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Abstract:  Beidellites may be important phyllosili-

cates on Mars as they could be part of an alteration 
series between montmorillonite and higher temperature 
alteration minerals such as illite. The spectral proper-
ties of beidellites are under study here to support detec-
tion of these on Mars with CRISM. Spectral analyses 
show that many features are distinguishable from 
montmorillonite and other Al-phyllosilicates. 

Introduction:  We are investigating the spectral 
properties of beidellites in order to gain an understand-
ing of how the structure of these Al-smectites affects 
their spectral properties.  Beidellites are defined as 
having higher charge in tetrahedral layers than in octa-
hedral layers [e.g. 1]. VNIR spectra of beidellites in-
clude an OH combination band centered near 2.18 µm, 
which is measurably different from the 2.21 µm ob-
served for montmorillonite, the other Al-smectite [2].  
Beidellite/montmorillonite mixtures exhibit bands cen-
tered near 2.21 with a shoulder near 2.18 µm.  This is 
different from the character of the broad opal band 
observed in this region, but somewhat related to that of 
montmorillonite-kaolinite mixtures [3]. 

Methods:  A large collection of well-characterized 
smectites is available [2].  Ten natural beidellite/ 
montmorillonite samples (purified via <2µm fractiona-
tion) from that collection are under study here.  The 
montmorillonite used for comparison with these is the 
<2 µm fraction of a Slovakian montmorillonite [4].  
The opal sample is from Steve Hillier.  Reflectance 
spectra were measured at RELAB as in past studies [5] 
for fluffy (A) and pressed (B) particulates. Gaussian 
modeling was performed using new automated proce-
dures [6,7], based on Modified Gaussian Modeling [8]. 

Results:  Reflectance spectra are shown for two 
beidellites and two beidellite/montmorillonites in Figs. 
1-3 compared to spectra of montmorillonite and opal. 
The dominant NIR absorptions are due to an OH 
stretching overtone near 1.41 µm, an H2O stretch+bend 
combination near 1.91 µm, and an OH stretch+bend 
combination near 2.18-2.21 µm (Figs.1-2). Pure bei-
deillite has a band centered near 2.18 µm, while smec-
tites containing both beidellite and montmorillonite in 
our study exhibited the dominant band near 2.21 µm 
with an additional band or shoulder near 2.18 µm (Fig. 
2). Weak bands are also observed in beidellite spectra 
near 2.34 and 2.44 µm.  

Mid-IR reflectance spectra (Fig. 3) indicate a shift 
in the Al2OH bending band from ~920 cm-1 (~10.9 
µm) in montmorillonite to ~940-942 cm-1 (~10.6 µm) 

in beidellite. Differences are also observed in the band 
centers for the AlMgOH and AlFeOH vibrations for 
beidellites and montmorillonites.  Although the NIR 
OH combination band for opal appears near the Al-
smectite band, the mid-IR OH bending vibration oc-
curs at a much lower energy. 

 
Fig. 1  VNIR reflectance spectra of Al-smectites and 
opal. All exhibit bands near 1.4, 1.9 and 2.2 µm. 

 
Fig. 2  Reflectance spectra of Al-smectites and opal 
featuring the OH combination band near 2.2 µm. 

Gaussian modeling was performed on the overlap-
ping bands near 2.15-2.25 µm in order to better charac-
terize this feature and associate the individual bands 
with the mineral chemistry. Examples of the Gaussian 
modeling are shown for beidellite sample JB921A 
(Fig. 4) and beidellite/montmorillonite mixture 
JB927A (Fig. 5).  Four bands resulted with centers 
near 2.18, 2.19-2.21, 2.21, and 2.23 µm (the first two 
are attributed to beidellite and the latter two to mont-
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morillonite). Statistical analyses were performed on the 
fluffy and pressed spectra of 8 Al-smectite samples. 

 
Fig. 3  Reflectance spectra of Al-smectites and opal 
featuring the OH bending region. Approximate bands 
are marked for the OH bending vibrations. 

Discussion:  We are investigating relationships be-
tween the OH combination bands near 2.2 µm with the 
OH bending bands near 10-12 µm. Gaussian modeling 
of the 2.2 µm region enables more precise examination 
of the vibrations due to individual AlMOH (M=Al,Fe, 
Mg) bonds. Variations in the amount of Al in tetrahe-
dral sites and Fe and Mg in octahedral sites for our 
sample suite enables characterization of these features. 

Gaussian modeling.  The four bands found in the 
Gaussian modeling of beidellites and beidel-
lite/montmorillonite mixtures have been correlated 
with sample chemistry for samples that had octahedral 
and tetrahedral cation populations assigned [2].  The 
intensity of the band centered at 2.19 µm was found to 
correlate well with Al substitution for Si in the tetrahe-
dral layers, while the intensity of the bands centered 
near 2.21 and 2.23 µm correlated well with Fe or Mg 
substitution for Si in the octahedral sites.  

Importance for Mars.  Beidellites have been sug-
gested as a possible phyllosilicate present on Mars 
through analyses of CRISM data in the Mawrth Vallis 
region [9].  We have also found beidellite in the Libya 
Montes region. Identifying locations of these clays on 
Mars is important because they form under different 
conditions [10, 11]. In vertical depth profiles alteration 
of montmorillonite to beidellite occurs with increasing 
temperature from top down via gradual replacement of 
Si by Al [12, 13, 14].  This is also the first step in illiti-
zation. In clay precipitation from fluids, montmorillo-

nite forms where cold water enters the system from the 
top (~<100 °C), while beidellite forms where hot 
(~110-160 °C) Mg-free fluids are issued from geo-
thermal reservoirs below [10]. Thus, beidellite vs 
montmorillonite occurrences in Martian clay units 
could act as geothermometers or alteration indicators. 

 
Fig. 4  Gaussian modeling of beidellite JB921A. 

 
Fig. 5 Gaussian modeling of beidellite/montmorillonite 
JB927A that shows some montmorillonite character. 
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