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Abstract
This study provides a comprehensive Raman spectral characterization of nontronite and glauconite-

nontronite mixed-layer phases from seafloor hydrothermal fields. These 2:1 phyllosilicates, which show 
isomorphous cation exchange between Mg2++Fe2+ and Fe3++Al3+ in the dioctahedral sheets, exhibit 
three diagnostic Raman peaks in the low wavenumber region (v1 ~241–257 cm−1; v2 ~600–606 cm−1; 
v3 ~690 cm−1), and one peak at ~3548–3570 cm−1 (v4). With increasing (Mg2++Fe2+)oct, the presumed 
stretching band of octahedral OH-O bonds (v1) is displaced to a higher wavenumber, whereas the 
stretching band of tetrahedral Si-O-Si bonds (v2) is shifted to a lower wavenumber. Peak v4, which 
relates to O-H bonds of hydroxyls linked to octahedral cations, shows a downshift with increasing 
(Mg2++Fe2+)oct. The band v4 can be mathematically fitted by three bands, two of which strongly cor-
relate with the cation occupancy in the octahedral sheets; i.e., vibrations of hydroxyls linked to triva-
lent cations (Fe3+ and Al3+) are mainly represented by a band at ~3560–3573 cm−1, whereas divalent 
cations (Mg2+ and Fe2+) mainly contribute to a band at ~3538–3540 cm−1. This result is consistent with 
theoretical considerations for dioctahedral phyllosilicates, which predict for the incorporation of Mg2+ 
and Fe2+ a weakening/lengthening of O-H bonds in the OH groups, accounting for a downshift of the 
O-H vibrations. Hence, this is one of the first studies that trace how even subtle chemical modifica-
tions in phyllosilicates influence Raman spectral features. The reported findings have implications for 
mineral identification and provenance analysis, such as during surface exploration on Mars, where 
compositionally diverse phyllosilicates occur.
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Introduction
Raman spectroscopy found widespread application in the 

rapid and non-destructive characterization of silicate minerals 
(Griffith 1969; Blaha and Rosasco 1978; Michaelian 1986; Mc-
Millan 1989; Tlili 1989; Kuebler et al. 2006; Bersani et al. 2009; 
Wang et al. 2001, 2015; Kloprogge 2017). However, a detailed 
understanding of the Raman spectral features of many phyllo-
silicates is still lacking (cf. Wang et al. 2015; Kloprogge 2017). 
This holds true for glauconite and nontronite, 2:1 phyllosilicates 
that belong to the mica and smectite groups, respectively. These 
minerals show the commonality of having layers of octahedral 
sheets [trivalent metals (Fe3+ and Al3+) and divalent metals 
(Mg2+ > Fe2+) bound to O and OH; MO4(OH)2] sandwiched by 
two tetrahedral sheets [Si, Fe3+, and Al3+, which are coordinated 
with oxygen; (Si,Al3+,Fe3+)O4]. In glauconite, the substitution 
of Al3+ for tetrahedral Si4+ accounts for a high layer charge that 
is balanced by interlayer K+, whereas the lower layer charge in 
nontronite attracts higher charged metal cations that are fully 

hydrated (i.e., Na+, Mg2+ and Ca2+).
Both nontronite and glauconite are dioctahedral phyllosili-

cates. In other words, most octahedral cations are trivalent, and 
hence approximately two out of the three sites in their structural 
formula [based on an O10(OH)2 anion framework] are occupied 
(Fig. 1). By comparison, phyllosilicates dominated by divalent 
cations are termed trioctahedral because essentially all the three 
octahedral sites are occupied. This change in cation occupancy 
accounts for a contrasting configuration of the surrounding OH 
groups: (1) in dioctahedral sheets the OH vector is tilted at a 
relatively low-angle relative to the plane of octahedral sheets and 
directed toward the unoccupied site (Fig. 1); (2) in trioctahedral 
sheets, the OH vector is oriented perpendicular to the plane of the 
octahedral sheets. Such differences can influence O-H stretch-
ing (ν) and bending (δ) vibrations in the octahedral domains, 
and even vibrations in the interlinked tetrahedral sheets. The 
corresponding bands in Raman spectroscopy and infrared (IR) 
spectroscopy have been extensively studied (Daynyak et al. 1992; 
Madejová et al. 1994; Frost and Rintoul 1996a, 1996b; Besson 
and Drits 1997a, 1997b; Drits et al. 1997; Frost and Kloprogge 
2000a, 2000b; Bishop et al. 2002a, 2002b, 2008; Madejová 
2003; Petit et al. 2004; Zviagina et al. 2004; Cuadros et al. 2013, 
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