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Abstract

The purpose of this work is to explore the solid solution and stability of trioctahedral micas in the system: Na,O-FeO-
Fe,05-Al,03-Si0,-H,0-HF. Synthesis were carried out in cold-seal pressure vessels, at 600°C, 1kbar PH,O, under fO,
conditions set by NNO and MW buffers. Starting compositions belong to the annite - siderophyllite join and can be
expressed as Na(FesxAly)(SizxAlx)010(OH,F),, Where x represents the extent of the Tschermark-type substitution. In the
F-free system, under the NNO buffer, the Na-annite(OH) (x = 0) composition produced a two phase assemblage albite +
magnetite. Along the join, in the 0.5 < x < 1 compositional range, hydrated mica is found to coexist with minor amounts of
hercynite and a silicate, possibly analcime. Powder XRD shows the presence of three hydration states (2W: two water
layers, 1W: one-layer water and OW: anhydrous state) whose proportions depend on the bulk aluminum content in the
system. Virtually the same results are obtained using the MW buffer. The starting composition corresponding to the Na-
annite(OH) produced fayalite and albite, while Al-richer compositions gave hydrated micas with 2W and 1W hydration
states; anhydrous mica occurs in very weak amounts. FTIR spectroscopy in the OH-stretching region of the hydrated micas
indicates a high trioctahedral character. Experiments carried out in F-bearing system gave micas with high proportions of
anhydrous state (OW). At the starting composition of Na-annite (F), a mica associated with minor magnetite and quartz is
produced. Na-Al annite(F) (x = 0.5) is obtained as a pure anhydrous. It’s one of the most promising compounds obtained in
this study.

Keywords: Na-annite, Na-Al annite(F), Na-siderophyllite, hydrates, fluorine, FTIR spectroscopy.

1. Introduction

Biotites are ubiquitous minerals occurring in different geological environments. Their composition varies in a
complex solid solutions domain due to a wide range of cationic and anionic substitution within the crystal
structure [1]. Dymeck [2] has identified fifteen theoretical mechanisms of ionic substitutions that may operate
alone or simultaneously during the crystallization. The biotite interlayer sites may host K*, Na*, Ca**, Ba™,
H,0", vacancies, and, more rarely Rb*, Cs*, Sr**, and NH,". In natural systems, sodium is the second occupant
of the interlayer sites after potassium; its content may reach up to 20% of the alkali site in micas from igneous
rocks [3] while higher contents (from 32 to 97%) have been described by [4] in some biotites with numerous
interlayer vacancies.

Although uncommon, Mg-rich trioctahedral sodic micas are increasingly described in the mineralogical
literature. They have been reported as inclusions and/or accessory phases in anhydrous minerals (garnets and
chromites) from ophiolitic sequences, where Na-phlogopite coexists with pargasite [5-8]. Al-rich members
were found associated with Al-pargasite and zoisite within metamorphosed mafic and ultramafic complexes [9]
and eclogitic retromorphosed rocks [10-12]. Similarly, Na-bearing biotites are not common. They have been
described in pelitic schists of the amphibolite facies [13] and metadikes from the Malaguide Complex [14].
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Wonesite - (Na,K),5(Mg,Fe,Al);(Si,Al);010(OH,F), - has been discovered in Post Pond Volcanics [15; 16]; this
Na-rich mica contains some Fe ions and exhibits a significant degree of Al-Tschermak substitution.

Natural Na-ferrous-rich biotites have not been reported in literature so far, in agreement with experimental work
[17-20] suggesting a stability field for Fe-rich Na-micas much smaller than for their magnesium equivalents.
Earlier investigation performed by [21] reported the synthesis of Na-annite(OH) end-member, and later studies
[22; 23] indeed suggested that vermiculite, misinterpreted as a weathering or retrograde products of biotites,
may be in fact the hydrated forms of Na-trioctahedral micaceous phases.

The interest to investigate in more details this sodic micas system originates from the contradictions emerged
during the above mentioned works and from the need to provide further data regarding the effect of the OH —
F substitution at the anionic site [24-30]. In this work we address the experimental investigation of trioctahedral
micas in the system: Na,O-FeO-Fe,O3-Al,05-SiO,-H,O-HF, along the nominal  Na-annite
[Na(Fe*")3(SizAl)O4(OH,F),]-Na-siderophyllite  [Na(Fe*"),Al)(Si;Al;)01(OH,F),] join. Experiments were
carried out under hydrothermal conditions and oxygen fugacity controlled by NNO and MW buffers. The run
products were characterized by combining X-ray diffraction and FTIR spectrometry. We stress that
understanding the crystal-chemical properties of these trioctahedral micas, particularly in F-bearing systems, is
of interest from both geologic and applied point of view. As a matter of fact, fluorine is frequently involved in
mineralization processes where micas are involved both as primary and as secondary phases [31-35]. From the
view point of applications in environmental mineralogy, the hydated phyllosilicates are often cited for their
properties of fluorine, metals and organic molecules removal from solutions [e.g., 24; 25; 36; 37]

2. Experimental methods and analytical procedures

The synthesis and characterization of the products were performed in CRSCM-CNRS, Orléans, France. Gels prepared
according to the method of [38] were used as starting materials for the hydrothermal syntheses. Sodium was introduced as
dry Na,COs, silicon as tetraethylorthosilicate (TEOS) while aluminum and part of iron (50%) as nitrate. Finally, fluorides
(AlF; or FeF,) and metallic iron (50%) were mechanically added to the gels in order to obtain the appropriate
stoichiometry. The compositions of trioctahedral micas studied are presented using to the half formula-unit formalism:
Na(Fes Al (SisxAl1x)O10(OH), and Na(Fes Al (SisAlx)O1o(F)2, for the F-free and F-bearing systems respectively,
where x corresponds to the extent of the Al Tschermak-type substitution.

The following terminology will be used throughout the text: Na-annite and Na-siderophyllite referring to compositions
with x equal to 0 and 1, respectively. These compositions are the sodium equivalents of annite and siderophyllite end-
members given in the IMA approved classification scheme of micas [39]. We will use Na-Al annite to designate the
composition with x = 0.5 (nominally). Consequently, in the following, the term Na-Al annite corresponds to a ferro-
aluminous intermediate composition with ideal stoichiometry Na(Fe2+2,5AI0,5) (Siz5Al15)010(0OH,F),.

Syntheses were performed in a Tuttle-type externally heated pressure vessels working vertically, with water as the pressure
medium. Temperature was measured using K-type thermocouples calibrated against the melting points of NaCl and ZnCl,.
The uncertainty is lower than + 5°C. Pressure was measured using a Bourdon manometer, with an uncertainty of less than
+ 50 bars. Experiments were performed at 600°C, 1 kbar PH,0, with duration of 7 days. The choice of temperature and
redox conditions was made from the results of the pioneering experimental works on the stability of K-trioctahedral micas
[40; 41]. The duration was chosen to be compatible with the lifetime of the fO, buffers used here to yield a reproducible
equilibrium in synthetic samples. The oxygen fugacity was controlled by the double capsule method of [42], using the
magnetite-wiistite (MW) and the nickel-nickel oxide (NNO) assemblages as solid buffers introduced with water in an
external Au-capsule. Gels were introduced the inner capsule (AgzoPdsg), with 15 wt% distilled water. Cooling was operated
by removing the vessel from the furnace in order that a temperature lower than 100°C is reached after 1 hour.

The run products were examined using an optical microscope and a scanning electron microscope (SEM Philips Co.)
equipped with an energy dispersive analyzer (EDS). Some micas were analyzed qualitatively to check the composition. X-
ray diffraction patterns were obtained in the 5°< 26 < 65° angular range using the Co-Ka (A = 1.79021 A) radiation. The
doeo interplanar distances were measured using Si as an internal standard.

Infrared spectra were collected at room temperatures using a Nicolet 710 spectrometer. Samples were prepared as KBr
pellets, with a mineral to KBr ratio of 5% and 0.2% for measurements in the high frequency (3800-3200 cm™) and the low-
frequency range (1200-400 cm™), respectively. Compressed discs were kept overnight at 150°C to minimize the amount of
adsorbed moisture. Each sample was scanned 64 times with a nominal resolution of 2 cm™. Spectra were decomposed
using the PeakFit© program. A Lorentzian peak shape was used to model all components although minor deviations
between raw and fitted spectra were observed toward the higher wavenumber side of N-bands [e.g. 43]; this is due to the
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Christianssen effect [44]. The band nomenclature of [45-47] was adopted for the description of the infrared spectra in the
OH-stretching vibration range (3800-3200 cm™).

3. Experimental results and discussion

3.1. F-free NNO buffered experiments

The phase assemblages obtained are listed in Table 1. The Na-annite (x = 0) starting composition did
not yield any phyllosilicate phase but only albite and magnetite. A poorly crystallized hydrated
sodium mica is obtained in the 0.2 < x < 0.4 composition range, together with magnetite and albite.
The product is massive with a “cauliflower” appearance; the crystal size of the mica platelets is lower
than 2 um. The crystallites do not exhibit any pseudohexagonal shape. XRD powder patterns, acquired
under humid atmosphere (Fig. 1), show the presence of mica with no water (WO, see [48]) and two
water molecules in the interlayer regions (W2), characterized by basal dog: spacings of ~ 9.7 A and
~14.8 A respectively [48]. The intensities of the 001 peaks are approximately equal. Compared to the
001 diffraction peak at 9.65 A, the intensities of the 4.62 A/002, 3.224 A/003, 2.664 A/200, 2.494 A/-
132, 2.224 A/-133 and 1.457 A/-206 ones are 15%, 80%, 50%, 40%, 30%, and 30% respectively, in
agreement with data reported for Al-rich K-annite(OH) synthesized by [41]. It is to be noticed that
here, and for other XRD patterns discussed in the text, the diffraction peaks were indexed in
comparison with the published data of potassic equivalents [e.g.49; 50].

Table 1: Experimental products obtained at 600°C, NNO buffer and 1lkbar along the join Na-annite-
siderophyllite(OH). (*) denotes experimental results of [20] obtained at 500°C, NNO buffer and 5kbar.
Interplanar distances dogo are measured at £0.004 A. 2W, 1W, OW and d-spacing refer to hydrates described by
[48]. The phases encountered are hydrated mica <mc>, magnetite <Mag>, albite <Ab>, hercynite <Hcy>,
analcime <Anl>, expansible ordred mixed layer <eml>. Brackets (..), indicate accessories phase, ((..)) trace
amount.

Starting composition Phases obtained Hydrates (A)
Present study
(Na)(Fes)(SisAl;)010(0OH), Ab +Mag -
(Na)(Fez.9Alg.1)(SizgAl11)O10(OH), Ab + Mag + ((mc)) OW =9.788
(Na)(Fe,gAlg,)(SizgAl; 2)O10(0OH), Ab + (mc) + Hey 2W =14.768 - 0W =9.788
(Na)(Fe,;Aly3)(Siz7Al; 3)O10(0OH), Ab + (mc) + Hey 2W =14898 1W =12.397 0W =9.788
(Na)(Fe,.6Alg.4)(SizeAly 4)O10(0OH), (Ab) + mc + Hey 2W =14828 1W =12.294 0W =9.724
(Na)(FexsAly5)(SiosAl; 5)010(0OH), ((Ab)) + mc + Hey 2W =15.021 1W=12.339 0W =9.707
(Na)(Fe»4Aly6)(Sis 4Al; 6)O10(OH), mc + Hcy + ((Anl)) 2W=1476 1W=12391 O0OW=09.792
(Na)(Fe»3Aly7)(Sio3Al; 7)O10(0OH), mc + Hcy + ((Anl)) 2W =15.021 1W=12294 0W =9.724
(Na)(Fe, Al g)(Siz Al §)O10(0OH), mc + (Hcy)) 2W=14891 1W=12.339 0W =9.792
(Na)(Fe, Al,)(Si»Al,)O10(0H), mc +(Hcy) - 1W=12.294 0W =9.788
Results from [20]
* (Na)(Fes )(SizAl;)O10(0OH), Ab + Mag
* (Na)(Fe, 5 Alys)(SizsAl; 5)O10(0OH), Pg + Ab + Mag + eml

The very weak peak at ~ 7.40 A (Fig. 1) corresponds to the 002 reflection of a two-water layer (2W).
The runs with 0.5 < x < 1 starting composition yielded hydrated mica with minor hercynite, and an
additional silicate, possibly analcime (Table 1). SEM pictures clearly reveal the presence of
pseudohexagonal flakes typical of the mica morphology with a mean crystal size of 2-3 um (Fig. 2).
EDS spectra (Fig. 3) suggest that the hydrated-mica compositions do not significantly deviate from the
ideal stoichiometry. The mica phases exhibit (Fig. 1) the three hydrated states described by [48]
characterized by doo; spacings at ~14.8 A, ~12.3 A and ~9.7 A which are typical of two-layer (2W),
one-layer (1W) and dehydrated (OW) layer states, respectively.
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Powder XRD patterns show an intense 001 and higher-order (00I) reflections of the anhydrous state.
However, for the nominally Na-siderophyllite(OH) end-member composition (Fig. 1 top), the
predominant state of the mica product is one-layer water with interplanar spacing at 12.29 A. A small
amount of anhydrous mica with a ¢ parameter of 9.78 A has been detected. The reflection at 7.40 A is
very weak and vanishes as the proportion of two-layer hydrate units decreases. The measured
interplanar distances dogo = ~1.548 A (Table 1), suggests a trioctahedral character of the hydrated
micas. It decreases with increasing x-value (from ~1.56 A to 1.54 A) as shown by [51, 50, 47].
Furthermore, our findings are consistent with the studies of [20] who did not obtain a pure mica phase
product.

Intensity

x = 0.2
M o ¥ x = 0.1
x = 0.0
=16:120 x = °2 theta 19.770 >

Figure 1: XRD patterns of hydrated micas acquired in conditions of atmospheric humidity. The numbers: 2W,
1W and OW indicate the hydrate degree. Three hydration states are observed (2W, 1W and OW). The diffraction
peak at 6.43 A belongs to (020) plan of albite. x corresponds to the amount of the Tschermak-type substitution.

3,97KX 25KV WD:11MM $:00008 P:00011

Figure 2: SEM micrograph of hydrated-micas obtained from the composition (x = 0.5) at 600°C, NNO and
1kbar.
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Figure 3: X-ray analysis spectra of the Na-Al annite(OH)(x = 0.5).

3.2. F-free MW buffered experiments

The run products of experiments performed at lower oxygen fugacity, 600°C and 1kbar, are listed in
Table 2. The x = 0 starting composition (Na-annite end-member) produced fayalite and albite. The
absence of any phyllosilicate phase at these conditions had already been noticed by [20] while [52]
reported the synthesis of a “new" 10 A trioctahedral mica end-member with the composition of Na-
annite in the nepheline-silica-iron-oxygen-hydrogen system.

Table 2: Experimental products obtained at 600°C, MW buffer and lkbar. Are also presented results of
fluorinated compositions investigated at 600°C, NNO and 1kbar. (*) denotes those obtained at low oxygen fugacity
by [20]. The phases encountered are Na-Al annite(F), mica <mc>, magnetite <Mag>, fayalite <Fay>, quartz <Qtz>, albite
<Ab>, hercynite <Hcy>, montmorillonite <Mnt>, paragonite/montmorillonite <Pg/Mnt>, Na-annite <Na-Ann>, analcime
<Anl>, expansible ordred mixed layer <eml|>.

Starting composition Phases obtained Hydrates (A) T°C at PH,0

F-free system: Present study

(Na)(Fe3)(SizAl;)O10(OH), Fay + Ab 600°C/MW/1kbar
(Na)(Fe,.5 Algs)(SizsAlL5)010(0OH), eml + (Hey) 2W = 14.891 1W = 11.339 | 600°C/MW/1kbar
(Na)(Fe, Aly)(SizAly)O10(0OH), mc + (Hcy) 2W =15.021 1W = 11.832 | 600°C/MW/1kbar

0W =9.831

F-free system : Results from [20]

(Na)(Fez )(Si3Al;)O14(OH), Na-Ann + Mnt + Fa + Anl - 485°C/MW/5kbar
(Na)(Fe,5Alo5)(SizsAly5)O10(0OH), Na-Ann + mm + Pg/Mnt + - 500°C/MW/5kbar

Mag + Ab
(Na)(Fe, Al;)(Si»AlL)O4o(OH), mc + Hcy + (eml) - 500°C/MW/5kbar

F-bearing system:
Present study

(Na)(Fe3)(SisAl;)O14(F)2 mc + Mag + Qtz 0W =9.645 600°/NNO/1kbar
(Na)(Feps Algs)(SizsAl1 5)O10(F)2 Na-Al annite(F) 0w =10.045 600°/NNO/1kbar
(Na)(Fe, Aly)(Si,Aly)O014(F), mc + (Hcy) 1IW =12.427 OW =9.762 600°/NNO/1kbar

The experiments, for the nominal composition of Al-Na annite(OH) x = 0.5, yielded a hydrated layer
mineral with 2W and 1W hydrates associated with hercynite. The XRD pattern of products obtained
from Na-siderophyllite(OH) with x = 1.0 shows the presence of 2W and 1W hydrates, whose doos
spacing are ~15.0 A and ~11.8 A, respectively. Minor amounts of anhydrous mica (OW) are also
detected at this composition. The presence of the OW mica phase is not clearly understood. It is
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considered to be due to the lower Fe** content [53]. Fanz & Althaus [20] using the same magnetite
iron (MI) buffer, obtained similar results, i.e. a polyphased assemblage, but with the presence of a
montmorillonite/paragonite mixed layer mineral or a pure montmorillonite. The difference could be

due to the lower temperature (500°C) used for their synthesis experiments.

3.3. F-bearing NNO buffered experiments
The runs whose starting composition was that of Na-annite(F) produced a mica phase associated with

magnetite and quartz (Table 2). At the Na-Al annite(F) stoichiometry (x = 0.5) a pure single OW mica
with a high crystallinity was obtained, whereas the Na-siderophyllite(F) starting compositions (x =

1.0), produced a OW mica phase associated with a small amount of 1W particles.
As expected, the XRD pattern of the Al-Na annite(F) run products show an intense 001 and higher-

order (00I) reflections typical of the anhydrous state only (Fig. 4a).
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Figure 4: a) XRD pattern from randomly Na-Al annite(F) specimen obtained in the range 5-75 °26. Indexing of
peaks to the corresponding (hkl) reflections was done in accordance with the structure refinements of
siderophylite made by [50]. b) For comparison, XRD pattern corresponding to Na-Al annite (OH). The phases

encountered are hydrated mica <mc>, albite <Ab>, hercynite <Hcy>.
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The intensities of the diffraction peaks at 10.045 A/001; 3.332 A/003; 2.661 A/200; 2.455 A/201;
2.182 A/-133); 1.915 A/133; 1.547 A/060 are 100%; 50%; 30%; 20%; 30%; 20% respectively, in
agreement with the data reported for the same reflections measured on a natural K-Al annite(OH)
specimen [49] and/or analogous synthetic products described by [50]. Furthermore, the weak line
occurring at 5 A and the peak at 1.55 A, which corresponds to the doso Spacing, confirm the
trioctahedral nature of this mica.

The most notable feature in our experiments is the contrasting behavior of F-bearing Na-micas,
compared to their OH-bearing counterparts with the same cationic composition. F-bearing micas trap
much less water in the interlayer than F-free ones (Fig. 4 a. b). The same feature had been already
observed by [30] for synthetic hectorites.

3.4 Infrared spectra in the OH-stretching and lattice vibration regions

Selected powder FTIR patterns collected in the OH-stretching region on samples along the Na-Al annite(OH) -
Na-siderophyllite obtained under NNO buffering conditions are displayed in Figure 5a. The run powder
consisted of mica plus minor hercynite and analcime (Table 1), thus the absorption bands in the 4000-3000 cm™
range are due to the mica phase only. The spectra shows a main broad absorption at 3640 cm™, with an evident
shoulder at 3580 cm™, and the second, very broad absorption extending from 3500 to 3300 cm™. The first, most
intense absorption can be decomposed into, at least, 4 component bands (Fig. 5b) which can be assigned on the
basis of previous works relative to similar compositions [20].

-3620

Absorbance

3800 3733 3666 3599 3532 3465 3398 3331 3264{ 3197

Wavenumbers (cm-1)
Figure 5a: Infrared absorption spectra as function of nominal 0.5 < x < 1 in the OH-stretching vibrations region
(38003200 cm ™).

Accordingly, the higher frequency component resolved at 3640 cm™ can assigned to stretching mode of OH
groups bonded to three octahedrally coordinated Fe** cations. It is therefore a N-type band (Tri-6": trioctahedral
environment adjacent to six cationic charges. The second component is resolved at 3620 cm™, with a -20 cm™
downward frequency shift with respect to the previous N-type band. Based on the controlled chemistry of the
system, this shift can be assigned to the presence of Al ions close to the OH group, and thus the band can be
classified as a I-type (impurity type) band, i.e. corresponding to the vibration of OH groups associated to
(Fe**Fe**AlI*") octahedral trimer. At lower wavenumbers (3600-3540 cm™), two broader absorption bands can
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be resolved at 3590 cm™ and 3540 cm™. Based on literature data, these values are characteristic of stretching
vibrations of OH groups in dioctahedral environments. We thus assign the first band to vibrations of OH groups
in OH-Fe**AI** (Vb’), and the second band at 3540 cm™ to the vibrations of OH-groups associated with
Fe**AI** O octahedral environnement Vb*’. All these assignments are consistent with those reported for similar
compositions along the K-annite-siderophyllite(OH) join, and therefore justified by the same arguments
discussed here [20].

Considering that the spectra of Figure 5 have been collected on pellets dried overnight at 110°C, the broad
absorption present in the 3500-3300 cm™ range, besides reflecting the presence of minor residual moisture
adsorbed on the pellet, can be confidently assigned to the presence of interlayer H,O molecules in the sample. A
final remark concerns the wavenumber shift (10 - 15 cm™) observed for the N-band between potassium and
sodium series for the same tetrahedral starting composition. This effect can be partly due to the different
electronegativities of Na and K ions; indeed, it is well known for the structurally closely related amphiboles
where the presence of Na at the A-site induces the shift of the OH-stretching band of 5 cm™ to lower frequency
with respect to K [54-56]. However, this interpretation must be cautiously examined since the presence of Fe**
substituting for AI** is also responsible for similar shifts. For instance, we observed a downward shift in
wavenumber of 10 - 15 cm™ for the N band caused by the substitution of “AI** by ¥IFe®" in ferri-phlogopite.

© o
I o

=
w

[Absorbance

0.1

0.0}

wavenumbers (cm-1)

Figure 5b: Decomposed infrared spectrum of hydrated mica (X = 0.6) obtained at 600°C, NNO and 1kbar. N-
band concerns OH bonded to 3Fe®"; Ib-band OH bonded to Fe**Fe** AI**; Vb OH bonded to Fe**Al* O ; Vb’
OH-bonded to Fe** AI** 7 .

In the region of lattice vibrations, the wavenumbers of most bands vary with the aluminum content.
Two intense broad bands are observed around 993 and 473 cm™ for the products obtained from stating
composition corresponding to x = 0.5 (Fig. 6). On the basis of literature concerning similar
compositions, they are assigned respectively to the antisymmetric Si-O-Si (Si-O//) stretching
vibrations [transition moment roughly parallel (//) to the cleavage plane] and to the motions of
octahedrally coordinated cations [20] and/or to Si-O vibrations coupled to octahedrally coordinated
cations [58]. These two bands shift to higher wavenumbers as the aluminum content increases from x
= 0.5 to x = 1. This effect suggests that the Si—O bond length decreases with the Tschermak-type
substitution as a result of a higher distortion of the tetrahedra. These distortions are induced in Al-rich
micas to compensate the charge deficit on the oxygen atoms resulting from the [Si** — FIAP* A
well-defined shoulder on the low-frequency side of the 993 cm™ main band is observed at ~900 cm™:;
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this component may be assigned to a Si-O stretching vibrations with the transition moment
perpendicular L to the cleavage plane (001), as proposed by [59]. In the Na-Al annite(OH) spectrum,
the low intensity band at 744 cm™ has been assigned by [57] in K-mica to an Al-O (L) stretching
vibration. As aluminum increases toward the Na-siderophyllite(OH) end member, this band splits into
two components at 739 and 797 cm™. The same split affecting the Si-O-Al bands (at ~641 and 657 cm’
1) at the expense of the Si-O-Si ones which occurs at ~660 cm™ has been observed in the spectra along
the potassic annite-siderophyllite series. Finally, the band at 570 cm™ in the Na-Al annite(OH)
spectrum, which is assigned by [57] to OH-vibrations, shifts to lower wavenumbers with increasing Al
content.

<t
o
(an)
—

x=1.0
x=0.9

x=0.8
X =0.7

Absorbance

X =0.6
Xx=0.5

1200 1111 1022 933 844 755 666 577 488 399
Wavenumbers (cm-1)

Figure 6: Infrared absorption spectra as function of nominal 0.5 <x <1 in the lattice vibrations region (1400-
400 cm™).

3.5 Discussion

In Fluorine-free system, no purely anhydrous micas have been obtained along the Na-annite-
siderophyllite(OH) join, whatever the temperature and redox synthesis conditions. The highest amount
of OW mica is formed in oxidizing conditions, under the NNO buffer at 600°C and 1 kbar. The run
products always contained a mixture of the hydrated states described by [48]. According to X-ray
diffraction data, the highest amount of the hydrated mica phase has been obtained for the Na-Al
annite(OH) stoichiometry, suggesting that crystallization is promoted by the presence of trivalent
cations (AI** and Fe*"). This is particularly the case for Fe®" ions which is present in the mica phase,
as shown by the Mdssbauer measurements [59,60] and indicated by the FTIR data discussed above.
The infrared spectra of the synthesized micas outline the heterogeneous nature of the octahedral
sheets, where trioctahedral local configurations coexist with dioctahedral ones and where Fe**and AI**
ions are present in the octahedral sites. The amount of the obtained mica phase at the Na-
siderophyllite(OH) stoichiometry is comparatively lower: the 2W hydrated layers disappear. The
predominant state of the mica is the one-layer hydrateone. This can be explained considering that
increasing tetrahedral Si** — AI®** substitution in Na micas reduces the possibility for the interlayer
expansion [61] and consequently for the hydration property.
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According to numerous authors [e.g. 62-65], the hydration state of phyllosilicates depends both on
their chemical composition and on the ambient humidity. The hydrated micas obtained from Na-Al
annite(OH), exhibit the three hydrated states. Such a feature can be regarded as the result of the
distribution of intra and inter-layer charge deficits. However, it is important to emphasize the
structural contribution and the role played by water in the relative stability of Na-micas. Considering
K-annite(OH), the ionic radius of potassium is 1.64 A in 12-fold coordination (values from [66]). The
alkali site is wide due to a little dimensional misfit which exists between the octahedral and tetrahedral
sheets on one hand, and the tetragonal rotation angle o (1.5°) close to 0° [51] on the other hand.
Besides, due to its ionic radius (1.39 A and 1.02 A in 12- or 6- fold coordination, respectively) lower
than that of potassium, Na may fit only in sufficiently closed interlayer sites. For this reason the Na
equivalent of K-annite(OH) cannot be stable, contrarily to the conclusions of [21]. Thus, our results
are consistent with those obtained by [18], [67] and [68] who showed that the geometry of the alkali
site is largely controlled by the composition of the tetrahedral and octahedral layers. These parameters
control the geometrical fit between the structural units and consequently the tetrahedral rotation angle,
which ultimately affects the dimension of the alkali site. Accordingly the alkali site has its maximum
closure at the Na-siderophyllite(OH) composition. Consequently, only one molecule of water per
sodium is sufficient to achieve the stable structural configuration.

All compositions investigated in the fluorine-bearing system produced a high content of OW mica
with very small amounts of mono-hydrated layers (1W). The OH — F substitution stabilizes the
trioctahedral mica as shown by several previous works [69-72]. Indeed, the substitution of F in the
structure induces structural adjustments which make the sodium ions to fit exactly into the interlayer
site as proposed by [73]. The elimination of the Na’-H" repulsion induces a reduction of the interlayer
space, and, consequently, its capacity to trap water molecules. The positive charge of Na* ion is
equally distributed over all the surrounding oxygens, stabilizing the local charge configuration. Thus,
the hydration capacity is reduced but not cancelled [30] and by [73] for the K-biotite(OH, F) series.
The solubility of fluorine in the examined system appears to be more extensive for the Na-Al annite(F)
composition. This behavior, already noted for potassium equivalents along the join K-annite-
siderophyllite (OH, F) join, could be explained by structural similarities between annite and eastonite
[43; 73].

Fluorine is actively involved in mineralization process, as suggested by several studies on biotites
coexisting with (OH,F)-fluids [32-35]. Experimental investigations performed on biotites in
equilibrium with alkali fluids resulted in incipient instability of the phyllosilicate phase with the
formation of new minerals which incorporate ore-forming elements [74]. The results we present
suggests that, when studying geological samples from occurrences where F-enriched fluids may have
played a role, a detailed crystal-chemical characterization of phyllosilicates is needed through modern
instrumental techniques, because of the possibility to confuse early crystallization with alteration
phases.

The Na hydrated micas obtained in Fluorine-bearing and in Fluorine-free system are not
phyllosilicates as those resulting from the alteration of pre-existing minerals, but may be regarded as
primary water-rich sodic phyllosilicates obtained under relatively high temperature and pressure
conditions. This conclusion is in agreement with the important findings of [22] who described sodic
biotites in prograde metamorphic schists from the betic cordilleras (Spain).

Conclusion
1. The data obtained in this study for the F-free system, are in general agreement with earlier experimental
works [17-20]. As a matter of fact, we did not obtain pure single anhydrous sodium micas (OW) in the
experimental conditions imposed here. The Na equivalent of K-annite(OH) cannot be stable, the
geometry of the alkali site is largely controlled by the composition of the tetrahedral and octahedral
layers. However, at oxidizing conditions buffered by NNO, significant amounts of hydrated mica have
been obtained under relatively high temperature and pressure conditions.
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2.

The presence of fluorine allowed the formation of an almost monophase run product composed of a
sodium mica, with high crystallinity along the joint annite(F)-siderophyllite(F). Na-Al annite(F) is
synthesized under moderate hydrothermal conditions (600°C, NNO buffer and 1kbar). It’s a promising
compound which must be of a fine crystal-investigation.

Indeed, the Na hydrated micas obtained during the present work are not as those resulting from the
alteration of pre-existing minerals, but may be regarded as primary water-rich sodic phyllosilicates.

It should be noted that the substitution of fluorine in Na-mica, could have interesting technical
applications, including for example the possibility to use these materials for the removal of fluorine,
metals and organic compounds from the solutions.
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