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Abstract

The OH speciation of 18 palygorskite samples from various localities were evaluated by near 
infrared spectroscopy (NIR) and compared to the corresponding octahedral composition derived 
from independent, single-particle analytical electron microscopy (AEM). NIR gives evidence for 
dioctahedral-like (AlAlOH, AlFe3+OH, Fe3+Fe3+OH) and trioctahedral-like (Mg3OH) species. Therefore, 
palygorskite can be approximated by the formula yMg5 Si8O20(OH)2·(1 – y)[xMg2Fe2·(1 – x)Mg2Al2]
Si8O20(OH)2, where x is the Fe content of the dioctahedral component, and y is the trioctahedral frac-
tion. The values of x estimated from the NIR data are in excellent agreement with the Fe/(VIAl + Fe) 
ratio from AEM (R2 = 0.98, σ = 0.03), thus suggesting that all octahedral Al and Fe in palygorskite 
participate in M2M2OH (dioctahedral-like) arrangements. Furthermore, y values from AEM can be 
compared to NIR (R2 = 0.90 and σ = 0.05) after calibrating the relative intensity of the Mg3OH vs. 
(Al,Fe)2OH overtone bands using AEM data. The agreement between the spectroscopic and analyti-
cal data are excellent. The data show that Fe3+ for Al substitution varies continuously in the analyzed 
samples over a broad range (0 < x < 0.7), suggesting that fully ferric dioctahedral palygorskites (x = 1) 
may exist. On the other hand, the observed upper trioctahedral limit of y = 0.50 calls for the detailed 
structural comparison of Mg-rich palygorskite with sepiolite.
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Introduction

Palygorskite is a common mineral in dusts and soils (Singer 
1989) and the key ingredient of the ancient Mesoamerican 
pigment known as Maya Blue (Van Olphen 1966). It is a 
phyllosilicate with a 2:1 layer having periodic inversions of 
the tetrahedral sheet after every two silicate “chains” to form 
“ribbons.” The octahedral sheet is thus discontinuous and a 
channel-like structure forms (Giustetto and Chiari 2004; Post 
and Heaney 2008). Palygorskite is chemically more complex 
than sepiolite, a magnesian trioctahedral phyllosilicate of the 
same family, owing to octahedral cation substitutions involving 
Mg, Al, and Fe (Paquet et al. 1987; Galán and Carretero 1999; 
Suárez et al. 2007). The octahedral sheet of palygorskite (Fig. 1) 
can be dioctahedral, consisting of M2M2OH groups and vacant 
M1 sites, or trioctahedral with M1M2M2OH groups, whereas 
the edge M3 sites fulfill their coordination with H2O. 

Following the pioneering work of Serna et al. (1977), several 
studies have employed mid-infrared spectroscopy to identify the 
environment around OH species in palygorskite (Chahi et al. 

2002; García-Romero et al. 2004; Cai et al. 2007). Based on these 
studies, there is growing consensus that the M3 sites are occupied 
by Mg, whereas Al and Fe3+ populate M2 sites and excess Mg 
may occupy both M2 and M1 sites (Suárez and García-Romero 
2006). However, difficulties from overlap between the OH and 
H2O stretching modes, or from associated minerals interfering 
with the OH deformation modes, place limits on a detailed 
structural description of palygorskite. 

In a mid- and near-infrared (NIR) investigation of palygor-
skite, Gionis et al. (2006) showed that NIR can separate the OH 
from H2O modes, and is less prone to interference from accessory 
minerals (silicates, carbonates, etc.). Four OH stretching overtone 
modes representing three M2M2OH (i.e., AlAlOH, AlFe3+OH, 
Fe3+Fe3+OH) and one M1M2M2OH (i.e., Mg3OH) species were 
identified in second derivative NIR spectra. A subsequent NIR 
investigation of more than 300 samples from the Pefkaki deposit 
(W. Macedonia, Greece) failed to identify additional types of 
structural OH environments in palygorskite (Gionis et al. 2007). 
Therefore, the composition of palygorskite was approximated by 
the formula yMg5 Si8O20(OH)2·(1 – y)[xMg2Fe2·(1 – x)Mg2Al2]
Si8O20(OH)2, where x represents the Fe content of the dioctahe-
dral component, and y is the trioctahedral fraction. The value of 
x, determined by measuring the relative intensities of the three 
M2M2OH stretching overtone modes, ranged between 0.3 and 
0.7. The value of y was estimated indirectly by subtracting the 
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