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ANALYSIS OF POORLY CRYSTALLINE CLAY MINERALOGY: 
NEAR INFRARED SPECTROMETRY YERSUS X-RAY DIFFRACTION 
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Clay minerals are arguably the most abundant group of minerals at the Earth's 
surface, occurring in hydrothermal alteration zones and a host of sedimentary environments. 
On Mars, the existence of clay minerals has been hotly debated; their existence or absence 
has important implications for the type of surface processes which have acted through that 
planet s history and should provide clues to past cha t e .  Given the importance of clay 
minerals, it is important to know the capabilities and limitations of various analytic methods 
that can detect and identity clay minerals. This study makes some direct comparisons 
between two such laboratory analytic methods, X-ray diffraction (XRD) and near infrared 
(NIR) reflectance spectrome 

Before the advent of demonstrated the existance of crystalline structure in 
clays minerals, they were regarded as being composed of amorphous phases [I]. XRD 
studies showed that any given clay specimen can be thought of as lying somewhere on a 
continuum between a highlynystalline end member and an amorphous endmember. Some 
of the debate about the existence of "clays" vs. "palagonites" on Mars is semantic, since for 
different researchers these names imply different regions of this continuum. Nevertheless, 
the degree of crystallinity of a clay is closely related to its formation conditions, information 
which we very much wish to decipher. 

The data for the comparison of techniques presented here are from an ongoing study 
of basaltic hydrovolcanism on Earth, with applications to Mars. Hydrovolcanism, the 
explosive interaction of magma with surface or near surface water [2], commonly produces 
tuff rings and tuff cones when the magma is basaltic in composition. The alteration product 
of basaltic glass (sideromelane) is termed palagonite, and a tuff in which the sideromelane 
has been largely altered to palagonite is called a palagonite tuff. The clay size-fraction (< 2 
pm) of such tuffs has, at best, only poorly crystalline clays, and therefore lies toward the 
"amorphous" end of the continuum discussed above. 

For this study, samples from two tuff rings and one tuff cone were analyzed. The tuff 
rin s were Ubehebe Crater, CA and Zuni Salt Lake, NM; the tuff cone was Pavant Butte, d. The reflectance of ten to twenty powdered samples (grain size < 500 pm) from each 
area were analyzed in the 0.3 to 2.7-prn wavelength range at RELAB [3]. Most of the highly 

alagonitized tuff cone sample spectra display a 2.3-pm absorption feature; a typical Pavant 
iut te palagonite tuff spectrum is shown in Figure 1. The 23-pm feature in these samples is 
due to a combination of the 0-H stretch and Mg-OH lattice modes [4], and is characteristic 
of trioctahedral Mg-bearing clay minerals. In contrast, several of the less-palagonitized tuff 
ring sample spectra had 2.2 pm absorption features. This indicates the presence of Al-OH 
bonds and is diagnostic of Al-bearing dioctahedral clay minerals. A typical tuff spectrum 
from the Zuni Salt Lake tuff ring is also shown in Figure 1. Note that, independent of the 
difference in cation between these two samples, the more heavily altered (palagonitized) 
tuff cone material has a much deeper band. 

It should be noted that our emphasis is on the 2.2- and 2.3-pm features. These 
overtones are weaker than the VOH stretching fundamental at 2.75pm and weaker even than 
the 2vOH primary overtone at 1.38pm. However, both of the latter features are obscured by 
atmospheric water vapor and/or other gases in most remote sensing studies. Consequently, 
the 2.2- and 2.3-pm features take on a practical sigmficance belied by their relatively shallow 
band depth. Details in these relatively weak features have also proven to be very diagnostic 
of mineralogy. 

XRD analyses were performed on our samples that showed the strongest 2.2- and 
2.3-pm features. XRD analyses of the initial bulk samples produced no peaks characteristic 
of Al-bearing clay minerals. However, the Pavant Butte samples did give a 7 A peak that is 
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tentatively assigned to antigorite. The bulk samples were then broken down to sand, silt and 
clay sized frac~ons and subjected to XRD analysis in the manner of Starkey et al. 5 Only 
in the clay-sized fraction of two of the three M-ring sam les did even a weak peak $ the 
vicinity of 15 A appear. This is interpreted as evidence o a smectite and/or mrxed layer 
smectite-illite. 

P 
These results demonstrate something that many planetary spectroscopists have 

noticed for years: reflectance spectrometry IS generally a more sensitive indicator of fine- 
ed andlor poorly crystalline clay-type mineralogy than is the more mature technique of %. NIR spectrometry can detect crystalline clays even in bulk samples of poorly 

crystalline materials. To attempt to detect those minerals with XRD analysis requires time 
consuming size separation procedures. In fairness, it should also be noted that in one of the 
Pavant Butte samples, a 15 A peak indicated the presence of cla minerals whereas the NIR 
spectnun of that same sample showed no 22- or 2.3-pm band. at particular sample had a 
low reflectance and the lack of spectral features is attniuted to masking by opaque 
minerals. Reflectance spectrometry is not an entirely mature technique, and more attention 
needs to be paid to issues such as the role that opaque minerals can play in masking 
diagnostic absorption features. Nevertheless reflectance spectometry should continue to 
receive serious consideration not only for laboratory use, but for possible in-situ 
instrumentation on future planetary rovers. 
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Figure 1. Near infrared reflectance of 
alagonitized baaltic tuffs g om Ubehebe Crater and Pavant Butte tuff cone 
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features. .4 
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