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Introduction and background:  Zeolite minerals 

are hydrated framework aluminosilicates common to 
altered volcanic and volcanoclastic rocks, and the soils 
derived from them [1]. The mineralogy, chemistry, 
textural context, and abundance of zeolites provides 
insight into chemical weathering, hydrothermal, and 
metamorphic processes on Earth, in a variety of cli-
mates and tectonic settings. Zeolites could also be im-
portant minerals on Mars, where they may occur as 
cements in soils and sedimentary rocks, replacements 
in altered tuffs, amygdules or veins/veinlets in altered 
lavas, or in the dust [2]. Identification of zeolites on 
Mars could point to past alkaline, saline lacustrine 
environments, or chemical weathering processes re-
lated to alkaline, high-pH regimes [1].  

Infrared spectroscopy provides an opportunity to 
identify zeolites on Mars, and as such, it is important 
to study the infrared spectral features of zeolites to 
enable their remote detection. In this study, we build 
on previous work by [3], which discusses the reflec-
tance spectra of a suite of zeolite minerals, focusing on 
the visible-near infrared (VNIR) (λ ≅ 0.5-4 µm) re-
gion. Here, we produce thermal infrared emission 
spectra (λ ≅ 6-30 µm) of zeolites, relating their crystal 
chemical properties to their spectral features. This is 
necessary groundwork for evaluating the alteration 
state of Mars from infrared measurements. 
 

Sample preparation and characterization:  Zeo-
lite samples were obtained from the Smithsonian Insti-
tution by [3]. Most samples fall into the categories of 
either a) coarse crystals originating as either amyg-
dules or fracture fill, or b) zeolitized tuff.  

Characterization: Mineral samples were character-
ized structurally and chemically previously [see 3 and 
references therein] and, in this study, are also being 
characterized by  X-ray diffraction (XRD). Chemistry 
data reported by [3] were used to calculate mineral 
formulas and are used for crystal chemical interpreta-
tions of emission spectra. XRD is being used to verify 
the mineralogy of zeolite standards and to constrain 
the abundance/mineralogy of admixtures. Of the suite 
of zeolites collected, 26 samples appear to be relatively 
pure mineral specimens. 

Sample preparation. Coarsely crystalline samples 
and zeolitized tuff samples were crushed from cm-
sized pieces to coarse sandy particulates using a small 
steel rock-crusher. Particles were wet-sieved to 63-

2000 µm. In addition to sand-sized particles produced 
here, the <45 µm-sized materials [prepared by 3] are 
also being analyzed spectroscopically. 

Spectral analysis. For each mineral, dust-sized and 
sand-sized materials were analyzed spectroscopically 
using the emission spectrometer at Arizona State Uni-
versity [4]. The particulate materials were placed in a 
copper cup and heated to 80° C for approximately 1 
hour each. Based on the results of previous thermal 
stability studies [6], we assumed that this heating rou-
tine would not affect the silicate structural framework 
of the samples, though it almost certainly affected the 
water content of the samples. For emission spectro-
scopic analysis, we are not concerned with quantifying 
the water content of the samples, so this sample prepa-
ration procedure is appropriate. 
 

Spectral results:  Zeolite minerals have complex 
spectral features in the 800-1200 cm-1 (λ ≅ 9-12.5 µm) 
spectral region related to (Si,Al)-O vibrational absorp-
tions by the tetrahedral framework. The placement  of 
the band centers in this region is a function of the Si/O 
ratio of the mineral [Figure 1], which is in turn tied to 
Al-content, tetrahedral charge imbalance, and therefore 
indirectly tied to extra-framework cation charge and 
content. Zeolite spectra exhibit (Si,Al)-O bending ab-
sorptions near 450-500 cm-1. Thermal emission spectra 
from 300-1300 cm-1 seemingly contain no direct in-
formation about Ca-, Na-, and K-content of zeolites. 

Zeolite minerals are mineralogically similar to feld-
spars, and spectroscopically bear some resemblances. 
Feldspars show similar vibrational spectral features of 
their (Si,Al)-O frameworks. Feldspars and zeolites of 
similar compositions have spectral features in similar 
positions [Figure 2].  

Fine grained samples (<45 µm) have different 
spectral character from coarse samples. Generally, the 
dust samples have somewhat less spectral structure, 
show transparency features rather than reststrahlen 
bands, have christiansen features from 1250 to 1350 
cm-1, and show evidence for mineralogic water near 
1630 cm-1. The hydration band located near 1630 cm-1 
is more visible in the fine grained samples than in the 
coarse grained samples because of non-linear, multiple 
scattering that occurs in the fine-grained samples [Fig-
ure 3]. 
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Zeolites on Mars:  Thermal emission spectra of 
Mars returned from the Thermal Emission Spectrome-
ter (TES), Thermal Emission Imaging System 
(THEMIS), and Mini-TES instruments provide an op-
portunity to identify zeolite minerals on the martian 
surface. To date, no unequivocal arguments for zeo-
lites on Mars have been made. However, [2] notes that 
zeolites could be a viable spectral component of the 
martian dust and could also be a significant component 
of some dark regions.  

Figure 3: Comparison of the spectra of coarse and fine 
zeolite particulates. The fine grained samples show  a 
peak near 1630-1660 cm-1 attributable to  mineralogical 
water.  

The spectra produced in this study will allow for 
refinement of these hypotheses. Spectra of zeolites are 
spectrally distinct from other alteration phases that 
form in similar conditions [Figure 4]. While they may 
be spectrally similar to certain phases such as feldspars 
or certain volcanic glasses [2], it is spectral studies like 
this one that will allow for refinement of just how and 
why certain samples can be confused with others. 
Thermal emission spectral data produced in this study 
will be available to researchers in the future. 
 

Figure 1: Thermal emission spectra of three zeolites 
showing the relationship of molar Si/O ratio to the 
position of reststrahlen bands. With decreasing Si/O 
ratio, the (Si,Al)-O stretching bands shift to lower 
wavenumbers (longer wavelengths). 
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Figure 2: Zeolites and feldspars of similar compositions 
have similar spectral features in emission. 
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Figure 4: Comparison of emission spectra of a zeolite to 
opal-A and saponite, minerals commonly associated with
zeolites. 
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