
 
Figure 1.  Schematic of 6-coordinated polyahedra in  
the octahedral sheet of layer silicates.  In trioctahedral 
minerals, all three sites are occupied, while in dioctahe-
dral species, the M1 site is vacant. 
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Table 1 Classification of Layer Silicates [1] 
Layer Type Layer Charge Interlayer Group Sub-group Examples of species 

serpentine chrysotile 1:1 0 none or H2O only kaolin-serpentine 
kaolinite kaolinite 

talc talc <0.2 none talc-pyrophyllite pyrophyllite pyrophyllite 
saponite saponite 0.2-0.6 hydrated exchangable cations smectite montmorillonite nontronite 

trioctahedral vermiculite vermiculite 0.6-0.9 hydrated exchangable cations vermiculite dioctahedral vermiculite vermiculite 
trioctahedral micas phlogopite 0.6-1.0* non-hydrated cations true micas dioctahedral micas muscovite 

trioctahedral brittle micas clintonite ≈ 2.0 non-hydrated cations brittle micas dioctahedral brittle micas margarite 
trioctahedral chlorites clinochlore 
dioctahedral chlorites donbasseite 

2:1 

Variable hydroxide sheet chlorite 
di-, trioctahedral chlorites cookeite 

* The charge on the layer for a true mica is 0.85 to 1.0 for dioctahedral micas.  Trioctahedral micas may have a layer charge of near 0.6, with the 
possible exception of wonesite (layer charge of 0.5).  Any layer charge of 0.6 to 0.85 represents an “interlayer-cation-deficient mica”. 

 
Introduction:  The ExoMars mission payload in-

cludes a Miniaturized Mössbauer Spectrometer 
(MIMOS-II) that is an upgraded version of the suc-
cessful Mössbauer spectrometers from the MER mis-
sion.  Given the interest in phyllosilicates as record-
ers of aqueous processes on Mars, it is posssible that 
the landing site chosen for ExoMars might be rich in 
hydrous phases.  This abstract addresses the question 
of how MIMOS-II might distinguish among varous 
phyllosilicate minerals that might be encountered.   

Structures:  57Fe Mössbauer spectra give infor-
mation about the geometry of the coordination poly-
hedra occupied by Fe, and the valence state of the 
iron.  In layer silicates (Table 1), both Fe2+ and Fe3+ 
occupy 6-coordinated sites (in rare Si-deficient cases, 
there may also be tetrahedral Fe3+).   In layer silicates 
there are a total of three M sites per formula unit in 
the octahedral sheet: one slightly larger M1 site, with 
OH’s positioned on adjacent (cis) sides of the octa-

hedra, and two slightly smaller M2’s, with OH’s on 
opposite sides (trans) of the octahedra (Figure 1).  
Because of the difference in size, trivalent cations 
generally prefer to occupy the M2 sites, while diva-
lent cations can enter either site.  In dioctahedral spe-
cies, two of the three M sites are filled, leaving the 
M1 site vacant.  In trioctahedral minerals, all three M 
sites are occupied.  If the polyhedral distortion 
around the Fe atom varies among species, then  the 
Mössbauer parameters, especially quadrupole split-
ting (QS), are affected. 

Previous Work:  The literature on Mössbauer 
spectroscopy of layer silicates is voluminous [see 
reviews in 2,3].  There are two key issues: the proper 
line shape to be used to model the spectra, and the 
ability of the technique to discriminate between Fe2+ 
in M1 and M2 [4]. Recent work applying several 
different line shapes to a range of layer silicates [5] 
suggests that use of Lorentzian, pseudo-Voigt, and 
quadrupole splitting distributions as line shapes gives 
similar  results for areas of the two octahedral Fe2+ 
doublets (in some cases, a third Fe2+ distribution is 
also reported). However, the resultant areas are very 
difficult to interpret.  Most workers generally accept 
that fact that Mössbauer spectra of 2:1 layer silicates 
cannot resolve the octahedral Fe2+ cis (M2) and trans 
(M1) sites.  Rather, the areas of the various promi-
nent Fe2+ doublets in layer silicates are interpreted to 
represent different populations of next nearest 
neighbor cations.  These may or may not be charac-
teristic of different layer silicate species. 
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Figure 2.  Typical Mössbauer spectra of layer silicates.  
Only Fe3+ is present in nontronite; this spectrum is typical 
of all the Fe3+ layer silicates.  Glauconite and biotite show 
examples of mixed valence secies, and are typical of the 
micas and chlorite group minerals. 

Table 2. Typical Mössbauer Parameters of Layer Silicates* 
Fe2+ Fe2+ Fe3+ Fe3+ 

Group Sub-group Example 
Species IS  QS IS  QS IS QS IS  QS 

serpentine chrysotile 1.13 2.75   0.31 0.86 0.18 0.33 kaolin-
serpentine kaolinite kaolinite 1.11 2.53   0.41 0.46   

talc talc 1.13 2.57 1.12 2.15     talc-
pyrophyllite pyrophyllite pyrophyllite 1.12 2.65 1.14      

saponite saponite 1.18 2.70 1.20 2.40     
smectite 

montmorillonite nontronite 1.12 2.61   0.36 0.61   
trioctahedral vermiculite vermiculite 1.15 2.90 1.12 2.53 0.40 0.94   

vermiculite 
dioctahedral vermiculite vermiculite 1.11 2.41   0.34 0.88   
trioctahedral micas phlogopite 1.13 2.57 1.12 2.15 0.40 0.87 0.20 0.75 

true micas 
dioctahedral micas muscovite 1.15 2.93 1.14 2.13 0.37 0.84   
trioctahedral brittle micas clintonite 1.16 2.48 1.15 1.72 0.47 0.51 0.24 0.68 

brittle micas 
dioctahedral brittle micas margarite 1.10 2.37   0.40 0.63   

chlorite trioctahedral chlorites clinochlore† 1.14 2.66 1.11 2.33 0.35 0.65 0.12 0.39 
*Parameters given in mm/s relative to the midpoint of Fe metal; the range of reported values for eaxh species is at least 
±0.05 mm/s for isomer shift (IS) and ±0.15 mm/s for quadrupole splitting (QS). Data from [2] and [3] and unpublished 
work by this group.  †Some workers resolve three octahedral doublets representing the Fe sites in the “brucite sheet” in the 
interlayer of the chlorite structure; two Fe3+ doublets may also be observed with QS = 0.40 and 0.65 mm/s. 
 

Results:  Typical Mössbauer parameters for 
layer-silicate mineral species are given in Table 2, 
and spectra shown in Figure 2.  The Fe2+ species  
generally have 2-3 distributions, all with similar iso-
mer shifts (IS ~ 1.13 mm/s) but different QS (~2.75, 
2.20, and rarely 1.7 mm/s).  The pure Fe3+ species 
may contain one or two closely-overlapped dou-
blets/distributions representing 6-coordination, again 
with similar IS (~0.35-0.45 mm/s) and variable QS 
(0.46-1.0 mm/s).  Tetrahedral Fe3+ has the best-
constrained parameters, with IS ~ 0.20 mm/s and QS 
~ 0.50 mm/s.  Because  all these minerals have very 
similar structures, the Mössbauer parameters are con-
sistent, and depend more on the nearest-neighbor 
chemistry in an individual sample than on the steric 
constraints of any particular species.  Furthermore, 
the Fe3+/Fe2+ range of layer silicates (particularly 
micas and chlorites) is large, and depends on the oxi-
dation state of the mineral assemblage rather than on 
any particular crystal structure.  Thus, distinguishing 
among different species of layer silicates using Möss-
bauer alone would be difficult.  Of course, the com-
bination of this technique with other types of spec-
troscopy on ExoMars should be effective in deter-
mining not only mineralogy, but also redox equilibria 
should layer silicates be studied. 
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