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IV- Phyllosilicates

Common Properties:

Platy or micaceous habit, low specific gravity, perfect cleavage along {001}, soft, flexible, and elastic. Most members are monoclinic, some are triclinic, whereas a few are orthorhombic or trigonal. Different ways of stacking the sheets produces different polytypes.

Types and structures of Phyllosilicates:

· All Phyllosilicates consist of sheets of tetrahedra (sharing 3 of their 4 oxygens) alternating with layers of either octahedra or some other type of polyehdra with higher coordination numbers. This is illustrated by the structure of kaolinite viewed looking down (001) (Fig. 1b) and along (100) (Fig. 1a).

· Two major groups: Dioctahedral and Trioctahedral Phyllosilicates.

Dioctahedral Group:

· Trivalent cations (e.g. Al) in the octahedral sheet.

· The octahedral sheet is similar in structure to that of the mineral Gibbsite (Al(OH)3).

· Two structural types within this group: one consisting of repeated pairs of a tetrahedral and octahedral sheet (known as a 1:1 or t – o structure) and another consisting of repeated stacks of an octahedral sheet sandwiched between 2 tetrahedral sheets (t – o – t) (Fig. 2).

· The different groups or stacks of sheets are joined to each other by the weak van der Waals bonds (i.e. bonds between the combined tetrahedral – octahedral pair; or t – o and another t-o pair are of the van der Waals type; Fig. 2).

· Examples: Kaolinite (t – o) and Muscovite (t-o-t) (Figs. 3 & 4).

Trioctahedral Group:

· Divalent cations (e.g. Fe2+ or Mg) in the octahedral sheet.

· The octahedral sheet is similar in structure to that of the mineral Brucite (Mg(OH)2).

· As with the dioctahedral phyllosilicates, there are two structural types within this group: one consisting of repeated pairs of a tetrahedral and octahedral sheet (known as t – o) and another consisting of repeated stacks of an octahedral sheet sandwiched between 2 tetrahedral sheets (t – o – t).

· The different groups or stacks of sheets are joined to each other by the weak van der Waals bonds (i.e. bonds between the combined tetrahedral – octahedral pair; or t – o and another t-o pair are of the van der Waals type).

· Examples: Lizardite (a serpentine mineral with a t – o structure) and Talc (t-o-t).

Compositions of Phyllosilicates

(corresponding structures shown on Fig. 5)

Type

Dioctahedral





Triocatehdral



Gibbsite





Brucite



Al2
[image: image1.wmf]3

)

(

3

)

(

OH

OH







Mg3
[image: image2.wmf]3

)

(

3

)

(

OH

OH



Replace two (OH)- by one (Si2O5)-2
t-o

Kaolinite





Lizardite


Al2Si2O5(OH)4





Mg3Si2O5(OH)4

Replace 2 more (OH)- by one more (Si2O5)-2
t-o-t

Pyrophyllite





Talc


Al2Si4O10(OH)2




Mg3Si4O10(OH)2

Replace one Si by Aliv then balance charge with interlayer cations

t-o-t

Muscovite





Biotite


KAl2(AlSi3O10)(OH)2




KMg3AlSi3O10(OH)2

OR
Replace 2 Si by 2 Aliv then balance charge with the divalent interlayer Ca

t-o-t

Margarite





Clintonite


CaAl2(Al2Si2O10)(OH)2


CaMg3Al2Si2O10(OH)2
Structural/ compositional groups of phyllosilicates:

1- Clay minerals

2- Serpentine minerals

3- Pyrophyllite

4- Talc

5- Micas

6- Brittle micas

7- Chlorite group minerals

Clay Minerals

Our definition of clay minerals will be those hydrous aluminosilicates that are characterized by crystal sizes less than 2 (m in diameter. As such, clay minerals could be either dioctahedral or trioctahedral, but in all cases (and in our own definition here), the octahedral layer is predominantly that of a gibbsite structure (Al(OH)3).

Following this definition, we will restrict our discussion of clay minerals to 4 groups (Table 1; Fig. 6): 

1- The kaolinite group minerals (Kandites):

All dioctahedral clays with a t-o structure, no interlayer cations, and a composition of Al2Si2O5(OH)4. Four “species”: Kaolinite, Dickite, Nacrite, and Halloysite, that differ only in their crystal structures, and conditions of formation (???). Each species has several polytypes of its own. They all form primarily by weathering or hydrothermal alteration of feldspars, and have many important industrial uses.

2- The Smectite group minerals:

These are either di- or trioctahedral, characterized by a 2:1 structure (t-o-t), and interlayer cations of Ca or Na. Composition: variable, but something like M0.66(Y3+Y2+)4-6(Al,Si)8O20(OH)4.nH2O. One of their most important properties is their ability to absorb up to 2 layers of H2O, and expand in this process; heating causes the loss of this water, hence the term: expandable clays. They also have a high exchange capacity. Examples: Montmorillonite, nontronite, and beidellite (all dioctahedral), and saponite and palygorskite (trioctahedral). Most smectite group minerals (especially montmorillonites) form by weathering or hydrothermal alteration of volcanic ash or mafic to intermediate volcanic rocks (even on the sea floor). They are used in drilling muds (bentonite), construction, and in fertilizers.

3- The Illite group minerals: 

These are mostly dioctahedral minerals with interlayer K, and can for the most part, be considered as alkali – deficient, Si (and OH) – rich muscovite. Their Si-rich nature is caused by the anti-Tschermakitic substitution. 

Composition: K0.5-0.75Al2(Al,Si)4O10(OH)2, where Si is > 3, and Aliv < 1. Examples include illite, hydromuscovite, glauconite and celadonite. Common constituents of shales, forming by alteration of micas and feldspars by alkaline solutions.

4- Vermiculite group minerals:

These are trioctahedral minerals with interlayer Mg, and 2 layers of H2O molecules. Like smectites, they are expandable, but are generally a close kin of chlorite (see below). They form by the alteration of biotite and/ or chlorite.

Serpentine Group Minerals

Are hydrous Mg silicates that form by the hydration of ultramafic (and some mafic) rocks. Usually fine-grained, in some cases even clay-sized. Several species (which could in very lax terms, be considered “polymorphs”). They are all characterized by their weak birefringence, low relief (n < b), and faint green to brown colors.

Chrysotile: Orthorhombic or monoclinic, fibrous, stable at T < 260°C.

Lizardite: Hexagonal or monoclinic, most abundant serpentine mineral, forms by the hydration of ultramafic rocks at low T conditions. Contains small amounts of Al.

Antigorite: Monoclinic, spindle shaped crystals, usually developing during “prograde” metamorphism, usually at the expense of chrysotile. Stable up to a T of ~ 600°C. Compared to the other two “polymorphs”, antigorite has a slightly high content of SiO2.

Talc and Pyrophyllite

Talc: Mg3Si4O10(OH)2
Optical properties (Fig. 7): moderate relief, n > b, colorless, small 2V, biaxial negative, triclinic, very soft, crumbles very easily, and therefore appears shreddy or with multiple scratches in thin section. 

Occurrence: A metamorphic or hydrothermal mineral common in ultramafic, mafic, or dolomitic rocks. 

Pyrophyllite: Al2Si4O10(OH)2
Optical properties (Fig. 8): moderate relief, colorless, n >b, biaxial negative, 2V = 57°, Triclinic.

Occurrence: In Al –rich greenschist facies rocks.

Micas

Muscovite: KAl2(AlSi3O10)(OH)2
Optical properties (Fig. 9): moderate relief, n > b, strong birefringence, colorless, biaxial negative, monoclinic, 2V = 30 – 47°, extinction: almost straight; 0 – 5°. 

Composition: Solid solution towards the celadonite end-member (KMgAlSi4O10(OH)2) with increasing pressure through the anti-Tschermakite substitution (Mg + Si ( Alvi + Aliv), with intermediate compositions known as “Phengite”. Limited substitution of Na for K (Fig. 10), but no substitution of Ca for K (Fig. 11). Also some substitution of Ba, Rb, and Cs for K, or of Mg, Fe2+, Fe3+, Li, Mn, Ti, & Cr for Al, or of F for (OH).

Other closely related micas: Cr rich mica: Fuchsite, Na mica: Paragonite, Li white mica: Lepidolite.

Occurrence: Very common mineral in acidic plutonic rocks and a variety of metamorphic rocks; stable up to upper amphibolite facies conditions.

Phlogopite – Biotite series: K(Mg, Fe)3AlSi3O10(OH)2
Optical properties (Fig. 12): moderate relief, n > b, strong birefringence, yellow brown to dark brown or green, strongly pleochroic, biaxial negative, monoclinic, 2V = 0 - 25°, extinction: almost straight; 0 – 9°. 

Composition: Phlogopite is the Mg – end-member, Biotite is more Fe-rich. Substitutions are similar to those in muscovite, although the Na for K substitution is much more limited in the trioctahedral micas. Li bearing variety known as Zinwaldite. 

Occurrence: Very common mineral in igneous and metamorphic rocks; stable under mantle conditions (especially phlogopite).

Chlorite Group Minerals

Chlorite: ((Mg,Fe)5Al)(AlSi3O10)(OH)8
Structure: Consists of two (t-o-t) units linked together by a brucite – type layer (Fig. 13). 

Optical Properties (Fig. 14): Colorless to green in thin section, pleochroic, max. absorption parallel to elongation direction (Z or X, Fig. 10). Moderate relief, n >b, anomalous interference colors of brown (if Mg – rich) or purple to blue (if Fe – rich), biaxial positive or negative, 2V = 60°. Monoclinic or triclinic.

Composition: Mn and Ni substitute for Fe2+ and Mg, whereas Fe3+ and Cr substitute for Al. Compositional variation and names of different end-members are given in Fig. 15.

Occurrence: Mostly as a metamorphic mineral occurring in mafic and pelitic rocks of the subgreenschist, greenschist and lower amphibolite facies. Also common as a diagenetic phase (in shales, greywackes, … etc.), or as a product of the alteration of micas (esp. biotite), amphiboles and pyroxenes.
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