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III- Inosilicates

A- Pyroxene Group

Composition and structure: XYZ2O6
· X: occupied by Na, Ca, Fe, Mg, Mn, or Li. Also known as the M2 site. C.N. = 8 (in clinopyroxenes) or 6 (in orthopyroxenes).

· Y: occupied by Fe, Mg, Mn, Fe3+, Al, Cr or Ti. Also known as the M1 site. C.N. = 6.

· The M2 site is larger, and although in orthopyroxenes, both sites are occupied by Fe & Mg, Fe prefers the M2 site because it is larger.

Types of pyroxenes:

Orthopyroxenes: with the space group Pbca and a structure shown in Fig. 1. 

Clinopyroxenes: Two types of structures: C2/c (most common; Figs. 2 & 3), and P21/c which applies to the low Ca clinoyroxenes (pigeonite; Fig. 4).

Compositional variations, types and relations:

· The Pyroxene quadrilateral (Fig. 5).

· Sodic pyroxenes (Fig. 6).

· Incomplete solid solution between ortho- and clinopyroxenes: (Fig. 7) ( maximum amount of CaO in an Opx is 5 wt% (usually < 1.5 wt%).

Optical properties: (Fig. 8; Table 1)
Colorless to pale colors in thin section, weakly pleochroic, cleavage: excellent to v. good in 2 directions: {110} and {1
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0}; 90° (Fig. 3); high relief, n > b, strong birefringence, extinction angles variable, but overall large (close to 45°; Fig. 8; Table 1), n and ( generally increase with increasing Fe/Mg, most members biaxial positive.

Occurrence: 

· Opx: In high T ultramafic and mafic igneous rocks, or in high T metamorphic rocks. 

· Pigeonite: In mafic volcanic rocks.

· Calcic pyroxenes (Di – Hd – Aug): Igneous and metamorphic mafic and calcic rocks.

· Sodic pyroxenes: Jadeite – Omphacite in high P metamorphic rocks; Aegirine and Aegirine – augite in alkalic igneous rocks.

· Spodumene: In pegmatites.

B- Pyroxenoids

Structure: Distorted or twisted chains (Fig. 9).

· Common types: Wollastonite (CaSiO3) and Rhodonite (MnSiO3).

· Both minerals are triclinic, low symmetry resulting from their distorted structures.

Table 1

Pyroxenes: Compositions and optical properties

(Values in parentheses are extinction angles)

Orthopyroxenes

Enstatite (+)



Hypersthene

Ferrosilite (-)

Mg2Si2O6



(Fe,Mg)Si2O6

Fe2Si2O6
Clinopyroxenes

Pigeonite (+)

(Fe,Mg,Ca)(Mg,Fe)Si2O6
(32 – 44)

Diopside (+)



Hedenbergite (+)

Ferrohedenbergite (-)

CaMgSi2O6







CaFeSi2O6
(37 – 43°)







(37 – 43°)

Augite (+)

Ca(Mg,Fe)(Al,Fe)(Al,Si)2O6
(36 – 45°)


Omphacite





Aeg-augite (0 – 20°)


(35 – 42°)

Jadeite (+/-)






Aegirine (Acmite) (+)

NaAlSi2O6







NaFeSi2O6
(0 – 35°)







(0 - 10°)

Spodumene (+)

LiAlSi2O6
(22 – 26°)

C- Amphiboles

Composition and structure: W0-1X2Y5Z8O22(OH)2
· W occupied by Na and minor K; C.N.: 10 – 12; also known as A site.

· X: occupied by Na, Ca, Fe, Mg, Mn, or Li. Also known as the M4 site. C.N. = 6 - 8.

· Y: occupied by Fe, Mg, Mn, Fe3+, Al, Cr or Ti. Includes 3 sites known as M1, M2 and M3; C.N. = 6.

· The A site is the largest; M4 is larger than M1 - 3.

Types of pyroxenes:

Orthoamphiboles: with the space group Pnma and a structure shown in Fig. 1. 

Clinoamphiboles: Two types of structures: C2/m (most common; Figs. 2 & 3), and P21/m which applies to the Cummingtonite – Grunerite series (Fig. 4).

Compositional variations, types and relations:

· Too many to list! However, most common types summarized in Tables 1 – 4.

· Common Substitutions: Many, but here’s a summary of some important ones:

1. Plagioclase substitution: Na Si ( Ca Al

2. Jadeite substitution: Na Alvi ( Ca Mg

3. Tschermakite substitution: Alvi Aliv ( Mg Si

4. Edenite substitution: Na Aliv ( ( Si

Optical properties: (Fig. 5; Table 1)
Variable colors in thin section, moderately to strongly pleochroic, cleavage: excellent to v. good in 2 directions: {110} and {1
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0}; 124° (Fig. 3); high relief, n > b, moderate to strong birefringence, extinction angles variable, but overall small (< 25°; Fig. 5; Table 1), n and ( generally increase with increasing Fe/Mg, most members biaxial negative.

Occurrence: 

· Anthophyllite: In high T ultramafic and mafic metamorphic rocks (more common in contact metamorphism?). 

· Cummingtonite - Grunerite: High T, low P metamorphic rocks; Grunerite in metamorphosed ironstones (Banded iron formations).

· Calcic amphiboles (Tr - Act): In greenschist facies metamorphic rocks.

· Hornblende: Igneous and metamorphic mafic and calcic rocks, very common in epidote amphibolite and amphibolite facies rocks.

· Oxyhornblende: In intermediate volcanic rocks.

· Sodic amphiboles: Glaucophane – crossite in high P, low T metamorphic rocks; Riebeckite in alkalic igneous rocks.

· Arfvedsonite: In alkalic igneous rocks.

Table 1

Amphiboles: Compositions & Optical properties

Orthoamphiboles

Anthophyllite (-)




Gedrite (+)

Mg7Si8O22(OH)2




Fe7Si8O22(OH)2
Clinoamphiboles

Cummingtonite (+)




Grunerite (-)

Mg7Si8O22(OH)2




Fe7Si8O22(OH)2
(20°)






(10°)

Tremolite (-)


Actinolite

Ferrotremolite (-)

Ca2Mg5Si8O22(OH)2




Ca2Fe5Si8O22(OH)2
(10 – 21°)






(10 – 21°)


Hornblende (-)

(Na,K)Ca2(Mg,Fe,Al,Fe)5(Al,Si)8O22(OH)2
(22 – 34°)

Glaucophane (-)




Riebeckite (-)

Na2Mg3Al2Si8O22(OH)2




Na2Fe3Fe2Si8O22(OH)2
(0 – 22°)






(0 – 21°)

Arfvedsonite (-)

Na3Fe4AlSi8O22(OH)2
(0 – 30°)
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