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Isomorphism

Is the phenomenon of the occurrence of a group of minerals that have the same crystal structure (i.e. are isostructural) and in which specific sites can be occupied by two or more elements, ions, or radicals. The term therefore requires the substitution of one or more elements for another element (or elements) in the mineral structure. This process or phenomenon is also known as “solid solution”.

Rules for substitution:

1. The extent of substitution or solid solution is more enhanced at higher T (as the sites “stretch” and become a bit more accommodating.

2. Electrical neutrality has to be maintained (at least in most cases!).

3. Substitution will be extensive if the two ions that substitute for one another are about the same size (if differences in r+ for the two ions is SYMBOL 163 \f "Symbol" 15%, then the isomorphism will be extensive, if the difference is > 15% but less than 30%, isomorphism will be limited or incomplete, if > 30% it becomes almost impossible!) 

4. Electrical neutrality and coupled substitutions: if difference in charge (Z) between the 2 substituting ions is > 1, substitution becomes slight or difficult.

5. If two ions are competing for the same site, the one with the highest charge (Z) and smaller radius (r) is favored (i.e. higher Z/r or ionic potential is favored).

6. The two substituting ions should also have similar electronegativities in order to preserve the ionic or covalent character of the bond.

Note that rules 3 – 5 are known as Goldschmidt’s rules for ionic substitution.

Importance of T (rule 1):

· T-X diagrams

· Example: Olivine (Forsterite & Fayalite; Fig. 1)

Importance of electrical neutrality (rule 2)

· Example: Plagioclase feldspars (Fig. 2)

Importance of size difference (rule 3) & T:

· Plag – K-spar solid solution (Fig. 3).

Importance of electronegativity:

· Example: Zn & Mg don’t substitute for one another.

Types of Solid Solution:

1- Substitutional solid solution

· Involves filling of already vacant positions in order to maintain charge balance.

· Example: Na+ + Al3+ ( Si4+ in amphiboles, where the Na fills the vacant A site.

2- Interstitial solid solution

· Pre-existing tubular vacancies to which radicals or entire molecules can cling through H-bonding. 

· Example: Zeolites and Beryl

3- Omission solid solution

· Where 2 or more ions are replaced by one ion of a higher charge, leaving behind some vacant sites (Fig. 4).

· May result in a defect in the crystal structure

· Examples: Pb2+ replacing 2 K+ ions in the K-feldspar structure (known as amazonite).

· Pyrrhotite : Fe(1-x)S, where x = 0 – 0.2; suggestive of some charge imbalance, unless some of the Fe2+ is in the Fe3+ state! In which case, the substitution may be represented by 

3Fe2+ ( 2Fe3+
Calculation of mineral formulae

· Conversion of the wt% elements to atomic proportions (obtaining the mineral formula).

· Finding the wt% of one or more elements in a mineral (from its chemical formula). 

· Calculating the mineral formula from oxide wt% 

Steps:

1. Molecular proportions

2. Cation proportions

3. Atomic proportions (of oxygen)

4. Calculation of the formula on the basis of a fixed # of oxygens, a fixed # of total cations, a fixed # of cations of a specific element, or even a fixed # of cations in a specific site.

Graphical Representation of mineral compositions

· The use of wt% vs. mole (or atomic) proportions

· Binary diagrams (Fig. 5)

· Ternary diagrams (Figs. 6 & 7).

