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Introduction: Because of their Noachian age, mar-

tian phyllosilicates provide insight into the Mars’ earli-

est history [1, 2]. Nontronite, montmorillonite, sapo-

nite, kaolinite, chlorite, serpentine, and prehnite have 

each been detected on Mars [2-5]. These minerals were 

deposited when Mars was volcanically active and ex-

periencing a high meteoritic impact flux. Consequent-

ly, martian phyllosilicates probably experienced a high 

degree of thermal alteration from contact metasomat-

ism, shock metamorphism, and impact-induced hydro-

thermalism. Understanding how phyllosilicates re-

spond to thermal alteration constrains these minerals’ 

formation and alteration, thereby providing insight into 

early surface conditions on Mars. This study examines 

the effects of thermal alteration on the spectral proper-

ties of phyllosilicates and these minerals’ relationship 

to the martian surface. 

Methods: Samples of saponite, kaolinite, chlorite, 

serpentine, and prehnite were ground and dry sieved to 

<63 μm. Next, samples were heated in a Lindberg tube 

furnace for 24 hours at temperatures between 300°C 

and 1100°C in 100°C increments. After heating, sam-

ples cooled in the oven before being removed and ana-

lyzed.  

NIR Spectra: Prior to measuring NIR spectra, sam-

ples were placed on a 150°C hotplate under N2 flow 

for two hours. A Nicolet 6700 FTIR spectrometer with 

a fiber optic probe, CaF2 beamsplitter, and TEC detec-

tor was used to collect spectra from 1 to 2.5 μm. 

MIR Spectra: MIR spectra (5-15 μm) were taken 

under ambient conditions using a diffuse reflectance 

accessory, KBr beamsplitter, and DTGS detector. 

Results: For every mineral studied, NIR bands 

weaken with increasing temperature and finally disap-

pear at high temperatures. New MIR bands appear at 

high temperatures due to the formation of secondary 

phases [6]. Bands in the 2.2 to 2.4 µm range may shift 

position due to the different thermal resistances of the 

cation-hydroxyl bond [4, 6]. 

Saponite: The 1.4 μm hydration feature disappears 

at 800°C. The 1.91 μm feature decreases in depth with 

increasing temperature. The 2.31 μm Mg-OH absorp-

tion band [2] disappears at 900°C. In the MIR, the 5.57 

and 14.0 μm bands disappear at 600°C. New features 

at 5.08, 5.38, 5.56, 6.02, 9.92, and 10.39 μm appear at 

800°C, a 6.96 μm feature appears at 1000°C, and new 

bands at 8.59, 9.50, and 11.47 μm appear at 1130° 

(Fig. 1). 

Kaolinite: At 500°C the doublet near 1.4 μm be-

comes a single absorption feature, which decreases in 

depth before disappearing at 800°C. The doublet near 

2.2 μm, a combination of 2Al-OH vibrations [4], be-

comes a single band at 500°C. Its depth decreases until 

1000°C and then slightly increases at 1100°C. Signifi-

cant changes in the MIR spectra occur at 500°C and 

800°C. 

Chlorite: The 1.4 μm hydration feature disappears 

at 800°C. The depths of the 2.26 μm feature (caused by 

AlFe-OH or AlMg-OH [7]) and 2.34 μm Mg-OH fea-

ture [7]  decrease with increasing temperature before 

disappearing at 1000°C and 900°C, respectively. These 

absorption bands shift to shorter wavelengths at high 

temperatures (Fig. 2) due to the preferential destruction 

of bonds that with lower thermal resistances [4, 6]. The 

MIR spectra of chlorite show much less change than 

the spectra of the other minerals studied. 

Serpentine: The slope of the 1 to 1.4 µm portion of 

the NIR spectra changes from negative to positive at 

600°C. The OH stretch overtone at 1.4 μm [8] decreas-

es in depth with increasing temperature but persists to 

1000°C (Fig. 3). Since this is different from the other 

minerals in this study, the high temperature serpentine 

samples will be the subject of additional investigations. 

The Mg-OH combination band at 2.33 μm [8] decreas-

es in depth before disappearing at 800°C. Significant 

changes in the MIR are seen at 600°C and 1000°C. 

Prehnite: Nearly all of this mineral’s spectral fea-

tures disappear at 800°C, including the diagnostic 1.48 

μm band [4], the shallow band near 1.9 μm, and all but 

one of the metal-OH bands. The most noticeable 

change in MIR spectra also occurs at 800°C, although 

some changes are seen at other temperatures.  

Discussion and Conclusions: The NIR spectra of 

phyllosilicates evolve characteristically with tempera-

ture, allowing a mineral’s NIR spectra to be used as a 

proxy thermometer for maximum alteration tempera-

ture. At high temperatures, however, NIR spectra be-

come featureless. MIR spectra can then be used to 

identify high temperature secondary phases [6]. Future 

work includes studying additional minerals and identi-

fying high temperature secondary phases using XRD 

and SEM.  

Comparing spectra from Mars with those in this 

study may permit a better understanding of martian 

phyllosilicates’ thermal alteration and in particular if 

the phyllosilicates found in craters result from post-

impact hydrothermalism. For example, a CRISM spec-

trum of saponite in a Mawrth Vallis crater [2] lacks a 

1.4 µm feature but has a 2.3µm band. In addition, it 

has a shape that is clearly different from that of un-

heated saponite (Fig. 4). Our experiments show that 

saponite loses its 1.4 µm band at 800°C and that the 
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2.3 µm feature becomes weak beginning at 600°C, 

suggesting this saponite was heated during the impact 

event. 

This deposit likely consists of a mixture of saponite 

heated to different temperatures by a temperature gra-

dient caused by the impact. For example, it may be a 

mixture of saponite heated to ~500-600°C and saponite 

heated to ~800°C. This evidence for alteration suggests 

that the saponite deposit existed before the impact cra-

ter formed and thus was not formed in an impact-

induced hydrothermal system. 
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Figure 1. (a) NIR and (b) MIR spectra of saponite. 

 

 

 

 
Figure 2. Changes in the location of the 2.26 and 2.34 µm 

bands in chlorite NIR spectra with temperature. The ordinate 

axis at right corresponds to the 2.34 µm feature (gray) and 

the ordinate axis at left is for the 2.26 µm feature (black). 

 

 

 

 
Figure 3. NIR spectra of serpentine. 

 

 

 

 
Figure 4. Comparisons of saponite in a crater in Mawrth 

Vallis [2] and experimental data. 
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