite: 22.38 wt% MgO, saponite (24.49 wt% MgO, clino-

chlore: 25.36 wt% MgO, palygorskite: 9.52 wt% MgO, SCa-

3 montmorillonite: 8.55 wt% MgO, SAz-1 montmorillonite: 

5.8 wt% MgO)  

Implications: Michalski et al. (2010) [11] analyzed 

the nontronite deposits in the Nili Fossae region using 

TES data. They did not detect the spectral features 

showing the occurrences of nontronite in long-

wavelength region. Instead, TES data consistently ex-

hibited a spectral absorption located near ~450 cm
-1

 on 

the same surfaces where OMEGA and CRISM data 

indentified the diagnostic NIR spectral bands (1.9, 2.3, 

and 2.4 μm) for nontronite. Spectra of nontronites 

heated to 400 °C (Figure 2) may help to explain the 

disconnect between the TIR and NIR observations of 

nontronite in Nili Fossae region. The doublet or triplet 

spectral feature in the Si-O bending region of 

nontronites of this study disappeared at 400 °C and was 

replaced by one single absorption centered at ~450 cm
-

1
, while notronite samples kept their weak 1.9, 2.3, and 

2.4 µm spectral bands in NIR region. This leads to the 

possibility that the nontronite deposits in the Nili Fos-

sae region may be partly composed with nontronite 

heated to temperatures around 400 °C. 

 
Figure 2. NIR reflectance and TIR emissivity spectral results 

of NAu-1 nontronite calcined at various temperatures. 

Future work: Because previous studies [6, 12] and 

the spectral results of this project showed suggestive 

evidence of thermally affected phyllosilicates on Mars, 

we will work to identify and pursue opportunities to 

use spectral results from this work in conjunction with 

thermal IR and near IR data returned from the Martian 

surface. 
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